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Preface

The past year 2006 has been a very successful one for the institute: first off, a major milestone has been
achieved with the in-time installation of the WASA detector at an internal target station of COSY and its
subsequent commissioning. WASA-at-COSY is ready to take data and the collaboration is looking forward
to its first data production run, approved by the COSY-PAC and scheduled for spring 2007. Furthermore,
after very productive scientific programs, the internal experiment COSY-11 and the external beam exper-
iments at BIG KARL have finished their data taking phases, and are now completing the analysis of the
existing data.

The following highlights top the list of the important scientific results:

• Pentaquark studies: the TOF-collaboration has very carefully analysed their dedicated high-statistics
data sample, and did not find a signal for the Θ+(1540). This finding has been supported by the
ANKE-collaboration in a different final state.

• Bound η-nucleus states: data with unprecedented precision for the 3Heη system have been obtained
both at ANKE and at COSY-11 in the d p-reaction, exploiting the unique possibilities at the internal
COSY beam during the ramp-up of the energy. The very rapid rise of the total cross section close to
threshold implies a very large 3Heη scattering length and hence the presence of a quasi-bound state
extremely close to threshold.

• Hyperon-nucleon interactions: chiral effective field theory has successfully been applied to the in-
teractions between nucleons and hyperons. This paves the way to a model-independent approach of
strange quark effects in nuclei.

• Accelerator studies: the COSY accelerator has been used for spin manipulations of a polarized
deuteron beam, and clear indications for a deuteron spin resonance have been obtained.

All results mentioned have recently been submitted for publication. More details and further results can
be found in the main text.

In addition to WASA, the two other major installations continue to be developed further:

• ANKE has taken an important step towards double polarization experiments with the first installation
and commissioning of the polarized internal target.

• TOF is preparing for an upgrade with straw-detectors to further improve the tracking resolution. In
view of the non-confirmation of the pentaquark at COSY and elsewhere, the earlier plans to implement
a polarized target have been dropped.

As the FAIR project at GSI Darmstadt is taking shape, the IKP continues to become more and more
involved in the preparations for the hadron physics program with antiproton beams:
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• The accelerator group plays the dominant role in the international consortium of FZJ, TSL Uppsala
and GSI Darmstadt to design the High Energy Storage Ring at FAIR. The ion optical design of the
HESR, the RF systems, beam diagnostics, magnet and cryo-design and the stochastic cooling system
are in the responsibility of the Jülich accelerator group.

• Beam-dynamics investigations in the equilibrium of internal targets and beam cooling have been car-
ried out at COSY.

• The experimental groups are widely engaged in the design of the PANDA detector at HESR, with
projects and commitments ranging from inner tracking to the pellet target. In particular, a cleanroom
has been installed to develop the silicon pixel microvertex detector, and the IKP straw concept has been
adapted by PANDA as the basis for the proposed Straw Tube Tracker. Furthermore, the IKP-Moscow
group has taken a leading role in the pellet-target development.

• The possibilities to effectively produce polarized antiprotons for a later upgrade are being pursued by
the PAX collaboration with essential test measurements at COSY (and possibly elsewhere).

We are looking forward to the constitution of the FAIR GmbH and the formal start of the project, and
we hope for the timely flow of investment money in order to prepare and build the accelerator and detector
components as planned.

Within the new funding opportunities by the Helmholtz association, IKP has succeeded in:

• A virtual institute “Spin and strong QCD”, headed by Prof. U.-G. Meißner , has been installed.

• A HGF-University junior-researcher position on “Few-Nucleon Systems in Chiral Effective Field The-
ory” has been raised in collaboration with Bonn University by Prof. E. Epelbaum.

More than 20 teaching positions at 11 Universities demonstrate the strong dedication of the institute for
the education of students and young researchers. In this respect I want to emphasize that in 2006 the 3rd

COSY Summer School took place which was attended by more than 30 Diploma and Ph.D. students from
9 countries.

Finally I would like to express my sincere gratitude to all our colleagues and co-workers, since without
their help and support, we would not have been able to achieve our milestones. For WASA-at-COSY,
our special thanks go to the former WASA-collaboration and to ZAT and ZEL. We also acknowledge the
continuous support by the board of management of the Research Center and HGF.

Jülich, January 2007 Rudolf Maier
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3.4 Proposed 2 MeV Electron Cooler for COSY-Jülich . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129
3.5 Study of a Pulsed Hydrogen Dissociator for the COSY Polarized Ion Source . . . . . . . . . . . . . . . . . . . . 131
3.6 Operation of the Injector Cyclotron and Ion Sources at COSY/Jülich . . . . . . . . . . . . . . . . . . . . . . . . 133
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Analysis of pp→ pK0π+Λ. Search for the Pentaquark.

M. Nekipelov for the ANKE collaboration

The reactionpp→ pK0π+Λ, measured at ANKE at a beam
momentum ofpp = 3.65GeV/c, allows one to investigate the
Kp system, which attracted a lot of attention due to its pu-
tative coupling to the pentaquark baryonΘ+(1540) [1]. Its
current status is reviewed in [2]. There is no theoretical in-
vestigation that reconciles both the positive and the negative
observations, and it is believed that hadronic experimentsat
low energies can be crucial to clarify the situation.
The reaction at ANKE has been identified by detecting four
particles simultaneously, theπ+ coming from the reaction
vertex, the proton from vertex/Θ+ decay, and the products of
theΛ decay: proton andπ−. Besides individual particle iden-
tification, the final state is fixed by the missing mass tech-
nique. A sizable background remains after cuts on masses
are made, and this background is removed by the side band
subtraction method.
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Fig. 1: Missing mass spectrum ofπ+Λ system. The solid
line denotes the sum of all the contributions. The
black region corresponds to the maximum permissi-
bleΘ+(1540) signal.

The missing mass distributionm(π+Λ), presented in Fig. 1,
is the one where the signal from the pentaquark is expected
to appear. The solid line includes contribution from non-
resonant production as well as contribution from the forma-
tion of an intermediate∆++(1232), inclusion of which is
dictated by other differential distributions. The black area in
Fig. 1 corresponds to the possible signal expected from the
Θ+ production. The fit results in aΘ+ peak area, compara-
ble with the statistical fluctuation of the background. There-
fore, only an upper limit for the possibleΘ+ production is
deduced:

σΘ+π+Λ < 0.058µb.

Since the acceptances of both four-body phase-space produc-
tion and production with an intermediate∆++(1232) are very
similar, a total cross section for thepK0π+Λ final state can
be calculated independent of the decomposition into separate
channels. After the normalisation and efficiency corrections,

the following total cross section for thepK0π+Λ final state
has been deduced:

σtot = 1.41±0.05±0.33µb,

where the first error is statistical, while the second is system-
atic. The systematic uncertainty is mostly coming from the
error of σpK+Λ [3], which has been used for the normalisa-
tion.
The total cross sections for the non-resonant channel and the
channel with the∆++(1232) excitation have also been eval-
uated:

σ non−resonant
pK0π+Λ = 0.92±0.16±0.21µb,

σ∆++K0Λ = 0.49±0.14±0.11µb.

The measured cross section for thepp→ ∆++K0Λ reaction
is significantly lower than a model prediction,σ ≈ 6µb [4].
However, this model overestimates as well the data available
at high energies.
It is not possible to directly compare theΘ+ production cross
section obtained at ANKE with the one forpp→ Θ+Σ+

measured atpp = 2.95GeV/c by the COSY-TOF collabora-
tion [5] (see also Ref. [6] for the results of an improved study
of this channel). Not to mention a difference in beam momen-
tum of∼ 700MeV/c, the exit channels are distinct and even
the number of particles in the final state differs.
The details of the analysis can be found in Ref. [7].
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Λ(1405) production in pp collisions

I.Zychora for the ANKE Collaboration

The Λ(1405) is a particularly interesting baryonic state
because its structure is not yet understood and it is dif-
ficult to obtain in quark models. The Λ(1405) can be
the spin-multiplet partner of JP = 3/2− Λ(1520), or a
meson-baryon resonance, or K̄N quasibound state. The
first indication about a resonance now known as the
Λ(1405) has been presented in 1960 [1]. In 1985 after
the measurement of the Λ(1405) in K−p reactions [2]
there has been a hope that ”the debate as to whether
the Λ(1405) is a pure quark state or a K̄N bound
state may soon be clarified.” Recent theoretical inves-
tigations based on chiral dynamics predict two poles for
the Λ(1405), one with a mass 1390 MeV/c2 and a width
of about 130 MeV/c2 coupling strongly to πΣ states
and the other one with a mass around 1425 MeV/c2

and a width of about 30 MeV/c2 coupling mostly to
K̄N states [3]. Earlier references could be found in the
Review of Particle Physics 2000 Edition [4].
We report on measurements done with the ANKE spec-
trometer at COSY-Jülich. The reaction pp → pK+Y 0∗

has been studied at a beam momentum of 3.65 GeV/c to
investigate the production of excited hyperon resonances
Y 0∗ decaying via Σ0π0. In case of Λ(1405) production
in pp collisions there are two protons, one positively
charged kaon and negatively charged pion in the final
state: pp → pK+Λ(1405)→ pK+Σ0π0

→ pK+Λγπ0
→

pK+pπ−π0γ. At ANKE those particles are measured
with different parts of the detection system: a posi-
tively charged kaon is registered in a telescope, a ver-
tex proton in a forward detector, a decay proton in a
positive-side detector (telescope or side-wall counter)
and a negatively charged pion in a negative counter.
In Fig. 1 the missing–mass distribution MM(pFDK+)
vs MM(pK+pπ−) is shown for the 3.65 GeV/c pp col-
lisions.
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Fig. 1: The missing–mass distribution MM(pFDK+) vs
MM(pK+pπ−) for the 3.65 GeV/c pp collisions.

The triangular shape of the distributions is due to the
combination of kinematics and ANKE acceptance.
The missing and invariant mass techniques are used to
identify the Λ(1405) resonance. Cutting on the invari-

ant mass of pπ− we detect protons and negative pions
from Λ decay. Furthermore we request the missing mass
MM(pK+pπ−) to be higher than a mass of π0 to sepa-
rate the Λ(1405) hyperon.
In Fig. 2 the missing–mass MM(pFDK+) spectrum
measured under above conditions is shown. The most
prominent peak corresponds to the Λ(1405).
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Fig. 2: The missing–mass MM(pFDK+) distribution
with a peak corresponding to the Λ(1405) mass.

It is the first observation of the direct production of
Λ(1405) in pp collisions decaying via Σ0π0. Preliminary
number of events in the Λ(1405) peak is 250± 50.
In the next step, the missing–mass spectra both
MM(pFDK+) and MM(pK+pπ−) will be analysed
and compared with extensive Monte Carlo simulations.
The phase-space distribution as well as the Λ(1405)
mass distribution for the Σ0π0 decay channel obtained
in a chiral unitary model [5] will be exploited.
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The pp→K+nΣ+ reaction near threshold

Yu. Valdau1,2 for the ANKE collaboration

The energy dependence for the total production cross sec-
tions of theΛ andΣ0 hyperons in the COSY energy range is
well known. It can be described by three–body phase–space,
modified in theΛ case by strongpΛ final state interaction
(FSI) [1]. However, there are only three published experi-
mental data points for thepp→ K+nΣ+ reaction [2, 3]. Re-
cent close–to–threshold measurements of this reaction chan-
nel at excitation energies ofε = 13 and 60 MeV showsσ(Σ+)
roughly equal toσ(Λ) [2] at these energies. These result con-
tradicts phenomenological analyses of the inclusiveK+ spec-
tra which show thatσ(pp→K+nΣ+)∼σ(pp→K+pΣ0) [4]
at somewhat higher energies. But availableK+ inclusive data
are restricted to the energies higher then 2.3 GeV and there-
fore have no direct bearing on the COSY-11 result. Thus, the
unexpected energy behavior of theΣ+ production total cross
section needs further investigation.
We analyzed ANKE data collected at 2.16 GeV proton beam
energy (correspond toε = 128 MeV) trying to fix the to-
tal cross section forΣ+ production, using bothK+ inclusive
spectra andK+p, K+π+ correlations. Here we only present
our analysis of the correlation spectra using relative normal-
ization. For details of the analysis we refer to a forthcoming
publication Ref. [5].
The resultingK+p missing–mass spectrum is presented in
Fig. 1. Two peaks corresponding to theΛ and Σ0 ground
states are very prominent. In addition there is a continuum
which originates from theΛ → π−p andΣ0

→ γΛ → γpπ−
decays, as well as a contribution from theΣ+

→ pπ0 (BR
51.6%) decay. This continuum is well described by our sim-
ulations. The ratio of theΣ0/Λ count rates,NΣ0/NΛ, is prac-
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Fig. 1: Missing mass distribution ofK+p pairs produced
in pp collisions at 2.16 GeV. In addition to the
two peaks corresponding to direct protons from the
pp→ K+pΛ/Σ0 reactions, there are secondary pro-
tons arising from thepp→ K+p(Λ → π−p) (dotted
histogram),pp→ K+p(Σ0

→ γΛ → γπ−p) (dashed
histogram), andpp→ K+n(Σ+

→ π0p) (chain his-
togram). The sum of all contributions shown by the
solid histogram.

tically independent of the conditions of the experiment (lu-
minosity, telescope efficiencies), but depends on the accep-
tances and the total cross section in the combination:

NΣ0/NΛ×accK+ p(Λ)/accK+ p(Σ0) =
σtot(Σ0)

σtot(Λ)
· (1)

The ratio of the acceptances was calculated using the phase–
space model with apΛ FSI for pp→K+pΛ reaction and
without any pΣ0 FSI for the pp→K+pΣ0 reaction. This
leads to the following estimates: accK+ p(Λ) = 1.6×10−4 and
accK+ p(Σ0) = 4.6×10−4. Thus:

σtot(Σ0)

σtot(Λ)
=

80
480

×
1.8×10−4

4.6×10−4 =
1

(15±4)
· (2)

Using the known value of the total cross section forΛ
production ofσtot(Λ) = (23.9± 1.2)µb, the ratio leads to
σtot(Σ0) = (1.7±0.4)µb atTp = 2.16GeV. This value is con-
sistent with the parameterization presented in Ref. [1].
Using the known number of observedK+π+ correlation
events from the ratio:

BRΣ+→π+n×
σtot(Σ+)

σtot(Σ0)
=

NK+π+(Σ+)

NK+ p(Σ0)

×
accK+ p(Σ0)

accK+π+(Σ+)
·(3)

we obtain the following values of the ratio ofΣ+/Σ0 total
cross section:

σtot(Σ+)

σtot(Σ0)
=

40
80
×

4.6×10−4

3.8×10−4×
1

0.48
= 1.3±0.4 . (4)

Using the ratio of number of events and total acceptances
in the K+p and K+π+ spectra, the total cross section for
σ(Σ+) = 2.2± 0.3µb at ε = 128 MeV is obtained, which
is more than an order of magnitude lower than that atε =
60 MeV reported in Ref. [2]. This only can be explained if
there is a very strong close–to–threshold anomaly. It should
be noted that the results for the totalΣ0 production cross
section extracted from the analysis ofK+p correlations is in
good agreement with the World data.
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Investigation of the Reaction dd → 4HeK+K− with ANKE∗

M.Büscher, A.Dzyubaa, V.Kopteva, M.Nekipelov, X.Yuan

A central goal of the COSY scalar-meson program is the ex-
traction of thea0- f0 mixing amplitude from a measurement
of the isospin-violating reactiondd → 4Heπ0η with WASA.
An important step to reach this goal to measure the reaction
dd → 4HeK+K− with ANKE; from the analysis of these
data thef0 production amplitude can be determined which is
later needed to determine the mixing strength [1].
In the analysis of the latter experiment a partial wave de-
composition should be performed in order to isolate theKK̄
s−wave contribution that may be identified withf0 produc-
tion. A similar analysis has been performed forpp→ dK+K̄0

data at two beam energies [2, 3].
The measurement of the reactiondd → 4HeK+K− has been
performed in April 2006 (four weeks of beamtime) at 3.7
GeV/c deuteron-beam momentum, corresponding to 38 MeV
excess energy. Positively charged kaons are detected in the
side detection system, using time-of-flight (TOF) measure-
ments. High momentum particles (d, t, 3He and4He) de-
tected in coincidence with the kaons (online trigger condi-
tion) are detected by a forward detection (FD) system. In or-
der to suppress the huge background from breakup protons
the energy losses of the high momentum particles in the FD
have been included into the online trigger. In order to deter-
mine the luminosity, using the knowndd quasielastic cross
section (dσ/dΩ at 6◦), an additional prescaled single forward
trigger has been added to the data stream.
In Fig. 1 the momentum distribution of the high momentum
particles atθ = 6◦ is presented for the second trigger. A clean
peak from the deuteron quasielastic reaction is clearly visi-
ble at the expected position, and contains virtually no back-
ground.
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Fig. 1:Momentum of forward particle for prescaled forward
trigger andθ = [5,7]◦.

The first step towards identifying the events from the
4HeK+K− final state was a careful investigation of4Heπ+

correlations. Since both mass and charge of4He are twice
larger than for deuterons, the bands fromdπ+ and 4Heπ+

correlations coincide in a rigidity–vs.–time-difference spec-
trum (see Fig. 2a). versus A cut on this band suppresses
3Heπ+ events and a4Heπ+ band becomes visible in a

rigidity–vs.–energy-loss in the FD (Fig. 2b,c). An additional
cut on energy loss in another layer of scintillators (which
was placed behind the FD) suppresses scattered background
(Fig. 2d). This procedure allows us to select about 5000
3Heπ+ and 5004Heπ+ coincidence events.
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Fig. 2:Measured distributions for2,3,4Aπ+ events: a) Rigid-
ity vs. (Sd-Fd) time difference (see text for details);
b) Rigidity vs. energy loss in the FD; c) Projection on
the4He band for spectrum (solid line in spectrum b))
with cut on deuteron band in spectrum a); d) Same
projection but with cut on energy losses in another
scintillator layer.

As a first step to identify theK+ mesons in the ANKE side
detectors, the delayed-veto technique has been applied. This
leads to a very clean kaon identification, however, the effi-
ciency of this method is only between 10 and 20%. Nev-
ertheless, about 100dK+ coincidence events have been ob-
served. This allows for a first rough estimate of≤100dd →
4HeK+K− events in the full data set.
The next steps of the analysis will be a precise calibration
of the forward-side time difference spectra, in order to iden-
tify 4HeK+ correlations, and acceptance corrections based on
GEANT simulations. It is planned to finish the data analysi
in 2007.
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Production of the 1S0 diproton in the pN → ppπ0 reaction in the GeV region

S. Dymova, V. Kurbatova, A. Kulikova, V. Komarova, G. Macharashvilia, D. Tsirkova, and Yu. Uzikova

for ANKE collaboration

Single pion production in NN collisions in the GeV
region is attracting increasing attention in both theory
and experiment [1, 2]. The pp → {pp}sπ

0 reaction is
of special interest for low excitation energy of the pp–
system, Epp < 3 MeV, when the 1S0 final state domi-
nates. Kinematically this reaction is very close to the
well investigated pp → dπ+ reaction [3]. However, the
final {pp}s–pair is an isotriplet partner of the unbound
virtual deuteron, whereas the 3S1–

3D1 deuteron is an
isosinglet. The different spin–isospin values lead to dif-
ferent transitions in the NN system that could signifi-
cantly change the mechanism of the pp → {pp}sπ

0 re-
action as compared to that of pp → dπ+. This gives
us an opportunity to get more insight into the under-
lying meson–baryon dynamics by analyzing both reac-
tions together. Unfortunately, experimental data on the
pp → {pp}sπ

0 reaction are very scarce (see Ref. [4] and
references therein).

The unpolarized cross section of the pp → {pp}sπ
0

reaction has recently been measured at COSY–ANKE at
0.8GeV for diproton cm angles between 0 and 15.4◦ [4].
The absolute value of the measured cross section was
found to be two orders of magnitude smaller than that
of pp → dπ+. Furthermore, an unusual angular de-
pendence of the cross section was observed for this re-
action. Both these peculiarities were qualitatively ex-
plained within a phenomenological model [5], which ex-
plicitly includes the ∆–isobar excitation in the interme-
diate state. Within this approach, a very strong energy
dependence of the differential cross section and spin ob-
servables is expected below 1 GeV. This behaviour will
soon be tested at COSY [6]. Here we report on the
preliminary results of an analysis of data obtained at
1.1GeV under similar conditions to those in Ref. [4].

For the analysis, events with two charged particle
tracks crossing the Forward Detector of ANKE [7], were
selected and the identification of the process was done on
the basis of the missing–mass criterion. In total about
2000 events were obtained with Epp ≤ 3 MeV for the
angular interval 0◦ ≤ θ ≤ 21.0◦, where θ is the ejection
angle of the pp system in the centre of mass of the reac-
tion. The integral luminosity needed for normalization
was found by simultaneous detecting pp → pp events
and comparing the results with experimental data [8]
and phase shift analysis [3] .

In Fig. 1 the differential cross section is shown as
a function of cos2 θ. The fit to the linear function
a(1 + b sin2 θ) gives a = (186.8 ± 15.5)nb/sr and b =
9.74±2.64, where the errors are pure statistical. Though
the measured cross section demonstrates the same type
of angular dependence as at 0.8GeV, it is a factor 3.8
lower in the forward direction [4]. This seems to be in
contradiction to the main trend expected in the GeV
region within the ∆N model [5].

The ratio of the pp → {pp}sπ
0 and pp → dπ+

cross sections at 1.1GeV and angle zero is R(π0/π+) =
4.5 × 10−3, which is very close to that found at 0.8

GeV. This is also very similar to the ratio of backward
diproton production in the pd → {pp}sn reaction to
the deuteron in pd → dp in the GeV region [9]. Us-
ing the pp → {pp}sπ

0 data at 0.8GeV [4], agreement
with the experimental results on the deuteron breakup
pd → {pp}sn [9] and the one–pion–exchange model in-
volving the subprocess pN → {pp}sπ was found [10],
where a baryon (or Reggeon) exchange mechanism was
assumed for the pN → {pp}sπ reaction. Using the
present data at 1.1GeV, one can also find [11] similar
agreement with the deuteron breakup data, interpolated
between 0.95 and 1.35GeV [9]. As noted in Ref. [10], in
order to distinguish between baryon exchange and ∆–
isobar mechanisms it is necessary to measure the ratio
of π− and π0 production in the pN → {pp}sπ reaction.

θ2cos
0.88 0.9 0.92 0.94 0.96 0.98 1

θ2cos
0.88 0.9 0.92 0.94 0.96 0.98 1

 [n
b/

sr
]

Ω
/dσd

150

200

250

300

350

400

Fig. 1: The measured differential cross section of the

pp → {pp}sπ
0 reaction at 1.1GeV versus cos2 θ,

where θ is the angle of the momentum of the
diproton system relative to direction of the beam
in the cm system.
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Investigation of the 3He η Final State in dp-Reactions at ANKE*

T. Mersmann1, A. Khoukaz1, M. Mielke1, M. Papenbrock1, T. Rausmann1 and A. Taeschner1 for the ANKE-Collaboration

The existence ofη-mesic nuclei is still an open issue of re-
search. To investigate the possibility of the formation of such
bound systems, production measurements with oneη meson
and one light nucleus in the final state are of great interest.
By studying the final state interaction at low excess energies,
information about the scattering length of theη-nucleus sys-
tem can be gained. The latter one is closely related to the
properties of such a possible bound state and has to be de-
termined with high precision. The available data sets in the
close vicinity of the threshold expose discrepancies, which
currently forbid the extraction of scattering length informa-
tion with sufficient precision [1].

Therefore, the reaction d+p→3He+η has been investigated
at the ANKE spectrometer using a continuously ramped ac-
celerator beam at excess energies ranging from below thresh-
old at Q = -5.1 MeV up to Q = +11.3 MeV. Additionally,
data at excess energies of Q = 20, 40 and 60 MeV have been
recorded in order to determine total cross sections and to in-
vestigate contributions from higher partial waves [2]. Forthe
analysis of the continuous ramp all data were sorted by the
time information in the ramp. The resulting width of the ex-
cess energy interval is 72 keV.

To search for the events of the reaction channel of interest
the 3He nuclei are selected using the ANKE forward detec-
tor. The production ofη-mesons is identified via the missing
mass technique. For the reconstruction of the momenta via
the magnetic spectrometer the information of the three drift-
and multi-wire proportional chambers are used.

The particle identification is achieved by an energy loss ver-
sus momentum plot (∆E/p) for three segmented scintillation
walls, two of the forward system and an additional side wall
frame of the positive detector placed behind the forward sys-
tem. A simultaneous cut on the expected region for3He nu-
clei in the (∆E/p) plot in the three scintillation walls allows
for a clear identification of the3He band. The reactions can
be identified by plotting the transversal versus the longitu-
dinal reconstructed center of mass (CMS) momenta. For a
reaction with two particles in the exit channel one expects a
momentum ellipse with a fixed radius.

In the near threshold region the CMS-momenta of the3He
nuclei are small. Due to this fact the scattering anglesϑLS for
the3He nuclei after the Lorentz transformation into the lab-
oratory system are small and all3He nuclei of the reaction
channel of interest are in the geometrical acceptance of the
wire chambers of the forward system. For this reason the dp
kinematic was used for the beamtime, leading to a full ge-
ometrical acceptance in the wire chambers up to an excess
energy of 20 MeV. The result is a characteristic image of the
hit position in all chambers.

The identification of theη events is done using the missing
mass distribution shown in figure 1b). The challenge of the
extraction of theη peak from the background near the kine-
matical limit can impressively be met by using subthreshold
data as it was done in [3]. The background reactions, namely
the multi pion production and misidentified protons from
breakup reactions, have a high excess energy and vary only
slowly with the excess energy for theη-production. Sub-
threshold data of the continuous ramp analysed with the same
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Fig. 1:a) Comparison of the data at Q = -4.75 MeV(blue line)
and Q = -0.6 MeV(red line). The difference shown is
consistent with zero (blue filled histogram).
b) Missing mass distribution (blue line) at an excess
energy of Q = 6.95 MeV. The subtraction of the scaled
background description (red line) using all the sub-
threshold data results in a cleanη peak (filled his-
togram).
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Fig. 2:Preliminary missing mass plot (red line) at an excess
energy of Q = 20 MeV. The background description
(green line), the subtractedη signal (blue filled his-
togram) and a Monte-Carlo simulation (pink line) of
theη-peak are added.

kinematical conditions as the analysed data are expected to
give a good description of the background behaviour.
The data of the choosen excess energy interval and the sub-
threshold data were analysed assuming an excess energy of
Q = 6.95 MeV. The reconstructed3He momenta were scaled

7



excess energy Q [MeV]
0 2 4 6 8 10 12

 [
n

b
]

σ
cr

o
ss

 s
ec

ti
o

n
 

0

100

200

300

400

500

600
a)

 [MeV/c]ηp
0 20 40 60 80 100

-0.5 0 0.5 1 1.5
0

100

200

300

400 b)

Fig. 3: Comparison of the extracted total cross section data (circles) with data from Ref.[4](squares), Ref.[5](triangles) and
Ref.[6](inverted triangles). The red curve is the fit to our data forQ < 4 MeV. The grey curve is the SpesII fit to their own
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to the same conditions. In figure 1b) the red line shows the
resulting missing mass distribution of the data at Q = 6.95
MeV and the green one of the subthreshold data scaled to
the red line. The difference, plotted as the filled histogram,
corresponds to pureη production.
A check of the method to describe the background is possible
by the comparison of the data obtained at Q = -4.75 MeV
(green line) and Q = -0.6 MeV (red line) in figure 1a) where
both were analyzed assuming a value of Q = +6.95 MeV. The
difference of the scaled curves (blue filled histogram) vanish,
therefore the shape of the background does not vary within
the first eighty seconds of the ramp. Thus it can be assumed
that this behaviour does not change for the following 180
seconds.
The d+p→3He+η total cross sections obtained at 195 bins
in excess energy Q are displayed in figure 3. The minimal
relative systematic errors resulting from the measurementof
the excitation function in a single experiment form a robust
data set for any analysis. In 3b) one can see the surprisingly
steep rise of the total cross section near treshold that indi-
cates a very strong final state interaction. The shape of theη
production below the nominal threshold is well understood
and it is a very sensitive measurement of the finite width of
the COSY beam. It was also possible to extract the differen-
tial cross sections for each excess energy bin and thereforeto
determine the angular assymmetry parameterα, defined as

(

dσ
dΩ

)

c.m.
=

σtot
4π

[1+ αcosθc.m.] (1)

The results show a contribution from higher partial waves
already above an excess energy of Q = 4 MeV.
The data taken at higher excess energies of Q = 20, 40 and 60
MeV are as well currently analysed. A preliminary missing
mass plot is shown in figure 2. Total cross sections as well
as differential cross sections will be determined for this ener-
gies. Together with the results from the continous ramp data
this will form a complete differential and total cross section

sample from treshold up to 60 MeV excess energy for the
d+p→3He+η reaction.
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Study of the ABC effect in the reaction d+p→3He+π+ + π− close to the η-production threshold at ANKE*

M. Mielke1, A. Khoukaz1, T. Mersmann1, M. Papenbrock1, T. Rausmann1 and A. Täschner1 for the ANKE-Collaboration

In 2005 the reaction d+p→ 3He+η was studied at ANKE.
Due to the fact that the reaction of interest was measured by
detection of the3He nuclei and reconstruction of theη meson
via the missing mass technique, data on the multi pion pro-
duction near theη threshold was additionally obtained with
the same trigger.
For this purpose supplementary to the forward detector used
for the3He detection, the negative system of the ANKE ex-
perimental setup was used to detectπ− mesons.
Investigation of3He events with a coincidentπ− meson al-
lows for a systematic study of the multi pion production near
theη threshold which is required for the separation of theη
signal from the background. Furthermore the investigationof
the two pion production is interesting by itself since it offers
the possibility to study the ABC effect occuring in the reac-
tion d+p→3He+π+ + π− similar to recent measurements at
CELSIUS [2].
The data presented here was obtained at an excess energy of
Q = 20 MeV relative to theη threshold and a fixed beam
momentum of 3.223 GeV/c.
In the following analysis only events with a coincident3He
nucleus in the forward detector and aπ− meson in the neg-
ative system are used. The3He nuclei were identified as de-
scribed in [1]. At the used beam energy particles detected by
the negative system in coincidence with a3He nucleus in the
forward system can only be pions or leptonic background.
Multi pion production can be identified in the squared miss-
ing mass distribution of the3He π− system (figure 1a). The
production of two charged pions leads to the left hand peak
at the squared mass of theπ+ meson. The structure on the
right hand side of the spectrum can approximately be repro-
duced by ANKE Root Monte Carlo simulations of the re-
actions d+p→3He+η[η→ π+ + π−+ π0] and d+p→3He
+π+ +π−+π0. Therefore, figure 1a demonstrates the possi-
bility to select a clean sample of two pion events.
For the investigation of the ABC effect in the reaction
d+p→3He+π+ +π− it is necessary to separate the two pion
production from the multi pion background. To achieve this
the invariant mass spectrum of the two pion system Mπ+π− is
divided into finite mass intervals. For each interval the con-
tent of theπ+ peak in the respective squared missing mass
distribution of the3He π− system is determined.
The results after correction for geometrical acceptance are
shown in figure 1b. Pure phase space distribution consider-
ing the finite ANKE momentum reconstruction is given by
the shaded area. The uncertanties correspond purly to statis-
tical errors. As expected the ABC effect manifests itself inan
enhancement at low invariant masses Mπ+π− .
Its size becomes clear from the ratio of measured data and
simulations (figure 1d), where the low-invariant mass region
shows a strong deviation from phase space considerations.
Since low invariant masses belong to pion pairs with small
relative momentum, the opening angleδπ+π− between these
pions in the overall cms must be small. This can be seen in
figure 1c, which is derived in the same way as figure 1b.
In the Dalitz plot of M3Heπ− and M3Heπ+ (figure 2) the ABC
effect is clearly visible as a strong enhancement in the region
corresponding to minimum invariant masses Mπ+π− .
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Fig. 1: a) Squared missing mass distribution of the3He π−
system; blue curve shows ANKE Root Monte Carlo
simulations of multi pion background
b) Opening angleδπ+π− between the two pions in
d+p→3He+π+ + π−
c) Invariant mass spectrum Mπ+π− of the two pion
system in d+p→3He+π+ + π−
d) Ratio of measured and simulated invariant mass
Mπ+π− .
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The reaction d+p→3He+π0 close to the η production threshold at ANKE*

M. Papenbrock1, A. Khoukaz1, T. Mersmann1, M. Mielke1, T. Rausmann1, and A. Täschner1 for the ANKE-Collaboration

In 2005 the reaction d+p→3He+η was studied at the ANKE
experimental setup [1]. This reaction is of great interest as it
allows the investigation of the final state interaction of anη
meson and the3He nucleus and thus a possible bound state of
theη3He system. Due to the fact that the reaction of interest
was measured by detection of the3He nuclei and reconstruc-
tion of theη meson via the missing mass technique, data on
the π0 production near theη threshold was additionally ob-
tained with the same trigger. This data is of special interest
as there may be a structure in the3He π0 production cross
section close to theη production threshold. Here we present
data obtained at a fixed excess energy of Q = 20 MeV (pd

= 3.223 GeV/c) relative to theη threshold, corresponding to
Q = 427 MeV with respect to theπ0 threshold. This data set
was used because it provides high statistics for a fixed beam
momentum and thus is very suitable for understanding and
handling the background.

The3He nuclei were identified using the ANKE forward de-
tector system. The extracted transversal vs. longitudinalmo-
mentum plot in the center of mass system exhibits clear sig-
nals of both the exit channels3He+π + π and3He+π0. As
can be seen in figure 1, the geometrical acceptance of the
ANKE spectrometer is large for forward scattered3He nu-
clei in the center of mass system. The plot was filled with
the reciprocal value of the transversal momentum as an event
weight. The two curves indicate the kinematic limits for both
theπ0 and the two-pion production.

Figure 2 shows the center of mass momentum of particles
identified as3He nuclei for a certain cos(ϑCMS

3He
) interval. A

clearπ0 signal is visible on top of background distributions,
namely the multi pion production and misidentified protons
from breakup reactions. To describe this background, Monte
Carlo simulations for the reactions d+p→3He+π + π and
d+p→p+p+n are required. In the latter case forward scat-
tered protons were assumed to be3He nuclei. The distribu-
tion of the deuteron breakup was scaled to fit the high mo-
mentum tail of the experimental data. Afterwards the multi
pion productions were scaled to fit with the lower momenta
of the data, while keeping the ratio between theπ0π0 and the
π+π− production according to [2]. As can be seen in figure
2, there is a discrepancy between simulated and experimental
data approaching the high momenta of the two pion produc-
tions. An approach to describe this gap is introduced with the
ABC-effect [2], which is not considered in the shown simu-
lations. This effect is expected to raise the distributionsof the
multi pion productions at lower invariant masses and there-
fore higher CMS momenta of the3He nuclei.

Further analyses are currently performed at ANKE to quan-
tify the ABC-effect which will be included in the simulated
multi pion productions [3]. These corrected simulations will
then be subtracted from the experimental data and to separate
theπ0 peak from the background.

This way, it will be possible to extract differential cross sec-
tions for the reaction d+p→3He+π0. Furthermore, data ob-
tained above and below theη-threshold will be analysed with
respect to a possible structure in this cross section that may
indicate the occurrence of a cusp effect.
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The Polarized Internal Target at ANKE

R. Engels, D. Chiladze1, S. Dymov2, K. Grigoryev3, P. Jansen4, A. Kacharava5, F. Klehr4, H. Kleines6, B. Lorentz,
M. Mikirtychyants3, S. Mikirtychyants3, D. Prasuhn, F. Rathmann, J. Sarkadi, H. Seyfarth, and A. Vasilyev3

In a first stage of the double polarized measurements, to be
performed at the magnet spectrometer ANKE, several~d~p
reactions of actual interest will be investigated with the po-
larized deuteron beam of COSY and the polarized hydrogen
storage-cell target. These include the reactions~d~p→(2p)n,
~d~p→(2p)∆0,~d~p→dp,~d~p→3Heπ0, and~d~p→3Heη [1].
In order to maximize the figure of merit for double polarized
experiments, two weeks of beam time in February and March
2006 were spent to study the use of stochastic cooling of the
unpolarized proton beam circulating through the storage cell
and to commission the polarized atomic beam source (ABS)
at the ANKE target position near to the spectrometer dipole
magnet D2.
Following the test measurements in November 2005 with
a storage cell in the ANKE target chamber [2], the support
frame with the cell was dismounted and a cryogenic catcher
for the ABS beam was installed (Fig. 1). By its use, the

Fig. 1: Side view into the ANKE target chamber with the
cryogenic catcher. The outer surface is polished and
gold-plated to reduce the radiation-heat load. By a Cu
heat bridge the catcher is connected to a cold head,
mounted below the target chamber. The vertical beam
from the ABS enters the catcher by the hole in the
upper surface.

residual gas pressure in the ANKE target chamber could be
reduced by one order of magnitude to 3.7×10−8 mbar. The
measured thickness of the direct ABS jet without storage
cell of (1.5± 0.1)× 1011 H atoms/cm2 (left-hand side of
Fig. 2) is in perfect agreement with the calculated value of
(1.6±0.1)×1011 H atoms/cm2.
During the measurements with the jet, the medium field

transition unit (MFT) of the ABS was working properly.
But it was observed that the polarization of the ABS beam
could not be switched from the positive value (atoms in
hyperfine state 1 / MFT on - WFT off) to the negative value
(atoms in hyperfine state 3 / MFT on - WFT on) achieved
earlier in the laboratory tests (Qz = 0.89 andQz = −0.90,
respectively). This could be explained by the insufficient
shielding of the weak field rf transition unit (WFT) of the
ABS, i.e., penetration of the magnetic stray field of the
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Fig. 2:Density distributions of the target gas along the COSY
beam direction measured by use of thepp → dπ+

reaction. The target-gas densities, given in the text,
result from the summation over the peaks. Left-hand
side: Measurement with the jet of H atoms and 600
MeV protons. Right-hand side: Measurement with H2

gas in the storage cell of 20× 20 mm2 cross section,
380 mm length, and 831 MeV protons. The width of
the distribution reflects the length of the storage cell.

magnet D2 into the transition unit [3]. To overcome this
problem during the beam time, the direction of the magnetic
gradient field in the medium field rf transition unit was
reversed to populate the hyperfine state 2 of the H atoms in
the ABS beam. According to the magnetic flux density of
about 165 G in the interaction region of the COSY beam
and the jet, the negative value of the polarization should
be aboutpz = −0.31. In this first measurement, however,
only slightly more than 50% of the expected value of the
polarization inversion could be achieved.
For the next beam time in March 2006, the ABS and the
cryogenic catcher had to be dismounted. Two new storage
cells with 20×20×380 mm3 and 10×10×380 mm3 were
implemented. For COSY beam studies these cells were fed
with H2 gas fluxes equivalent to the H beam intensity of
the ABS. The unpolarized COSY beam was electron-cooled
and stacked during injection. This allowed to accelerate
1.6×1010 protons to 831 MeV flat top energy with the larger
cell and with the COSY beam in the ANKE setup deflected
by α = 8◦. With the smaller cell only 2.5× 109 protons
could be injected, but they got lost during acceleration.
The measured target-density distribution (right-hand side
of Fig. 2) shows the triangular shape, expected due to the
gas-density distribution in the storage cell along its axis.
In the flat top, the COSY beam was stochastically cooled to
compensate the beam heating by the target gas. The effect
of cooling was studied with the use of the count rate in the
Forward-Detector system of ANKE. Without cooling, the
beam heating results in a widening of the beam which leads
to an increase of the beam interactions with the storage-cell
wall (see Fig. 3). As seen in this figure, too, this effect
is reduced by the application of stochastic cooling. The
trigger rate in the ANKE Forward-Detector system follows
the decrease of the COSY beam intensity. As a natural
consequence, the life time of the COSY beam is increased
by the beam cooling.
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Fig. 3: Time dependence of the trigger rate of the ANKE
Forward-Detector system in the 831 MeV flat top
without (red) and with stochastic cooling.

For its use in tuning of the ABS, the Lamb-shift polarimeter
(LSP) after a number of necessary modifications could be
mounted with the ionizer and the 90◦ deflector below the
ANKE target chamber. The Fig. 4 shows a part of the LSP
components. In the present mode of installation, the LSP
is used to measure the jet polarization as in the laboratory
before [4].
With the ANKE magnet D2 set to magnetic field strenghts,

Fig. 4: The Lamb-shift polarimeter at ANKE. From left to
right the visible components are the Faraday cup, the
quench chamber with the photomultiplier, the spin-
filter, and the cesium cell. The Wien filter, the 90◦

deflector, the ionizer, and the ANKE target chamber
follow outside the right-hand edge of the figure.

requested in the beam times in 2007, in December 2006 the
LSP could be commissioned. The peak ratios, however, in
the Lamb-shift spectra (Fig. 5) were found to be about three
times lower than expected. Furthermore, the polarization of
the ABS jet resulted with a sign opposite to the expected
one. This finding can be explained by the action of the
magnetic stray field of the D2 magnet to the ions between
the LSP ionizer and cesium cell, leading to changes in the
precession of the polarized ions. A special problem was
encountered by the variation of strength and probably also
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Fig. 5:Lamb-shift spectra measured with the LSP, when the
weak field rf transition unit (WFT) was swichted off
(left-hand side) and on (right-hand side). The ratio of
the two peaks in the spectra yield the polarization of
the atomic beam.

the direction of the stray field with the field in the 20 cm gap
of the D2 magnet. With additional shielding, the Wien filter,
installed between the ionizer and the cesium cell, could be
used to partly compensate the induced precession. In spite
of the encountered problems, the measured asymmetries
were found to be proportional to the polarization of the
atomic hydrogen beam from the ABS and they thus could
be used to monitor the polarization during the beam-time
measurements.
Meanwhile, the insufficient magnetic shielding of the weak
field rf transition unit, mentioned above, has been completed.
Tests have shown that the operation of the unit now is not
affected by the D2 stray field. Tuning of the rf transition
units of the ABS is made possible with errors of about 1%
in the achieved transition efficiencies. Now the polarization
of the ~H beam from the ABS can be switched between
the maximum positive and negative values. The tuning
procedures, switching of the polarization and monitoring
of the system is done with the use of the slow-control
system, developed in collaboration with the Zentralinstitut
für Elektronik of FZJ [5].

The authors want to acknowledge the valuable help by
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FZJ, and by the members of the ANKE collaboration, who
enabled the development, installation, and commissioning
of the new setup. The authors thank E. Steffens, Universität
Erlangen-Nürnberg, and H. Paetz gen. Schieck, Univer-
sität zu Köln, for contributions to the development of thePIT.
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Determination of the polarization of the ANKE polarized hydrogen storage cell target
using the quasi–freen~p → dπ0 reaction∗

D. Chiladzea,b, S. Dymovc, R. Engels, K. Grigorieva, A. Kacharavab,d, M. Mikirtychiantsa, F. Rathmann, H. Seyfarht,
A.Vasilyeve, and C. Wilkinf for the ANKE collaboration

During one week of beam time in January 2007 allocated for
the double–polarizedCharge–Exchange reaction study [1, 2],
we used a 1200 MeV polarized (unpolarized) deuteron beam
and a polarized hydrogen storage cell target of size 20×15×
390 mm3. The preliminary results of the determination of
the target polarization through the measurement of identified
quasi–freen~p → dπ0 events detected in the ANKE forward
system, are presented.
Due to isospin invariance, the neutron analyzing power in the
~np→ dπ0 reaction should be identical to that of the proton in
~pp → dπ+, for which extensive data compilations are avail-
able (SAID). As shown by our earlier measurements with
a polarized deuteron beam [3], the agreement of our results
with the shape of the SAID predictions is very good for both
small and large deuteron cm angles. This led to a determina-
tion of the vector polarization of the deuteron beam since, for
the small Fermi momenta investigated here, there is a one–
to–one relation between the deuteron and constituent neutron
polarizations. The deduced value forPz was completely con-
sistent with that obtained from elastic~d p scattering. Within
small error bars, typically 2%, there was no sign of any effect
arising from the tensor polarization of the deuteron beam.
For the January 2007 experiment using an unpolarized
COSY deuteron beam and a polarized hydrogen storage cell
target, theφ–dependence of the differential cross section
σ/σ0 = 1+Qy Ap

y cosφ allowed us to extract the combination
QyAp

y . The known values of the proton analyzing powerAp
y

of the~pp → dπ+ leads to the determination of the hydrogen
target polarizationQy.
The Atomic Beam Source (ABS) of the ANKE polarized in-
ternal target (PIT) [4] has appeared in two spin modes: posi-
tive polarizationQ+

y (spin-up, WFT isoff and MFT ison)
and negative polarizationQ−

y (spin-down, WFT ison and
MFT is on). This has been managed by proper switching
of the weak field transition (WFT) unit every 5 soff or on,
while the medium field transition unit (MFT) was always
switchedon. In the following initial analysis it has assumed
that |Q+

y |= |Q−
y |= Qy.

The event identification has been done in the following way.
Fig. 1 shows events from thed~p interaction sample, where
two charged particles were detected in the double–layer for-
ward scintillation hodoscope. Polarized~H (unpolarized N2)
gas was used in the target cell and an incident deuteron beam
of 1200 MeV energy employed. The figure shows the arrival–
time differences for the two particles in the hodoscope (cal-
culated after momentum and trajectory reconstruction under
the assumption that both particles were protons)versus the
measured difference of the two time signals from the scin-
tillator. Thus, the two protons from thed p → (pp)n reac-
tion should lie along the diagonal, with other pairs, such
as d psp with a spectator proton fromd p → d pspπ0, being
found elsewhere. Time-of-flight cuts applied to the distri-
butions of Fig. 1 allow one to select thed p candidates and
hence to derive the missing–mass squared distributions of the
d p → d pπ0 reactions presented in Fig. 2. For both the high
deuteron momentum part (forward production in cm sys-
tem), and the low momentum region (backward production),
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Fig. 1: Time difference of the two detected charged particles, cal-
culated under the assumption that both particles are protons,
versus the measured time difference for~H gas (left panel)
and N2 gas (right panel) in the storage cell.

the peaks corresponding to the unobservedπ0 are clearly
seen. For small deuteron cm angles the spectrometer pro-
vides usefulφ acceptance over the full angular range. How-
ever, for events in the backward hemisphere, this is restricted
to |φ|< 60◦, in order to get|cosφ| ≫ 0.
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Fig. 2:Angular dependence of the missing–mass squared distribu-
tion for the reactiond~p→ d pspX (upper rowHigh branch,
and lower rowLow branch) measured with the storage cell
and 1200 MeV deuteron beam. Red and black histograms
stands, respectively, for data with target polarization ’spin-
up’ and ’spin-down’, after background subtraction using N2

data.

The background subtracted counts extracted from the differ-
entθd

cm angular intervals are listed in the Table 1 for two dif-
ferent spin states (N+ andN−). The background shape was
taken from theN2 data sample, as was discussed above.
Using the asymmetry valueε = (N+ − N−)/(N+ + N−)
determined for each individualθd

cm angular bin and the
proper values for the averaged analyzing power〈Ay〉 of
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θd
cm N+ N− 〈Ay〉 〈cosφ〉 Qy

11.2 1286.5 1030.4 0.179 -0.826 −0.747±0.297

19.5 1817.4 1239.4 0.293 -0.860 −0.750±0.173

25.8 1855.1 1045.1 0.361 -0.894 −0.866±0.154

32.7 1747.8 879.4 0.416 -0.902 −0.881±0.140

161.5 1222.6 1523.1 0.186 0.896 −0.655±0.237

167.9 1095.8 1230.3 0.127 0.864 −0.526±0.345

172.7 926.7 988.0 0.078 0.852 −0.483±0.640

Table 1:The target polarizationQy extarcted from the differ-
entθd

cm angular intervals.

protons from the SAID database, it was possible to extract
the averaged target polarization value〈Qy〉= ε/〈Ay〉 · 〈cosφ〉
= 0.75±0.06 with theχ2/do f ≈ 2/6 (note that these results
are PRELIMINARY).
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Comparison of two implementations for timing by STT

V.Leontyeva, S.Merzliakovb, D.Oellersa, R.Schleicherta and S.Trusovc

for the ANKE-Collaboration.

The timing capability of the Silicon Tracking Telescopes
can be realized with front-end electronics, based on either
VA32TA2 or MATE3 chips. One chip-board is connected to
one detector side for both solutions.
Each channel of the MATE3 based front-end electronics pro-
vides an individual time mark; a timing study with a pro-
totype of a MATE3 chip card was presented in a previous
report [1]. It was shown that the time resolution (σ) is about
0.3ns for signal amplitudes > 1.6MeV in energy equivalent.
The current setup of the VA32TA2 based front-end elec-
tronics contains 5 time output channels per chip-board
(one per chip). Time marks are produced by fast amplifier-
discriminator sections of the preamplifier channels. A com-
mon OR of these signals is delivered to the VME TDC. Data
from laboratory measurements were used to develop a time
calibration procedure for this solution and to study the timing
performance. Results of the study are presented here.

holes

electrons

~290µm
Tpos

Drift length<10µm
Drift time: Tneg

α-source
241Am

5,5 cm

Fig. 1: Laboratory setup to study the timing of the VA32TA
implementation. Tneg is a time mark produced when a
collected charge of electrons exceeds a threshold. Tpos

is a corresponding one for holes.
The laboratory setup (Fig. 1) comprised a detector of BaBar-
IV type and an α-source placed in vacuum. Signals from one
α-particle were obtained independently from both detector
sides by two chip cards. The energy measurement informa-
tion was applied to select events, when all produced charge
was collected by one segment of a positive-doped (POS) side
and one of a negative-doped (NEG) side. Practically the dif-
ference between Tpos and Tneg measured the drift time of
holes to the positive side surface.
When the energy information is obtained, there is a simple
method to define, which channel has produced the time sig-
nal. The signal with largest amplitude is the fastest, if chan-
nel thresholds are equal. So it is only necessary to sort the
signal amplitudes and take the largest one. A cross-check is
possible, comparing it with a signal from the other detector
side.
Time measurements of all channels of one chip-board is pre-
sented in Fig. 2. It is seen, that if thresholds are adjusted,
time distributions have the same shape. Only the peak posi-
tions are different, because each channel has an individual
delay of a signal transmission to the VME TDC.
Fig. 3 presents the time difference measured using all capa-
ble channels of the detector read-out after a correction of the
delay differences. A peak width σT di f f is 0.65ns. It presents
the resolution of this stand-alone measurement of charge car-
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Fig. 2: Time difference between Tpos and Tneg versus number
of fired channel on NEG side. A number of channel
on the POS side is 33. One TDC channel corresponds
25 ps.

rier drift time in the detector.
σT di f f is the result of independent Tpos and Tneg resolutions:

σT di f f =
√

σT pos
2 +σT neg

2 (1)

Tpos and Tneg are obtained by the same equipment and for
signals of the same amplitude. Thus σT pos and σT neg can to
be assumed equal, because the influence of charge spread-
ing is negligible for 300µm of the carriers drift. So, σT neg =

σT di f f /
√

2 = 0.45ns.
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Fig. 3: Difference between the time marks from two detector
sides. Peaks of α-particles is fitted by Gauss function.

Another selection of events was applied to study an influence
of signal amplitude changes on the timing. The criterion to
select events with a charge collection on a single segment
was kept for NEG side. A charge distribution between any
two adjacent segments was allowed for POS side, that pro-
vided a set of time measurements with different ranges of the
signal amplitude for chosen (even) read-out channels. This
study was a pure test of electronics, since all other signifi-
cant conditions (the signal amplitude of NEG side, the drift
times) were constant.
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Figure 4 presents the dependence of the resolution σT di f f on
the signal amplitude and shows, that the time resolution is
rather constant over the measured range of energies. The res-
olution of the single time mark measurement σT neg was ob-
tained from averaged σT di f f , it is 0.52ns for the data sample
of the charge distribution.
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Fig. 4: Time resolution versus signal amplitude (in energy
equivalent).

The same data sample was used to obtain the time walk, the
dependence of the moment, when the time mark will be pro-
duced, on the signal amplitude. The reason is the difference
between durations of the signal rising from zero to an op-
eration threshold. The obtained time walk is presented in
Fig. 5. It was fitted by a continuously decreasing function
p0 + e(p1−p2∗E), where E is the energy equivalent in MeV
and p0, p1, p2 are parameters defined by the fit.
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Fig. 5: Time walk, a dependence of a moment, when the time
mark is produced, on the signal amplitude.

Another characteristics, which is quite different for the
MATE3 and VA32TA2 implementations, is the threshold
value. The nominal value of the MATE3 threshold in rather
high (0.4MeV ). So it was especially interesting to study the
possibility to set a VA32TA2 threshold as low as possible. It
is needed in particular to calibrate a DAC, which control a
level of the VA32TA2 threshold. Measurements were carried
out with an α-source in the air, in order to provide a continu-
ous spectrum of the measured energies. The time output was
used for the read-out trigger and the minimum of the signal

amplitude, which exceeds the threshold, was defined for dif-
ferent values of the DAC. Fig. 6 illustrates a procedure of the
definition.
It was shown (see Fig. 7), that the VA32TA2 threshold can
be set as low as 100keV of the energy equivalent. Thus, the
MATE3 implementation provides the highest accuracy and
the individual time read-out for each measuring element. But
the high threshold limits its self-triggering capability. The
timing accuracy of the VA32TA2 implementation is less con-
vincing, but it has the lower threshold. An appropriate combi-
nation of these implementations provides a remarkable pos-
sibility to integrate the advantages as to overcome the diffi-
culties.
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Fig. 6: α-source energy spectra in the air. A fit of the left
edges of the spectra defines the threshold value. A
position of the left edge depends on the value of the
threshold DAC, which was 1850 for the picture(a),
2025 for the picture (b).
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Fig. 7: Dependence of the VA32TA2 threshold on the DAC
value.

It is planned that one side of each STT detector will be con-
nected to the MATE3 based front-end electronics and another
side to the VA32TA2 one. Experimental data obtained during
January 2007 beam-time will provided a direct comparison
of these timing implementations.
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Improved study of a possible Θ+ production in the pp→ pK0Σ+ reaction with the COSY-TOF spectrometer

W. Eyrich* for the COSY-TOF-Collaboration

The pp→ pK0Σ+ reaction was investigated with the COSY-
TOF spectrometer. The main objective was to clarify whether
or not a narrow exotic S = +1 resonance, the Θ+ pentaquark,
is populated at 1.53 GeV/c2 in the pK0 subsystem with a
data sample of much higher statistical significance compared
to the previously reported data in this channel.
The preceding measurement [1] was carried out at a beam
momentum of 2.95 GeV/c, a slightly higher momentum of
3.059 GeV/c was chosen for the new measurement. At this
higher momentum the upper bound of the K0 p invariant mass
is 1.597 GeV/c2 and therefore a possible structure at 1.530
GeV/c2 is further removed from the upper mass limit.
The analysis was carried out with three independent analysis
programs (A, B,C), which differ in algorithms and event se-
lection methods, but are based on a common calibration of all
detector components. In order to cross-check each analysis
the complete data sample was divided into two independent
parts (events recorded with either even or odd number). The
analysis procedures were developed using even events only
and the odd events were analyzed only after the analysis pro-
cedures were frozen.
A pK0Σ+ event is identified by its topology, that is a prompt
track emerging from the target (proton), a delayed decay (K0)
and optionally a kink in a charged track (Σ+).
In all analyses an instrumental background from incorrectly
reconstructed events in the data sample was investigated by
various methods. The background was found to be smooth
in the pK0, pΣ+ and K0Σ+ invariant mass distributions. The
background is determined to be 21% (A), 25% (B), 28% (C).
Elastically scattered events were recorded in parallel in or-
der to determine the luminosity. Approximately 4000 pK0Σ+

events in analysis B,C, and 7900 events in analysis A, are
reconstructed. Due to the different strategies of the analysis
about 300 events are found both in B and C. For each combi-
nation A,B and A,C about 600 events are shared. Therefore,
in total more than 12.000 independent pK0Σ+ events were
reconstructed.
The invariant mass spectra of the subsystems pK0, pΣ+, and
K0Σ+ as extracted from the three analyses after background
subtraction and acceptance correction agree within statisti-
cal uncertainties. No significant differences of spectra ob-
tained from even and odd events were found. The resolution
in the invariant mass distribution of the pK0 subsystem is
σ = 6 MeV/c2 for analyses A,C and 5 MeV/c2 for analy-
sis B as deduced from Monte Carlo. The pK0 mass spec-
tra are presented in Fig.1 together with a 3rd order polyno-
mial parameterization in the mass region of 1.45 GeV/c2 <
MpK0 < 1.57 GeV/c2. They were analyzed in order to deter-
mine the statistical significance with which a narrow struc-
ture might be present. A narrow structure was added to the
polynomial described above. The shape of this narrow struc-
ture has been taken from Monte Carlo simulations of a reso-
nance with a width negligible compared to the detector res-
olution. The mass of the resonance was varied in 1 MeV/c2

steps over the MpK0 range from 1.50 GeV/c2 - 1.55 GeV/c2.
The strength of the structure for each setting was varied be-
tween−1 µb < σtot,X < +1 µb. These results are summarized
in Fig.2.
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Fig. 1: The invariant masses of the pK0 subsystem for the
three analyses together with a 3rd order polynomial
parameterization.

In this figure the value of σtot,X corresponding to the minimal
value of χ2 is represented by the central line of the band as
a function of MpK0 . The 95% confidence interval for an en-
hancement or suppression of the measured MpK0 differential
cross section is indicated by the width of the band. The re-
sults indicate that over the full MpK0 range investigated here
the parameterization assuming σtot,X = 0 µb is consistent with
the measured data within the 95% confidence level. In par-
ticular, this new, higher statistics data do not contain positive
evidence for a narrow structure at MpK0 =1.530 GeV/c2. The
fluctuation of the central value of the 95% confidence inter-
vals are not correlated between the different analyses. Based
upon the smallest upper limit of the three 95% confidence
intervals the maximum cross section for a narrow resonance
σtot,X < 0.3 µb has been deduced over the full mass range.
Further details of the new measurement are given in Ref [2].
These results also have to be compared with the positive evi-
dence for a Θ+ resonance found in the data of the first mea-
surement. First of all the number of reconstructed events is
much larger for the new measurement - about a factor of 4
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Fig. 2: 95% confidence range for the cross section of a nar-
row resonance as a function of MpK0 for the A, B,
C analyses in the top, center, and lower frames, re-
spectively. The central lines of each band present the
contribution of a hypothetical narrow resonance with
the lowest χ2 value.

for analyses B and C and about 8 for analysis A - this gives a
strongly improved statistical accuracy. In addition, the three
largely different analyses give a better understanding of sys-
tematic uncertainties. In the previous measurement the peak
was located 32MeV/c2 below the upper kinematic limit of
the populated pK0 mass range and therefore resided on a con-
tinuum background with a steep negative slope. This caused
uncertainties in the determination of the background. There-
fore, in the present experiment a higher excess energy was
chosen. Comparing the pK0 spectra obtained in this work
with the published one [1] a significant difference in the
shape, which is more symmetric in the new measurement, is
noticed. Since the pK0 invariant mass distribution obtained
in the new experiment is based on three independent analysis
procedures including systematic studies of the instrumental
background, we are confident in the symmetric shape of the
pK0 continuum. Using a continuum with this shape for the
spectrum of the previous measurement the significance of the
peak decreases substantially.
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The Analysis Program ”typeCase”

K. Ehrhardt* for the COSY-TOF-Collaboration
Physikalisches Institut Universität Tübingen

With the program ”typeCase”, a new analysis program has
been developed to fit the needs of the extremely modu-
lar detector COSY-TOF. “typeCase” has been implemented
in an Object-Oriented design, with a Graphical User Inter-
face for parameter management and analysis control. Help-
components have been added recently.
For the analysis of the recorded data several strategies and
ways of analysis exist. “typeCase” was not designed to im-
plement a new strategy, but to be able to make use of the
work and ideas that have been done so far. It is a platform for
analysis strategies. The actual analysis is devided into sev-
eral algorithms, each performing an individual task, such as
calibration, pixel-calculation or tracking. The user selects the
algorithms he wants to use, defines the order in which to use
them and then starts the analysis.
To provide maximum flexibility in detector setup and analy-

Fig. 1: Window displaying available algorithms in cate-
gories. They come with a description and parameters
to modify.

sis strategies, storage and calculation of data have been sep-
arated. The user can adapt his own ideas/ algorithms easily
to the nomenclature of the framework, a documentation of
the used data structures is accessible (WWW). The Graph-
ical User Interface helps with the installation of new algo-
rithms as well as with the definition of the detector setup,
the analysis parameters and the control of the actual analy-
sis. These properties give rise to some interesting features:
Users can exchange their algorithms, as they do with e.g.
JPEG-pictures. Almost any detector setup can be analysed
with this analysis framework and simulations can be treated
in the same way as real data.

Fig. 2: Window to define a sub-detector of the setup. The
shape of the first element and the envelope of the de-
tector can be displayed

The program consists mainly of four parts: The containers,
the defined classes, the algorithms and the Graphical User
Interface.
To ensure maximum flexibility, the data and their build were
seperated. To fill these structures, the algorithms are used. A
priori, the program does not know which algorithms the user
chooses to use, no further compilation or linking is needed
when switching to another analysis strategy. The analysis
classes provide such functionality, using the inheritance
feature of the Object-Oriented design.
To provide more flexibility, the user can pass parameters to
the algorithms which gives an even improved handle on the
actual analysis.
The ”defined classes” are used for more specialized struc-
tures, such as shapes (e.g. cylinder or spiral) or reactions
(e.g. pp-elastic orΛ-production), that have built in function-
ality (e.g. hit-point calculation).
These three parts are essential, the Graphical User Interface
is optional, though it doesn’t affect speed or performance.
It is desinged to guide the user though the analysis,
providing descriptions, help and an overview over analysis-
possibilities.
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π0 Production in pp Collisions at 0.95 GeV/c

E. Doroshkevich, H. Clement, A. Erhardt, K. Ehrhardt and G.J. Wagner for the COSY-TOF Collaboration

We report on the first kinematically complete high-statistics
measurement of differential cross sections at a beam momen-
tum of 0.95 GeV/c (corresponding toTp =397 MeV) for the
reactionpp→ ppπ0 [1].
By use of the central calorimeter the COSY-TOF setup is
capable of providing a reliable particle identification on the
basis of the∆E-E technique. In this way the different single
pion production channels were separated. The results for the
dπ+ channel agree well with previous results. For theppπ0

channel significant deviations from previous investigations
were obtained for angular distributions as well as for invari-
ant mass spectra.
The data cover essentially the full available elliptical phase
space areas and yield distributions, which are close to flat
with just one pronounced excursion in the region of thepp
FSI (smallMpp). This is visible in the experimental Dalitz
plots of M2

pπ0 versusM2
pp andM2

pπ0 versusM2
pπ0 displayed

in Fig.1. Note that the plots are efficiency but not acceptance
corrected, hence the tiny deviations from the elliptic circum-
ference at the upper corners are due to the excluded beam-
hole region. The data do not deviate vigorously from the flat
phase space distributions, as we would expect, e.g. if∆ exci-
tation would play a dominant role in this reaction channel.
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Fig. 1:Dalitz plots for the invariant mass combinationsM2
pπ0

versusM2
pp andM2

pπ0 versusM2
pπ0 as obtained from

the data for thepp→ ppπ0 reaction.

The pion and proton angular distributions are shown in Fig.2,
on the left for the pions denoted by their cm polar angles
Θcm

π0 and on the right for protons in thepp subsystem (Jack-
son frame) denoted byΘpp

p , i.e. we use the same coordinate
system scheme as defined in the IUCF publication [2].
The angular distributions were fitted using equation

σ(Θ) ∼ 1+ a2∗ (3 cos2Θ−1)/2, (1)

The distributions are close to flat, exhibit, however, a clearly
negative anisotropy parameter witha2 = −0.12(1) for pions
anda2 =−0.10(1) for protons.
The negative anisotropy parameter observed in this experi-
ment for theπ0 angular distribution comes as a surprise, since
all previous experiments aroundTp ≈ 400 MeV gave - or in-
dicated at least - a positive value for the pions, the most se-
rious discrepancy being with the PROMICE/WASA results
[3] of a2 = +0.127(7) , since that measurement provided the
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Fig. 2: Angular distributions of pions (overall cm system)
and protons ( pp subsystem, Jackson frame) for the
pp → ppπ0 reaction. Data of this work are shown
by full circles, the fit to the data with eq. (1) by
solid lines, the results of Ref. [3] by open circles and
the prediction of Ref. [4] by the dash-dotted curve.
Dashed and dotted lines give calculations with the
ansatz eq. (4) [1] and the ansatz of [1, 5] respectively.

best statistics and phase space coverage of all previous ex-
periments at this energy. Although Ref. [3] reports negative
a2 values forTp ≤ 360 MeV, positive values are found there
for Tp ≥ 400 MeV.
With our data we can demonstrate, that pions and protons
exhibit q-dependent angular distributions [1]. Hence a full
coverage of the phase space appears to be mandatory for
reliable experimental results on this issue. For the lower
q region angular distributions with negativea2 parameter
dominate pointing to the importance of proton spinflip
transitions associated withπ0 s- andd-waves. In particular,
we observe a puresin2Θ distribution for T pp

p < 3 MeV,
which derives from a special combination of the spinflip
transitions 3P0 →

1 S0s and 3P2 →
1 S0d. Different from

previous experiments this has been the first measurement at
Tp ≈ 400 MeV covering practically the full reaction phase
space. The data thus may serve as a reliable basis for a
comprehensive phase shift analysis of this reaction.

References:

[1] S. Abd El-Samad et al., Eur.Phys.J.A30 443 (2006)
[2] H. O. Meyer et al., Phys. Rev.C63, 064002 (2001) and

references therein
[3] R. Bilger et al., Nucl. Phys.A693, 633 (2001)
[4] C. Hanhart, Phys. Rep.397, 155 (2004)
[5] J. Zlomanczuk et al., Phys. Lett.B436, 251 (1998)

20



Tests of the WASA-at-COSY Electromagnetic Calorimeter with a radioactive source

B.R. Janya,b

The WASA Scintillator Electromagnetic Calorimeter (SEC)
has been used to measure electrons and photons up to
800MeV. It consists of 1012 CsI(Na) crystals shaped like
truncated pyramids, each with active material of 16X0 (ra-
diation lengths). The crystals are placed in 24 layers along
the beam direction, covering angles from 20◦ to 169◦. For a
detailed description of the calorimeter see [1].
After the transport of the WASA detector from CELSIUS
(Uppsala) to COSY in summer 2005, it was essential to es-
tablish the performance of all SEC channels. Prior to installa-
tion at COSY, measurements of individual components were
done with a241AmBe radioactive source with a maximum
of 4.4MeV in the photon energy distribution [2]. The source
was pushed as closely as possible to the surface of the CsI
crystals. In all measurements only one crystal was read out.
The signals from the crystal were sampled by a SIS 3300
Flash ADC with a frequency of 100 MHz. After digitization
data were read out with a data acquisition system provided
by ZEL [3] and sent to a standard PC via PCI interface. The
data were written to disk. During the measurements the spec-
tra were monitored online using the RootSorter [4] analysis
software.
The data were analysed event by event. For each pulse sam-
pled by the Flash ADC the zero level was computed and sub-
tracted from the original signal. Then, each signal was in-
tegrated within the selected gate. The further analysis was
based on the calculation of the normalized integral. Two
functions were fitted to the spectra, one describing the back-
ground (as exponential) and one describing the signal (as a
Gauss function). Using this technique the peak position and
the width of the signal were extracted from the data for each
individual module (Fig. 1).
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Fig. 1:Sample ADC spectrum, with fits to the 4.4MeV pho-
ton peak and background.

To check working conditions the peak position of the signal
was plotted versus the photomultiplier high voltage (Fig. 2).
The gains are adjusted to a similar working level by correc-
tions to the HV settings (Fig. 3).
The relative peak width (standard deviation) is centered
around 15% (Fig. 4). The peak width is a convolution of the
experimental resolution and the photon spectral distribution
from the source.
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Fig. 2: Measured peak position of the photon signal versus
high voltage for each individual crystal.
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Fig. 3:Same as Fig. 2 after high voltage corrections.
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Fig. 4:Measured widths of the photon peak for each individ-
ual crystal.

In addition, the possibility to use cosmic muons for energy
calibration was investigated. Detailed Monte-Carlo simula-
tions using GEANT3 and measurements were performed.
More information about the tests is given in [5].
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Test of the WASA Plastic Scintillator Barrel

I. Keshelashvilia,b and M. Mittaga

Prior to reassembling of the Plastic Scintillator Barrel (PSB)
of WASA at COSY tests have been performed to deter-
mine their physical parameters. The PSB, designed for use
in the first level trigger logic consist of three parts of scin-
tillation counters with a geometry allowing a close to 4π

acceptance. Together with the mini drift chamber it is em-
ployed for charged particle identification by the∆E− p and
∆E−E methods and as a veto forγ identification. The PSB
is placed inside of the solenoid and surrounds the mini drift
chamber. It consists of 48 forward, 50 central and 48 back-
ward elements. For the laboratory test207

83 Bi source has been
used. It emits monochromatic electrons via electron cap-
ture with a maximum energy line atE(e−) = 1.047 MeV.
GEANT4 simulations shows that electrons from the source
are stopped in the 8 mm thick PSB elements. All elements
are enfolded with aluminum and mylar foils where the elec-
trons lose MPV=9 keV. For the test measurements the read-
out was self triggered using a discriminator which was ad-
justed to cut off the low energetic electrons from the source.
Each scintillator is equipped with a PMT (FEU-115M)[1, 2]
coupled to the∼ 50 cm long light guides which are glued to
the active material. The peak of quantum efficiency for the
photo-cathode and the peak of relative light output are con-
sistent (see Fig. 1). For each module electrical, optical and

Fig. 1:Photo-cathode sensitivity and relative light output.

mechanical checks as well as maintenance have been done
before assembling. After reassembly the amplitude changed
by up to 20 % for certain elements. The high voltages for
each PMT were given taken from later settings used during
operation at CELSIUS.
Test of Forward Scintillators: The source was situated along
each scintillator at seven equally shifted points. Each spec-
trum was fitted using the sum of an exponential and a Gaus-
sian for background and signal, respectively. Using the mean
value from the Gaussian parameters the dependence of light
attenuation was extracted. Normally the light attenuation
should exhibit an exponential decrease but in our case the
dependence is more complicated. A deviation from an ex-
ponential decrease can be due to a complicated geometrical
form or due to strong radiation and/or mechanical damages
of the scintillation material. The fitting of the position de-
pendence using a fourth order polynomial function is shown
in Fig. 2. For different scintillators the position dependence
differs for both the shape and the absolute light output.
Test of Central Scintillators: The central scintillators are
∼ 50 cm long and the gain of PMTs was found insufficient.

Instead, a different type of the PMT (XP2972)[3] with higher
gain was used. Using single-electron-spectrum (SES) we de-
fined both gain and resolution for this PMT. From the SES
the number of photoelectrons was estimated asNph.e. ∼ 30 -
120. The shape of the position dependence is close to an
exponential decrease. In Fig. 3 the light attenuation length
is shown for different scintillators. The attenuation length is
mostly below 100 cm whereas in case of spare elements the
attenuation length is around 300 cm.

Fig. 2:Position dependence for one forward scintillator.

Test of Backward Scintillators: For the backward scintillators
we have a situation very similar to the forward case. A huge
spread in the position dependence shapes of different scin-
tillators and a large deviation from an exponential function
behavior where found. In conclusion, the present scintillator
material is strongly damaged and needs to be replaced the
sooner the better. All PMTs and HV dividers still work sta-
ble. The mechanical and electrical parts can also be used in
future.
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Fig. 3:Attenuation lengths for PSB central scintillators.
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Energy calibration of the WASA Plastic Scintillator Barrel

P. Podkopał a,b

The Plastic Scintillator Barrel (PSB) consists of a cylindrical
part formed by 48 bars presented in fig. 1 and two end caps
of 48 trapezoidal elements each.

Fig. 1: Schematic view of the central part of PSB obtained
from Monte Carlo, two elements are split to guarantee
space for the pellet tube.

The detector is placed inside of the solenoid and surrounds
the mini drift chamber (MDC). The main purpose of PSB is
to provide a fast logic signal for the first level trigger (for
separating neutral and charged tracks) and analog signals for
particle identification, which can be done either via the ∆E-E
or the ∆E-p technique, using the corresponding information
from calorimeter and MDC, respectively[1].
The PSB was calibrated using pp → dπ+ events selected
from data measured with a proton beam of Ekin = 600 MeV.

Fig. 2: Correlation between reconstructed polar angles of
deuterons and pions (left), and the difference in the
azimuthal angle (right).

For event selection the following criteria were applied:
- a trigger requiring one or more hits in the Forward Range
Hodoscope
- a corresponding hit in the calorimeter (azimuthally match-
ing the hit in PSB)
- one charged track in the Forward Detector
- cuts on the 2-body angular correlation shown in fig. 2.
As illustrated in fig. 3, the pions from pp → dπ+ have a
well defined correlation between energy deposit in PSB and
scattering angle. As known from previous investigations, the
light attenuation along the scintillator is significant and has
to be taken into account[2]. Therefore, each element was di-
vided into 10 angular bins and for each bin the measured
ADC spectrum was compared to the energy spectrum ob-
tained from MC simulation.

Fig. 3: Simulated energy deposition of pions in PSC as a
function of the polar angle.

In both cases a Gaussian was fitted to the energy distribu-
tions and a linear calibration constant was extracted. For each
module the average calibration constant and the angular de-
pendence was separated (fig.4). The light attenution can be
derived by fitting an exponential function. The real energy

Fig. 4: ADC calibration and nonuniformity of individual
PSC elements.

deposit is a function of the non-uniformity and the average
calibration constants:

Edep = ADC ·Calibconst ·NU(θ) (1)

A typical spectrum after applying the calibration procedure
is presented in fig. 5. In addition the effective threshold of
the corresponding discriminator is shown. Due to the light
attenuation, this varies as a function of the polar angle θ.

Fig. 5: Calibrated energy deposition of pions in PSC as a
function of the polar angle.
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b Nuclear Physics Department, Jagiellonian University,
Cracow, Poland

25



In-beam efficiency study of the WASA Trigger Hodoscope

C. Pauly

The Forward Trigger Hodoscope FTH is a three layered
scintillator hodoscope situated in front of the WASA For-
ward Detector [1, 2]. The geometry is similar to the TOF
quirl, consisting of one plane with 48 pie shaped elements,
and two planes of each 24 Archimedean spiral elements.
The FTH plays an important role in the WASA trigger
system. It provides fast information on the multiplicity of
charged tracks in the Forward Detector which is used for
the first level trigger. By combining the hit information of
all three layers even a reconstruction of scattering angleson
trigger level is possible and proposed to further increase the
trigger selectivity of the WASA experiment. High and well
understood detection efficiency is thus necessary to obtaina
well defined trigger acceptance.

The FTH was in operation for more then 12 years at the
WASA-PROMICE and CELSIUS/WASA experiments.
During this time severe aging effects of the detector could be
observed, e.g. by comparing the non-uniformity parameters
obtained for different periods in time. Prior to its reinstal-
lation at WASA at COSY all scintillator elements were
individually tested, several PM-tubes and one scintillator
element were replaced by the only available spare, and high
voltage settings were tuned in order to improve the detector
performance (see [3] for details).

The goal of the study presented in this report was to make
a final in-beam check of the detector performance and
efficiency after these modifications, and to help judge if
a complete replacement of the Trigger Hodoscope will be
necessary, also in view of future trigger developments.

The measurement was performed using a selection of high
energetic single track events in the WASA Forward Detec-
tor, based on data from the November commissioning run
obtained at high kinetic beam energies (1450 MeV and 2500
MeV). Elastic proton proton scattering is the major contribut-
ing reaction channel, where the forward going proton is close
to minimal ionizing when passing through the Trigger Ho-
doscope. The obtained results for the FTH detection effi-
ciency thus define a lower limit.

The detection efficiency of each layer was derived using
individual event samples, where the information of each
other two layers was used for reconstruction of exact track
coordinates. Based on these track coordinates the expected
hit position and (rough) element number in the inspected
layer could be determined. The efficiency for each bin was
then obtained by counting the number of events per bin with
missing hits in the investigated layer and by normalizing to
the expected number of hits in each bin.

Some results of these studies are shown in figs. 1 and 2. Fig. 1
shows the obtained detection efficiency as a function of scat-
tering angle and element number for the inner quirl plane,
which showed the worst performance. Several elements re-
veal unefficiencies well above 10% for small scattering an-
gles, and the overall distribution is strongly nonuniform.The
bad efficiency of these elements also reflects as low light out-
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(Tbeam=2500 MeV) as a function of scattering angle
and element number.
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put and large position dependence in the measured light out-
put non-uniformity.
Fig. 2 shows the averaged efficiency as function of scattering
angle for all three layers. The expected unefficiency due
to geometrical gaps between the elements should be much
smaller according to the Monte Carlo simulation, and alone
can not explain the observed behaviour for layer 2 and 3.

Based on these results and previous experience we plan for
a complete exchange of all FTH scintillator elements in
summer 2007.
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Measurements on the light attenuation in the elements of the WASA-at-COSY Forward Trigger Hodoscope

F. Goldenbaum, D. Grzonka, W. Oelert, C.F. Redmer, T. Sefzick

The Forward Trigger Hodoscope (FTH) is the third forward
wall component of the WASA-at-COSY detector setup. It is
most important for the present first level trigger. Therefore it
consists of three layers, each made of the fast plastic scin-
tillator BICRON-404 of 5 mm thickness. The first layer is
assembled from 48 wedge-shaped elements. The second and
the third layer consist both of 24 curved elements. The shape
of these elements follows an Archimedean spiral, where in
one layer the spirals turn counterclockwise and in the other
layer clockwise around the beam pipe. A projection in beam
direction of all three layers results in a pixel structure that
provides granularity for the hodoscope.
This ’quirl’-structure has already been used in the experiment
PS202(JETSET) and is still employed in COSY-TOF. More
detailed information is given in [1, 2].

Prior to installation at COSY, all of the 96 Elements of the
FTH were checked and precalibrated. The measurements
were performed with a 90Sr source at different positions
along each element. The light attenuation in the elements was
studied in that way as well. Precalibration was achieved by
tuning the high voltages of the photomultipliers of each ele-
ment, starting with voltages used in the last experimental run
at Uppsala.
Signals produced by the source in an FTH-Element and
a small rectangular scintillator, located underneath, were
recorded simultaneously. Triggering was done via an OR-
logic. A cut on coincident signals selected only those of elec-
trons that were minimum ionizing, when passing the FTH-
element. Their spectrum follows a Landau distribution. Its
mean value was extracted for further analysis.
This procedure has been repeated for all elements with four
points of irradiation for the straight and five points for the
longer bended elements. The extracted values are shown in
Fig. 1 in dependence of the position they were measured.

Fig. 1: Mean values of the signals of the elements in the sec-
ond layer in dependence of the point of irradiation
red: very bad elements, green: exchanged scintillators

It was found that signals of some elements were strongly po-
sition dependent. As it was already assumed before the tests

[2], most of those elements were part of the second layer of
the FTH . They are marked as red lines in Fig 1. Although
the voltage applied to the photomultiplier was already rela-
tively high, signals produced far away from the photomulti-
plier were hardly separable from the background. This could
be fixed for most of the elements with a further increase of
the applied voltage.
On two elements of the second layer even increasing the volt-
age did not help to improve the signal quality. The scintilla-
tors of those elements were exchanged with spare parts pro-
duced at the same time as the whole FTH in 1992. In Fig. 1
their signals are highlighted in green. It can be seen that their
position dependence is rather low, compared to the other ele-
ments. Additionally, signals produced at the end of the scin-
tillator are quite high, as they should, due to the geometry.
To test if there were visible effects potentially influencing the
light propagation in the material, the exchanged scintillators
were unwrapped. Fig. 2 shows a substantial amount of micro
cracks. Not seen on the photograph is a slight brownish de-
colouring of the material in some regions which may be due
to radiation damage in the material.

Fig. 2: Unwrapped scintillator of the FTH. Light is reflected
from the microcracks.

Since the position dependence of the signal of the unwrapped
scintillators is similar to many other elements, it was tried to
anneal the unwrapped elements. After this procedure cracks
were not visible and the elements were again wrapped and
tested. Signals produced along the scintillator were much
better but it was also observed, that the scintillators had
bended during the process of annealing. More detailed in-
formations on the tests are given in [3]
Due to the results of the tests, it was decided by the WASA-
at-COSY-Collaboration to exchange all scintillators of the
FTH in 2007.
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First analysis of π+- tracks in the WASA Mini Drift Chamber

L.Yurev1,4, P.Podkopal2,4, M.Janusz2,4, P.Kulessa3, H.Ohm4, K.Pysz3, V.Serdyuk1,4, G.Ivanov1, V.Tikhomirov1, J.Majewski4

MDC setup. The Mini Drift Chamber was inspected under
laboratory conditions after the transport of the WASA detec-
tor from the CELSIUS storage ring in Uppsala. New front-
end electronics were applied based on the CMP-16[1] board
and new readout electronics - TDC with F1 chip[2] - were
first time operated during the experiment. The first commis-
sioning phase was mainly used to debug the electronics, e.g.
to fix overflow and software problems of the TDC.
From the second commissioning run data the behavior of the
MDC was studied forπ+ mesons. Theπ+ were selected ac-
cording to the kinematics of the 2-body reaction pp→dπ+ at
600 MeV. Several steps cut the events of interest:
• Trigger on deuteron in the Forward Range Hodoscope
(FRH)
• φ angle in SEC and PSC - hits in elements of equalφ angle
in the central part of the Calorimeter (SEC) and the plastic
barrel (PSC)
• θ(π+) andθ(d) are correlated as expected for a 2-body final
state
• the sum ofφ angles from PSC (π+) and FRH(d) has to be
close to 180◦ according to a 2-body reaction
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Fig. 1:Number of straw tubes(MDC) hit after dπ+ selection.
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Fig. 2:Layer multiplicity after dπ+ selection.

Results. In figures 1 and 2 the histograms after dπ+ selec-
tion are presented. In figure 1 the distribution of straw tubes
hit consists of several peaks: the dominant patricles areπ+-s,
and additional hits from other events are accepted due to the
wide time window of 1920 ns. The position of the dominant
peak is located at 10 hit tubes out of 15 layers. In figure 2 the

hit multiplicity per layer indicates that events with one fired
layer dominate.
For getting rid of the additional hits, coming from other
events, the time window was reduced to 312 ns. The same
histograms in figures 3 and 4 are extracted from the data with
the reduced time window. The number of tubes hit shows a
one peak structure with a maximum at 10 hit tubes. It can
be interpreted as mostly one particle hitting MDC and PSC
and in most cases 10 out of 15 layers fired. The background
is seen suppressed by the time window cut. The hit multi-
plicity in figure 4 shows that for three quarters of events one
layer fired. Using the event display program for the MDC, it
is possible to see the tubes hit. From the comparison of real
and MC data one can identify the MDC tracks asπ+.
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Fig. 3:The same as Figure 1, but after time window cut.
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Test of the WASA Forward Proportional ChamberM. Janusz1;2, L. Yurev2;3, M. Hodana1, P. Kulessa2;4, J. Majewski1;2, K.Pysz2;4, V. Serdyuk2;3, H. Ohm2The Forward Proportional Chamber (FPC) is atra
king dete
tor for 
harged parti
les [1℄. It 
onsists of 4planes of straw tubes with 448 straws ea
h. These planesare subdivided in two identi
al halves. After transporta-tion to J�uli
h they were inspe
ted for possible aging ef-fe
ts due to the long operation at the CELSIUS a

eler-ator and for possible damage during transportation. Aseries of tests were performed and new front{end ele
-troni
s were developed and tested.The performan
e of ea
h straw tube was investigatedby inspe
ting the shape and amplitude of analog signals.During these tests the straws were 
ushed with a 80/20mixture of Ar and C2H6, and a voltage of 1.4 kV was ap-plied. Sin
e all measured signal amplitudes were foundto be identi
al there is no indi
ation of strong lo
al ag-ing e�e
ts o

ured during previous operation. Moreover,the gas 
ow 
onditions of all 
hamber 
omponents aresatisfa
tory.During data taking with 
osmi
 radiation prototypeboards with CMP16 ampli�er/dis
riminator 
hips [3℄were 
onne
ted to an FPC module. The main goal ofthis test was to 
he
k the interoperability of the proto-type CMP16 
hips with the 
hamber module. The testwas based on a measurment of the time between the sig-nal from a s
intillation dete
tor situated near the FPCand the signal from the FPC. The result is presentedin �g.1. This time spe
trum shows that the range ofthe drift time amounts approximately to 130 ns, a valuewhi
h is in agreement with the maximum drift time of150 ns. It was found that additional ele
tri
 shielding ofthe straws is needed in order to reje
t pi
k{up of noisefrom external sour
es. Then it was possible to set thedis
riminator threshold to the very low level of about30 fC.In November one of the FPC modules was assembledat the WASA dete
tor and tested under beam 
ondi-tions. The main goal was to 
he
k the digital (F1) [2℄and analog (CMP16) [3℄ ele
troni
 interoperability andall implemented fun
tionalities. The 
olle
ted data wereused to test the a
quisition system, to get experien
e inoperation of the 
hamber and to establish working pa-rameters. Results presented in �g.2 show that the rangeof the drift time is equal to 130 ns whi
h is in agreementwith the previous test performed with 
osmi
 rays. In�g.2 one 
an noti
e ba
kground at a 
onstant level whi
his likely to orginate from imperfe
t s
reening of the de-te
tor module.During the November 
ommissioning run also theprototype of the gas system has been 
he
ked. In thefuture an analog devi
e will be used as a gas supplyfor the FPC dete
tor. The individual 
omponents (Arand C2H6) of the gas mixture are delivered by mass
ow 
ontrollers. The 
ow is subdivided into separatebran
hes for ea
h FPC module and the 
ow is monitoredwith 
ow sensors.The 
omplete dete
tor is going to be installed for the�rst produ
tion run in April 2007.
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The light pulser and light pulser monitoring system of WASA-at-COSY

W. Węglorz1,2

The WASA light pulser system (LP) was already used at
the CELSIUS/WASA installation in Uppsala[1]. It allows to
monitor the gain stability of the photomultipliers and, thus,
simplifies the later data analysis. The light pulser system
consists of two parts, the light sources and monitoring sys-
tem. In total four common light sources are used; optical
fibres are distributing the light pulses to the individual coun-
ters. Two types of light sources are in use: Xenon flash tubes
and LED based fast light sources. Due to its high luminos-
ity the Xenon flash tubes (XeLS) are used for the Scintillator
Electromagnetic Calorimeter (SEC). The luminosity is cru-
cial because the light is distributed from one central light-
source in a tree like way. Starting with quite thick optical
fibres the light is led in two steps via distribution boxes to
thin optical fibres ending at the individual detector modules.
Although multiple sources would have made the setup more
simple, this solution has two big advantages. First, fluctu-
ations coming from the single light source are observed in
the same way in all detector modules and, second, installing
optical filters at one central place allows to control the am-
plitude for all modules at the same time (e.g. for linearity
checks)[2].

For the plastic scintillators in total three fast light sources
(FLS) based on common LEDs are in operation. Here, the
light pulses are directly distributed to the individual coun-
ters via thin optical fibres. One source is used for the Plastic
Barrel modules in the central detector, the other two for the
whole forward detector.
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Fig. 1:XeLS stability observed during 1000 min test run.

The whole light pulser system is controlled via a dedicated
monitor system. From each source one optical fibre is con-
nected to a photodiode and further to an ADC channel of the
data acquisition. The used photodiodes provide high stability
and, thus, allow to obtain accurate data on the time stability

of the light source. In the data analysis these data are corre-
lated with the response of each detector channel to eliminate
the influence of time dependent changes of the amplitude of
the light source. The remaining time dependence can then
be assigned to the individual detector modules. The monitor-
ing system has been completed and tested in December 2006.
Results of the test are illustrated in Figs. 1 and 2.
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Fig. 2:FLS stability observed during 1000 min test run.

As one can see from the plots some long term fluctuations
up to 10% are observed in case of the Xenon flash source.
These can originate from the Xe lamp working parameters
and from high voltage fluctuations of the pulse generator. In
addition, short periods with increased light output (Fig. 1)
are likely to come from the fact that the flash tube is operated
close to the lower threshold parameters recommended by the
producer (which was necessary to obtain the correct length of
the light pulses). However, since the monitoring allows for
correcting these effects, the light pulser system for WASA is
an adequate tool to monitor the stability of the photomulti-
plier gain.
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Development of the new DAQ System for WASA at COSY 
 

H. Kleines1, K. Zwoll1, P. Wüstner1, W. Erven1, P. Kämmerling1, G. Kemmerling1, H.Loevenich1, A. Ackens1, M. Wolke2, 
V. Hejny2, H. Ohm2, T. Sefzick2, R. Nellen2, P. Marciniewski3, K. Fransson3, L. Gustafsson3, A. Kupsc3, H. Calen3

 
For the operation of the WASA detector system at COSY 
a new DAQ system was developed by the FZJ Central 
Institute for Electronics (ZEL) in close cooperation with 
IKP and the Department of Nuclear and Particle Physics of 
Uppsala University. Major reasons for the development of 
a new DAQ system were the increased performance 
requirements due to the higher luminosity at COSY and 
maintenance problems of the outdated electronics of 
WASA at CELSIUS [1].  
Focus of the development work was the implementation of 
new digitialization modules (QDC and TDCs in Fig. 1) for 
all straw and scintillation detectors. Only the trigger 
system and parts of the front end electronics remained 
unchanged.  
Due to the limited time of about one year the development 
project was extremely ambitious. The development work 
had to be interleaved with mass production of modules and 
it was impossible to do sufficient testing before the first 
test run in August, resulting in major technical risks.  
 

 

Fig. 1: Structure of the new DAQ system of WASA at 
COSY 

The new DAQ system is based on the third generation of 
DAQ at COSY, with a purely hardware-based module 
readout, buffer and event management [2]. In the front-end 
modules latest state-of-art FPGAs are used enabling 
massively parallel operation, e.g. charge computation 
(integration) simultaneously for a group of ADCs. The 
system is completely “free-running”: All detector signals 
are digitized, time-stamped and stored in buffers in order 
to bridge trigger delays. As a consequence, crates with an 
optimized system bus for digitalization module readout 
(LVDS) and synchronization (ECL) had to be 
implemented.  
According to Fig. 1 a System Controller (SC) is 
responsible for crate-wide synchronization and module 
readout. Via an optimized optical link (joint development 
with company SIS) the data is transferred from the SC to a 
readout PC. The event-builder buffers the data in a disk 
array before it finally arrives in a tape archive. A key 
component is the synchronization system [3], which 
distributes a common time base relative to the trigger 
point. It receives and distributes the trigger, generates 
event numbers, handles the module busy times and gathers 
performance statistics. All software implemented on 
readout PCs and the event-builder follows the EMS 

framework thereby ensuring compatibility to all other 
COSY experiments.  
Four types of digitalization modules have been developed: 
SlowQDC: The SlowQDC is designed for the readout of 
the Calorimeter PMTs (1084 channels) and does time-
stamping in addition to charge computation. It is a 16 
channel module based on 80 MHz FADCs. 
FastQDC: The FastQDC is designed for the readout of 
detectors with plastic scintillators (PSB and Forward 
Detector, 564 channels). It is a 16 channel module based 
on 160 MHz FADCs. 
FastTDC: The FastTDC is designed for the time-stamping 
of detectors with plastic scintillators. It is a 64 channel 
module based on the GPX ASIC from acam 
messelectronic gmbh. 
SlowTDC: The SlowTDC is designed for the readout of 
straw tubes (4000 channels). It is an improved version of a 
module already developed for ANKE and TOF. It is 
equipped with LVDS inputs for the CMP16 based front-
end electronics and distributes the threshold values serially 
to the DACs in the front-end. The SlowTDC is a 64 
channel module based on the F1 ASIC from acam 
messelectronic gmbh. 
 
For the test and commissioning beam times in August and 
November 2006 digitialization modules, crates and system 
controllers for all detector channels were available and the 
whole system could be tested successfully with an 
intermediate synchronization system. Since the software 
overhead of the intermediate synchronization system 
limited the readout time to about 80 µs, the final 
performance goal could not be reached. This will only be 
possible with the final synchronization system, which is 
expected to be available before the first production beam 
time in 2007.  
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Status of the pellet target for the WASA­at­COSY experiment*

A. Winnemöller#, A. Khoukaz#, N. Milke#, T. Rausmann#, and A. Täschner#

After   the   transfer   of   the   WASA­experiment   from
CELSIUS to  COSY,  the   reassembly  of   the  pellet   target
started in December 2005 at the test station at the Bermuda
triangle. This target is the first and up to now only pellet
target   system   running   in   an   internal   beam   accelerator
experiment   [1,2].  Different   tests  and  optimizations  have
been   accomplished   until   the   first   droplet   beam   was
obtained  in  April  2006 (figure  1).  Shortly  after   that   the
first  pellets  were  produced.  The final   installation  of   the
pellet target at the COSY ring took place in summer 2006.
Due to the new location inside the COSY hall (figure 2), a
second control system was established close to the COSY
control room in order to re­tune or adjust the target during
a   beam   time   without   any   radiation   exposure   of   the
personnel.
One of our major objectives after the installation at COSY
was to reproduce the target performance (pellet rate, target
thickness,   stability,   etc.)   obtained  at   CELSIUS/Uppsala.
This goal was reached during the commissioning phase in
August 2006 [3] with a pellet target thickness of approx.
2.5·1015 atoms·cm­2 calculated from the energy loss of the
COSY beam. During the beam time in November 2006 the
pellet beam was stable for more than a week until the end
of the running period.

Fig. 1: Photo  of   the  droplet  beam  before   reaching   the
vacuum  injection capillary.

Fig.2:   Photo of the pellet target at its new location at the
COSY ring.

Furthermore,   tests   with   deuterium   have   been   started   in
December   2006,   ending   with   the   production   of   first
deuterium pellets at COSY.
The target performance strongly depends on the quality of
the   glass   nozzles   and   the   vacuum   injection   capillaries.
Therefore, a facility for the production of these parts has
been established at the ZAT. The production started at the
very end of 2006.
In   the  near   future  systematic   studies  on  optimum pellet
beam conditions using hydrogen as well as deuterium gas
will be performed.
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A Pellet Tracking System for WASA at COSY 
 

T. Tolba, J. Ritman 
 

 
A Pellet Tracking System (PTS) for WASA at COSY is 
proposed in order to determine the interaction point (the 
primary interaction vertex) between the COSY beam and 
the target pellets. The knowledge of this interaction vertex 
helps to reconstruct the paths of the different decay 
products and thus to improve the momentum resolution of 
the events. This will also be important for the study of D-
mesons planned at the PANDA detector at the future 
accelerator facility FAIR in Darmstadt, Germany [1]. 
Furthermore the PTS gives information about the position 
distribution of the pellets below their place of production 
and below the interaction point, allowing the geometrical 
alignment of the system to be improved. 
In previous work on the pellet tracker at Uppsala 
University a setup with one camera and one laser was used 
to study hair, wires as pellet simulator and pellets from a 
pellet test station. A one dimensional distribution of the 
pellets was measured, and found to be consistent with the 
expectations from the geometry of the system [1-3]. 
 The main idea to determine the interaction point is to 
measure the x and z position of a pellet before and after 
the interaction point. That can be done by using a laser 
beam to light up the pellet and photographing it (using the 
scattered laser light from the pellet) by pairs of fast CCD 
line scan cameras, below and above the interaction point 
(fig.1). The cameras are arranged at 90˚ relative angle to 
each other. Then the pellet trajectories can be tracked from 
the position information from each plane and the relative 
timing. 
 
 

                               
 
                                                                                                          
 
 

             
 
 
 
 
 
                                        
 
Fig.1 Proposed system to determine the x and z postion of 

the individual pellets.  
 
Equipment needed 
 
- Laser: the laser used is an MFL Micro-Focus laser, 660 
nm, 80 mW and 185 mm working distance with 1˚ fan 
angle [4]. 
- Line scan camera: the camera used is an AVIIVA M2 CL 
0514 line scan camera, with maximum read out frequency 
of 98 KHz [5]. 
- Frame grabber and software programs to analyze the 
photos: DALSA CORECO frame grabber is used with the 
Sapera CamExpert program for taking pictures with the 

line scan camera. CommCam is used to control the camera 
[6]. 
 
Photographing a strand of hair 
 
As a first test of the equipment’s capabilities, a strand of 
hair was photographed and its thickness was determined 
(figs. 2 and 3). 
 

 
 
 
 
 
 
 

 
 

Fig.2 Photograph of the system used to determine the 
thickness a hair. 

 
 
 
 
 
 
 
 
 

Fig.3 Gauss fit of the measured light intensity in the 
camera to the scattered light from a hair. 

 
A strand of hair was fixed at distance of 175mm from the 
lens. At this distance the lens has a magnification factor of 
(0.4 ± 0.01). As shown in fig.3 the FWHM of the 
measured light distribution was found to be (1.8 ± 0.06) 
channels. Using the pixel size of 14 � m [5] the calculated 
thickness of the hair is found to be (63.3 ± 2) � m, in 
agreement with the value (70 ± 5) � m measured directly 
with a micrometer. 
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Missing mass resolution for the WASA Forward Detector extensions with DIRC and Time-of-Flight detectors.

M. Zielińskia, A. Kupśćb, P. Moskala

The η′ mesons for the rare decay studies at the WASA-at-
COSY facility will be produced in the pp → ppη′ reaction
close to threshold. The identification of the pp → ppη′ pro-
cess will be performed by means of missing mass to the two
outgoing protons measured in the Forward Range Hodoscope
(FRH). Due to the large background originating from multi-
pion production the statistical and systematical errors in the
evaluations of cross sections and branching ratios of the in-
vestigated decay channels will strongly depend on the reso-
lution of the missing mass reconstruction, which in turn will
depend on the precision of the reconstruction of the momen-
tum vectors of the registered protons. At present the determi-
nation of the energy of the protons is based on the energy loss
measurement in the scintillation layers of the FRH. The res-
olution achieved with the setup used at the CELSIUS facility
was about 1.5% (σ(T )/T ) for protons with kinetic energy
lower than T = 300 MeV, i.e. for protons stopped in the de-
tector material. However, it worsens significantly for larger
energies. The achieved accuracy was satisfactory for inves-
tigations of the η meson production and decay. However, it
appears to be insufficient for studies of the η′ meson due to a
much higher background-to-signal ratio and due to higher en-
ergies of the outgoing protons than in case of the pp → ppη
reaction. For the beam momentum of Pbeam = 3.35 GeV/c,
considered as an optimum for the production of the η′ meson
at the WASA-at-COSY facility [1], the kinetic energies of
the protons are in the range between 300 MeV and 800 MeV
(see figure 1(left)).
In order to improve the accuracy of the energy determina-
tion for forward scattered ejectiles the FRH was upgraded
with two new scintillator layers each with a thickness of
15 cm [2]. The rough estimate of the energy resolution ex-
pected with the extended detector is shown in figure 1(right).
With this accuracy the missing mass distribution has a width
of about 3.5 MeV/c2 (FWHM) and tails as it is seen in fig-
ure 2(left). In the simulations contributions from the exten-
sion of the interaction region and the spread of the COSY
beam momentum were not included. Presently, the over-
all contributions of these effects are estimated to be about
4 MeV/c2(FWHM) [1]. In this report only the proton kinetic
energy resolution is considered.
There are two suggestions for a possible future improve-
ment of the energy measurement accuracy. One assumes in-
stallation of a DIRC detector which would enable to de-
termine the velocity of protons with an accuracy of about
σ(β)/β = 0.003. The second scenario foresees an extension
of the forward detector which would allow to determine the
time of flight [3] for protons passing through the FRH with a
precision of σ(TOF) = 100 ps [4]. In order to facilitate com-
parison of the TOF, DIRC and energy loss techniques we ex-
pressed the properties of TOF and DIRC methods in terms of
fractional kinetic energy resolution. The results are compared
in figure 1(right). The figure shows that both DIRC and TOF
would yield better resolution than that obtained only from
energy loss. It is also evident, that the energy resolution of
the DIRC detector is much better than the TOF method. It is,
however, important to note, that TOF can be determined for
protons which passed the whole detector (T>≈ 360 MeV),
whereas a DIRC can deliver signals only for protons above

Cerenkov threshold which corresponds to 500 MeV. This im-
plies that only a fraction of protons from the pp → ppη′ re-
action can be reconstructed by means of the DIRC or TOF
detectors.
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Fig. 1: Left: Kinetic energies of protons from the pp → ppη′ re-
action simulated for the beam momentum of 3.35 GeV/c.
Right: Fractional kinetic energy resolution estimated for
the three considered techniques.
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Fig. 2: Missing mass resolution for the pp → ppη′ reaction recon-
structed assuming the kinetic energy determination from
energy loss measurement (left), TOF (middle), and DIRC
(right), respectively.

Figure 1(left) shows that at a beam momentum of 3.35 GeV/c
the energy of both protons from the pp → ppη′ reaction
can be reconstructed for only about 20% of events using the
DIRC detector, and for about 70% of events using the TOF
technique. In other cases the energy of either one or both
protons must be determined using energy loss. Simulations
of the missing mass distribution show that using the TOF or
DIRC techniques for the energy reconstruction of protons
would improve the resolution of the missing mass recon-
struction by about a factor of two (see figures 2(middle)
and 2(right).
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A Cherenkov detector for WASA-at-COSY

P.Vlasov1, F.Hinterberger2, A.Povtoreyko3, J.Ritman1, R.Siudak1,4

The Forward Detector of the WASA at COSY[1] setup is es-
sential to tag mesons by reconstructing the missing mass of
recoil protons emitted in the forward direction. The origi-
nal WASA[2] detector was designed to operate at beam en-
ergies up to 1.36 GeV for protons. At COSY it has to cope
with higher energies (up to T∼2.88 GeV for protons) and
increased event rates. As a result upgrades of several detec-
tor components were required. One such item is the Forward
Range Hodoscope. In its original design the FRH is made of
four planes of plastic scintillator which gives a kinetic energy
resolution for stopped particles (Tstop ≤ 0.3GeV for protons)
σT/T ' 1.5% . At COSY the maximum kinetic energy of
outgoing protons in the pp → ppη′ will be about 1 GeV.
This is too high to be measured by the existing FRH with
sufficient energy resolution, therefore two additional layers
of plastic scintillator have been constructed. At around 0.5
GeV protons kinetic energy the estimated resolution is about
3% and worsens to 10% at 0.9 GeV. To improve the energy
measurements and provide particle identification of fast par-
ticles a Cherenkov detector has been proposed.
The Cherenkov detector design consists of 80 wedge shaped
modules (length× thickness ' 600× 70mm2) placed radi-
ally around the beam axis and inclined in the beam direction.
The radiator material is plexiglass (n=1.5) which is transpar-
ent in the UV region. The individual radiator modules are
wrapped with reflective material. Charged particles with ve-
locities higher than the Cherenkov threshold βthr = 1/n pro-
duce a cone of Cherenkov light. By means of total internal
reflection and reflective material the light will be transferred
to a photomultiplier tube located on the outside surface of the
module. The signal amplitude of the PMT readout will give
information about the velocity (or energy for a given mass
hypothesis) of the particle. Fig.1 shows an artistic view of
the proposed detector.

Fig. 1: Artistic view from two perspectives of one half of the
detector (left) and a prototype module.

This design has been studied extensively with Geant4[3] -
in order to estimate basic characteristics of the proposed
detector. Properties of the material such as the absorption
length, reflectivity of the wrapping material, properties of the
PMT - quantum efficiency have been included as functions
of wavelength of the emitted Cherenkov light. Assuming the
Cherenkov detector placed in front of FRH, by combining the
energy deposition of the particles in the FRH and the light
output of the Cherenkov detector particle identification can

be performed. Noting γ1 as a Lorentz factor measured with
the Cherenkov detector and γ2 measured by the FRH from
γ2 = γ1− Edep

M j
, where M j is the mass hypothesis of the given

particle and Edep is the deposited energy in the FRH, the ex-
perimental value of the mass of the particle is

M =
z2 ·∆X

(γ1−1)2

(γ1·R1) −
(γ2−1)2

(γ2·R2)

, (1)

where ∆X [g/cm2] is the thickness of the FRH, z-is the charge
of the particle and R(γ) is a function derived from the Bethe-
Bloch equation.
In November 2005 a prototype module with a plexi-
glass radiator has been manufactured. In-beam measure-
ments have been performed in cooperation with the HIRES
collaboration[4]. During the tests with different particle mo-
menta the light output and energy resolution were mea-
sured for different orientations of the prototype module.
The kinetic energy resolution depends on the angle between
the front side of the module and the particle trajectory (θ-
inclination angle) and the entry point of the particle in the ra-
diator. The kinetic energy resolution as a function of proton
kinetic energy was determined for θ = 30◦. The simulated
and experimental values are shown in Fig.2. The open point
for T < 0.4 GeV corresponds to measurements with protons
and the results for T > 0.4 GeV were obtained using pions
where the effective proton kinetic energy has been estimated
from the pion velocity. The differences in the points are re-
lated to the different energy losses dE

dx in radiator material.

Fig. 2: Proton kinetic energy resolution. Results of simula-
tion and experiment are shown with full and open
points, respectively.

References:

[1] H-H. Adam et al., nucl-ex/0411038
[2] J.Zabierowski et al., T99 159-168 (2002)
[3] Geant4, http://geant4.web.cern.ch/geant4/
[4] HIRES Collaboration, http://www.iskp.uni-

bonn.de/gruppen/hires/index.html

1 IKP-1, Forschungszentrum Jülich, 52425 Jülich, Germany,
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Monte Carlo studies for a RICH detector

. Kyryanchuk, H. Machner, R. Siudak (for the GEM and WASA collaborations)

Čerenkov detectors are widely used in high energy physics.
Depending on the task Čerenkov detectors could have differ-
ent applications: particle identification, energy measurement,
threshold detector for detecting specific type of particles in a
definite energy range.
Our aim is to measure proton energy in an energy range from
400 MeV to 1000 MeV. In order to find proper radiator and
photocathode Monte Carlo simulations were performed.
Different materials were tested as radiator: LiF , CaF and
quartz. All materials have different refractive index (Fig. 1)
and transmittance (Fig. 2) [1]. To measure particles with
”low” energy radiator must have large refractive index. LiF
has wider transmittance for UV range in comparison with
CaF and Quartz. It gives possibility to build Cerenkov detec-
tor with LiF as radiator and proper photocathode for detect-
ing photons in UV range. LiF radiator should be thin because
of the low transmittance (large probability to absorb photon).

Fig. 1: Refractive index for quartz (UV-grade and IR-grade),
CaF and LiF .

Fig. 2: Photocathode quantum efficiency (dotted curves) and
radiator transmittance (solid curves).

Quantum efficiencies for different photocathode’s types are
shown in Fig. 2 [2–4]. CsI and CsTe are used for pho-
ton detecting in UV range. Bialkali (KCsSb) and multial-
kali (GaAsP) photocathodes are used for upper UV and vis-
ible light ranges. These types of photocathodes have large
and broad shape of the quantum efficiency function. It could
compensate smaller amount of emitted photons in this wave

Fig. 3: Geometry and event reconstruction scheme.

range. A proximity focusing RICH detector with a radiator
of thickness 1 cm is shown in Fig. 3. Emitted photons pass
through a drift chamber with a thickness of 4 cm. The pho-
tocathode is placed on the back plane of the drift chamber.
Photons produce photoelectrons, which could be detected in
the drift chamber volume. Methane is used as active gas in
the drift chamber.
The knowledge of particle direction (θp,ϕp) and photon po-
sition on the screen (xph, yph) are necessary for event recon-
struction. The point from the particle hit should be also visi-
ble on the screen. In the reconstruction algorithm is assumed,
that Čerenkov photons are emitted in the half thickness of the
radiator. Knowing particle direction it is possible to define
coordinates of this point (xp0,yp0). The event reconstruction
algorithm is described by the following equations:

a =
( r

2
+L

)
tanθp (1)

b =
r
2

tanθph +L
nr · sin(θph)√

n2
L−n2

r sin2(θph)
(2)

tanϕph =
yph− yp0

xph− xp0
(3)

R2 =
[
a · cosϕp−b · cosϕph

]2

+
[
a · sinϕp−b · sinϕph

]2 (4)
cosθc = cosθp · cosθph

+sinθp · sinθph · cos(ϕp−ϕph) (5)

Eq. (1) gives the distance from the particle hit on the screen to
the (xp0,yp0), where r and R are the radiator and drift cham-
ber thicknesses, respectively. The distance to the photon hit
point is defined by Eq. (2), where θph is the angle of the emit-
ted photon to the normal, nL and nr are refractive indices
for the drift chamber active gas and radiator, respectively. By
solving Eq. (4) it is possible to find θph. The Čerenkov angle
θc can then be obtained from Eq. (5). More details are given
in Ref. [5].
Results of Monte-Carlo simulations are shown on Fig. 4–6.
The number of the detected photons for different configura-
tions ”radiator-photocathode” is shown in Fig. 4. For config-
uration quartz-CsI the lowest number of the converted pho-
tons was obtained. This can be explained by the low photo-
cathode quantum efficiency and a narrow emitting-detecting
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range which is limited by the radiator transmittance func-
tion from the left side and quantum efficiency function from
the right side. For configurations with multialkali and bial-
kali photocathodes the number of detected photons is large.
Čerenkov angle resolution (Fig. 5) and momentum resolu-
tion (Fig. 6) for quartz-CsI are worse than for radiators with
multi- and bialkali photocathodes. Best results are obtained
for a LiF radiator with multi- and bialkali photocathodes.

Fig. 4: Detected photon number for different configurations
radiator-photocathode

Fig. 5: Čerenkov angle resolution

Fig. 6: Momentum resolution
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Near threshold production mechanism of the η meson

R. Czyżykiewicz1 and P. Moskal1 for the COSY-11 collaboration

From precise measurements of the total cross sections of
the η meson production in the pp→ ppη reaction [1, 2, 3,
4, 5, 6, 7, 8] it was concluded that this process proceeds
through the excitation of one of the protons to the S11(1535)
state which subsequently deexcites via the emission of the η
meson (see Fig. 1). In practice, within the meson exchange

ISI

FSI
η

Μ
S11(1535)

p p

pp

Fig. 1: The mechanism of the η meson
production in nucleon-nucleon
collisions. M denotes an inter-
mediate pseudoscalar or vec-
tor meson, e.g. π, η, ω, ρ. ISI
and FSI indicate initial and fi-
nal state interaction between the
nucleons.

picture, the excitation of the intermediate resonance can be
induced by exchange of any of the pseudoscalar or vector
ground state mesons between the nucleons. Based only on
the excitation function it was, however, impossible to disen-
tangle the contributions to the production process originating
from the π, η, ω or ρ meson exchange.

More constraints to theoretical models [9, 10, 11, 12,
13, 14, 15, 16] have been deduced from the measurement
of the isospin dependence of the total cross section by the
WASA/PROMICE collaboration [17]. From the comparison
of the η meson production in proton-proton and proton-
neutron collisions it was inferred that the η meson is by a fac-
tor of twelve more copiously produced when the total isospin
of the nucleons equals to zero with respect to the case when
it equals to one. As a consequence only an isovector me-
son exchange is conceivable as being responsible for such
a strong isospin dependence. It was a large step forward but
still the relative contributions of the ρ and π mesons remained
to be disentangled. For this purpose we have determined the
analysing power for the ~pp→ ppη reaction since its theoret-
ical value [11, 14] is sensitive to the assumption on the type
of the meson being exchanged in order to excite one of the
colliding nucleons to the S11(1535) state.

Measurements have been performed in the close-to-
threshold region at beam momenta of pbeam = 2.010 and
2.085 GeV/c, corresponding to the excess energies of Q=10
and 36 MeV, respectively. The experimental method is pre-
sented elsewhere [18, 19], here we would only like to present
the results of our measurements and the conclusions.

The values of analysing power determined for both ex-
cess energies are presented in Fig. 2. At the excess energy
of Q = 36 MeV an insufficient statistics for the cosθη ∈
(−1;−0.5) range resulted in an error larger than the allowed
range of values and hence this point was omitted.

In order to verify the correctness of the models based on
the dominance of the ρ or π meson exchanges, a χ2 test has
been performed [18, 19]. The reduced value of the χ2 for the
pseudoscalar meson exchange model was determined to be
χ2

psc = 0.54, which corresponds to a significance level αpsc =

0.81, whereas for the vector meson exchange model χ2
vec =

2.76, resulting in a significance level of αvec = 0.006. This
result provides a strong evidence for the supposition that the
production of the η mesons in nucleon-nucleon collision is
dominated by the pion exchange.
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Fig. 2: Analysing powers for the ~pp → ppη reaction as a function
of the cosine of center-of-mass polar angle of the η meson
for Q = 10 MeV (left panel) and Q = 36 MeV (right panel).
Full lines are the predictions based on the pseudoscalar me-
son exchange model [14] whereas the dotted lines represent
the results of the calculations based on the vector meson
exchange [11]. In the right pannel the dotted line is consis-
tent with zero. Error bars in this figure show the statistical
uncertainties only.

One should, however, keep in mind that the interference
in the exchange of both types of mesons are not excluded
and should be studied theoretically and experimentally by the
measurement of further spin observables.

It is also worth to mention that the analysing powers of
the ~pp→ ppη reaction for both excess energies studied are
consistent with zero within one standard deviation. This may
suggest that the η meson is predominantly produced in the
s-wave, an observation which is in agreement with the re-
sults of the analysing power measurements performed by the
DISTO collaboration [20] where, interestingly, in the far-
from-threshold energy region the Ay were found to be also
consistent with zero within one standard deviation.
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Acceptance corrections of the two proton correlation fuction determined for the pp→ ppη reaction

P. Klaja and P. Moskala for the COSY-11 collaboration

The high statistics data from the pp → ppη reaction mea-
sured by the COSY-11 collaboration [1] are now being eval-
uated using the correlation femtoscopy technique [2]. Our
aim is to determine the proton-proton correlation function
for the pp → ppη reaction free of the physical multi-pion
background and corrected for the limited acceptance of the
detection system. We think that the shape of this function
will allow us to learn about the size of the interaction region
from which protons are emitted. However, it is still a subject
of discussions whether this information can be derived from
the correlation function in case of the meson productions in
the collisions of protons.
The two-proton correlation function R(q) depends on the rel-
ative momentum between protons and can be defined [3] as
a ratio of the reaction yield Yppη(q) to the uncorrelated yield
Y ∗(q):

R(q)+1 = C∗
Yppη(q)

Y ∗(q)
, (1)

where Y ∗(q) can be calculated using the event mixing tech-
nique [4], and C∗ denotes an appropriate normalization con-
stant.
In the discussed pp→ ppη experiment, only four-momenta
of two protons were measured and the unobserved meson
was identified via the missing mass technique [1]. There-
fore, it is impossible to decide whether a given event corre-
sponds to the η meson production or whether it is due to the
multi-pion creation. In the reference [5] we have described a
method which allows to separate contributions to the corre-
lation function originating from the η meson and multi-pion
production. In this report we would like to give an account
on a next step of the analysis which was the correction for
the acceptance and efficiency of the detector system.
First, we calculated the acceptance and efficiency of the
COSY-11 system for the registration and reconstruction of
the pp→ ppη reaction as a function of the relative momen-
tum of the outgoing protons. The result of the simulations
is presented in the figure 1(left). We divided the relative
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Fig. 1: Left panel: Overall detection efficiency (acceptance and
efficiency) of the COSY-11 detection setup for the mea-
surement of the pp → ppη reaction at the excess energy
of Q = 15.5 MeV.
Right panel: The comparison of the acceptance corrected
two-proton experimental correlation function for the pp →

ppη reaction, represented by the open circles and theoret-
ical calculations indicated as the two dashed lines for the
reaction volume parametrized by the Gaussian distributions
with r0 = 5.0 fm and r0 = 8.0 fm, respecively.

momentum range into bins with a width of 5 MeV/c. The

width of the bin was chosen to be in the order of the ac-
curacy of the determination of the relative proton momen-
tum (σ(q) ≈ 6 MeV/c). Knowing the acceptance it would
be straightforward to correct a nominator of equation 1(left),
however the correction of the uncorrelated yield Y ∗(q) is not
trivial since momenta of protons in the uncorrelated event
originates from two idependend real events which in gen-
eral could correspond to different values of the detection ef-
ficiency.
Therefore, in order to derive a correlation function corrected
for the acceptance we have created a sample of data as it
would be measured with an ideal detector. For this aim we
multilplied each reconstructed event so many times as it re-
sults from the known acceptance. This means that a given
reconstructed pp→ ppη event with a proton-proton relative
momentum of q was added to the sample 1/A(q) times.
Based on this corrected data sample we calculated the two-
proton correlation function according to the formula 1(left).
In order to avoid mixing between the same events, a ’mix-
ing step’ in calculations was set to a value bigger than the
inverse of the lowest acceptance value. The random repeti-
tion of the identical combinations was also omitted by in-
creasing correspondingly a ’mixing step’. In particular, a kth

real event, from the acceptance corrected data sample, was
”mixed” with a (k+n)th event, where n > max(1/A(q)). If
the (k+1)th event was the same as kth, then this was mixed
with a (k+1+2n) event, etc. The two-proton background free
correlation function corrected for the acceptance is presented
in the figure 1(right).
The results are compared to the calculations, performed as-
suming a simultaneous emission of two protons and the η
meson. The effective spatial shape of the reaction volume
is approximated by a Gaussian distribution. A rough com-
parison between theoretical correlation and the experimental
points indicates that the effective size of the emmision source
turns out to be large. However, as we stated at the beginning
an interpretation of the results still remains a subject of dis-
cussions.
From figure 1(right) it is evident, that the calculated and
experimental shapes differ at q lower than 0.05 GeV/c. This
may be due to the neglect of the experimental resolution
in the theoretical calculations or due to the approximations
made in the estimation of the interactions of protons in the
ppη system. Therefore, as a next step of the analysis we plan
to improve the theoretical calculations of the correlation
function by taking into account the experimental resolution
as well as the experimentally determined interaction between
protons in the ppη system [1].
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Measurement of the dp→ 3Heη reaction close to threshold

J. Smyrski* for the COSY–11 collaboration

Study of the dp→ 3Heη reaction is of high interest due to
a very strong effect of the final state interaction which was
observed in the near-threshold data measured at the SPES-4
[1] and the SPES-2 spectrometer [2]. This effect can be in-
terpreted as a possible manifestation of the 3He−η bound
state [3]. The measured cross sections do not allow, how-
ever, for a reliable determination of the 3He−η low energy
scattering parameters due to inconsistencies between the data
sets, and due to possible contributions from higher partial
waves [4]. In order to resolve these inconsistencies and to
check the possible onset of higher angular momenta, we per-
formed high precision measurements of the total and differ-
ential cross sections of the dp→ 3Heη reaction.
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Fig. 1: Missing mass spectra for three different beam momentum
intervals above the η production threshold.
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Fig. 2: Total cross section for the d p→ 3Heη reaction as a function

of the 3He c.m. momentum. The solid line represents the
scattering length fit to the SPES-2 data.

The experiment was conducted with the internal deuteron
beam of COSY scattered on a proton target of the clus-
ter jet type and with the COSY-11 facility detecting the
charged reaction products. For reduction of various possi-
ble systematical uncertainties, the measurements were per-
formed during a slow acceleration of the beam with the nom-
inal beam momentum continuously varied from 3.099 GeV/c
to 3.179 GeV/c, crossing the threshold for the dp→ 3Heη
reaction at 3.141 GeV/c. Identification of the 3He ejectiles
was based on the energy loss in scintillation counters and,
independently, on the time-of-flight measured on a path of
9 m between two scintillation hodoscopes. The η mesons
were identified via the missing mass technique (see Fig. 1).
The luminosity was monitored using coincident measure-
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Fig. 3: Forward-backward asymmetries of angular distributions of
3He in c.m. system.

ment of the elastic d− p scattering and, independently, of
the p− p quasi-free scattering. The preliminary results on the
total cross section dependence from the 3He center-of-mass
(c.m.) momentum are shown in Fig. 2. They are consistent
with the SPES-2 results, however, at higher momenta, they
deviate from the scattering length fit to the SPES-2 data [2].
The forward-backward asymmetries of the differential cross
sections in the c.m. system are shown in Fig. 3. They deviate
clearly from zero for c.m. momenta above about 40 MeV/c.
This effect indicates a presence of higher partial waves in the
final state and it can result from the S- and P-wave interfer-
ence.
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Near threshold η meson production via dp→ dpη reaction

C. Piskor-Ignatowicz*, P. Moskal*, J. Smyrski* for the COSY–11 collaboration

Recently the d−η and 3He−η interaction was intensively
studied on the theoretical ground. This interaction is of spe-
cial interest due to the possible existence of the η-nucleus
bound states. From the experimental point of view, the η me-
son production near threshold in the three nucleon system is
much less explored as compared to the two nucleon system.
The database for the pd → 3Heη reaction [1, 2, 3, 4, 5] has
improved recently, however, for the reaction pd→ dpη close
to threshold there exist only data measured with the SPESIII
spectrometer at SATURNE [6] for excess energies of Q =
1.1 and 3.3 MeV and by the PROMICE/WASA collabora-
tion [7, 8] at higher energies for Q≥ 14 MeV. Unfortunately,
the uncertainty of the excess energy of ∆Q =±0.6 MeV [6]
of the SPESIII data points is very large when taking into ac-
count the rapid rise of the cross section near the threshold.
The aim of the present experiment was determination of the
dp → dpη cross sections near threshold in order to study
the interaction between the particles in the final state. The
energy dependence of the total cross section is expected
to be very sensitive to the d − η interaction. The mea-
surement was performed for three deuteron beam momenta
above the dp→ dpη threshold namely: 3177.4, 3189.4 and
3202.4 MeV/c and one momentum below the threshold equal
to 3163.4 MeV/c. The measurement below the threshold was
used for the background subtraction under the eta peak in
the missing mass spectra. Application of the stochastic cool-
ing to the COSY deuteron beam guarantees a high quality of
the beam with the momentum smearing on the level of ∆p/p
≈ 10−4. However, the absolute beam momentum determined
on the basis of the accelerator frequency is known with an
accuracy of ∆p/p ≈ 10−3 only. Therefore, for a more pre-
cise beam momentum determination, which is crucial in the
present near threshold measurements, we used the distribu-
tion of the center of mass momenta of the 3He ions from the
dp→ 3Heη reaction. The resulting correction to the nominal
beam momentum was equal to -1.6±0.4 MeV/c correspond-
ing to an uncertainty of the excess energy for the dp→ dpη
reaction of ±0.1 MeV.
Protons from the dp → dpη reaction were identified using
the Time Of Flight (TOF) measurement on the path of 9.3 m
between the scintillator hodoscope S1 and S3. Fig. 1 shows
the TOF dependence on the magnetic rigidity with clearly
separated protons, deuterons and 3He. Due to the setting of
the triggering electronics, only the tail of the pion TOF distri-
bution was registered as can be seen in the figure. Deuterons
originating from the dp→ dpη reaction have been measured
using a drift chamber with hexagonal cells (D4 [9]). Depen-
dence of the TOF on the magnetic rigidity for particles regis-
tered with the D4 drift chamber is shown in the right panel of
Fig. 1. After the reconstruction of the protons and deuterons
four-momentum vectors the η mesons have been identified
via the missing mass technique. Corresponding spectra are
shown in the left panel of Fig. 2. The determined dp→ dpη
total cross sections are shown in Fig. 2 together with the data
measured at SATURNE and at WASA. The data confirm a
strong effect of the interaction in the dpη meson final state.
The enhancement of the near-threshold cross sections with
respect to the phase-space behavior indicates a strong inter-
action between the final state particles. We expect that further
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Fig. 1: TOF versus magnetic rigidity for particles registered in the
drift chambers D1, D2 (left panel) and for particles detected
in the D4 chamber (right panel).

analysis of the collected experimental data will allow to re-
duce substantially the relatively large statistical uncertainties
of the preliminary data points reported here.
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show data from reference[6], and stars denote preliminary
results determined by the COSY-11 group.
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[7] J. Złomańczuk et al., Physica Scripta T104 84 (2003).
[8] R. Bilger et al., Phys. Rev. C 69 014003 (2004).
[9] J. Smyrski et al., Nucl. Instr. & Meth. A541 574 (2005).

* Institute of Physics, Jagiellonian University, 30-059 Cra-
cow, Poland

42



Measurement of the pp → ppη′ reaction aiming at determination of the natural width of the η′ meson

E. Czerwiński∗, D. Grzonka, P. Moskal∗ for the COSY–11 collaboration

The physics of the η′ meson receives an increasing interest
in view of the forthcoming measurements planned e.g. at the
COSY, DAφNE-2 and MAMI-C facilities where the η′ will
be produced in hadron-hadron, e+-e−, and γ-hadron reac-
tions, respectively. Therefore, the precise determination of
the natural width of the η′ meson (Γη′) will have an impact
on the physics results which will be derived from future mea-
surements of detector setups like: WASA-at-COSY [1] and
KLOE [2].
Among previous experiments the one performed by the NIM-
ROD collaboration extracted the width of the η′ meson with
the smallest error: Γη′ = 0.28 ± 0.1 MeV/c2 [3]. Based on
many years of experience gained with the COSY-11 appa-
ratus and thorough simulations we have established that at
the COSY-11 facility, combined with the excellent features
of the COSY proton beam, the natural width of η′ can be de-
termined with at least five times better precision. This will
be due to an about three times better experimental resolu-
tion, larger statistics, larger signal to background ratio, and
finally due to a simultaneous use of two independent meth-
ods for the derivation of the width of the η′ meson. The Γη′

will be derived directly from the missing mass distribution
of the pp → ppX reaction and also from the shape of the
excitation function.
In May 2006 the COSY Programme Advisory Committee
has recommended the realisation of a corresponding pro-
posal [5] and the measurement of the pp → ppη′ re-
action was conducted by the COSY-11 collaboration in
October 2006. In the experiment five discret values of
beam momentum were used: 3211, 3213, 3214, 3218 and
3224 MeV/c, where the threshold beam momentum is equal
to 3208.3 MeV/c. In order to improve the experimental reso-
lution of the four-momentum determination of the registered
particles and in order to decrease the spread of the momen-
tum of the beam protons reacting with the target two major
changes have been applied to the COSY-11 setup. Namely,
the spatial resolution of the measurement of the particle track
coordinates in the drift chambers was improved by increas-
ing the supply voltage up to the maximum allowed value and
also the dimensions of the target in the direction perpendic-
ular to the COSY beam was decreased from 9 to ≈1 mm
(rectangular 9× 1 mm instead of circular target).
In order to control the systematical uncertainties each of the
crucial parameters (like target dimesions or beam momentum
spread) were monitored by at least two independend meth-
ods [5].
The received mean luminosity equals to 1.4 · 10

30 s−1cm−2

resulting in an integrated luminosity of 1.3 pb−1. This is
smaller than the expected 3.6 pb−1 used for the estimations
in the proposal [5] because of a reduction in the beam time
(almost 5 days breakdown in COSY operation) and because
of a 30% smaller luminosity.
An online analysis has revealed a signal originating from
the production of the η′ meson at each of the investigated
beam momenta (see Fig. 1). The obtained width of the η′

peak in the missing mass spectra (FWHM) equals to approx-
imatly 0.5 MeV/c2. Thus, already online spectra show that
the achieved mass resolution is at least three times better than
reached at the best of the previous measurements. Although

such a resolution is already comparable with the expected
value of the width of the η′ meson, it is still broader than
expected but we are confident to improve it in the off-line
analysis.
Probably, the broadening was due to changes of the beam op-
tics which caused variations of the beam momentum value at
the interaction region on the 10

−4 level. In order to enable an
off-line correction of these variations we have monitored var-
ious parameters which could influence the beam conditions
like current in the COSY dipoles, temperature of the cooling
water of the magnets, air temperature, humidity and baro-
metric pressure inside COSY tunnel. Independently it will
be possible to correct the variation of the beam momentum
based on the distribution of the elasticaly scattered protons
measured simultaneously with the pp → ppη′ reaction.
The off-line analysis of the data is in progress.

Fig. 1: On-line missing mass
spectra as obtained in
October 2006 from
about 30% of the full
statistics. Going from
left top to right down
for a beam momen-
tum pbeam = 3211,
3213, 3214, 3218,
3224 MeV/c. The
vertical lines indi-
cate the value of the
mass of the η′ meson
(mη′ = 957.78 MeV/c2)References:
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Study of the proton-η′ interaction: analysis status

P. Klaja and P. Moskala for the COSY-11 collaboration

The COSY-11 collaboration has taken data during three
weeks measurement of the pp → ppη′ reaction in Septem-
ber 2003. That experiment has been performed at Q = 15.5
MeV, the same excess energy at which the differential distri-
butions of the invariant masses for two-particles subsystems
for the pp → ppη reaction had been established [1]. The de-
termination of analogous distributions for the ppη′ system
could bring to light the still unknown interaction between the
η′ meson and the proton. It could also be helpful in disen-
tangling ambiguities in the interpretation of the distribution
of the two-particle invariant masses in the low energy ppη
system.
The experiment performed using the COSY-11 detection
setup, was based on the registration of two outgoing posi-
tively charged ejectiles. Then, we selected only these events
with two reconstructed tracks, which corresponded to the
pp → ppX reaction. In further analysis, the mass of the un-
observed meson have been identified using the missing mass
technique. The missing mass resolution depends on the ac-
curacy of the momentum determination which in the case
of the recontruction technique used by the COSY-11 group
relies on the knowledge of the position of the center of the
interaction region. Therefore, the possible changes of the po-
sition at which the proton beam crosses the target could have
significantly influence the momentum reconstruction and in
consequence could worsen the determination of the mass of
an undetected particle.
The center of the beam and target overlap can be determined
from the distribution of the momentum of the elastically
scattered protons. Hence, we applied an analysis of proton-
proton elastic scattering for controlling the conditions of the
beam-target interaction region. The distribution of the per-
pendicular versus parallel (to the beam direction) momentum
components of the elastically scaterred protons is presented
in the figure 1. The mean value of the distance between the
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Fig. 1: The distribution of perpendicular p⊥ versus parallel p‖ mo-
mentum component for the pp → pp elastic scattering de-
termined at the beam momentum of 3.257 GeV/c. The solid
line corresponds to kinematical ellipse.

kinematical ellipse and the experimental points may be used
as a measure of the deviation of the center of the interaction
region from its nominal position assumed in the analysis [2].
Figure 2(left) presents a relation between the mean distance
from the kinematical ellipse and the position of the center of
the reactions. In the figure the center of the reaction points
(beamshift) was expressed with respect to its nominal value.
As can be seen in this figure the real position differs by about
0.4 cm from the nominal one.

In order to study possible variations of the position of the
center of the reaction points during the experiment we have
divided the whole sample of data into groups corresponding
to 13 hours of measurement and calculated the mean distance
from the ellipse for each group separately. Right panel of fig-
ure 2 shows the obtained result which indicates that the beam
and target conditions were stable during the course of the ex-
periment. Fluctuations seen in figure 2(right) originates from
the statistical errors of the determination of the mean value
of the distance to the ellipse. The variations are at the level
of 10−3, and as can be inferred from figure 2(left), they cor-
respond to shifts of the center of the interactions by less than
0.01 mm.
The duration of a one measurement cycle was 10 minutes
and so the energy losses and straggling of the beam circulat-
ing through the target could lead to the changes of the beam
orbit. Therefore, we have also checked the behaviour of the
beam-target overlap during the COSY cycle. To this end we
have grouped the data according to the time counted from
the beginning of the cycle. In this case variations of the mean
distance to the kinematical ellipse were also found to be neg-
ligible. In the figure 3 we present the preliminary miss-
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Fig. 2: Left panel: The distance between the expected ellipse and
the center of the experimental distribution on the (p⊥, p‖)
plot versus a beamshift parameter. Right panel: The devia-
tion of the distance from the kinematical ellipse as a func-
tion of the time of measurement. The mean value of the
distance from ellipse has been plotted for each 13 hours in-
tervals.
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Fig. 3: Experimental missing mass spectrum for the pp → ppX re-
action determined at the beam momentum of 3.257 GeV/c.

ing mass spectrum, determined from the whole data set, for
the pp → ppX reaction measured at the beam momentum of
3.257 GeV/c. In the figure a clear signal with about 15000
events corresponding to the pp → ppη′ reaction is visible.
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Status of the analysis of the pn→ pnη′ reaction

J. Przerwa and P. Moskal for the COSY-11 collaboration

In August 2004 –for the first time– using the COSY–11 [1]
facility we have conducted a measurement of the η′ meson
production in the proton-neutron collision [2]. The aim of the
experiment is the determination of the total cross section of
the pn → pnη′ reaction near the kinematical threshold. The
comparison of the pp→ ppη′ and pn→ pnη′ total cross sec-
tions will allow to learn about the production of the η′ meson
in different isospin channels and to investigate aspects of the
gluonium component of this meson.
The experimental precision of the missing mass determina-
tion of the pn → pnη′ reaction rely on the accuracy of the
reconstruction of the momentum of protons and neutrons.
For each proton, which gave a signal in the drift chamber,
the momentum vector can be determined. First the trajecto-
ries of the particles are reconstructed, and then knowing the
magnetic field of the dipole, the momentum vector is derived.
In this report we give an account on the time-space calibra-
tion of drift chambers and timing calibration of the neutral
particle detector.

Fig. 1: Example of the spectrum used for the drift chamber cali-
bration. Shaded area presents mean values of ∆X (in cm)
as a function of the drift time (in ns). Upper and lower his-
tograms indicate a band of one standard deviation of the ∆X
distribution.

Due to changes of the pressure, temperature and humidity
of the air inside the COSY tunnel, the drift chamber calibra-
tion has to be performed for time frames not longer than few
hours. The calibration is derived in an iterative way. First,
distances of the particle’s trajectory to the wires are derived
from the working calibration, and to the obtained points a
straight line is fitted. Next, the deviation ∆X between the fit-
ted and measured distances of the particle’s trajectory to the
wire is calculated. An example of a mean value of ∆X as a
function of the drift time is shown in the Fig.1. Afterwards
the relation between the drift time and distance from the wire
is corrected by the determined mean value of ∆X . The proce-
dure is repeated until corrections become negligible.
The neutral particle detector delivers information about the
time at which the registered neutron or gamma quanta in-
duced correspondingly a hadronic or electromagnetic reac-
tion.
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Fig. 2: Time–of–flight determined between the target and the neu-
tron detector. Details are described in the text.

This information together with the time of the reaction allows

to calculate the time-of-flight between the target and the neu-
tron detector and to determine the absolute momentum of
registered paricles, provided that it could have been identi-
fied. The time calibration of the neutron detector proceeds
in two steps. First the relative timing between modules of
the neutron detector are established from experimental distri-
butions of time differences between neighbouring modules.
In the next step a general time offset of the neutron counter
with respect to another (S1) detector has to be established.
For this purpose the pd → pdπ0π0 reaction is used. The me-
son π0 decays in the target into two gamma quanta. Thus,
the calibration is based on the measurement of the proton,
deuteron in drift chambers and scintillators (S1 and S3), and
gamma quanta in the neutral particle detector. Knowing the
distance between the target and a module in the neutral parti-
cle detector which gave the signal as a first one, one can ad-
just the general time offset between this detector and the S1
counter. The time of the reaction in the target can be calcu-
lated from the times when proton and deuteron crossed the S1
scintillator and from their reconstructed momenta and trajec-
tories. Figure 2(left) presents the time-of-flight distribution
–for neutral particles– measured between the target and the
neutral particle detector. The spectrum was obtained under
the condition that in coincidence with a signal in the neutral
particle detector two charged particles were registered in the
drift chambers. A clear signal originating from the gamma
rays is seen over a broad enhancement from neutrons. This
histogram shows that discrimination between signals origi-
nating from neutrons and gamma quanta can be done by a
cut on the time of flight. An analogous spectrum with an ad-
ditional requirement that the registered charged particles cor-
respond to proton and deuteron (pd → pdX) is shown in the
right panel of figure 2. As expected, in this spectrum only a
signal from the gamma quanta is seen.
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Fig. 3: (left) Time–of–flight determined between the target and the
neutral particle detector as a function of module’s number.
(right) Configuration of the detection units

Figure 3 shows, as expected from the known absorption co-
efficients [3], that the gamma quanta are predominantly reg-
istered in the first row of the detector whereas interactions
points of neutrons are distributed more homogenously.
As a next step in the analysis of the pn → pnη′ reaction a
calibration of the spectator detector will be conducted.
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Measurement of the pn→ dη′ reaction at COSY–11.

B. Rejdych1, J. Przerwa1, P. Moskal1 for the COSY-11 collaboration

One of the main interest of the COSY–11 collaboration are
investigations of the η′ meson production in nucleon-nucleon
collisions which aim at the explanation of the reaction mech-
anism and unknown interaction between the η′ meson and
the proton.
In the previous experiments we have determined the close-to-
threshold excitation function for the pp→ ppη′ reaction, [1]
but it was not possible to judge about mechanism responsi-
ble for the η′ meson production from this reaction channel
only. Therefore, we investigated the η′ meson production in
proton-neutron scattering conducting in August 2004 mea-
surement of the pn→ pnη′ reaction [2]. At present the anal-
ysis of the data and simulations are in progress [3].
In February 2006 we have extended our study of the produc-
tion of the η′ meson in the NN collisions to a pure isospin
zero state of the interacting nucleons. We have measured
the excitation function of the pn → dη′ reaction [4] using
deuteron target and proton beam with a momentum of 3.365
GeV/c. The identification of the pn → dη′ reaction is based
on the measurement of the four-momentum vectors of the
outgoing deuteron and the spectator proton pps. The meson
η′ is identified via the missing mass technique.
The reaction may be symbolically presented as:

p(n
p

)

→ dη′

psp
where psp denotes the proton from the deuteron regarded as a
spectator which does not interact with the bombarding parti-
cle, carrying the Fermi momentum possessed at the moment
of the collision.
Such measurement was possible at the COSY-11 facility us-
ing the spectator detector and the deuteron chamber (denoted
as Sispec and D4 in fig.1), which were installed formerly to
study the pd → pdη [5] and pn→ pnη′ [3] reactions.
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Fig. 1: Schematic view of COSY-11 detection setup. D1, D2, and

D4 denote the drift chambers; S1, S2, S3, S4, S5, S1D4 ...
S5D4 and V stand for the scintillation detectors; N is the
neutron detector and Simon, Sispec and Sidip are silicon strip
detectors to detect elastically scattered protons, spectator
protons and negatively charged particles, respectively.

In order to reduce the trigger counting rate, which based
on the registration of one particle would be a factor of 200
too large to be accepted by our data acquisition system,
we installed five scintillation detectors (shown in fig.1 as
S1D4. . . S5D4).

In the off-line analysis the energy loss in these five detectors
will be used for the seperation of deuterons from protons and
pions. The momentum of deuterons will be established by the
reconstruction of their trajectory in the magnetic field of the
COSY dipole. The determination will be based on the known
reaction point and reconstruction of the deuteron track from
signals registered by the D4 drift chambers. In the case of the
spectator protons two layers of the spectator detector permit
to measure the kinetic energy of proton from 0,5 to 9 MeV
and to distinguish them from the fast particles which cross
both detection layers whereas slow protons are stopped in
the first layer.
The luminosity will be established from the number of the
quasi-free proton-proton elastic scattering events measured
simultaneously with the main investigated reaction. During
the on-line analysis the integrated luminosity was roughly es-
tablished to be 500nb−1. Assuming that the ratio of the cross
section pn→ dη′ and pp→ ppη′ will be on the same order
as already established ratio [6] for the pn → dη and pp →
ppη reactions we expect to identify about 1000 pn → dη′

events in the whole data sample. Presently the off-line anal-
ysis is in progress.

Fig. 2: Energy losses in the first layer versus the second layer as
measured at COSY–11 with a deuteron target and a proton
beam with momentum of 3.365 GeV/c.
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Fig. 3: An on-line spectrum of the energy loss as measured using
scintillator detector S5D4
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Close to threshold Λ production at COSY-11 with a polarized proton beam

D. Grzonka for the COSY-11 collaboration

At present little is known about the strength of the hyperon–
nucleon interaction at low energies (parameterized by the
scattering length) and even less about its spin dependence.
Most of the data are available for the Λ-p system but also
here the experimentally extracted low energy parameters of
s-wave scattering, the scattering length a and the effective
range r, have large uncertainties. Furthermore, a clear sepa-
ration of the spin singlet and triplet channels is not possible
as long as no polarized target/beam system is used. A de-
tailed analysis of the world data set for elastic Λp scattering
gave as =−1.8+2.3

−4.2 fm and at =−1.6+1.1
−0.8 fm [1] for the spin

singlet and spin triplet scattering lengths, respectively, where
the errors are strongly correlated.
The reaction pp → K+pΛ at low excess energies has been
investigated by the COSY-11 collaboration [2] to determine
the low energy parameters of the ΛN interaction. An average
value of −2± 0.2 fm for the ΛN scattering length was ex-
tracted in an analysis that utilizes the effective range expan-
sion which, however, is only applicable for systems where
the scattering length is significantly larger than the effec-
tive range. In addition, using this procedure one encounters
strong correlations between the effective range parameters a
and r that can only be disentangled by including other data,
e.g. ΛN elastic cross sections, into the analysis [2].
A new method to determine the Λp scattering lengths was
proposed in Ref. [3]. It allows the extraction of the Y N scat-
tering lengths from the production data directly with a theo-
retical uncertainty of at most 0.3 fm.
In Ref. [3] it was also shown that already a measurement
of a single spin asymmetry in ~pp → Y NK allows to isolate
the spin triplet contribution from the final Y N state, since
the Pauli Principle strongly limits the number of structures
possible for the initial state. It was especially shown that the
asymmetry :

d2σ(↑)

dm′ 2dt
−

d2σ(↓)

dm′ 2dt

gets contributions from the spin triplet final state only, as long
as the kaon in the final state is emitted at 90o in the center of
mass system (cms) and the outgoing Y N is in an S–wave.
In order to extract the spin triplet scattering length of the
pΛ system, the ~pp → K+pΛ reaction was studied with the
COSY-11 installation at a beam momentum of 2.457 GeV/c,
corresponding to an excess energy of 40 MeV. The accep-
tance of the COSY-11 detection system covers the full az-
imuthal angular range of the kaon emission angle with a
rather flat distribution around 90o (cms) which is the relevant
region for this investigation.
A proton beam polarisation of about 80 % was achieved
which was checked by measurements with the EDDA de-
tector and monitored with the COSY-11 polarimeter system.
The spin direction was flipped after each 20 minutes mea-
surement cycle to reduce systematic uncertainties.
The reaction channel~pp→K+pΛ can be well separated with
the standard missing mass technique used at COSY-11. The
four momenta of two charged particles were measured by
momentum reconstruction using the drift chamber tracks and
the missing mass was calculated. In fig.1 a distribution of
the invariant mass of one charged particle versus the missing

mass is given. The data sample results from cuts on the in-
variant mass of the first charged particle to be a proton and
a cut on the emission angle of the second charged particle to
be within−0.2 < cosΘcm < 0.2. A clear enhancement in the
expected region indicated by the cross point of the lines for
the K+ and Λ masses is seen.
The data are presently under evaluation.

Fig. 1: Invariant mass of a charged particle measured with
COSY-11 versus calculated missing mass. The lines
indicate the K+ and Λ masses.
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Micro-Collimators for internal Cluster-Jet Targets∗

Alexander Täschner1, Helmut Baumeister1, Dieter Grzonka2, and Alfons Khoukaz1

In October 2006 COSY-11 took data in order to determine
the width of the η ′ meson[1]. For this high precision mea-
surement of the reaction pp → ppη ′ the installed cluster-jet
target had to be modified in order to reduce the size of the
cluster jet down to around 1 mm perpendicular to the direc-
tion of the COSY beam without changing the target thick-
ness.
In figure 1 the principle of operation of a Münster type clus-
ter jet target is shown. Purified hydrogen gas is cooled down
to temperatures of around 25 K at a pressure of around 20
bar. This supersaturated gas passes a narrow laval nozzle with
minimum diameter of 16 µm and expands into vacuum. At
this point a small percentage of the gas molecules start to
condensate and form nanoparticles called clusters.

purified
hydrogen

cooled
Laval nozzle

(Æ: ~20 µm)

cryopump
(Münster type)

pure
cluster-jet

beam

collimator

(Æ 0.7 mm)

skimmer

(Æ 0.7 mm)

cluster-jet
within
unclustered
gas-jet 100 mm

Fig. 1: Production of cluster-jets in Münster type cluster-jet
targets.

In order to separate the gas from the cluster-jet beam an con-
ical shaped aperture called skimmer is used. The size and
shape of the cluster-jet beam is afterwards defined by a sec-
ond skimmer called collimator. In the case of the COSY-11
experiment skimmer and collimator have a round hole with
a diameter of 0.7 mm. Behind the collimator the differen-
tial pumping scheme is completed with a Münster type cry-
opump which connects the vacuum chambers of the cluster
source with the scattering chamber of COSY.
Behind the collimator the cluster-jet beam expands undis-
turbed by pure geometry resulting in a conical shaped cluster-
jet beam with a round cross section. At the interaction point
between the COSY beam and the cluster-jet beam the cluster-
jet has a diameter of around 9 mm.
Up to now the most precise measurement of the width of the
η ′ meson was performed by the NIMROD collaboration who
published a value of Γη ′ = 0.28±0.10 MeV [2]. The COSY-
11 measurement intents to improve the precision by a factor
of five leading to an uncertainty of 0.02 MeV. In order to
accomplish this goal the momentum resolution of the experi-
ment has to be improved by reducing the transversal width of
the cluster jet down to around 1 mm. For this we developed a
new collimator with a slit shaped opening instead of a round
one. This required a new manufacturing technique since a slit
of around 0.7 by 0.07 mm had to be cut into the stainless steel
cone of the collimator (Fig. 2). In cooperation with the Laser
Center of the Fachhochschule Münster situated in Steinfurt
this collimator was fabricated using a laser cutting technique.
The new collimator was tested successfully with the cluster-
jet target in Münster where it was possible to measure the
profile of the cluster jet. Extrapolation of the measured width

a) b)

Fig. 2: a) Technical drawing of the new collimator with slit
shaped opening. It consists of two parts in order to
have the opportunity to adjust the alignment of the
slit when mounted in COSY-11. b) Photo of the slit
in the new collimator taken with a transmitted light
microscope. The dimensions of the slit are around 0.7
by 0.07 mm.

down to the geometries at COSY-11 led to the expected val-
ues of around 1 mm. During the measurement at COSY-11
we used a special wire device [3] in order to measure the size
of the cluster beam. The analysis of the data measured by this
device is still in progress.
The first analysis of the COSY-11 data taken in this beam
time indicates that the expected improvement of the momen-
tum resolution was reached. As expected the target density
was not affected by the reduction of the target size perpen-
dicular to the COSY beam. The reduced cross section of the
beam led to an improvement of the vacuum conditions at the
interaction point by a factor of around 10 leading to an sig-
nificant reduction of background events. The improvement of
the vacuum also led to a substantial increase in the life time
of the COSY beam. Normally the duration of the flat top is
around 10 minutes whereas with the new collimator it was
extended to 1 hour.
These working conditions are of high interest for future ex-
periments like PANDA where the use of a cluster-jet target is
discussed. An increase in beam lifetime at a constant target
thickness is essential for an experiment like PANDA where
an antiproton beam is used which is much more difficult to
generate compared to a proton beam.
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Wire device for the measurement of the dimensions of the COSY–11 cluster-jet target

E. Czerwiński∗, D. Grzonka, P. Moskal∗, A. Täschner# for the COSY–11 collaboration

In October 2006 the COSY–11 collaboration performed a di-
rect measurement of the total width of the η′ meson (Γη′ ).
The value of Γη′ will be derived from the missing mass dis-
tribution of the pp → ppX reaction and from the shape of
the excitation function of the total cross section determined
near the kinematical threshold for the pp → ppη′ process.
In the experiment a proton beam of COSY and a cluster tar-
get were used. The systematical error of the extraction of Γη′

will depend on the accuracy of the determination the missing
mass resolution. This depends predominantly on the momen-
tum spread of the COSY beam (Fig. 1) and on the accuracy
of the four-momentum determination of the registered pro-
tons. In the case of the experimental technique used by the

Fig. 1: Beam momentum distribution
calculated from the Schotky fre-
quency spectrum measured dur-
ing the COSY-11 run in 2004.
The dashed and solid lines show
limits deduced from the tar-
get dimensions of 1 mm and
9 mm, respectively. The es-
timations was based on the
know value of dispersion of the
COSY beam at the position of
the COSY-11 target.

COSY-11 collaboration, both mentioned factors, depend on
the dimensions of the target. Therefore it is crucial to mon-
itor precisely the spacial size of the target perpendicular to
the COSY beam. To this end we used two independent meth-
ods. One of the techniques was based on the determination
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Fig. 2: Distribution of elastically scattered protons. The number of
entries per bin is shown in logarithmic scale.
(left) This experiment: ≈1mm target width,
pbeam = 3211 MeV/c
(right) One of the previous experiments: 9mm target width,
pbeam = 2010 MeV/c [3]

of the momentum distribution of elasticaly scattered protons
(Fig. 2), and the second method relied on the measurement
of the pressure of the gas in the last chamber of the cluster-jet
dump. The pressure was measured as a function of the posi-
tion of wires moving with the constant velocity through the
cluster beam. These wires were rotated around the axis per-
pendicular to the beam of hydrogen clusters. In case that one
or more wires crossed the cluster beam the clusters hitting
a wire were stopped causing a decrease of the vacuum pres-
sure in the last stage of the cluster dump. The wire device
(Fig. 3) was located above the reaction point (Fig. 4) making
it possible to monitor the target dimensions without disturb-

ing the measurement of the pp → ppη′ reaction. From the
knowledge about the dimensions of the wire device it is pos-
sible to calulate the target dimensions from the measurement
of the pressure change as function of the position of the de-
vice. Fig. 5 shows an example of the pressure measurement
as function of time using a constant angular velocity of the
device. The extraction of target dimensions is in progress. We
expect to achieve an accuracy of about 0.2 mm.

Fig. 3: Photograph of the wire device for precision measurement of
the cluster target dimensions. The rotation axis of the device
is mounted perpendicular to the cluster jet.

Fig. 4: Schematic view of the
target dimensions mea-
surement.

Fig. 5: Experimental data
form a target scan
using wire device.
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Study of the p+6 Li→ η+7 Be reaction close to threshold

GEM Collaboration

The physics motivation of the study of the p+6 Li→ η+7 Be
reaction is to learn more on the interactions of η-meson
with nucleons and nuclei. This motivation was presented al-
ready earlier in the GEM proposals [1, 2]. There are the-
oretical assumptions of the existence of strong η-nucleus
bound states, so called η-mesic nuclei [3–5]. The other as-
pects that can be also investigated in studying of η-nucleus
final state interactions is the behavior of the N*(1535) res-
onance in nuclear matter. The best method of investigations
of p +6 Li → η +7 Be reaction is the detection of the heavy
recoiling nuclei. Near the threshold these particles will be
emitted in a small forward cone. The magnetic spectrometer
Big Karl (BK) is a good tool for these measurements. The de-
tection system, mounted at the Big Karl exit inside of a huge
vacuum chamber contains the a ∆E −E system of organic
scintillators and a position sensitive detector, which allows
to reconstruction of three momentum vector of the emitted
particle. As a position sensitive detector, a set of two multi
wire avalanche chambers (MWAC) was used. These detec-
tors are position sensitive in both horizontal (X) and vertical
(Y ) directions. This allowed to measure the momentum of
reaction products as well as their directions. These detectors
were followed by the ∆E−E and time-of-flight scintillators
system. The MWAC is a double-grid avalanche low pressure
gas counter.
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Fig. 1: Energy deposited in the scintillators as function of the
time–of–flight.

The only measurement of this reaction was performed by
Scomparin et al. [6] at a beam energy of 1322 MeV/c. They
detected the two photons from the η decay. A total of 8 events
was found leading to a mean cross section of 5.6± 3.8 nb/sr,
when s-wave production is assumed. We performed the ex-
periment at a beam momentum of 1310 MeV/c. From this
measurement we estimate the cross section to be in the order
of magnitude of 2 nb/sr.
In Fig. 1 the deposited energy is shown as function of the
time-of-flight for an empty target frame and the full tar-
get. For both diagrams the same cuts were applied. Sepa-
rated groups can be identified. Unfortunately the events with
7Be-ions have the same loci as the much more abandoned
α-particles. For the events of this group missing mass spec-

-10

0

10

20

co
un

ts
 (

fu
ll 

- 
em

pt
y)

520 530 540 550 560
MM (MeV/c2)

Fig. 2: Preliminary missing mass spectrum. Shown is the dif-
ference between the empty target run and the spec-
trum employing a 6Li target. The arrow indicates the
η-mass.

tra were computed. Then the difference of both was derived
which is shown in Fig. 2. There is an enhancement around
the η-mass. Now the differences between two body kinemat-
ics and multi body kinematics will be applied to distinguish
the events from the reaction of interest from reactions of the
type p+ 6Li→ 7Be+X0 with X0 = 2π, 3π or 4π.
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Search for η-bound nuclei

GEM Collaboration

An η-mesic nucleus(η ⊗ A) is a bound system of an
η-meson and a nucleus. The η-mesic nuclei, which are
solely the result of strong interactions unlike the pio-
nic atoms, are a new kind of atomic nuclei and their
research has fundamental significance in studying in-
medium properties of hadrons, in particular, medium
modification of meson masses The experimental confir-
mation of the existence of such an η-bound system will
lead to new possibilities of studying the interaction be-
tween a nucleus and the short lived η meson. This sys-
tem should be produced in a reaction

p + A → 3He + η ⊗ (A− 2), (1)

where all beam momentum is carried away by the 3He
and the η as well as the A − 2 spectator nucleons are
at rest in the laboratory system. The beam momen-
tum for such a situation of recoil free kinematics is also
known as magic momentum. The 3He ion was detected
by the magnetic spectrograph BIG KARL thus allowing
to identify the η-mesic nucleus via missing mass tech-
nique. A huge background from nuclear fragmentation
is expected to superimpose the small signal from the
mesic nuclei.

The optimal choice of a target would be an odd–
odd nucleus. In such a case the residual nucleus will
be even–even, thus reducing the probability for nuclear
excitation. The only two possibilities would be 6Li and
14N . These are, however, rather light systems and might
be without binding. In the actual experiment we have
therefore chosen 27Al as target nucleus. This is heavier
but only odd–even. The beam momentum was chosen
to magic kinematics.

In Fig. 1 we show missing mass spectra as calculated
from the 3He detected under zero degree in the mag-
netic spectrograph for two different settings. The shape
is almost governed by the acceptance. Hence, the mo-
mentum spectrum is flat. In order to reduce the phys-
ical background a second detector was applied. This
is a large acceptance plastic scintillator detector ”EN-
STAR” with state-of-art fibre optics readout. It has
been designed and built at Bhabha Atomic Research
Centre (BARC) in Mumbai, India. One expects the fol-
lowing chain of reactions to occur:

η + N À N∗(1535) À π + N. (2)

In the case of two charged particles in the exit channel
they can be detected with ENSTAR (see Ref. [1]).

Fig. 2 shows a cross section of through the ENSTAR.
It consists of three layers. Each layer consists of scin-
tillators with shapes indicated in the figure. Since the
3He ion carries all the beam momentum away, the in-
termediate N∗ is at rest and its decay particles move
back to back to each other. Such a case is indicated in
the figure. The red painted scintillators will be hit by
a proton moving down, which is stopped in the middle
layer, and a pion moving up, which passes to all three
layers.
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dinates) show the events after selecting the triple
coincidence as discussed in the text. The solid
lines indicate the binding and excitation of ≈ 28
MeV.

In the analysis we now require a triple coincidence: A
3He in the magnetic spectrograph and two hits of the
discussed type in ENSTAR. The real reaction studied is

p +27 Al → 3He + π− + p + X (3)

with the constraints on momenta. This results in the
spectra also shown in Fig. 1. In addition a background
contribution was subtracted.

Note that the count rate is reduced from 30000 per
channel to approximately five counts! Also the limiting
missing mass for binding is indicated. The lower miss-
ing mass spectrum shows a structure ranging up to ≈28
MeV excitation energy. However, its width (Γ ≈ 7.6
MeV)is much smaller than the result of a recent cal-
culation [2] which is Γ ≈ 36 MeV. If this is true then
the whole strength observed is due to an η-bound state.
However, a different setting of the spectrograph allows
the detection of events from the unbound region. This
event rate is only slightly smaller than in the binding
range indicating that the binding probability, if not even
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Measurement of the Deuteron-Proton Breakup at 130 MeV

GEM - KVI/UJ/US/UT Collaboration

First test measurement of the deuteron-proton breakup has
been performed with the use of Germanium Wall detector
and polarized deuteron beam. The beam time was devoted
primarily to beam tuning and background studies, as well as
to confirming the feasibility of the assumed goals (statistical
accuracies). This project follows a series of successful ex-
periments at KVI [1-4] and aims at supplementing their re-
sults with data in a very interesting region of forward angles
of the two breakup protons. Precise results on cross sections
and analyzing powers of the1H(~d,pp)n breakup reaction will
extend the data base, necessary for testing modern theoret-
ical models of the interaction dynamics in the few-nucleon
system.

One of the most important outcomes of the very preliminary
data analysis are the particle identification (∆E - E) spectra.
Outside the angular range of the beam-like background, a
clear separation between the loci of protons and deuterons
is observed. Also the elastic protons are quite well separated
from the breakup continuum - see fig. 1. This feature enables
to obtain a clear and unambiguous selection of the reaction
channel and assures low level of systematic uncertainties.

Fig. 1:Examples of the∆E - E particle identification spectra.
Left panel: for Quirl (in channels) vs. Pizza1+Pizza2
energy.Right panel: for Pizza1 vs. Pizza2 energies.
The energies are only roughly calibrated. One can
distinguish the proton branch (lower), followed by
the elastic proton spot, and the deuteron loci - with
the rest-overs of the beam deuterons and accidental
events.

Using the particle identification information together with
the kinematical constraints leads to a very clean selectionof
the elastic1H(d,dp) scattering channel. Those events are used
for testing the geometrical properties of the detection system,
for fine tuning of the energy calibration of all detector ele-
ments, for absolute normalization of the breakup cross sec-
tions and for the beam polarization determination. The last
aspect of the above list is shortly outlined in the following.
Taking the ratio of rates of the elastic d-p scattering events
obtained with the polarized (NP) and unpolarized (N0) beam
and plotting its dependence on the azimuthal angleϕ (for a
selected polar angleθ), one should obtain an oscillating pat-
tern described by the formula:

NP

N0
≡ f (ϕ) = 1+ Pz ·g(ϕ)+ Pzz ·h(ϕ),

with Pz andPzz denoting the vector and tensor beam polar-
izations. The dependency onϕ as well as the corresponding
analyzing powers at the chosen angleθ are represented by
the functions g(ϕ) and h(ϕ):

g(ϕ) ≡ iT11(θ)
√

3cosϕ,

h(ϕ) ≡ −T22(θ)

√
3

2
cos2ϕ−T20(θ)

√
2

4
.

Adopting theoretical values of the analyzing powersiT11, T20

andT22 allows to determine the beam polarizations from a
fit of the measuredf (ϕ) distribution withPz andPzz as free
parameters. Two examples are shown in fig. 2, left panels.
We used two nominally pure beam polarization states: vector
polarized, with the ideal value ofPz = − 2

3, and tensor polar-
ized, withPzz = +1. One can observe that even with a crude
data treatment the method is working correctly. The results
(values from the fit shown in panels) from 10 hours run data
sample arePz =−0.50±0.01,Pzz = 0.18±0.04 for the first
andPz = 0.10±0.02,Pzz = 0.71±0.08 for the second state,
respectively, and therefore indicate that the polarization set-
ting efficiency is around 70-75%.

Fig. 2:Left panels: beam polarization determination with the
elastic scattering events. The obtained polarization
values are shown in the panels.Right panel: breakup
kinematical spectrum of two-proton coincidences for
the angular configuration specified in the panel.

Selection of the breakup events as proton-proton coinci-
dences is exemplified in fig. 2, right panel. The chosen kine-
matical configuration is indicated in the figure. One con-
cludes that also this reaction channel can be selected very
cleanly, without much background. Quantitative estimation
of the rate confirms that the assumptions used in the pro-
posal are fulfilled and that the final statistical accuracy for
cross sections and analyzing powers should be obtained in
the next data taking run.
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High Resolution Study of the p+ p→ K+ +X reaction

F. Hinterberger and R. Siudak for the HIRES Collaboration

A high resolution study of the p + p → K+ + X reaction
has been performed at COSY using BIG KARL spectrom-
eter. Previous investigations of inclusive kaon production in
pp collisions at SATURNE II [1] show strong final state en-
hancement of the missing mass spectra at Λp and Σ nucleon
threshold. Data with much higher missing mass resolution
and improved statistical accuracy provide a precise determi-
nation of the Λp final state interaction (FSI), constraints on
Σ0 p and Σ+n FSI and energy dependent structures near the
Σ-nucleon threshold. The experiment gives also the oppor-
tunity for high resolution search of the lowest mass, narrow,
strangeness -1 dibaryons predicted by bag model calculations
[2, 3]
The reaction p + p → K+ + X was studied in the missing
mass range 2.054 - 2.18 GeV, at two incoming beam mo-
menta of 2.735 and 2.87 GeV/c and at a few central momenta
of the Big Karl magnetic spectrometer. Measured particles
were identified using dE/dx and time-of-flight information
from focal plane detectors [4]. The background of fast pions
was suppressed from kaons using two silica aerogel threshold
Čerenkov counters with aerogel refractive index of n=1.05.
An example of Čerenkov detector ADC spectrum for pions
and protons at 960 MeV/c momentum is presented in Fig.1.

photoelectrons  

Fig. 1: ADC Čerenkov counter spectrum of the pions and
protons at 960 MeV/c momentum.

Very high pion suppression factor of 105 and low misidenti-
fication of particles with velocity below Čerenkov threshold
(protons, kaons) was achieved as is seen in Fig. 2.
A preliminary missing mass distribution of the p + p →
K+ +X below Σ nucleon production threshold is presented in
Fig. 3. No evidence for strange dibaryons in the mass range
of 2.08 - 2.11 GeV was found. At present the detailed stud-
ies of the fraction of kaons decaying on the way through the
Big Karl magnetic spectrometer are performed. The particle
path lenght in the magnetic spectrometer is investigated using
simulations with code TURTLE and experimental measure-
ments of proton and pion time-of-flight.
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The K+K− interaction in the reaction pd→3He K+K− near threshold

V. Yu. Grishina a, M. Büscher and L.A. Kondratyukb

We investigate the K+K− interactions in the reac-
tion pd →3 HeK+K− and estimate possible contribu-
tions from the a0(980) and f0(980) mesons. The a0

and f0 resonances may give some contributions to the
pd→ 3He K+K− cross section. In this case one can write
the invariant K+K− mass distribution as

dσpd→3He K+K−

dM
=

dσBG

dM
+

dσφ

dM
+

dσa0

dM
+

dσf0

dM
.(1)

The first term describes the non-resonant K+K− pro-
duction with a constant interaction amplitude near
threshold. The K− 3He FSI effects can be neglected
since their influence on the K+K− distribution is very
small, see Ref. [1]. The φ(1020)-meson contribution
dσφ/dM has also been considered in the same paper.
The last two terms reflect the contributions from the
a0(980) and f0(980) resonances. Each of them can be
written as a product of the total a0- or f0-production
cross section σa0

(σf0
) as a function of the invariant

mass M of the KK̄ system and the Flatté mass distri-
bution. Using Eq. (1) we calculate the K+K− mass dis-
tributions with parameters of Set a0[Crystal Barrel] [3]
and Set a0[E852] [4] for the a0(980) resonance contribu-
tion as well as Set f0[BES][5] and Set f0[E791][6] for
the f0(980). We then compare the shape of the cal-
culated spectra with that of the measured relative en-
ergy T (K+K−) distribution at the excess energy Q =
41 MeV [2]. The solution without a0 and f0 resonances is
in best agreement with the data with χ2

min = 11.5. The
different curves in Fig. 1 represent the relative contribu-
tions of the a0(980) or f0(980) meson versus the fraction
of the φ(1020) meson obtained at χ2 = χ2

min+1, χ2
min+2

and χ2
min + 3. Note that it is important to take into ac-

count the effects of the experimantal mass resolution.
We conclude that the a0(980) contribution might reach
20–25% within a χ2

min + 3 limit while that from the f0

does not exceed ∼ 10% of the total pd → 3He K+K−

cross section at Q = 41 MeV.
We are grateful to Hartmut Machner, Hans Ströher and
Colin Wilkin for helpful discussions. This work was sup-
ported by DFG 436 RUS 113/787 and RFBR grant 06-
02-04013 and the Russian Federal Agency of Atomic En-
ergy.
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Fig. 1: Result of our fit to the experimental K+K−

mass distribution for the pd → 3He K+K− re-
action at an excess energy of 41 MeV. The
χ2 = χ2

min+1, χ2
min+2, χ2

min+3 contour lines are
obtained for relative contributions of a0(980) or
f0(980) as a function of the φ(1020)-meson frac-
tion. In the upper figure the solid and dashed
lines were calculated using the Flatté distribu-
tions for the a0 meson with the parameters of
Set a0[Crystal Barrel] and Set a0[E852], respec-
tively. In the lower figure the solid and dashed
contour lines correspond to the contribution of
the f0 meson with the Flatté parameters of Set
f0[BES] and Set f0[E791].

54



Measurement of spectra of intermediate mass fragments from Au+p reaction by means of Bragg curve detectors

PISA collaboration

The apparatus of PISA project (described in details in ref.
[1]) has been applied for investigation of reactions induced
by 2.5 GeV protons on the gold target. Whereas light charged
particles, (i.e. hydrogen and helium ions) as well as light-
est intermediate mass fragments (IMF’s) were detected and
identified by telescopes consisted of semiconductor silicon
detectors, other detection method had to be used for heav-
ier IMF’s ( C - Al nuclei). As can be seen in fig. 1, the low
energy carbon ions were stopped in the thin ∆E silicon de-
tector leading to low energy cut of the spectra. Thus, low
energy threshold Bragg curve detectors were used to allow
for observing the maximum of the double differential cross
section distributions. This enabled us to extract with reason-
able accuracy the total production cross sections by fitting the
Maxwell-like distributions of isotropically emitting moving
source to the experimental cross sections.
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Fig. 1: Experimental differential cross sections dσ/dΩdE obtained
for Au(p,C)X reaction at Tp=2.5 GeV from silicon tele-
scopes (open squares) and from Bragg curve detectors (full
squares), which were positioned only at 150 and 1200 .
Solid line shows results of the fit of contribution from
izotropically emitting, moving source.

The Bragg curve detectors placed at 150 and 1200 were ap-
plied to measure the spectra for elementally identified heav-
ier IMF’s - from Z = 4 to Z = 13. Examples of the experimen-
tal spectra (full squares) and the phenomenological model
distributions (lines) are presented in fig. 2 for oxygen, neon,
and aluminium ejectiles (lower, intermediate, and upper part
of the figure). As can be seen the maximum of the spectra can
be observed what puts rather strong constraints on the fitted
parameters and thus leads to good accuracy of the extracted
total production cross sections.
The dependence of the obtained total production cross sec-
tion on the ejectile charge is shown in fig. 3. The logarith-
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Fig. 2: Experimental (full squares) and fitted (solid lines) spectra
for selected ejectiles measured by PISA collaboration for
Au+p reaction at Tp=2.5 GeV.

mic scale was used for both axes to illustrate that the charge
dependence of the cross sections may be approximated by
power law formula: σ∼ Z−τ. The fit to full range of ejectiles
(1 ≤ Z ≤ 13) gives τ = 3.07± 0.18, whereas the fit con-
strained to IMF’s only (3≤ Z≤ 13) leads to τ = 2.47±0.21.
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Fig. 3: Experimental total production cross section as a function of
the atomic number Z of ejectiles (squares). The lines present
results of the fit of the σ∼ Z−τ formula.
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Do Unpolarized Electrons Affect the Polarization of a Stored Proton Beam?

D. Oellers, L. Barion, P. Lenisa, F. Rathmann, R. Schleichert, E. Steffens and H. Ströher
for the PAX and ANKE-Collaborations

The PAX Collaboration aims to produce polarized antipro-
tons in order to access the transversity distribution of the nu-
cleon by a measurement of Drell-Yan events [1]. So far, spin
dependent attenuation of a stored (anti-)proton beam (spin
filtering) is the only experimentally tested method to produce
a polarized antiproton beam. Presently, there exist two com-
peting theoretical scenarios: one[2, 3] with substantial spin
filtering of (anti-)protons by atomic electrons, while the sec-
ond one[4, 5] suggests an almost exact self-cancellation of
the electron contribution to spin filtering. The existing exper-
imental data from FILTEX [6] allow neither an unambiguous
discrimination between the two scenarios nor do they give a
direct constraint on the role of the spin-flip scattering in spin
filtering, discussed by Walcher et al. [7]. In order to clar-
ify this issue, the depolarization of a proton beam stored at
COSY with injection energy Tp = 45 MeV by the electrons in
a 4He target should be studied, as in effect inverse to the po-
larization buildup by polarized atomic electrons as predicted
by Meyer and Horowitz. Here, we discuss the experimental
setup and the Monte Carlo simulations that were carried out
in order to prepare the investigation.
The basic idea of the planed experiment is the following
supposition: If polarized electrons polarize an unpolarized
proton beam, then unpolarized electrons should depolarize
a polarized proton beam (H.O.Meyer). Therefore, the ob-
servation of the electron induced depolarization of a stored
proton beam allows to discriminate between the two theo-
retical scenarios. The cross section, as predicted by Meyer
and Horowitz, drops dramatically with increasing energy.
Therefore, it is planned to work with a stored proton beam
at COSY-injection energy of Tp = 45 MeV. As a suitable

Fig. 1: Cross Section of e-p spin transfer as predicted from
Meyer and Horowitz [2, 3].

electron target, 4He atoms are choosen, which are injected
into the storage cell at the ANKE target point. The 4He nu-
cleus itself has spin 0 and cannot contribute to spin filter-
ing. On the other hand, the p-4He scattering at 45 MeV has
an analyzing power of > 0.8, leading to a large Figure Of
Merit (FOM = A2

y ∗
dσ
dΩ ). This allows us, together with a

dedicated detection system, to precisely measure the beam
polarization. The detection system is capable to determine
the complete kinematics of the reaction. The existing Silicon
Tracking Telescopes with three layers of double sided micro-
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Fig. 2: Analyzing power, differential cross section and Figure
Of Merit of p - 4He elastic scattering at Tp = 45 MeV.

structured Silicon of 69µm, 300µm and 5100µm thickness
each provides for the detection of the recoil proton. As the
FOM peeks at 145◦Lab, each layer is shifted by 1.7cm in
downstream direction. One additional layer of 300µm sili-
con is utilized to detect the α-particle. This setup is placed
on each side of the target in order to measure the left-right
asymmetries. During one cycle there are always two contri-

Fig. 3: Setup of silicon detectors placed around a storage cell.

butions to the depolarization of the beam. Firstly, the effect
of the target τMH

p , which should be studied and secondly, the
effect of depolarizing the resonances of COSY τCOSY

p , which
enters into the polarization lifetime. The total polarization
lifetime is calculated as

1
τtotal

p
=

1
τMH

p
+

1
τCOSY

p
. (1)

Since only the total polarization lifetime can be measured
directly, a dedicated cycle is needed (see Fig. 4). While dur-
ing T1 and T3 the total polarization lifetime will be mea-
sured, no data will be available during T2, because the target
is switched off during this time. From the difference in po-
larization between the end of T1 and the beginning of T3 the

56



Fig. 4: Setup of COSY cycle to distinguish the depolarization
caused by COSY from the one caused by the target
electrons.

polarization lifetime of COSY is accessible. By using Equa-
tion (1) the polarization lifetime caused by the target can be
extracted.
The experiment should be carried out with 2 · 1010 polar-
ized protons (pinit > 0.7) and a target thickness of 2 · 1014

4He/cm−2. With a four week measurement the effect can be
determined with a significance of 4 to 5 σ. Prerequisites are
i) a lifetime of the COSY beam of 600s/4000s (with/without
target) and ii) a polarization lifetime τCOSY

p > 10000s.
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A Polarized Target for Spin Filtering Tests at COSY and AD

A. Nassa, M. Capiluppib, H. Kleinesc, P. Lenisab, F.Rathmannc, J. Sarkadic, E. Steffensa and H.Ströherc

A technical proposal for spin-physics experiments with
polarized antiprotons has been submitted by the PAX
collaboration [1]. It suggests to study the interaction
of polarized antiprotons with polarized protons and
deuterons in an internal storage-cell gas target. The an-
tiprotons are polarized through spin-dependent scatter-
ing on a polarized hydrogen gas target in a separate an-
tiproton polarizer ring (APR). The polarizing process is
based on spin dependent scattering of the orbiting an-
tiprotons from the polarized target atoms (Spin Filter-
ing). This technique was tested with a proton beam at
TSR in Heidelberg in 1993 and a polarization buildup
was observed [2]. There, however the polarization ef-
fect by the polarized electrons and the polarized nu-
clei could not be disentangled. Theoretical investigations
were leading to two different descriptions with [3] and
without [4] spin-transfer from polarized electrons.

To clarify the contribution by the polarized electrons
and to test the technique, experiments with protons at
COSY (Jülich) [5] and with antiprotons at AD (CERN)
[6] are being prepared. A first depolarization measure-
ment [7] is planned with the existing setup at ANKE.
Later, a low-β section [8] will be implemented at COSY
for the installation of a polarized target. As target, the
former HERMES target (see fig. 1) will be used which
was removed from the HERMES experiment end of 2005
and transferred to Jülich. It consists of an polarized
atomic beam source (ABS) and a so-called Breit-Rabi-
polarimeter (BRP).

Fig. 1: The HERMES target section at HERA (DESY,
Hamburg)

Because of limited space the ABS and the BRP cannot
be implemented at COSY as well as at AD with the
earlier support. In 2006 the ABS was completely dis-
mantled and a new support was designed and produced
in the Erlangen mechanical workshop. A vertically mov-
able platform was installed in the basement of the IKP
building (Jülich) using part of an earlier installation. In
fall, the ABS vacuum chambers and the pumping system
were mounted on the support (see fig. 2). By the end of
2006 the mechanical parts were finished. The next steps

are the cabling and the installation of the Slow Control
system to monitor and interlock the vacuum system.
The BRP support and a chamber for ABS beam studies
and measurements with the target cell were designed
and their manufacturing has been started in the FZ-
Jülich mechanical workshops and will be finished in
early 2007.

Fig. 2: The reassembled ABS mounted on the new sup-
port.
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Dete
tor 
on
ept development for the spin-�ltering experiment at COSYM.Contalbrigoa, N. Lomidzeb, G.Ma
harashvilib;
, M.Tabidzeb for the PAX CollaborationThe main obje
tive of re
ently proposed spin-�lteringexperiments at COSY [1℄ and AD-CERN [2℄ relate tophysi
s of the polarization build-up in a stored proton(antiproton) beams. Two s
enarios of stored beam po-larization passing through polarized internal target ex-ist. Understanding to whi
h one is really work is 
ru
ialto progress towards the goal to produ
e stored antipro-ton beam. The polarized antiproton beam is the mainne
essary 
omponent to realize the PAX proje
t [3℄.The simulation study has been 
arried out in order todesign and optimize a 
ommon dete
tor to measure thepolarization observables in pp and �pp elasti
 s
attering.The dete
tor has to be optimized to dete
t the s
atteredparti
les in the energy range 40 < Tp(�p) < 500MeV .For the dete
tor performan
e estimate we used Geant3and Geant4 pa
kages. To generate events a

ording tothe di�erential 
ross se
tion we used the 
at p.d.f. forthe variable 
os#
m. It reprodu
es SAID [4℄ predi
tedd�=d# at 40MeV beam energy with good approxima-tion. For some spe
ial purposes we used the SAID gen-erated spe
trum.
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Fig. 1: (Top panel) The two-layer sili
on dete
tor ge-ometry used by the simulation 
ode. Ea
h layer
onsists of four adja
ent modules. The target
ell of 40 
m length is shown. (Bottom panel) xy-view of the dete
tor (rotated for 
onvenien
e).For simulation we used the dete
tor set-up shown inFig 1. The dete
tor 
overs the s
attering angle range10o < #lab < 45o. The target 
ell of 10 � 10mm2 se
-tion and 40 
m length is made of te
on foil with thiknessof 10�m. The dete
tor is made of four sets of two-layersili
on strip modules, as shown in Fig 1. The �rst layerplane is lo
ated at a distan
e of 40mm away from thebeam axis and the se
ond one at 60mm. The �rst layermodules have a dimensions of a
tive area 42 � 60mm

and the se
ond layer modules 60� 60mm, respe
tively[5℄. The outer layer is staggered by +11mm along thebeam to mat
h better the elasti
 s
attering geometry.The gaps of 24mm are foreseen between the inner mod-ules in the x; y -plane (see Fig. 1) to keep a free spa
efor the target 
ommuni
ations, supporting me
hani
s,and 
onne
tions. At the event generation stage we usedthe layers 
onsisting of 7 adja
ent modules with 4mmgap ina
tive area between the modules. However, atthe analysis stage the a

eptable dete
tor 
on�gurationvaried depending on parti
lular task.We 
onsidered two 
lasses of "re
onstru
ted" events:(A) two hits per tra
k were dete
ted. The intera
tionvertex is de�ned as a 
ross-point of forward andre
oil tra
ks. The requirement is eÆ
ient for large-angle s
attering events, with high energies for for-ward and re
oil parti
les;(B) two hits of the forward tra
k and one hit in the �rstlayer for re
oil parti
les were dete
ted, i.e. the lowenergy re
iol parti
le stopped in �rst layer. Theintera
tion vertex is de�ned as the interse
tion be-tween forward parti
le and the beam line.Although only two sili
on layers are used, the elasti
event is over
onstrained when the re
oil stops in both(A) and (B) -type events.
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Fig. 2: The re
onstru
ted rea
tion plane normal un
er-tainty. The multiple s
attering and the energylosses are a

outed. The dete
tor resolution (x; ystrip widths) is assumed to be both equal to0:4mm. Cut on �2 has not been applied.Most important rea
tion parameters (kinemati
aly in-dependent) are �n - the rea
tion plane normal, and # -the s
attering angle. Reliable and pre
ise re
onstru
tionof these parameters in ea
h event makes possible to mea-sure any spin observable using the beam and the targetof appropriate dire
tions of polarization. The rea
tionplane re
onstru
tion algorithm has been developed inorder to de�ne the expe
ted un
ertainties 
aused by themultiple s
attering and the energy losses. The rea
tionplane is re
onstru
ted using 3D -
oordinates of 4 (or 3)hits (A and B -type events). The plane is built with asevere 
onstraints, to be parallel to the beam axis (z),and minimum distan
e to z axis to be less than thebeam radius. The re
onstru
tion algorithm is based on
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Fig. 3: Sili
on hit y and z 
oordinate displa
ement dueto multiple s
attering for 1st and 2nd layers (thethi
kness of 1st layer is equal to 100�m.)the orthogonal regression method providing a parameter
hara
terizing 'goodness of �t' (�2).The lo
al displa
ement of ea
h tra
k in 1st and 2ndlayers due to multiple s
attering is shown in Fig. 3. #lab
orresponds to the tra
k lab angle, for the s
attered pro-tons up to 45o and for the re
oil - above 45o. The dis-pla
ement values depend not only on the de
e
tion butalso on the hit angle, e.g. �z in
reasis at small s
at-tering angles (long tra
ks and small hit angles) and atlarge angles (low energies).
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eptan
e of the sili
on dete
tor at40 MeV beam energy: a

epted events as a fun
-tion of z 
oordinate (Top) and � angle (Bottom).Fig. 4 shows the geometri
al a

eptan
e of the dete
tor.The bla
k lines shows events with at least one hit into thesili
on. The blue (green) lines shows events where the for-ward (re
oil) tra
k is re
onstru
ted. The red lines showsevents where both tra
ks are re
onstru
ted: the modula-tion is due to the 4 mm gaps between sili
on a
tive areas.Fig. 5 shows the event distribution of re
onstru
tedevent as a fun
tion of the s
attering angle and the typi
aldeposit energy into the sili
on layers. On top-left panel,
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oil (Right) parti
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k lines shows the events with at least one sili
onhit. The blue lines shows the events (
lass A) with 2 sil-i
on hits per re
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ted tra
k. The green lines showsevents (
lass B) where the re
oil tra
k, stopped in the �rstsili
on layer, was re
onstru
ted using the energy informa-tion. The dashed bla
k lines shows events with no re
on-stru
ted tra
k (lost). On top-right panel, the bla
k linesshows the re
onstru
ted events (
lass A and B). The redlines shows the re
onstru
ted events when the upstreamre
oil teles
opes is disregarded. The green lines shows there
onstru
ted events when in addition the two downstreamforward teles
opes are disregarded and only the 
entral 4-modules dete
tor is used. On bottom panel the energy de-position of forward and re
oil parti
le into the two sili
onlayers is plotted. The signals are all above the dete
tionthreshold, of the order of 70 keV.In 
ase we 
onsider the 
entral part of the dete
-tor (4 adja
ent modules), the geometri
al a

eptan
eequals to 25%. If we assume an expe
ted luminosity of1029
m�2s�1 = 100mb�1s�1, a total 
ross se
tion forpp s
attering �tot = 70mb, a dead-time 
orre
tion fa
-tor equal to 0:9, a dete
tion eÆ
ien
y equal to 80%, are
onstru
tion eÆ
ien
y equal to 70%, and a trigger ef-�
ien
y equal to 70%, the estimated event rate is about600 s�1.Referen
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High statistics measurement of the Kβ transition in pionic deuterium

D. F. Anagnostopoulosa, F. Amarob, P. Bühlerc, D. Covitab, D. Gotta, A. Hirtlc, A. Gruberc, P. Indelicatod, E.-O. Le Bigotd,
M. Nekipelov, J. M. F. dos Santosb, S. Schlesserd, P. Schmidc, Th. Strauch, L. M. Simonse, J. F. C. A. Velosob, J. Zmeskalc

The high statistics measurement of pionic deuterium (PSI ex-
periment R–06.03) constitutes a natural completion of ex-
periment R-98.01 set up at the Paul Scherrer Institut (PSI),
Switzerland, which resulted in a new precision determination
of the hadronic shiftε1s and widthΓ1s of the pionic hydrogen
ground state [1, 2].
The hadronic shift in pionic deuterium, when determined to a
comparable precision than in pionic hydrogen will provide a
constraint for the isoscalar and isovector scattering length a+

and a− and allow for the determination of the low–energy
constantf1 [3]. Furthermore, the hadronic width is directly
related to pion production at threshold. The production re-
actionpp → dπ+ is connected to absorptiondπ+

→ pp by
detailed balance, which in the case of charge symmetry is
equal todπ− → nn. These processes will become calculable
at the percent level within the framework of Chiral Perturba-
tion Theory in the near future. The most precise experimental
values for the strong-interaction shiftε1s and widthΓ1s in pi-
onic deuterium are reported to be [4]

ε1s = −2468± 55 meV (±2.2%) (1)

Γ1s = 1193± 129 meV (±11%). (2)

The πD measurement was performed in July and August
2006 at theπE5 channel of the ring cyclotron of the Paul
Scherrer Institut (PSI) which provides a high intensity low
energy pion beam. The experimental set–up consists of the
cyclotron trap II, a cryogenic target, a reflection–type crys-
tal spectrometer equipped with spherically bent crystals and
a large–area CCD array for position–sensitive X–ray detec-
tion.
Nearly 10000πD events have been detected (Fig.1) which
have been measured at the three different target densities
equivalent to 3.5, 10 and 28 bar to be sensitive to effects like
molecular formation (π−d + D2 → [(πdd)d]ee) during the
atomic cascade. If radiative de–excitation occurs from such
molecular states small line shifts may falsify the extracted
hadronic shift. In that case the pure hadronic value must be
obtained from extrapolation to density zero.

Fig. 1: The spectrum of Kβ transition in pionic deuterium
measured with a Si Bragg crystal in first order at a
target density equivalent to 10 bar.

The energy calibration is performed with precisely measured
Kα fluorescence radiation of gallium (Fig.2). The gallium
target was placed in the gas cell, which contained the deu-
terium. The X radiation was excited by means of an X–ray
tube.

Fig. 2: Gallium Kα transition measured in third order used
for the energy calibration of the crystal spectrometer.

Preanalysis of the taken data shows, that it will be possi-
ble to decrease the uncertainty of the hadronic shiftε1s to
about 0.5% and of the hadronic widthΓ1s to 4% or better.

References:
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639 (2006) 478.
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Novel evaluation of the two-pion 
ontribution to the nu
leon isove
tor form-fa
torsM. Belushkin (Bonn), H.-W. Hammer (Bonn), and Ulf-G. Mei�ner (Bonn & FZJ)We 
al
ulate the two-pion 
ontinuum 
ontribution to the nu
leon isove
tor spe
tral fun
tions drawing upon the newhigh statisti
s measurements of the pion form fa
tor by the CMD-2, KLOE, and SND 
ollaborations [1℄. The generalstru
ture of the spe
tral fun
tions remains un
hanged, but the magnitude in
reases by about 10%. Using the updatedspe
tral fun
tions, we 
al
ulate the 
ontribution of the two-pion 
ontinuum to the nu
leon isove
tor form fa
tors andradii. We 
ompare the isove
tor radii with simple rho-pole models and illustrate their strong underestimation in su
happroa
hes. Moreover, we give a 
onvenient parametrization of the result for use in future form fa
tor analyses.Referen
es:[1℄ M. A. Belushkin, H. W. Hammer and U.-G. Mei�ner, Phys. Lett. B 633 (2006) 507 [arXiv:hep-ph/0510382℄.
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Improved analysis of J= de
ays into a ve
tor meson and two pseudos
alarsT. A. L�ahde (Bonn) and Ulf-G. Mei�ner (Bonn & FZJ)Re
ently, the BES 
ollaboration has published an extensive partial wave analysis of experimental data on J= !��+��, J= ! !�+��, J= ! �K+K� and J= ! !K+K�. These new results are analyzed in [1℄, with fulla

ount of dete
tion eÆ
ien
ies, in the framework of a 
hiral unitary des
ription with 
oupled-
hannel �nal stateintera
tions between �� and K �K pairs. The emission of a dimeson pair is des
ribed in terms of the strange andnonstrange s
alar form fa
tors of the pion and the kaon, whi
h in
lude the �nal state intera
tion and are 
onstrainedby unitarity and by mat
hing to the next-to-leading-order 
hiral expressions. This pro
edure allows for a 
al
ulationof the S-wave 
omponent of the dimeson spe
trum in
luding the f0(980) resonan
e, and for an estimation of thelow-energy 
onstants of 
hiral perturbation theory, in parti
ular the large N
 suppressed 
onstants Lr4 and Lr6. Thede
ays in question are also sensitive to physi
s asso
iated with OZI violation in the 0++ 
hannel. It is found that theS-wave 
ontributions to ��+��, �K+K� and !�+�� given by the BES partial-wave analysis may be very well �ttedup to a dimeson 
enter-of-mass energy of 1.2 GeV, for a large and positive value of Lr4 and a value of Lr6 
ompatiblewith zero. An a

urate determination of the amount of OZI violation in the J= ! ��+�� de
ay is a
hieved, andthe S-wave 
ontribution to !K+K� near threshold is predi
ted.Referen
es:[1℄ T. A. Lahde and U.-G. Mei�ner, Phys. Rev. D 74 (2006) 034021 [arXiv:hep-ph/0606133℄.
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Chiral 
orre
tions to the Roper massB. Borasoy (Bonn), P. C. Bruns (Bonn), Ulf-G. Mei�ner (Bonn & FZJ), and R. Lewis (Regina)We analyze the quark mass dependen
e of the Roper mass to one-loop order in relativisti
 baryon 
hiral perturbationtheory. The loop integrals are evaluated using infrared regularization whi
h preserves 
hiral symmetry and establishesa 
hiral 
ounting s
heme. The derived 
hiral expansion of the Roper mass may prove useful for 
hiral extrapolationsof latti
e data. For 
ouplings of natural size the quark mass dependen
e of the Roper mass is similar to the one of thenu
leon.Referen
es:[1℄ B. Borasoy, P. C. Bruns, U.-G. Mei�ner and R. Lewis, Phys. Lett. B 641 (2006) 294 [arXiv:hep-lat/0608001℄.
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On the 
hiral e�e
tive meson-baryon Lagrangian at third orderM. Frink (Bonn) and Ulf-G. Mei�ner (Bonn & FZJ)We show that the re
ently 
onstru
ted 
omplete and \minimal" third order meson-baryon e�e
tive 
hiral La-grangian 
an be further redu
ed from 84 to 78 independent operators.Referen
es:[1℄ M. Frink and U.-G. Mei�ner, Eur. Phys. J. A 29 (2006) 255 [arXiv:hep-ph/0609256℄.
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K�p s
attering length from s
attering experimentsB. Borasoy (Bonn), Ulf-G. Mei�ner (Bonn & FZJ), R. Ni�ler (Bonn)The strong K�p s
attering length is extra
ted within 
hiral SU(3) unitary approa
hes from a very large varietyof �ts to low-energy K�p s
attering data [1℄. Very good overall agreement with available s
attering data is obtainedand the resulting s
attering length is 
ompared with the new a

urate kaoni
 hydrogen data from DEAR. The polestru
tures of the obtained �ts to experiment are 
riti
ally examined.Referen
es:[1℄ B. Borasoy, U.-G. Mei�ner and R. Ni�ler, Phys. Rev. C 74 (2006) 055201 [arXiv:hep-ph/0606108℄.
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On the extra
tion of the quark mass ratio (md �mu)=ms from �(�0 ! �0�+��)=�(�0 ! ��+��)B. Borasoy (Bonn), Ulf-G. Mei�ner (Bonn & FZJ), R. Ni�ler (Bonn)The 
laim that the light quark mass ratio (md � mu)=ms 
an be extra
ted from the de
ay width ratio �(�0 !�0�+��)=�(�0 ! ��+��) is 
riti
ally investigated within a U(3) 
hiral unitary framework [1℄. The in
uen
e of there
ent VES data on the �0 ! ��+�� de
ay is also dis
ussed.Referen
es:[1℄ B. Borasoy, U.-G. Mei�ner and R. Ni�ler, Phys. Lett. B 643 (2006) 41 [arXiv:hep-ph/0609010℄.
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T-odd 
orrelations in radiative K+l3 de
ays and 
hiral perturbation theoryE. H. M�uller (Bonn), B. Kubis (Bonn), Ulf-G. Mei�ner (Bonn & FZJ)The 
harged kaon de
ay 
hannel K+l3
 allows for studies of dire
t CP violation, possibly due to non-standardme
hanisms, with the help of T-odd 
orrelation variables. In order to be able to extra
t a CP-violating signal fromexperiment, it is ne
essary to understand all possible standard model phases that also produ
e T-odd asymmetries.We 
omplement earlier studies by 
onsidering strong intera
tion phases in hadroni
 stru
ture fun
tions that appearat higher orders in 
hiral perturbation theory, and 
ompare our �ndings to other potential sour
es of asymmetries [1℄.Referen
es:[1℄ E. H. M�uller, B. Kubis and U.-G. Mei�ner, Eur. Phys. J. C 48 (2006) 427 [arXiv:hep-ph/0607151℄.
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Bs;d ! 

 de
ay in the model with one universal extra dimensionG. Devidze (Tbilisi), A. Liparteliani (Tbilisi), and Ulf-G. Mei�ner (Bonn & FZJ)We estimate the beyond the Standard Model (SM) 
ontribution to the Bs;d ! 

 double radiative de
ay in theframework of the model with one universal extra dimension. This 
ontribution gives a � 3(6)% enhan
ement of thebran
hing ratio 
al
ulated in the SM for Bs(d) ! 

 [1℄.Referen
es:[1℄ G. Devidze, A. Liparteliani and U.-G. Mei�ner, Phys. Lett. B 634 (2006) 59 [arXiv:hep-ph/0510022℄.
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The Triton and three-nu
leon for
e in nu
lear latti
e simulationsB. Borasoy (Bonn), H. Krebs (Bonn) , D. Lee (North Carolina), and Ulf-G. Mei�ner (Bonn & FZJ)We study the triton and three-nu
leon for
e at lowest 
hiral order in pionless e�e
tive �eld theory both in theHamiltonian and Eu
lidean nu
lear latti
e formalism [1℄. In the 
ase of the Eu
lidean latti
e formalism, we derive theexa
t few-body worldline amplitudes 
orresponding to the standard many-body latti
e a
tion. This will be useful forsetting low-energy 
oeÆ
ients in future nu
lear latti
e simulations. We work in the Wigner SU(4)-symmetri
 limitwhere the S-wave s
attering lengths 1S0 and 3S1 are equal. By 
omparing with 
ontinuum results, we demonstratefor the �rst time that the nu
lear latti
e formalism 
an be used to study few-body nu
leon systems.Referen
es:[1℄ B. Borasoy, H. Krebs, D. Lee and U.-G. Mei�ner, Nu
l. Phys. A 768 (2006) 179 [arXiv:nu
l-th/0510047℄.
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Testing the nature of the �(1520) resonan
e in proton-indu
ed produ
tionL. Ro
a (Mur
ia) , C. Hanhart, E. Oset (Valen
ia), and Ulf-G. Mei�ner (Bonn & FZJ)The �(1520) resonan
e has been re
ently studied in a unitarized 
oupled 
hannel formalism with ��(1385),K�(1530), �KN and �� as 
onstituents blo
ks. We provide a theoreti
al study of the predi
tions of this modelin physi
al observables of the pp ! pK+K�p and pp ! pK+�0�0� rea
tions [1℄. In parti
ular, we show that theratio between the �0�0� and K�p mass distributions 
an provide valuable information on the ratio of the 
ouplingsof the �(1520) resonan
e to ��(1385) and �KN that the theory predi
ts. Cal
ulations are done for energies whi
h area

essible in an experimental fa
ility like COSY at J�uli
h or the developing CSR fa
ility at Lanzhou.Referen
es:[1℄ L. Ro
a, C. Hanhart, E. Oset and U.-G. Mei�ner, Eur. Phys. J. A 27 (2006) 373 [arXiv:nu
l-th/0602016℄.
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The rea
tion �N ! ��N in a meson-ex
hange approa
hS. S
hneider, S. Krewald, and Ulf-G. Mei�ner (Bonn & FZJ)A resonan
e model for two-pion produ
tion in the pion-nu
leon rea
tion is developed that in
ludes information ob-tained in the analysis of pion-nu
leon s
attering in a meson-ex
hange model [1℄. The baryoni
 resonan
es Delta(1232),N�(1440), N�(1520), N�(1535), and N�(1650) are in
luded. The model reprodu
es the total 
ross se
tions up tokineti
 energies of the in
ident pion of 350 MeV and obtains the shapes of the di�erential 
ross se
tions in reasonableagreement with the data.Referen
es:[1℄ S. S
hneider, S. Krewald and U.-G. Mei�ner, Eur. Phys. J. A 28 (2006) 107 [arXiv:nu
l-th/0603040℄.
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Omega-phi mixing in 
hiral perturbation theoryA. Ku
urkarslan (Canakkale) and Ulf-G. Mei�ner (Bonn & FZJ)We investigate omega-phi meson mixing to leading order in 
hiral perturbation theory utilizing the antisymmetri
tensor �eld formulation [1℄. We update the quark mass ratio R from rho-omega mixing, R = 42� 4.Referen
es:[1℄ A. Ku
ukarslan and U.-G. Mei�ner, Mod. Phys. Lett. A 21 (2006) 1423 [arXiv:hep-ph/0603061℄.
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The nu
leon axial-ve
tor 
oupling beyond one loopV. Bernard (Strasbourg) and Ulf-G. Mei�ner (Bonn & FZJ)We analyze the nu
leon axial-ve
tor 
oupling to two loops in 
hiral perturbation theory [1℄. We show that 
hiralextrapolations based on this representation require latti
e data with pion masses below 300 MeV.Referen
es:[1℄ V. Bernard and U.-G. Mei�ner, Phys. Lett. B 639 (2006) 278 [arXiv:hep-lat/0605010℄.
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Isospin-breaking 
orre
tions in the pion-deuteron s
attering lengthUlf-G. Mei�ner (Bonn & FZJ), U. Raha (Bonn), and A. Rusetsky (Bonn)It is shown that isospin-breaking 
orre
tions to the pion-deuteron s
attering length 
an be very large, be
ause ofthe vanishing of the isospin-symmetri
 
ontribution to this s
attering length at leading order in 
hiral perturbationtheory [1℄. We further demonstrate that these 
orre
tions 
an explain the bulk of the dis
repan
y between the re
entexperimental data on pioni
 hydrogen and pioni
 deuterium. We also give the �rst determination of the ele
tromagneti
low-energy 
onstant f1.Referen
es:[1℄ U.-G. Mei�ner, U. Raha and A. Rusetsky, Phys. Lett. B 639 (2006) 478 [arXiv:nu
l-th/0512035℄.
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Kaon-nu
leon s
attering lengths from kaoni
 deuterium experimentsUlf-G. Mei�ner (Bonn & FZJ), U. Raha (Bonn), and A. Rusetsky (Bonn)The extra
tion of the S-wave kaon-nu
leon s
attering lengths a0 and a1 from a 
ombined analysis of existing kaoni
hydrogen and syntheti
 deuterium data has been 
arried out within the framework of a low-energy e�e
tive �eldtheory. It turns out that with the present DEAR 
entral values for the kaoni
 hydrogen ground-state energy andwidth, a solution for a0 and a1 exists only in a restri
ted domain of input values for the kaon-deuteron s
atteringlength. Consequently, measuring this s
attering length imposes stringent 
onstraints on the theoreti
al des
ription ofthe kaon-deuteron intera
tions at low energies.Referen
es:[1℄ U.-G. Mei�ner, U. Raha and A. Rusetsky, Eur. Phys. J. C 47 (2006) 473 [arXiv:nu
l-th/0603029℄.
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Resonan
es and �nal state intera
tions in the rea
tion pp!pK+�A. Sibirtsev (Bonn), J. Haidenbauer, H.-W. Hammer (Bonn), and S. KrewaldA study of the strangeness produ
tion rea
tion pp!pK+� for ex
ess energies of � � 150 MeV, a

essible at high-luminosity a

elerator fa
ilities like COSY, is presented. Methods to analyze the Dalitz plot distribution and angularspe
tra in the Ja
kson and heli
ity frames are worked out and suitable observables for extra
ting information on lowlying resonan
es that 
ouple to the K� system and for determining the �p e�e
tive-range parameters from the �nalstate intera
tion are identi�ed and dis
ussed. Furthermore, the 
han
es for identifying the rea
tion me
hanism ofstrangeness produ
tion are investigated. The results are published in Ref. [1℄.Referen
es:[1℄ A. Sibirtsev, J. Haidenbauer, H. W. Hammer and S. Krewald, Eur. Phys. J. A 27, 269 (2006) [arXiv:nu
l-th/0512059℄.
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Aspe
ts of �-meson produ
tion in proton-proton 
ollisionsA. Sibirtsev (Bonn), J. Haidenbauer, and U.-G. Mei�ner (Bonn & FZJ)We analyze near-threshold 
ross se
tion data for the rea
tion pp!pp� published by the DISTO Collaboration andre
ent, still preliminary results presented by the ANKE Collaboration. We formulate a pro
edure to evaluate the OZIratio at low energies by taking into a

ount 
orre
tions from the kinemati
s and the �nal-state intera
tion. Combiningthe new data with the few measurements available at higher energies we give a limit for the OZI rule violation. Wealso demonstrate and dis
uss the e�e
t of a possible 
ontribution from a �ve-quark baryoni
 resonan
e 
oupled to the�p system on the pp ! pp� 
ross se
tion and the �p and pp invariant mass spe
tra. The results are published inRef. [1℄.Referen
es:[1℄ A. Sibirtsev, J. Haidenbauer and U.-G. Mei�ner, Eur. Phys. J. A 27, 263 (2006) [arXiv:nu
l-th/0512055℄.
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Near threshold p�p enhan
ement in B and J=	 de
ayJ. Haidenbauer, Ulf-G. Mei�ner (Bonn & FZJ), A. Sibirtsev (Bonn)The near-threshold enhan
ement in the p�p invariant mass spe
trum from the B+!K+p�p de
ay reported re
entlyby the BaBar Collaboration is studied within the J�uli
h N �N model. We illustrate that the invariant mass dependen
eof the p�p spe
trum 
lose to the threshold 
an be reprodu
ed by the �nal state intera
tions. This explanation is inline with our previous analysis of the p�p invariant mass spe
trum from the J=	!
p�p de
ay measured by the BESCollaboration. We also 
omment on a stru
ture found re
ently in the �+���0 mass spe
trum of the radiative J=	de
ay by the BES Collaboration. In parti
ular we argue that one should be rather 
autions in bringing this stru
turein 
onne
tion with the enhan
ement found in the p�p invariant mass spe
trum or with the existen
e of N �N boundstates. The results are published in Ref. [1℄.Referen
es:[1℄ J. Haidenbauer, U.-G. Mei�ner and A. Sibirtsev, Phys. Rev. D 74, 017501 (2006) [arXiv:hep-ph/0605127℄.
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Comment on 'Mass and K� 
oupling of the N�(1535)'A. Sibirtsev (Bonn), J. Haidenbauer, Ulf-G. Mei�ner (Bonn & FZJ)We 
omment on a re
ent paper by B.C. Liu and B.S. Zou [1℄ where it was argued that the 
oupling of the N�(1535)to K� is even larger than its 
oupling to the �N 
hannel. Spe
i�
ally, we point out that re
ently measured Dalitzplot distributions for pp ! pK+� provide 
lear eviden
e for the importan
e of (p�) �nal-state intera
tions in thisrea
tion and, at the same time, ex
lude a de
isive role of the N�(1535) resonan
e, in 
ontradi
tion to 
laims made byLiu and Zou. The results are published in Ref. [2℄.Referen
es:[1℄ B.C. Liu and B.S. Zou, Phys. Rev. Lett. 96, 042002 (2006).[2℄ A. Sibirtsev, J. Haidenbauer and U.-G. Mei�ner, Phys. Rev. Lett. 98, 049903 (2007).
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On the strong energy dependen
e of the e+e� $ p�p amplitude near thresholdJ. Haidenbauer, H.-W. Hammer (Bonn), Ulf-G. Mei�ner (Bonn & FZJ), A. Sibirtsev (Bonn)We study the energy dependen
e of the e+e� ! p�p 
ross se
tion 
lose to the two-nu
leon threshold, re
entlyreported by the BaBar 
ollaboration. Our analysis also in
ludes the �pp! e+e� data 
olle
ted by PS170 
ollaborationand the e+e� ! N �N data from the FENICE 
ollaboration. We show that the near-threshold enhan
ement in thee+e� ! p�p 
ross se
tion 
an be explained by the �nal-state intera
tion between proton and antiproton in the 3S1partial wave, utilizing the J�uli
h nu
leon-antinu
leon model. As a 
onsequen
e, the strong dependen
e of the protonele
tromagneti
 form fa
tors on the momentum transfer 
lose to the two-nu
leon threshold is then likewise driven bythis �nal-state intera
tion e�e
t. This result is in line with our previous studies of the near-threshold enhan
ementof the p�p invariant mass spe
trum seen in the J=	 ! 
p�p de
ay by the BES 
ollaboration and in the B+ ! p�pK+de
ay by the BaBar 
ollaboration. The results are published in Ref. [1℄.Referen
es:[1℄ J. Haidenbauer, H. W. Hammer, U.-G. Mei�ner and A. Sibirtsev, Phys. Lett. B 643, 29 (2006) [arXiv:hep-ph/0606064℄.
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Phenomenology of the �=�0 produ
tion ratio in pp 
ollisionsA. Sibirtsev (Bonn), J. Haidenbauer, H.-W. Hammer (Bonn) and U.-G. Mei�ner (Bonn & FZJ)We show that the re
ently measured asymmetry in heli
ity-angle spe
tra of the �-hyperons, produ
ed in the rea
tionpp!K+�p rea
tion, and the energy dependen
e of the total pp!K+�p 
ross se
tion 
an be explained 
onsistently bythe same �p �nal-state intera
tion. Assuming that there is no �nal-state intera
tion in the �0p 
hannel, as suggestedby the available data, we 
an also reprodu
e the energy dependen
e of the �=�0 produ
tion ratio and, in parti
ular,the rather large ratio observed near the rea
tion thresholds. The nominal ratio of the � and �0 produ
tion amplitudessquared, i.e. when disregarding the �nal-state intera
tion, turns out to be about 3, whi
h is in line with hyperonprodu
tion data from proton and nu
lear targets available at high energies. The results are published in Ref. [1℄.Referen
es:[1℄ A. Sibirtsev, J. Haidenbauer, H. W. Hammer and U.-G. Mei�ner, Eur. Phys. J. A 29, 363 (2006) [arXiv:hep-ph/0608098℄.
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Kaon-Deuteron S
attering at Low EnergiesA. Sibirtsev (Bonn), J. Haidenbauer, S. Krewald and Ulf-G. Mei�ner (Bonn & FZJ)We review the experimental information on the K+d rea
tion for K+-meson momenta below 800 MeV/
. Thedata are analysed within the single s
attering impulse approximation { utilizing the J�uli
h kaon-nu
leon model { thatallows to take into a

ount e�e
ts due to the Fermi motion of the nu
leons in the deuteron and the �nal three-bodykinemati
s for the break-up and 
harge ex
hange rea
tion. We dis
uss the 
onsisten
y between the data availablefor the K+d!K+np, K+d!K0pp and K+d!K+d rea
tions and the 
al
ulations based on the spe
tator modelformalism. The results are published in Ref. [1℄.Referen
es:[1℄ A. Sibirtsev, J. Haidenbauer, S. Krewald and U.-G. Mei�ner, J. Phys. G 32, R395 (2006) [arXiv:nu
l-th/0608028℄.
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Dynami
s of 1S0 diproton formation in the pd! fppgsn and pN ! fppgs� rea
tions in the GeV regionYu.N.Uzikova, J. Haidenbauer, C. WilkinbPro
esses with high transferred momenta 
an giveunique information on the short{range stru
ture of nu-
lei if the rea
tion me
hanisms are well established.Ex
ept in the �{isobar region of 0:4 � 0:6GeV, theunpolarized 
ross se
tion d�=d
(pd ! dp)�
m=180Æ
an be explained semi{quantitatively within the one{nu
leon{ex
hange (ONE) me
hanism with the ParisNN-potential up to large nu
leon momenta in thedeuteron, k � 1GeV/
. A similar result was foundfor the in
lusive disintegration of the deuteron on nu-
lear targets. However, for both rea
tions the exper-imental values of the tensor analyzing power T20 dis-agree strongly with the ONE 
al
ulations already fork > 0:3 GeV/
. This might be due to more 
ompli
atedme
hanisms, su
h as �{isobar ex
itation.Isospin 
onsiderations redu
e the �{me
hanism inthe pd ! fppgsn 
ross se
tion by a fa
tor of nine 
om-pared to pd ! dp [1℄. Here fppgs denotes a 1S0 �nalpp pair. Though the ONE amplitude does not su�erthe isospin suppression, it has a node at k � 0:4GeV/
arising from the NN-repulsive 
ore [1℄. The 
omparisonof the two rea
tions might therefore allow one to get a
learer pi
ture of the relative importan
e of the ONEand �{
ontributions.
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ππN 0Fig. 1: The one{pion{ex
hange (OPE) me
hanisms 
on-sidered for the pd! fppgsn rea
tion: (a) OPE-I;(b) OPE-II.The unpolarized pd ! fppgsn di�erential 
ross se
-tion has been measured at 0:6 � 1:9GeV for neutron
.m. angles �
m � 180Æ [2℄. Events were sele
ted withan ex
itation energy Epp < 3MeV, 
orresponding to the1S0 diproton state. An analysis of these data was per-formed in Ref. [3℄ within a model originally suggestedto des
ribe the pd ! dp rea
tion. This in
luded theONE, single pN s
attering, and the ex
itation of the�{isobar. This showed that for a wide range of 
om-monly used NN potentials the 
ontribution of the ONEme
hanism is a
tually quite small. Only for a soft NNpotential, su
h as the CD Bonn, and with distortiontaken into a

ount in the initial and �nal states, 
an aqualitative agreement with data be a
hieved [3℄. HarderNN -potentials, e.g. the Paris, generate intense high{momentum 
omponents in the NN wave fun
tions.These lead to very large ONE 
ontributions that arein strong disagreement with the pd ! fppgsn data [2℄.This is the most interesting result of the analysis.In a new approa
h [4℄, the pd ! fppgsn rea
tion isrelated to the �0d! pn and pN ! fppgs� subpro
essesusing two di�erent one{pion{ex
hange (OPE) diagrams

(Fig. 1). Reasonable agreement 
ould be obtained withthe data below 1GeV within either of these models. Thesimilarity of the energy dependen
e of the pd! fppgsnand pd ! dp 
ross se
tions, and the small ratio ofabout 1.5% in the produ
tion of fppgs and deuteron �nalstates, follow naturally within the OPE models.The agreement obtained for the OPE-II model pointsto an important 
ontribution below 1GeV from the �{isobar, whi
h enters via the �0d ! pn subpro
ess. Onthe other hand, it suggests that the ONE me
hanismis relatively unimportant. To a large extent, these 
on-
lusions are 
ompatible with the results of the previousanalysis of this rea
tion [3℄. Using the pp ! fppgs�0data at 0.8GeV [5℄ within the OPE-I model, agreementwith the experimental results [2℄ 
an be a
hieved by as-suming a baryon (or Reggeon) ex
hange me
hanism forthe pN ! fppgs� rea
tion. To test these predi
tionsrequires the measurement of the ratio of �� and �0 pro-du
tion in the pN ! fppgs� rea
tion.

Fig. 2: Di�erential 
ross se
tion for the pd! fppgsn re-a
tion [2℄. The full thi
k 
urve shows the OPE-II results. The ONE predi
tions [3℄ with theCD Bonn potential are shown by the dashed(Born approximation) and dotted (with distor-tions) 
urves. The 
oherent sum of the OPE-IIand the ONE is shown by the thin full line.a Joint Institute for Nu
lear Resear
h, Dubna, Russiab Physi
s & Astronomy Dept., UCL, London, UKReferen
es:[1℄ O. Imambekov and Yu.N. Uzikov, Yad. Fiz. 52(1990) 1362.[2℄ V.I. Komarov et al., Phys. Lett. B 553 (2003) 179.[3℄ J. Haidenbauer and Yu.N. Uzikov, Phys. Lett. B562 (2003) 227.[4℄ Yu.N. Uzikov, J. Haidenbauer, and C. Wilkin,Phys. Rev. C 75 (2007) 014008 [arXiv:nu
l-th/0611006℄.[5℄ S. Dymov et al., Phys. Lett. B 635 (2006) 270.
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Insights on s
alar mesons from their radiative de
aysYu. Kalashnikova (ITEP), A. Kudryavtsev (ITEP), A. V. Nefediev (ITEP), J. Haidenbauer, C. HanhartWe estimate the rates for radiative transitions of the lightest s
alar mesons f0(980) and a0(980) to the ve
tormesons � and !. We argue that measurements of the radiative de
ays of those s
alar mesons 
an provide importantnew information on their stru
ture. The results are published in [1℄.Referen
es:[1℄ Yu. Kalashnikova, A. E. Kudryavtsev, A. V. Nefediev, J. Haidenbauer and C. Hanhart, Phys. Rev. C 73, 045203(2006) [arXiv:nu
l-th/0512028℄.

87



Hyperon-nu
leon intera
tions { a 
hiral e�e
tive �eld theory approa
hH. Polinder, J. Haidenbauer, Ulf-G. Mei�ner (Bonn & FZJ)We have 
onstru
ted the leading order (LO) hyperon-nu
leon (YN) potential in a 
hiral e�e
tive �eld theory(EFT) approa
h based on a modi�ed Weinberg power 
ounting. The potential 
onsists of one-pseudos
alar-mesonex
hanges and non-derivative four-baryon 
onta
t terms. The YN intera
tions are related via SU(3) symmetry, thenu
leon-nu
leon (NN) intera
tion is not 
onsidered expli
itly sin
e it 
an not be des
ribed with a LO EFT. We solvea regularized Lippmann-S
hwinger equation and show that a good des
ription of the available YN s
attering datais possible with �ve free parameters. The potential 
an be used as further input for hypernu
leus and hypernu
learmatter 
al
ulations. Preliminary hypertriton 
al
ulations yielded the 
orre
t hypertriton binding energy. The resultsare published in Ref. [1℄.Referen
es:[1℄ H. Polinder, J. Haidenbauer and U.-G. Mei�ner, Nu
l. Phys. A 779, 244 (2006) [arXiv:nu
l-th/0605050℄.
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On the sign of the ��! 
oupling 
onstantK. Nakayama, Yongseok Oh (Athens), J. Haidenbauer, T.-S. H. Lee (Argonne)It is shown that the relative sign between the NN! and ��! 
oupling 
onstants 
an be determined most sensitivelyfrom ! produ
tion pro
esses in NN 
ollisions. Re
ent data on these rea
tions 
learly favor the sign of the ��! 
oupling
onstant whi
h is opposite to that inferred from studies of the photoprodu
tion rea
tion in 
ombination with theve
tor meson dominan
e assumption and used by many authors. Impli
ation of this �nding in the des
ription of otherrea
tions is dis
ussed. The results are availabe at [1℄.Referen
es:[1℄ K. Nakayama, Y. Oh, J. Haidenbauer and T. S. Lee, arXiv:nu
l-th/0611101.
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Unitarity 
utting rules for the nu
leus ex
itation and topologi
al 
ross se
tions in hard produ
tion o�nu
lei from nonlinear kt-fa
torizationN.N. Nikolaev and W. S
h�afer (INP Cra
ow)At the partoni
 level, a typi
al �nal state in small-x deep inelasti
 s
attering o� nu
lei and hard proton-nu
leus
ollisions 
an be 
hara
terized by the multipli
ity of 
olor-ex
ited nu
leons. Within reggeon �eld theory, ea
h 
olor-ex
ited nu
leon is asso
iated with the unitarity 
ut of the pomeron ex
hanged between the proje
tile and nu
leus. Wederive the unitarity rules for the multipli
ity of ex
ited nu
leons, alias 
ut pomerons, alias topologi
al 
ross se
tions, fortypi
al hard dijet produ
tion pro
esses. We demonstrate how the 
oupled-
hannel non-Abelian intranu
lear evolutionof 
olor dipoles, inherent to pQCD, gives rise to the reggeon �eld theory diagrams for �nal states in terms of theun
ut, and two kinds of 
ut, pomerons. Upon the proper identi�
ation of the un
ut and 
ut pomeron ex
hanges,the topologi
al 
ross se
tions for dijet produ
tion follow in a straightforward way from the earlier derived nonlinearkt{fa
torization quadratures for the in
lusive dijet 
ross se
tions. The 
on
ept of a 
oherent (
olle
tive) nu
lear glueproves extremely useful for the formulation of reggeon �eld theory verti
es of multipomeron - 
ut and un
ut - 
ouplingsto parti
les and between themselves. A departure of our unitarity 
utting rules from the ones suggested by the pre-QCD Abramovsky-Kan
heli-Gribov rules, stems from the 
oupled-
hannel features of intranu
lear pQCD. We proposea multipli
ity re-summation as a tool for the isolation of topologi
al 
ross se
tions for single-jet produ
tion. Theresults are published in Ref. [1℄.Referen
es:[1℄ N. N. Nikolaev and W. S
h�afer, Phys. Rev. D 74 (2006) 074021
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Quen
hing of Leading Jets and Parti
les: the pt Dependent Landau-Pomeran
huk-Migdal e�e
t fromNonlinear kt{Fa
torizationN.N. Nikolaev, W. S
h�aferWe report the �rst derivation of the Landau-Pomeran
huk-Migdal e�e
t for leading jets at �xed values of thetransverse momentum pt in the beam fragmentation region of hadron-nu
leus 
ollisions from RHIC (Relativisti
Heavy Ion Collider) to LHC (Large Hadron Collider). The major novelty of this work is a derivation of the missingvirtual radiative pQCD 
orre
tion to these pro
esses - the real-emission radiative 
orre
tions are already available inthe literature. We manifestly implement the unitarity relation, whi
h in the simplest form requires that upon summingover the virtual and real-emission 
orre
tions the total number of s
attered quarks must exa
tly equal unity. For thefree-nu
leon target, the leading jet spe
trum is shown to satisfy the familiar linear Balitsky-Fadin-Kuraev-Lipatovleading log(1=x) (LL-1=x) evolution. For nu
lear targets, the nonlinear kt-fa
torization for the LL-1=x evolution ofthe leading jet sep
trum is shown to exa
tly mat
h the equally nonlinear LL-1=x evolution of the 
olle
tive nu
lear glue- there emerges a unique linear kt-fa
torization relation between the two nonlinear evolving nu
lear observables. Weargue that within the standard dilute un
orrelated nu
leoni
 gas treatment of heavy nu
lei, in the �nite energy rangefrom RHIC to LHC, the leading jet spe
trum 
an be evolved in the LL-1=x Balitsky-Kov
hegov approximation. We
omment on the extension of these results to, and their possible reggeon �eld theory interpretation for, mid-rapidityjets at LHC. The results have been published in [1℄.Referen
es:[1℄ N. N. Nikolaev and W. S
h�afer, Phys. Rev. D 74 (2006) 014023
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Glue in the pomeron from nonlinear k?-fa
torizationN.N. Nikolaev, W. S
h�afer, B.G. Zakharov (Landau Inst., Mos
ow), V.R. Zoller (ITEP, Mos
ow)We derive the nonlinear k?-fa
torization for the spe
trum of jets in high-mass di�ra
tive deep inelasti
 s
atteringas a fun
tion of three hard s
ales - the virtuality of the photon Q2, the transverse momentum of the jet and thesaturation s
ale QA. In 
ontrast to all other hard rea
tions studied so far, we en
ounter a 
lash between the twode�nitions of the glue in the pomeron { from the in
lusive spe
trum of leading quarks and the small-� evolution ofthe di�ra
tive 
ross se
tion. This 
lash 
asts a further shadow on 
ustomary appli
ations of the familiar 
ollinearfa
torization to a pQCD analysis of di�ra
tive deep inelasti
 s
attering. The results are published in Ref. [1℄.Referen
es:[1℄ N. N. Nikolaev, W. S
h�afer, B. G. Zakharov and V. R. Zoller, JETP Lett. 83 (2006) 192
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Investigations of Subthreshold resonan
es with the Trojan Horse Method [1℄G. Baur, S. Typel (GSI, Darmstadt)In the Trojan horse method a two-body rea
tion A+ x!C+ 
 that is relevant for nu
lear astrophysi
s is studied experimentallyby a rea
tion A+a!C+
+bwhere a is 
omposed predominantly of 
lusters x and b. The 
ontinuous transition from negativeenergies EAx of the A+ x system to positive energies EAx is studied in a 
oupled 
hannels model. It is pointed out that the Trojanhorse method is a suitable tool to investigate subthreshold resonan
es.Referen
es:[1℄ G.Baur and S. Typel, nu
l-th/0604057
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High-energy dire
t rea
tions with exoti
 nu
lei and low-energy nu
lear astrophysi
s [1℄G. Baur, S. Typel (GSI, Darmstadt)A mini-review of indire
t methods in nu
lear astrophysi
s is given, with spe
ial emphasis on Coulomb disso
iation and theTrojan horse method. Re
ent work on Coulomb disso
iation and an effe
tive-range theory of low-lying ele
tromagneti
 strengthof halo nu
lei is presented. Coulomb disso
iation of a halo nu
leus bound by a zero-range potential is proposed as a homeworkproblem .Referen
es:[1℄ G.Baur and S. Typel, nu
l-th/0601004
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Ele
tromagneti
 strength of one- and two-neutron halo nu
lei [1℄G. Baur, S. Typel*Intermediate energy Coulomb ex
itation and disso
iation is a useful tool for nu
lear stru
ture and astrophysi
s studies. Low-lying strength in nu
lei far from stability was dis
overed by this method. The effe
tive range theory for low-lying strength inone-neutron halo nu
lei is summarized and extended to two-neutron halo nu
lei. In the two-neutron 
ase, the �rst neutron isex
ited by the photon into the 
ontinuum, the se
ond neutron is eje
ted into the 
ontinuum by a shake off pro
ess. This is ofspe
ial interest in view of re
ent rather a

urate experimental results on the low-lying ele
tri
 dipole strength in 11Li.Referen
es:[1℄ G.Baur and S. Typel, nu
l-th/0610082* GSI, Darmstadt.
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Transverse momentum distribution of ve
tor mesons produ
ed in ultraperipheral relativisti
 heavy ion 
ollisions [1℄K.Hen
ken (Basel), G. Baur, and D.Trautmann (Basel)We study the transverse momentum distribution of ve
tor mesons produ
ed in ultraperipheral relativisti
 heavy ion 
ollisions(UPCs). In UPCs there is no strong intera
tion between the nu
lei and the ve
tor mesons are produ
ed in photon-nu
leus 
ol-lisions where the (quasireal) photon is emitted from the other nu
leus. Ex
hanging the role of both ions leads to interferen
eeffe
ts. A detailed study of the transverse momentum distribution whi
h is determined by the transverse momentum of the emit-ted photon, the produ
tion pro
ess on the target and the interferen
e effe
t is done. We study the total unrestri
ted 
ross se
tionand those, where an additional ele
tromagneti
 ex
itation of one or both of the ions takes pla
e in addition to the ve
tor mesonprodu
tion, in the latter 
ase small impa
t parameters are emphasized.Referen
es:[1℄ Kai Hen
ken, Gerhard Baur and Dirk Trautmann,Phys. Rev. Lett. 96(2006)012303
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How a

urate are the pionium breakup 
al
ulations?[1℄D.Trautmann (Basel), T.Heim (Basel), K.Hen
ken (Basel), and G. BaurFor the analysis of the experiment DIRAC very pre
ise 
al
ulations of ele
tromagneti
 ex
itation and ionization 
ross se
tionsfor pionium in the target material are required. Our 
al
ulations in
orporate a fully quantum me
hani
al treatment of the ele
-tromagneti
 transitions in pionium and target-elasti
(
oherent) as well as target-inelasti
 (in
oherent) s
attering pro
esses withinthe framework of Dira
-Hartree-Fo
k theory. Higher order 
ontributions have been 
al
ulated in the Glauber approximation.Referen
es:[1℄ Workshop on exoti
 hadroni
 atoms, deeply bound kaoni
 nu
lear states and antihydrogen, ECT* June 19-24, 2006 hep-ph/0610201 , p.20* Institut für Physik, Universität Basel, S
hweiz
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S
alar Casimir e�e
t between Diri
hlet spheres or a plate and a sphereA. Bulga
 (Seattle), P. Magierski (Warsaw), A. Wirzba (FZJ)We present a simple formalism for the evaluation of the Casimir energy for two spheres and a sphere and a plane,in 
ase of a s
alar 
u
tuating �eld, valid at any separations. We 
ompare the exa
t results with various approximations
hemes and establish when su
h s
hemes be
ome useful. The formalism 
an be easily extended to any number ofspheres and/or planes in three or arbitrary dimensions, with a variety of boundary 
onditions or non-overlappingpotentials/non-ideal re
e
tors. The results are published in Ref. [1℄.Referen
es:[1℄ A. Bulga
, P. Magierski and A. Wirzba, Phys. Rev. D 73, 025007 (2006) [arXiv:hep-th/0511056℄.
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Neutron-proton mass di�eren
e in nu
lear matterUlf-G. Mei�ner, A.M. Rakhimov (Tashkent), A. Wirzba, U.T. Yakhshiev (Tashkent & FZJ)Isospin-breaking e�e
ts in nu
lear matter are studied in the framework of a medium-modi�ed Skyrme model. Theproposed e�e
tive Lagrangian in
orporates both the medium in
uen
e of the surrounding nu
lear environment on thesingle nu
leon properties and an expli
it isospin-breaking e�e
t in the mesoni
 se
tor. The approa
h predi
ts that theneutron-proton mass di�eren
e de
reases in isospin-symmetri
 nu
lear matter but by a very small amount only. Theresults 
an be found in Ref. [1℄.Referen
es:[1℄ U.-G. Mei�ner, A.M. Rakhimov, A. Wirzba, U.T. Yakhshiev, FZJ-IKP-TH-2006-29, arXiv:nu
l-th/0611066.
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Periodi
 orbits in s
attering from elasti
 voidsN. S�ndergaard (Lund), P. Cvitanovi�
 (Atlanta), A. Wirzba (FZJ)The s
attering determinant for the s
attering of waves from several obsta
les is 
onsidered in the 
ase of elasti
 solidswith voids. The multi-s
attering determinant displays 
ontributions from periodi
 ray-splitting orbits. A dis
ussionof the weights of su
h orbits is presented in Ref. [1℄.Referen
es:[1℄ N. S�ndergaard, P. Cvitanovi�
 and A. Wirzba, AIP Conf. Pro
. (USA) 834, 175 (2006) [arXiv:nlin.CD/0603043℄.
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A for
e from nothing onto nothing: Casimir e�e
t between bubbles in the Fermi seaA. Wirzba (FZJ)We report in Ref. [1℄ on a new for
e that a
ts on 
avities (literally empty regions of spa
e) when they are immersedin a ba
kground of non-intera
ting fermioni
 matter �elds. The intera
tion follows from the obstru
tions to the(quantum me
hani
al) motions of the fermions in the Fermi sea 
aused by the presen
e of bubbles or other (heavy)parti
les immersed in the latter, as, for example, nu
lei in the neutron sea in the inner 
rust of a neutron star. Thise�e
t resembles the traditional Casimir e�e
t, whi
h des
ribes the attra
tion between two parallel metalli
 mirrorsin va
uum. Here, however, the 
u
tuating (bosoni
) ele
tromagneti
 �elds are repla
ed by fermioni
 matter �elds.Furthermore, the Casimir energy is inferred from the geometry-dependent part of the density of states, and its sign isnot �xed, but os
illates a

ording to the relative arrangement and distan
es of the 
avities. In fa
t, with the help ofKrein's tra
e formula, the quantum �eld theory 
al
ulation is mapped onto a quantum me
hani
al billiard problem ofa point-parti
le s
attered o� a �nite number of non-overlapping spheres or disks; i.e. 
lassi
ally hyperboli
 (or even
haoti
) s
attering systems. This topi
 is relevant to the physi
s of neutron stars (nu
lei or quark bubbles embeddedin a neutron gas), to dilute Bose-Einstein-
ondensate bubbles inside the ba
kground of a Fermi-Dira
 
ondensate, tobu
kyballs in liquid mer
ury and to super
ondu
ting droplets in a Fermi liquid.Referen
es:[1℄ A. Wirzba, NATO S
i. Ser. II: Mathemati
s, Physi
s and Chemistry 213, 229 (2006).
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Casimir intera
tion between normal or super
uid grains in the Fermi seaA. Wirzba (FZJ), A. Bulga
 (Seattle), P. Magierski (Warsaw)There exists an e�e
tive intera
tion of Casimir-type between obsta
les (grains) in the Fermi sea that 
an be tra
edba
k to the obstru
tions of the sea-fermions 
aused by the presen
e of bubbles or heavy parti
les in the Fermi sea,su
h as nu
lei in the neutron sea in the inner 
rust of a neutron star or super
uid grains in a normal Fermi liquid. It isshown that the fermioni
 Casimir problem for a system of spheri
al 
avities 
an be solved exa
tly, sin
e the 
al
ulation
an be mapped onto a quantum me
hani
al billiard problem of a point-parti
le s
attered o� a �nite number of non-overlapping spheres or dis
s. Finally, the map method is generalized to other Casimir systems, espe
ially to the 
ase ofa 
u
tuating massless s
alar �eld between two spheres or a sphere and a plate under Diri
hlet boundary 
onditions [1℄.Referen
es:[1℄ A. Wirzba, A. Bulga
 and P. Magierski, J. Phys. A: Math. Gen. 39, 6815 (2006) [arXiv:quant-ph/0511057℄.
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Hyperon-nu
leon intera
tions in e�e
tive �eld theoryH. PolinderWe have 
onstru
ted the leading order hyperon-nu
leon potential in a 
hiral E�e
tive Field Theory approa
h.The 
hiral potential 
onsists of one-pseudos
alar-meson ex
hanges and non-derivative four-baryon 
onta
t terms. Thehyperon-nu
leon intera
tions are derived using SU(3) symmetry, the nu
leon-nu
leon intera
tion is not 
onsideredexpli
itly sin
e it 
an not be des
ribed well with a leading order 
hiral E�e
tive Field Theory. We solve a regularizedLippmann-S
hwinger equation and show that a good des
ription of the available hyperon-nu
leon s
attering data ispossible with �ve free parameters. The 
hiral potential 
an be used as further input for hypernu
leus and hypernu
learmatter 
al
ulations. Preliminary hypertriton 
al
ulations yielded the 
orre
t hypertriton binding energy.This work has been published in Ref. [1℄.Referen
es:[1℄ H. Polinder, arXiv:nu
l-th/0612042.
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Three-nu
leon for
e e�e
ts in the analyzing powers of the d(pol.) p breakup at 130 MeVA. Biegun, E. Stephan (Silesia U.), S. Kistryn, K. Bodek, I. Ciepal (Jagiellonian U.), A. Deltuva (Lisbon U.),E. Epelbaum (Je�erson Lab), W. Gl�o
kle (Ruhr U., Bo
hum), J. Golak (Jagiellonian U.),N. Kalantar-Nayestanaki (Groningen, KVI), H. Kamada (Kyushu Inst. Te
h.), M. Kis (Groningen, KVI),B. Klos (Silesia U.), A. Kozela (Cra
ow, INP), J. Kuros-Zolnier
zuk (Jagiellonian U.),M. Mahjour-Sha�ei (Groningen, KVI), U.-G. Mei�ner (J�uli
h, Fors
hungszentrum), A. Mi
herdzinska (Silesia U.),A. Nogga (J�uli
h, Fors
hungszentrum), P.U. Sauer (Hannover U.), R. Skibinski, R. Sworst, H. Witala,J. Zejma (Jagiellonian U.), W. Zipper (Silesia U.)A measurement of the analyzing powers for the 1H(d, pp)n breakup rea
tion at 130 MeV polarized deuteron beamenergy was 
arried out at KVI Groningen. The experimental setup 
overed a large fra
tion of the phase spa
e. Obtainedtensor analyzing powers T22 for sele
ted kinemati
al 
on�gurations have been 
ompared to theoreti
al predi
tionsbased on various approa
hes: the rigorous Faddeev 
al
ulations using the realisti
 nu
leonnu
leon potentials withand without three nu
leon for
e (3NF) models, predi
tions of the 
hiral perturbation theory, and 
oupled 
hannel
al
ulations with the expli
it degrees of freedom. In the presented 
on�gurations the results of all predi
tions are very
lose to one another and there are no signi�
ant 3NF in
uen
es. Not all of the data 
an be satisfa
tory reprodu
edby the theoreti
al 
al
ulations. The results are published in [1℄.Referen
es:[1℄ A. Biegun et al., A
ta Phys. Polon. B 37, 213 (2006).
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Compton S
attering on 3HeD. Choudhury (Ohio U.), D.R. Phillips (Ohio U.), A. Nogga(J�uli
h, Fors
hungszentrum)We present �rst 
al
ulations for Compton s
attering on 3He. The obje
tive of the 
al
ulation is an extra
tion ofthe neutron polarizabilities. The results are published in [1℄.Referen
es:[1℄ D. Choudhury, D. R. Phillips and A. Nogga, arXiv:nu
l-th/0611032.
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More on the infrared renormalization group limit 
y
le in QCDE. Epelbaum (FZJ & Bonn), H.-W. Hammer (Bonn), Ulf-G. Mei�ner (Bonn & FZJ), A. NoggaWe present a detailed study of the re
ently 
onje
tured infrared renormalization group limit 
y
le in QCD using
hiral e�e
tive �eld theory [1℄. It was 
onje
tured that small in
reases in the up and down quark masses 
an moveQCD to the 
riti
al traje
tory for an infrared limit 
y
le in the three-nu
leon system. At the 
riti
al quark masses,the binding energies of the deuteron and its spin-singlet partner are tuned to zero and the triton has in�nitely manyex
ited states with an a

umulation point at the three-nu
leon threshold. We exemplify three parameter sets wherethis e�e
t o

urs at next-to-leading order in the 
hiral 
ounting. For one of them, we study the stru
ture of thethree-nu
leon system in detail using both 
hiral and 
onta
t e�e
tive �eld theories. Furthermore, we investigate themat
hing of the 
hiral and 
onta
t theories in the 
riti
al region and 
al
ulate the in
uen
e of the limit 
y
le onthree-nu
leon s
attering observables. The results are published in Ref. [1℄.Referen
es:[1℄ E. Epelbaum, H. W. Hammer, U.-G. Mei�ner and A. Nogga, Eur. Phys. J. C 48 (2006) 169 [arXiv:hep-ph/0602225℄.
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Lorentz boosted nu
leon-nu
leon potential applied to the 3He-polarized(e-polarized, e' p)pn and3He-polarized(e-polarized, e' n)pp pro
essesJ. Golak, R. Skibinski, H. Witala (Jagiellonian U.), W. Gl�o
kle (Ruhr U., Bo
hum),A. Nogga (J�uli
h, Fors
hungszentrum), H. Kamada (Kyushu Inst. Te
h.)We formulate an approximate relativisti
 framework for an analysis of the 3He(e, e' p)pn and 3He(e, e' n)pprea
tions. Restri
ting the res
attering series to one term linear in the two-nu
leon (2N) t-matrix we in
orporate variousrelativisti
 features when 
al
ulating a nu
lear 
urrent matrix element. These relativisti
 ingredients en
ompass therelativisti
 3He wave fun
tion based on the 
on
ept of the Lorentz boosted nu
leon-nu
leon potential together withthe boosted 2N t-matrix, relativisti
 kinemati
s and relativisti
 single-nu
leon 
urrent operator. This allows us toestimate the magnitude of relativisti
 e�e
ts not in
luded in the standard nonrelativisti
 approa
h. The results arepublished in [1℄.Referen
es:[1℄ J. Golak, R. Skibinski, H. Witala, W. Gl�o
kle, A. Nogga and H. Kamada, arXiv:nu
l-th/0605049.
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Cross se
tions and tensor analyzing powers Ayy of the rea
tion 1H(d, pp)n in 'symmetri
 
onstantrelative energy' geometries at Ed =19 MeV.J. Ley, C. Duweke, R. Emmeri
h, A. Imig, H.Paetz gen. S
hie
k (Cologne U.), J. Golak,H. Witala (Jagiellonian U.), E. Epelbaum (Je�erson Lab), A. Deltuva, A.C. Fonse
a (Lisbon U., CFNUL),W. Gl�o
kle (Ruhr U. Bo
hum), U.-G. Mei�ner (J�uli
h, Fors
hungszentrum),A. Nogga (J�uli
h, Fors
hungszentrum), P.U. Sauer (Hannover U.)We measured the 
ross se
tions and tensor analyzing powers of the 1H(d,pp)n breakup rea
tion at Ed =19 MeV infour symmetri
 
onstant relative energy (SCRE) 
on�gurations. The data are 
ompared with theoreti
al predi
tionsfrom four di�erent approa
hes: the �rst based on high-pre
ision (semi)phenomenologi
al potentials alone or, these
ond, 
ombined with model three-nu
leon for
es, and the third based on 
hiral for
es up to next-to-next-to-leadingorder (NNLO) in the 
hiral expansion. In these 
ases the Coulomb intera
tion is not in
luded. In addition, a fourthapproa
h 
onsists in a 
omparison with predi
tions based on CD Bonn in
luding the ex
itation and the Coulombfor
e. In all 
ases the measured 
ross se
tions are signi�
antly below the theoreti
al values, whereas the magnitudesof the tensor analyzing powers agree within the error bars in three of the four 
ases. The apparent dis
repan
ies inthe breakup 
ross se
tions are similar to the known di�eren
es for the spa
e-star breakup. This adds to the data baseof unsolved low-energy dis
repan
ies (puzzles). The results are published in [1℄.Referen
es:[1℄ J. Ley et al., Phys. Rev. C 73, 064001 (2006).
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Measurement of the 2H(n,
)3H rea
tion 
ross se
tion between 10 and 550 keVY. Nagai (Osaka U.), T. Kobayashi (Tokyo Inst. Te
h.), T. Shima (Osaka U.), T. Kiku
hi,K. Takaoka (Tokyo Inst. Te
h.), M. Igashira (Tokyo Inst. Te
h.), J. Golak, R. Skibinski,H. Witala (Jagiellonian U.), A. Nogga (J�uli
h, Fors
hungszentrum), W. Gl�o
kle (Bo
hum U.),H. Kamada (Tokyo Inst. Te
h.)We have measured for the �rst time the 
ross se
tion of the 2H(n, 
 )3H rea
tion at an energy relevant to big-bangnu
leosynthesis by employing a prompt dis
rete 
-ray dete
tion method. The outgoing photons have been dete
ted bymeans of anti-Compton NaI(Tl) spe
trometers with a large signal-to-noise ratio. The resulting 
ross se
tions are 2.23� 0.34, 1.99 � 0.25, and 3.76 � 0.41 �b at En =30.5, 54.2, and 531 keV, respe
tively. At En = 30.5 keV the 
rossse
tion di�ers from the value reported previously by a fa
tor of 2. Based on the present data the rea
tion rate has beenobtained for temperatures in the range 107-1010 K. The astrophysi
al impa
t of the present result is dis
ussed. Theobtained 
ross se
tions are 
ompared with a theoreti
al 
al
ulation based on the Faddeev approa
h, whi
h in
ludesmeson ex
hange 
urrents as well as a three-nu
leon for
e.The results are published in [1℄.Referen
es:[1℄ Y. Nagai et al., Phys. Rev. C 74, 025804 (2006).
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New data for total 3He(
, p)D and 3He(
, pp)n 
ross se
tions 
ompared to 
urrent theoryS. Naito, Y. Nagai, T. Shima, H. Makii, K. Mishima (Osaka U.), K. Tamura (Tokyo Inst. Te
h.),H. Toyokawa (AIST, Tsukuba), H. Ohgaki (AIST, Tsukuba), J. Golak, R. Skibinski, H. Witala (Jagiellonian U.),W. Gl�o
kle (Ruhr U., Bo
hum), A. Nogga (J�uli
h, Fors
hungszentrum), H. Kamada (Tokyo Inst. Te
h.)A simultaneous measurement of the 
ross se
tions of the 3He(
,p)D and 3He(
,pp)n rea
tions has been performedfor the �rst time using monoenergeti
 pulsed 
-rays at E
 =10.2 and 16.0 MeV. Charged fragments from the rea
tionswere dete
ted with an eÆ
ien
y of 100% using a 4� time proje
tion 
hamber 
ontaining 3He gas as an a
tive target.The in
ident 
-ray 
ux was measured by a 
-ray dete
tor. Both the tra
k and energy loss signals of 
harged fragmentswere obtained in an o�-line analysis and used to 
learly identify the rea
tion 
hannel. Thus, the (
,p) and (
,pp)
ross se
tions have been determined with small un
ertainty. A 
omparison of the new data to 
urrent theory basedon the AV18+Urbana IX nu
lear for
es in
luding �- and �-like meson ex
hange 
urrents shows a severe dis
repan
yat 10.2 MeV, while at 16.0 MeV data and theory agree within about 12%. Three-nu
leon for
e e�e
ts are small, butin general shift the theory in the 
orre
t dire
tion. The results are published in [1℄.Referen
es:[1℄ S. Naito et al., Phys. Rev. C 73, 034003 (2006).
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Realisti
 few-body physi
s in the dd ! � �0 rea
tionA. Nogga (J�uli
h, Fors
hungszentrum) , A.C. Fonse
a (Lisbon U., CFNUL) , A. G�ardestig (South Carolina U.) ,C. Hanhart (J�uli
h, Fors
hungszentrum) , C.J. Horowitz (Indiana U.) , G.A. Miller (Washington U., Seattle) ,J.A. Niskanen (Helsinki U.) , U. van Kol
k (Arizona U.)We use realisti
 two- and three-nu
leon intera
tions in a hybrid 
hiral-perturbation-theory 
al
ulation of the 
harge-symmetry-breaking rea
tion dd! ��0 to show that a 
ross se
tion of the experimentally measured size 
an be obtainedusing LO and NNLO pion-produ
tion operators. This result supports the validity of our power 
ounting s
heme anddemonstrates the ne
essity of using an a

urate treatment of ISI and FSI. It also be
omes evident that a full 
al
ulationrequires the use of 
onsistent 
hiral nu
lear for
es to over
ome the visible model dependen
e of our result. The resultsare published in [1℄.Referen
es:[1℄ A. Nogga et al., Phys. Lett. B 639, 465 (2006) [arXiv:nu
l-th/0602003℄.
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Appli
ation of 
hiral nu
lear for
es to light nu
leiA. Nogga(J�uli
h, Fors
hungszentrum)In these pro
eedings, we dis
uss the 
urrent status of nu
lear bound state predi
tions based on 
hiral nu
learintera
tions. Results of ordinary s- and p-shell nu
lei and light hypernu
lei are shown. The results are published in[1℄.Referen
es:[1℄ A. Nogga, arXiv:nu
l-th/0611081.
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A First estimation of 
hiral four-nu
leon for
e e�e
ts in 4HeD. Rozpedzik, J. Golak, R. Skibinski, H. Witala (Jagiellonian U.) , W. Gl�o
kle (Ruhr U., Bo
hum) ,E. Epelbaum (J�uli
h, Fors
hungszentrum) , A. Nogga (J�uli
h, Fors
hungszentrum) ,H. Kamada (Kyushu Inst. Te
h.)We estimate four-nu
leon for
e e e
ts between di erent 4He wave fun
tions by 
al
ulating the expe
tation valuesof four-nu
leon potentials whi
h were re
ently derived within the framework of 
hiral e e
tive eld theory. We nd thatthe four-nu
leon for
e is attra
tive for the wave fun
tions with a totally symmetri
 momentum part. The additionalbinding energy provided by the long-ranged part of the four-nu
leon for
e is of the order of a few hundred keV. Theresults are published in [1℄.Referen
es:[1℄ D. Rozpedzik et al., A
ta Phys. Polon. B 37, 2889 (2006) [arXiv:nu
l-th/0606017℄.
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Nu
leon-deuteron 
apture with 
hiral potentialsR. Skibinski, J. Golak, H. Witala (Jagiellonian U.), W. Gl�o
kle (Ruhr U., Bo
hum),A. Nogga (J�uli
h, Fors
hungszentrum), E. Epelbaum (J�uli
h, Fors
hungszentrum)Present day 
hiral nu
leon nu
leon potentials up to next-to-next-tonext- to leading order and three nu
leon for
esat next-to-next-to leading order are used to analyze nu
leon deuteron radiative 
apture at deuteron laboratory energiesbelow Ed �100 MeV. The di�erential 
ross se
tion and the deuteron analyzing powers Ay(d) and Ayy are presentedand 
ompared to data. The theoreti
al predi
tions are obtained in the momentum-spa
e Faddeev approa
h using thenu
lear ele
tromagneti
 
urrent operator with ex
hange 
urrents introdu
ed via the Siegert theorem. The 
hiral for
esprovide the same quality of data des
ription as a 
ombination of the twonu
leon AV18 and the three-nu
leon UrbanaIX intera
tions. However, the di erent parametrizations of the 
hiral potentials lead to broad bands of predi
tions.Theresults are published in [1℄.Referen
es:[1℄ R. Skibinski, J. Golak, H. Witala, W. Gl�o
kle, A. Nogga and E. Epelbaum, A
ta Phys. Polon. B 37, 2905 (2006)[arXiv:nu
l-th/0606021℄.
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Testing nu
lear for
es by polarization transfer 
oeÆ
ients in d(polarized-p, polarized-p)d andd(polarized-p, polarized-d)p rea
tions Ep;lab =22.7 MeVH. Witala, J. Golak, R. Skibinski (Jagiellonian U.), W. Gl�o
kle (Ruhr U., Bo
hum),A. Nogga (J�uli
h, Fors
hungszentrum), E. Epelbaum (Je�erson Lab), H. Kamada (Kyushu Inst. Te
h.),A. Kievsky, M. Viviani (INFN, Pisa)The proton to proton polarization transfer 
oeÆ
ientsKx0x , Ky0y , andKx0z , and the proton to deuteron polarizationtransfer 
oeÆ
ients Kx0x , Ky0y , Kx0z , Ky0z0x , Kz0z0y , Ky0z0z , Kx0z0y , and Kx0x0?y0y0y were measured in d(~p; ~p)d and d(~p; ~d)prea
tions, respe
tively, at Elab;p =22.7 MeV. The data were 
ompared to predi
tions of modern nu
lear for
es obtainedby solving the three-nu
leon Faddeev equations in momentum spa
e. Realisti
 (semi)phenomenologi
al nu
leon-nu
leon potentials 
ombined with model three-nu
leon for
es and modern 
hiral nu
lear for
es were used. The AV18,CD Bonn, and Nijm I and II nu
leon-nu
leon intera
tions were applied alone or 
ombined with the Tu
son-Melbourne99 three-nu
leon for
e, adjusted separately for ea
h potential to reprodu
e the triton binding energy. For the AV18potential, the Urbana IX three-nu
leon for
e was also used. In addition, 
hiral NN potentials in the next-to-leadingorder and 
hiral two- and three-nu
leon for
es in the next-to-next-to-leading order were applied. Only when three-nu
leon for
es are in
luded does a satisfa
tory des
ription of all data result. For the 
hiral approa
h, the restri
tion tothe for
es in the next-to-leading order is insuÆ
ient. Only when going over to the next-to-next-to-leading order doesone get a satisfa
tory des
ription of the data, similar to the one obtained with the (semi)phenomenologi
al for
es.The results are published in [1℄.Referen
es:[1℄ H. Witala et al., Phys. Rev. C 73, 044004 (2006) [arXiv:nu
l-th/0601075℄.

115



Density matrix fun
tional theory that in
ludes pairing 
orrelationsS. Krewald, V. B. Soubbotin (St. Petersburg), V. I. Tselyaev (St. Petersburg), and X. Vinas (Madrid)The extension of density fun
tional theory (DFT) to in
lude pairing 
orrelations without formal violation of the parti
le-number
onservation 
ondition is des
ribed. This version of the theory 
an be 
onsidered as a foundation of the appli
ation of existingDFT plus pairing approa
hes to atoms, mole
ules, ultra
ooled and magneti
ally trapped atomi
 Fermi gases, and atomi
 nu
leiwhere the number of parti
les is 
onserved exa
tly. The 
onne
tion with Hartree-Fo
k-Bogoliubov (HFB) theory is dis
ussed,and the method of quasilo
al redu
tion of the nonlo
al theory is also des
ribed. This quasilo
al redu
tion allows equations ofmotion to be obtained whi
h are mu
h simpler for numeri
al solution than the equations 
orresponding to the nonlo
al 
ase. Ourtheory is applied to the study of some even Sn isotopes, and the results are 
ompared with those obtained in the standard HFBtheory and with the experimental ones.Referen
es:[1℄ S. Krewald, V. B. Soubbotin, V. I. Tselyaev and X. Vinas, Phys. Rev. C 74, 064310 (2006).
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Gauge-invariant approa
h to meson photoprodu
tion in
luding the �nal-state intera
tionH. Haberzettl (Washington), K. Nakayama (Athens, USA), S. KrewaldA fully gauge-invariant (pseudos
alar) meson photoprodu
tion amplitude off a nu
leon in
luding the �nal-state intera
tion isderived. The approa
h based on a 
omprehensive �eld-theoreti
al formalism developed earlier by one of the authors repla
es
ertain dynami
al features of the full intera
tion 
urrent by phenomenologi
al auxiliary 
onta
t 
urrents. A pro
edure is outlinedthat allows for a systemati
 improvement of this approximation. The feasibility of the approa
h is illustrated by applying it toboth the neutral and 
harged pion photoprodu
tions.Referen
es:[1℄ H. Haberzettl, K. Nakayama and S. Krewald, Phys. Rev. C 74, 045202 (2006) [arXiv:nu
l-th/0605059℄.
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Dispersive and absorptive 
orre
tions to the pion deuteron s
attering lengthV. Lensky, V. Baru (Mos
ow), J. Haidenbauer, C. Hanhart,A. E. Kudryavtsev (Mos
ow) and U.-G. Mei�ner (FZJ & Bonn)We present a parameter{free 
al
ulation of the dispersive and absorptive 
ontributions to the pion{deuteron s
at-tering length based on 
hiral perturbation theory. We show that on
e all diagrams 
ontributing to leading order tothis pro
ess are in
luded, their net e�e
t provides a small 
orre
tion to the real part of the pion{deuteron s
atteringlength. At the same time the sizable imaginary part of the pion{deuteron s
attering length is reprodu
ed a

urately.The results are published in Ref. [1℄.Referen
es:[1℄ V. Lensky, V. Baru, J. Haidenbauer, C. Hanhart, A. E. Kudryavtsev and U.-G. Mei�ner, arXiv:nu
l-th/0608042;Phys. Lett. B, in print.
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Towards a �eld theoreti
 understanding of NN ! NN�,V. Lensky, V. Baru (Mos
ow), J. Haidenbauer, C. Hanhart,A. E. Kudryavtsev (Mos
ow) and U.-G. Mei�ner (FZJ & Bonn)We study the produ
tion amplitude for the rea
tionNN ! NN� up to next{to{leading order in 
hiral perturbationtheory using a 
ounting s
heme that takes into a

ount the large s
ale introdu
ed by the initial momentum. Inparti
ular we investigate a subtlety that arises on
e the leading loop 
ontributions are 
onvoluted with the NNwavefun
tions as demanded by the non{perturbative nature of the NN intera
tion. We show how to properly identifythe irredu
ible 
ontribution of loop diagrams in su
h type of rea
tion. The net e�e
t of the in
lusion of all next-to-leading order loops is to enhan
e the leading res
attering amplitude by a fa
tor of 4/3, bringing its 
ontribution tothe 
ross se
tion for pp! d�+ 
lose to the experimental value. The results are published in Ref. [1℄.Referen
es:[1℄ V. Lensky, V. Baru, J. Haidenbauer, C. Hanhart, A. E. Kudryavtsev and U.-G. Mei�ner, Eur. Phys. J. A 27(2006) 37 [arXiv:nu
l-th/0511054℄.
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Longitudinal Stochastic Cooling Simulations in Comparison with Cooling Experiments at COSY 
  

H. Stockhorst, T. Katayama1, R. Stassen, R. Maier and D. Prasuhn 
 

The High-Energy Storage Ring (HESR) [1] of the future 
International Facility for Antiproton and Ion Research 
(FAIR) at GSI in Darmstadt is planned as an anti-proton 
cooler ring in the momentum range from 1.5 to 15 GeV/c. 
An important and challenging feature of the new facility is 
the combination of phase space cooled beams with internal 
targets. The required beam parameters and intensities are 
prepared in two operation modes: the high luminosity mode 
with beam intensities up to 1011 anti-protons, and the high 
resolution mode with 1010 anti-protons cooled down to a 
relative momentum spread of only a few 10-5. 
Consequently, powerful phase space cooling is needed, 
taking advantage of high-energy electron cooling and high-
bandwidth stochastic cooling. A detailed numerical and 
analytical approach to the Fokker-Planck equation for 
longitudinal filter cooling including an internal target has 
been carried out to demonstrate the stochastic cooling 
capability [2]. The great benefit of the stochastic cooling 
system is that it can be adjusted in all phase planes 
independently to achieve the requested beam spot and the 
high momentum resolution at the internal target within 
reasonable cooling down times for both HESR modes even 
in the presence of intra-beam scattering. 
Experimental stochastic cooling studies with the internal 
ANKE target [3] to test the model predictions for 
longitudinal cooling were carried out at the cooler 
synchrotron COSY. The routinely operating longitudinal 
stochastic cooling system applies the optical notch filter 
method in the frequency band I from 1-1.8 GHz [4].  
Longitudinal stochastic cooling to reduce the momentum 
spread in the beam and to increase its longitudinal density 
can be utilized by two methods [5]. The first method 
(Palmer cooling) uses the fact that the momentum deviation 
of a particle can be measured directly by a position 
sensitive pickup located at a point in the ring with high 
position dispersion. The signal at the output of the pickup 
averaged over the betatron motion is then proportional to 
the product D δ⋅  where D is the dispersion and δ is the 
relative momentum deviation of a particle. This correction 
signal is amplified and sent to the kicker operated in sum 
mode to provide the necessary momentum or energy 
correction. In the second method (Filter cooling) a pickup 
in sum mode measures the beam current and the 
discrimination of particles with different momentum 
deviations is obtained by inserting a notch filter in the 
signal path before it drives a kicker in sum mode. The 
advantage of the filter cooling method, preferred for the 
HESR design, is that it uses a sum mode pickup which is 
much more sensitive especially for a smaller number of 
particles as compared to a pickup that measures the beam 
position. Moreover, due to filtering after the preamplifier 
the signal-to-noise ratio is much higher even for a low 
particle number in the ring. A fact that really helps when 
the cooling system has to be adjusted for an optimized 
operation. A further benefit of filter cooling is that the 
center frequency of the filter can be adjusted to optimize the 
cooling in the presence of an internal target. A flexibility 
that is demonstrated below. A disadvantage in filter cooling 
comes from the notch filter construction. The signal 
delivered by the pickup is at first equally divided into two 
paths. One path is delayed by the revolution time 

corresponding to the nominal beam momentum. Then both 
signals are subtracted and the resulting signal is amplified 
and fed to the kicker. Thus a particle sees two correcting 
kicks at the kicker. The first one when it passes from pickup 
to kicker and the other one after one turn when it is back at 
the kicker. Consequently, the undesired mixing from pickup 
to kicker is larger as compared to the Palmer cooling 
method where only the undesired mixing on the way from 
pickup to kicker is relevant. This may lead to a severe 
restriction in the practical cooling bandwidth when the filter 
cooling system is applied to a beam with a large initial 
momentum spread. A fact that is illustrated in more detail 
below. The filter cooling method can only be practical if the 
longitudinal Schottky bands are well separated in the 
cooling bandwidth. 
In longitudinal cooling the time evolution of the beam 
distribution ( , )tΨ δ  is found from (numerically) solving a 

Fokker-Planck equation (FPE) [5] 

( , ) ( , )t t
t
Ψ δ Φ δ

δ
∂ ∂= −
∂ ∂

                                   (1) 

with the flux  

( , ) ( ) ( , ) ( , ) ( , )t F t D t tΦ δ δ Ψ δ δ Ψ δ
δ
∂= −

∂
        (2) 

where δ is the relative momentum deviation of a particle. 
The flux ( , )tΦ δ  is determined by two terms. The drift 

term ( )F δ  describes the coherent cooling effect by the self 

interaction of a single particle with its own momentum 
deviation. The second term describes the incoherent beam 
heating by diffusion and its strength is determined by the 
diffusion coefficient ( , )D tδ . Diffusion always leads to a 

broadening of the beam distribution. 
Both drift and diffusion coefficient are determined by the 
system layout and were calculated in [6] for a specific 
design of the cooling system at TARN. Later corrections 
and improvements were given independently by two of the 
authors (H. St. and T. K.) where it is assumed that pickup 
and kicker structures are designed as quarterwave loop 
couplers with electronic transfer functions as given in [7]. 
The signal path contains a notch filter. This filter exhibits a 
phase change of 180 degrees in the middle of each Schottky 
band and the magnitude is symmetric around each 
revolution harmonic with a sharp drop at the center. The 
complete theory including the target beam interaction will 
be published in detail separately [8]. A brief sketch of the 
main quantities entering the drift and diffusion terms are 
now given. Under the assumption of small momentum 
deviations and neglecting beam feedback the drift term for 
cooling is approximately given by 

( )

( )

sin ( ) sin ( )
2

1

tot A P K

n
2

PK tot 0 D
n n

F G Z Z

n 2 n 2r 2 nf T

δ η δ

θ π η η δ π ∆ θ
=

∝ ⋅ ⋅ ⋅ ⋅

⋅ + + + ⋅�

� �

   (3) 

where the sum runs over all harmonics n in the cooling 
bandwidth ( )2 1 0W n n f= − . The revolution frequency is f0, 

the ratio distance from pickup to kicker to the ring length is 
r and an additional delay in the signal path is denoted by 
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DT∆ . The additional delay is used to maximize the cooling 

effect over the whole cooling bandwidth. The frequency 
slip factor from pickup to kicker is PKη  and the total slip 

factor for the whole ring is totη . The momentum and thus 

frequency dependent phase θ  determines the pickup and 

kicker magnitude response by sin ( )2 θ . 

It can be seen that to first order the drift term at each 
harmonic is proportional to the relative momentum 
deviation, i.e. the larger the momentum deviation is the 
larger the correction will be. The correction increases with 
gain GA and the product of pickup and kicker sensitivities 

P KZ Z⋅� � . The total frequency slip factor totη  must be chosen 

such that there is no band overlap in the whole cooling 
bandwidth. The undesired mixing however can partly 
diminish the cooling and is represented at each harmonic by 
the contribution of the first sin-term in eq. (3). Too much 
undesired mixing can be avoided if the upper frequency 
limit of the cooling system is  restricted to 

0
max

PK tot

f
f

2 2rη η δ
<

⋅ + ⋅
.                       (4) 

Note that both frequency slip factors determine this limit 
due to the fact that two kicks form the correction in 
correlator filter cooling as discussed here. On contrary, the 
undesired mixing in Palmer cooling is only determined by 

PKη . The same result is also found in the work presented in 

[9] where stochastic cooling of rare isotopes is discussed. 
The condition according to eq. (4) is very well met in the 
case of COSY. Here both frequency slip factors are equal, 

/ /2 2
PK tot tr1 1η η γ γ= = − . With the measured values 

.0f 1 6 MHz≈ , .0 1η = − , 4
rms2 6 10δ δ −= = ⋅  and r = 0.5 

the upper frequency limit should not exceed about 7 GHz. 
In COSY the upper limit of the cooling system is 3 GHz. In 
the case of HESR the restriction is much more severe since 
the revolution frequency is about a factor of three smaller. 
This problem can be overcome by a proper choice of the 
pickup to kicker distance (small ratio r) and a proper choice 
of the lattice layout leading to small frequency slip factors. 
Or special filters may be applied in the initial phase of 
cooling [10] to reduce the momentum tails. 
The diffusion coefficient is a sum of Schottky noise heating 
DS and thermal noise Dth in the electronic system: 

Schottky noise: ( , ) ( , )2 2
S AD t G tδ δ Ψ δ∝ ⋅ ⋅  

Thermal noise: ( , ) 2 2
th AD t G Tδ δ∝ ⋅ ⋅  

Note that both quantities are proportional to the squared 
amplifier gain and Schottky noise additionally depends on 
the beam distribution. Obviously thermal noise is 
proportional to the system temperature T.  
In the presence of an internal target at a location with zero 
position and angle dispersion both, the drift term and the 
diffusion coefficient will be modified. It is assumed that the 
target beam interaction [11] leads to a mean energy loss per 
turn ε resulting in a shift of the whole beam distribution 
towards lower energies. This effect is taken into account in 
the FPE as an additional constant drift term T 0F f ε∝ ⋅ . 

The longitudinal emittance growth due to energy straggling 
is given by the mean square relative momentum deviation 
per target traversal 2

lossδ  so that the diffusion term due to the 

target beam interaction is 2
T 0 lossD f δ= ⋅  for the case of an 

unbunched beam [11]. Thus diffusion due to the target 
beam interaction leads to a linear increase of the squared 
relative momentum spread. Both quantities, mean energy 
loss per turn and mean square relative momentum deviation 
per turn can be determined experimentally when cooling is 
switched off. The measured values are then used in the FPE 
to describe beam cooling in the presence of the target beam 
interaction. 
The cooling experiments were carried out at beam 
momentum 3.2 GeV/c with about 1010 stored protons. The 
frequency slip factor was measured and resulted in 

.0 1η = − , i.e. the machine was operated above transition, 

trγ γ> . Longitudinal cooling was carried out with band I 

ranging from 1 to 1.8 GHz. Particle distributions were 
measured in the frequency range of the harmonic number 
1500 with the band II system and can be converted to 
momentum distributions using the relation 

/ /0 0f f p p∆ η ∆= ⋅ . The frequency distributions were 

measured every 2.5 min or 5 min in flat top with a duration 
of about 30 min.  
First the target beam interaction was investigated in order to 
determine the mean energy loss per turn ε and the mean 
square relative momentum deviation per turn 2

lossδ . The 

results are shown in the figures 1 and 2. In figure 1 the 
measured center of the frequency distributions are shown 
from which the revolution frequency of the protons can 
derived by dividing the values by the harmonic number 
1500. At time zero this gives .0f 1 568 MHz≈ . 
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Fig. 1: The measured center frequency at harmonic 1500 

(blue symbols: cooling ON, black symbols: cooling 
OFF) in comparison with the model predictions (red 
curves). 

 
The measured data (black symbols) in figure 1 show the 
expected behavior that the beam distributions are shifted 
linearly towards lower energies due to the beam target 
interaction. Note that due to the negative frequency slip 
factor this corresponds to a linear increase in frequency. 
Thus the revolution frequency of the protons increases with 
increasing energy loss. From the slope of the data in 
figure 1 the mean energy loss per turn was determined to 

. /31 8 10 eV turnε −= − ⋅ . The relative momentum spread in 

figure 2 shows only a small increase. 
From the linear increase of 2

rmsδ  the mean square relative 

momentum deviation per turn /2 17
loss 2 10 turnδ −= ⋅  was 

derived. The indicated error bars result from three 
consecutive measurements and reflect the uncertainties due 
to the finite frequency resolution of the spectrum analyzer. 
The values for ε  and 2

lossδ  have been then used in the FPE 
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when cooling is switched off to determine the beam 
distributions versus time. 
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Fig. 2: The measured relative momentum spread at 

harmonic 1500 (blue symbols: cooling ON, black 
symbols: cooling OFF) in comparison with the 
model predictions (red curves). The linear increase 
of the squared momentum spread determines the 
mean square relative momentum deviation per turn 
when cooling is switched off. 

 
A Gaussian initial distribution in the calculations was 
assumed. The results are shown in figure 1 and 2 as red 
curves. As can be seen the model deviates from the linear 
behavior at about 600 s which is due to particle losses when 
the shifted distributions reach the momentum acceptance of 
the machine. This becomes clearly visible when the 
measured frequency distributions are compared with the 
distributions predicted by the model as is depicted in 
figures 3 to 5. The measurement as well as the model 
prediction show a cut off in the distributions at about 
2.3537 GHz which corresponds to the negative relative 
momentum acceptance limit . 3

acc 1 4 10δ −= − ⋅ . It is seen 

that this value is reached after about 600 s. Particle losses 
are increasing then with time as indicated by the increase in 
the slope at the high frequency side of the distributions. 
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Fig. 3: The measured initial frequency distribution at 

harmonic 1500 (red) in comparison with the model 
prediction (blue). 

 
Also in these figures one observes that the main effect of 
the target beam interaction is an increase in the center 
frequency, i.e. a decrease in the mean momentum of the 
beam. The beam width only slightly changes during the 
measuring time. 
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Fig. 4: The measured frequency distribution at t = 600 s 

(red) in comparison with the model prediction 
(blue). 
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Fig. 5: The measured frequency distribution at t = 900 s 

(red) in comparison with the model prediction 
(blue). 

 
An estimate of the ANKE target thickness can now be made 
with the measured values for mean energy loss and 
momentum acceptance. According to the Bethe-Bloch 
formula the restricted energy loss ε in units MeV [12] 

. ln
2 2 2 2

e acc accT
2 2

A Max

2m c T TN 1 1
0 307 1

N 2 I 2 T

β γ βε
β

� �� �� �
= − − +� �� 	� 	

� �
 � 
 �� 

 

is proportional to the target thickness NT measured in atoms 
per cm2. A gaseous hydrogen target with I = 19.2 eV is 
assumed. The usual kinematic factors are β and γ and Tmax 
is the maximum energy that can be transferred in a 
collision. The mass of the target electrons is me and 

. 23
AN 6 023 10= ⋅ . The energy loss is restricted due to the 

finite acceptance to ( ) /acc acc 0T T 1δ γ γ= +  where T0 is the 

kinetic energy of the proton beam. Inserting the measured 
values yields an ANKE target thickness 

/14 2
TN 3 10 atoms cm≈ ⋅ . The measured value for the mean 

square relative momentum deviation per turn 
/2 17

loss 2 10 turnδ −= ⋅  is consistent with the value that is 

derived from the formula as given in [11]. Note that the rest 
gas scattering that has been measured too in this experiment 
is not subtracted here for this estimation of the target 
thickness. Also, no systematic error study has been carried 
out so far. 
After determining the parameters of the beam target 
interaction stochastic cooling was switched on. The system 
delay was adjusted for cooling by means of BTF 
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measurements and the notch filter was set 18 Hz below the 
center frequency of the distribution at harmonic one. In 
momentum space this means that the filter was set above 
the mean momentum of the protons. Measurements for 
different attenuations of the electronic gain of the cooling 
system were then carried out. Since the absolute gain and 
delay of the cooling system was not known the gain and 
delay in the calculations were once adjusted to reproduce 
all measured beam distributions. As an example the 
following figures show the results for the attenuation set to 
6 dB which corresponds to a model gain and an additional 
delay of 135 dB and .DT 0 035ns∆ = , respectively. Figure 1 

shows the center frequency measured at harmonic number 
1500 (blue data points) in comparison with the model 
prediction. The figure clearly shows the cooling effect. The 
mean energy loss is nearly compensated by cooling. The 
time development of the relative moment spread during 
cooling and ANKE target on (blue data points) is fairly well 
predicted by the model as shown in figure 2. Initially the 
momentum spread drops down and increases until an 
equilibrium value . 4

rms 2 3 10δ −= ⋅  between target beam 

interaction and cooling is attained after about 1000 s. Again 
the cooling effect is clearly visible when the data with 
cooling on and off are compared. Figure 6 presents a 
comparison of the measured distribution with the model 
prediction after 900 s of cooling.  
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Fig. 6: Comparison of the measured frequency distribution 

at harmonic 1500 (red) in comparison with the 
model prediction (blue) after 900 s of cooling. 

 

0

5 1012

1 1013

1.5 1013

2 1013

2.5 1013

3 1013

3.5 1013

4 1013

-1.5 -1 -0.5 0 0.5 1 1.5

pa
rt

ic
le

 d
en

si
ty

  ψ
(∆

p/
p)

∆p/p x 103

Attenuation 6 dB   gain = 135 dB
∆t

D
 = 0.035 ns   ∆f

N
 = -18 Hz

Cooling and ANKE target ON

time [s]:
0

300
600

1500

 
Fig. 7: Calculated momentum distributions for different 

times during cooling with the ANKE target on. 
 
Momentum distributions at different times during cooling 
when the ANKE target is on are shown in figure 7. As can 
be seen the distributions are asymmetric with respect to 

zero as a result from the mean energy loss. The conclusion 
is that it is in general not sufficient to describe the beam 
distribution only by its second moment. All higher 
moments are necessary.  
If the mean energy loss is compensated cooling achieves an 
equilibrium value 5

rms 6 10δ −= ⋅ , which is about a factor of 

four smaller than without compensation, see figure 8. 
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Fig. 8: Same as in figure 2 but the mean energy loss is now 

compensated resulting in an significantly reduced 
equilibrium rms relative momentum spread. 

 
The beam distributions are now symmetric and nearly 
Gaussian as shown in figure 9. In the case of a compensated 
mean energy loss and an negligible undesired mixing from 
pickup to kicker the equilibrium relative momentum spread 
can be determined by the formula [8] 

/

,

1 3
2

20
eq rms loss

C

N f4 3

5 32 Wf
δ δ

η
� �

= ⋅� 	� 	

 �

                   (5) 

where W is the bandwidth of the cooling system and fC is 
the center frequency. This formula also applies if the 
bandwidth covers not an octave. Note that the equilibrium 
value does not depend on the initial relative momentum 
spread. It should be pointed out that if the undesired mixing 
is significant and/or the mean energy loss is not 
compensated this formula likely delivers results which are 
more than a factor of four away from the results found from 
a solution of the FPE.  
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Fig. 9: Predicted momentum distribution during cooling and 

ANKE target with /14 2
TN 3 10 atoms cm≈ ⋅  target 

thickness when the mean energy loss in the target is 
compensated. 

 
The stochastic filter cooling model developed for the 
investigation of stochastic cooling at the HESR receives a 
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remarkable good agreement with the experimental results at 
COSY. The beam target interaction is well described by the 
model through the quantities mean energy loss and mean 
square relative momentum deviation per turn. Both 
quantities can be measured. Once the main parameters are 
known the model can be used to predict the cooling 
properties under different conditions, e.g. if the target 
thickness is increased, different beam energy, etc.. The 
good agreement of the model with the experimental results 
at COSY gives a save confidence that the model will also 
fairly well predict the cooling properties in the case of the 
planned HESR at the FAIR facility. However more 
investigation are needed concerning the undesired mixing 
that is here much more severe as at COSY. Also methods to 
compensate the mean energy loss have to be studied. One 
method to compensate the mean energy loss by a barrier 
bucket cavity will be investigated theoretically and will be 
soon tested at COSY. In general, COSY turns out to be a 
well dedicated machine for beam dynamic models to be 
tested in view of HESR. In addition new sensitive pickup 
and kicker structures [13, 14] developed for the HESR 
stochastic cooling system can be well studied at COSY. 
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Experiments on Proton Beam Ordering by Electron Cooling 
 

A. Kobets1, I. Meshkov1, A. Sidorin1, A. Smirnov1 
J. Dietrich2, R. Maier2, D. Prasuhn2, H.J. Stein2 

 
The idea of utilization of an ion beam crystalline state for 
nuclear physics experiments has a large interest now. The 
achievement of very low ion temperature in the beam rest 
frame may open new possibilities in accelerator physics. 
First off all it is related to a precise mass measurements 
based on the very small momentum spread of the beam in 
the ordered state. Another possible application of the 
ordered beam has the aim to increase the luminosity in an 
electron-ion collider using the ion beam at relatively high 
linear density and very small transverse dimensions. In the 
frames of the FAIR project the utilization of ordered ion 
beams can be discussed for electron-ion collisions at the 
New Experimental Storage Ring (NESR).  
Experiments on proton beam ordering, named 
crystallization, that have been started in August 2005 [1, 2] 
were continued. Two COSY runs dedicated to electron 
cooling development were performed at COSY in 2006 by 
the electron cooling collaboration IKP FZJ and Dzhelepov 
Lab. of Nuclear Problems JINR, Dubna. During the 1st run 
the average pressure in COSY was at the level of ~5*10-8 
mbar due to a leak in section 2. The leak had been  fixed 
before the 2nd run. The vacuum was then about 5*10-9 mbar. 
Special measures were taken for improvement of the 
experiment conditions. 
A feedback system for suppression of the ripples of the 35 
kV high voltage power supply was installed yielding a 
reduction of the ripples amplitude by a factor of two. The 
reference signal was taken directly from the gun cathode 
potential through a capacitor. 
The integrated Schottky noise power (PSchottky), directly 
determined with the spectrum analyser HP89410A, was 
taken as a measure for the proton number at low intensity. 
PSchottky was calibrated before using the beam current 
transformer (IBCT) and the H0 flux intensity F(H0). The 
procedure was as following: 

 1st step – measurement of F(H0) vs IBCT. A good linear 
dependence was obtained (Fig. 1a). 

 2nd step – measurement of PSchottky vs F(H0)  (Fig. 1b).  

The background noise, to be substracted from the primarily 
measured PSchottky between two markers, was measured in 
the frequency ranges of 2, 1, 0.5, 0.2 and 0.1 kHz.  
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Fig. 1: Calibration of proton beam intensity monitoring. 

Upper part: F(H0) vs IBCT, lower part: F(H0) vs 
PSchottky. 

The Schottky signal was measured on the 18th harmonics of 
proton revolution frequency of 488.2 kHz with “The 
Schottky PU” through an amplifier of 72 db and 84 db gain 
and a resonant circuit that gave a gain of about 30 db. The 
analysis of the Schottky noise spectrum was performed 
with HP89410A in “averaging”  mode operation. Typical 
measurement of one spectrum at lowest proton beam 
intensity required averaging of 10 – 20 times. It lasted 
about 2-3 min. The recorded spectra were extracted in 
digital form, squared and fitted with a Gaussian function 
(Fig. 2). The 1�  momentum spread was calculated from the 
FWHM width ∆f with the following formula: 

ln 0

p 1 f

p f2 2 2ω

∆ ∆
η

= ⋅
⋅

       

Here ηω = 0.65 is the off-momentum factor and f0 the 18th 
harmonics of the revolution frequency. 
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Fig. 2: Typical Schottky spectrum fitted with Gaussian 
function, proton number 5.4⋅105, ∆p/p = 1.5⋅10-6.  
∆f = f – f18, where f – frequency at HP89410A 
analyser, f18= 8.787 MHz – the 18th harmonics of the 
revolution frequency.  

The Schottky spectrum of proton beam was measured at 
injection energy (45 MeV) at different electron current 
values for decreasing proton numbers in the beam. After 

a) 

b) 
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injection the proton number was reduced by the horizontal 
scraper that decreased the ring aperture leading to a faster 
beam loss. After reaching a certain proton number 
(measured via the Schottky noise power) the scraper was 
taken out and the averaging procedure of the spectrum 
measurement was started.  
The minimum value of the momentum spread was reached 
at a proton number below 1⋅106 but it did not decrease 
below 1.3⋅10-6 (Fig. 3 and Fig.4). It should be noted that 
this result was not sensitive on the application of the HVPS 
feedback.  
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Fig. 3: Proton beam momentum spread vs particle number: 

squares - feedback OFF, triangles – feedback ON. 
Electron current 70 mA. 
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Fig. 4: Proton beam momentum spread vs particle number: 

squares - feedback OFF, triangles – feedback ON. 
Electron current 40 mA. 

It was proposed to use an artificial transverse heating of the 
protons in the ring under electron cooling to reduce 
intrabeam scattering (IBS) in the longitudinal degree of 
freedom. For this purpose a white noise voltage in the 
frequency range of 100 kHz - 5 MHz was applied to the 
stripline PU electrodes (exciter for tune measurements). 
The experiment has shown that application of the noise 
voltage excites a parasitic signal on the revolution 
frequency at “The Schottky PU”. Due to this reason this 
heating technique was cancelled. 
In the experiments on proton beam ordering a momentum 
spread at the level of 1.3⋅10-6 at 3⋅104 protons was achieved. 
An influence of the lower HVPS ripple was not detected. 
The ordered state which should appear as a sudden 
reduction of the momentum spread at a critical proton 
number could not be observed. Only a constant momentum 
spread at low proton numbers was seen. Additional heating 
effects such as scattering on residual gas or magnetic field 
ripples in the COSY bending magnets might be a reason for 
this result.  
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Loss Phenomena of Electron Cooled Ion Beams 
 

A. Kobets1, I. Meshkov1, A. Sidorin1, A. Smirnov1 
J. Dietrich2, R. Maier2, D. Prasuhn2, H.J. Stein2 

 
The achievable intensity of electron cooled ion beams at 
COSY is restricted by two main beam loss phenomena. 
(i) Initial losses occurring during the 5 to 10 s long cooling 
process after stripping injection into COSY. 
(ii) Additional losses occurring after the ion beam is well 
cooled due to self-excitation of coherent betatron 
oscillations visible in the Fourier spectrum of the transverse 
Schottky signal at the machine tune frequencies.  
These coherent oscillation can be damped by the feedback 
system operational since 2003. At COSY the lifetime of the 
stabilized cooled beam is typically of the order of 1000 
seconds. This relatively poor value is most probably caused 
by large angle Coulomb scattering at the residual gas atoms 
in the ring [1]. 
As long as the feedback is active the initial losses are 
obviously of incoherent nature since no betatron 
oscillations are seen during the cooling period. Our 
interpretation for these losses has always been the fact that 
after the stripping injection the ion beam is filling the whole 
ring acceptance and therefore is larger than the electron 
beam diameter. The nonlinear electric field outside the 
electron beam containing higher multipoles may excite non-
linear resonances and in this way cause beam loss. 
Immediately after injection multiple scattering at the 
acceptance limit is also contributing to the loss. This is 
demonstrated by Fig. 1. In the first cycle both losses are 
active until the cooling process is finished and the ion beam 
is finally well inside the electron beam. In the second cycle 
where the electron beam is switched on only 24 s after 
injection the action of both effects are clearly separated. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: Incoherent initial losses after injection before the 45 

MeV proton beam is well cooled. The lower curve 
(BCT) is the proton current , the upper one the H0 
count rate. In the second cycle the electron beam is 
switched on later after injection into COSY. The 
cooled beam is stabilized by horizontal and vertical 
feedback, therefore no coherent oscillations at all 
(the same in Fig.2 and Fig. 3). 

 
To study the influence of the electron beam on a proton 
beam inside and outside the electron beam we made the 
following experiment. After the proton beam was well 
cooled and stabilized by feedback, the electron beam 
energy was detuned by 1kV and set back to the proper 

cooling energy after 10 s. As shown in Fig. 2 there was, as 
presumed, no effect on the proton beam. The re-cooling 
needed about 2 s without any change in proton current or 
H0 rate. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: Cooled proton beam inside the electron beam. 

Detuning the electron energy by 1 keV and setting it 
back to the proper cooling energy showed no 
influence on the proton current. 

 
In a second step the electron beam was switched off and 
vertically steered such that the cooled proton beam was 
located near the edge of the electron beam. Fig. 3 shows the 
result after the electron beam was switched on again. Due 
to the smaller overlap the H0 rate was lower and after 8 s 
the proton current started to decrease, a clear demonstration  
for the loss mechanism of protons outside the electron 
beam.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3: Simulation of “ initial losses”  by positioning a cooled 

proton beam at the edge of the (1 inch, 170 mA) 
electron beam. 
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Proposed 2 MeV Electron Cooler for COSY-Juelich  
 

 J. Dietrich, V. V. Parkhomchuk1 
 

Electron cooling at COSY is applied at low energies, at 
present mainly at injection energy, to prepare low-emittance 
beams to be used after acceleration and extraction for 
internal and external experiments. Stochastic cooling, 
covering the momentum range from 1.5 GeV/c up to the 
maximum momentum, is used to compensate energy loss 
and emittance growth at internal experiments. Requests for 
future COSY experiments as WASA – a detection system 
from CELSIUS accelerator of The Svedberg Laboratory 
(TSL) at Uppsala with a pellet target [1] - are higher 
luminosities (> 1032 cm-2 s-1). There are two possible ways 
i) increasing the band width of the stochastic cooling 
system and/or ii) electron cooling up to maximum 
momentum. For operations with thick internal targets, the 
combination of stochastic and fast (magnetized) electron 
cooling is the preferred solution. At COSY the combination 
of two cooling techniques-stochastic and electron cooling at 
the same beam energy could be studied  and the advantages 
of  both methods  are unified. The electron cooling-cooling 
of the beam core and stochastic cooling-cooling the beam 
tails. Realisation of  such a cooling system will be an 
important step toward creation of  a novel experimental 
technique aiming to reduce significantly parasitic effects 
related to halo in accelerated beams – a step to 
“backgroundless”  detection systems. Future experiments 
with the 2 MeV electron cooler at COSY with an inner 
target and stochastic cooling can open the way for made the 
intensive cooling on high energy at more simple and 
cheaper manner. 
 For electron cooling up to maximum momentum of COSY 
an electron cooler up to 2 MeV electron energy has to be 
developed together with the Budker Institute in Novosibirsk 
[2,3]. The basic parameters and requirements are listed in 
Table 1. The most important restrictions are given by the 
available space at the COSY ring itself. The height is 
limited by the building up to 7 m, the length of the cooler in 
beam direction by the existing electron cooler and the ring 
itself to 3 m. The acceleration of polarized beams at COSY 
must to be taken into account. Space for compensating 
magnets must be foreseen to achieve conservation of 
polarisation.  
 

Table 1:  Basic Parameters and Requirements. 
COSY 2 MeV Electron Cooler Parameter 

Energy Range 0.025 ... 2 MeV 

High Voltage Stability < 10-4 

Electron Current 0.1 ... 3 A 

Electron Beam Diameter 10 ... 30 mm 

Cooling Length 3 m 

Toroid Radius 1.5 m 

Variable Magnetic Field (cooling 
section solenoid) 

0.5 ... 2 kG 

Vacuum at Cooler 10-8 ... 10-9 mbar 

Available Overall Length 7 m 

Maximum Height 7 m 

COSY Beam Axis above Ground 1.8 m 

 
Calculations are performed with the trubs.exe code [2], in 
which the cooling force is approximated by the well known 
Parkhomchuk formula [4]. The effect of intra beam 

scattering is included by the simple model of relaxation 
distribution velocity. The increase of the angle spread due 
to scattering of an internal target is also taken into account. 
The simulation was made with following parameters: cooler 
length 3 m, beta function in the cooling section 13 m, 
electron beam radius 0.5 cm, electron beam current 2 A, 
magnetic field 2 kG, initial normalized emittance 10-6 π m 
rad, 2 GeV proton beam energy and number of protons 
2·1010 (5 mA). 
As it is seen in Fig. 1, the ion beam emittance is effectively 
decreased during 10 s. The reached equilibrium emittance 
is a result of balance between intra-beam scattering and 
electron cooling. 
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Fig. 1: Normalized beam emittance versus time at electron 

cooling of 2 GeV proton beam (without target, 
parameters see text). 

 The proposed electron cooler consists of a high voltage 
vessel with electrostatic acceleration and deceleration 
columns, two bending toroids and cooling drift section. The 
preliminary scheme of the cooler is shown in Fig. 2 [2]. The 
basic features of the design are i) the longitudinal magnet 
field from the electron gun to the collector, in which the 
electron beam is embedded, ii) the collector and electron 
gun placed at the common high voltage terminal and iii) the 
power for magnet field coils at accelerating and 
decelerating column is generated by turbines operated on 
SF6 gas under pressure. The gas flux which drives the 
turbines is also used for cooling the magnetic coils and for 
keeping the temperature inside the vessel constant.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2: Layout of the proposed 2 MeV electron cooler for 

COSY. 
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The high voltage system consists of the vessel, the 
accelerating and decelerating column, high voltage sections 
and high voltage head with gun and collector. For the vessel 
and column the main parameters of the industrial 
accelerator ELV-8 which works on 2.5 MV are taken [5]. 
The vessel geometry is identical to the vessel of the ELV-8. 
The vessel withstands pressures up to 10 bars. The diameter 
of the high voltage sections amounts to 80 cm. At the ELV-
8 accelerator SF6 gas is used as insulation gas. The ELV-8 
has no magnetic coils inside. The electron current is equal 
to 0.05 A. The beam power is 100 kW. Budker Institute has 
experience in recuperation of high voltage beams with an 
energy of 1 MeV and a current of 1A [6].The high voltage 
sections for the 2 MeV electron cooler (Fig. 3) contains: 
high voltage power supply, coils for the magnet field along 
acceleration and deceleration columns, power source and 
control units for measurement and control of parameters for 
each section. Each section has two high voltage power units 
on 30 kV. Using of two power units allow to decrease the 
voltage for insulation from 60 kV to 30 kV. The whole 2 
MV column consists of 34 sections. The electric field 
between the sections will be 30 kV/cm. The pressured SF6 
gas can be used for protection from sparking [7]. To 
suppress sparking a SF6 gas pressure of about two bars is 
sufficient. Special measures must be taken to prevent 
destructions from sparks. Accelerating rings are surrounded 
by collar rings.  
The simplest system of powering the high voltage sections 
and power supply for the magnetic field is a mechanical 
electric generator. The most popular system consists of a 
electric engine on ground potential and an insulation shaft 
(plastic) which transfers power to an electric generator on 
high voltage potential. In the present case too many 
generators (>35) along the acceleration column and to the 
high voltage terminal would be necessary. The twisting 
moment of the shaft for the first generator would be 35 
times larger than for the last one. Vibrations of the whole 
system could be an other disadvantage. Therefore turbo 
engines with integrated electric generators (maximum 
electric power of 0.5 kW) at each section are proposed. A 
compressor at ground potential will pump SF6 gas from the 
vessel, compress it to 4-5 bar and feed it to a thermo 
exchange chamber and gas filter. Pressurized gas is directed 
with plastic tubes along the high voltage column. At each 
section the pressurized gas is used to drive a turbo generator 
for production of the electric power (Fig. 3) and after this 
the gas is used for cooling and regulating the temperature 
constant.  
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Study of a Pulsed Hydrogen Dissociator for the COSY Polarized Ion Source 
 

A.S. Belov, O. Felden, R. Gebel, A. Kieven, P. von Rossen, N. Rotert 
 
The intensity of polarized atomic hydrogen and deuterium 
beams of the COSY polarized ion source has been 
measured to be of 7.5.1016 s-1 [1]. The development of a 
new hydrogen dissociator has been started with the goal to 
increase the intensity of the polarized atomic beam [2]. The 
new dissociator was supposed to operate at higher hydrogen 
gas pressure and higher RF discharge power, similar to the 
short pulse dissociator of the INR, Moscow source [3] and 
the IUCF polarized ion source [4], but with a significantly 
extended rf discharge pulse duration of about 25 ms. 
Several changes have been made in the design of the 
present dissociator in comparison with the previous quasi-
dc design. The volume of the dissociator tube has been 
decreased to ~20 cm3 by shortening the dissociator tube and 
placing the gas valves in the vicinity of the dissociator tube. 
An rf generator with an amplifier producing rf power up to 
4000 W was used to feed the rf discharge. A precooling 
channel has been added in addition to the cooled nozzle 
with the goal to cool down the hot hydrogen gas produced 
in the rf discharge due to the increased power and to reduce 
the influence of plasma penetrating from the discharge area 
to the nozzle stage. The precooler walls were cooled down 
to 100 K using a flexible thermal contact from the 
cryogenerator’s 1st stage to the aluminum block of the 
precooler stage was arranged using a bundle of aluminum 
foils.  
The dissociator nozzle’s diameter was 2.5 mm. A new 
skimmer with an orifice of 6 mm in diameter has been 
installed 35 mm downstream of the nozzle exit.  
The density of the atomic hydrogen beam was measured 
with a time-of-flight mass spectrometer (TOF-MS) which 
was installed 54 cm downstream the skimmer. The 
velocities of atoms and molecules were measured with the 
time-of-flight method using an apparatus having a chopper 
wheel with two slits and a quadrupole mass spectrometer 
installed 88 cm downstream of the chopper wheel [2]. 
The velocity distributions, collected under different 

settings, were fitted with the function 
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U is the drift velocity of the atoms in a beam and T1 is a 
parameter, with the dimension of a temperature, describing 
the width of the velocity distribution.  
The measurements showed that the parameters of the 
atomic hydrogen beam produced with the high power rf 
discharge dissociator were influenced by plasma 
penetration to the nozzle stage of the dissociator tube. The 
plasma penetration was found to depend on the rf discharge 
power, the hydrogen gas flux, the position of the rf coil 
relative to the nozzle and also on the amount of oxygen 
injected into the dissociator tube. Figure 1 shows the 
dependence of the most probable velocity for hydrogen 
atoms versus gas flux for the precooler channel made of a 
pyrex glass tube with an internal diameter of 9 mm when 
the plasma penetration was not eliminated. The rf power 
was increased with increasing gas flux in order to have high 
(~80%) relative part of hydrogen atoms in the hydrogen 
beam produced. Figure 2 shows the respective dependence 
for parameter T1. There is a step like increase of the most 
probable velocity from 2.105 cm/s up to 2.8.105 cm/s and of 
the temperature from about 15 K up to 43 K values at high 
gas flux. This step like velocity and temperature rise was 
found to occur due to the plasma penetration from the rf 
discharge area to the nozzle. This effect is shown in fig. 3. 
It is obvious that the observed increase of the most probable 
velocity and of the temperature reduces the atomic beam 
quality. Therefore, a study has been performed to overcome 
the problem.  
It was found that it is possible to eliminate the plasma 
penetration by proper tuning of the rf generator and the rf 
coil position relative to the nozzle, minimizing the oxygen 
flux and decreasing the diameter of the precooling channel.  
Figures 4 and 5 show the dependence of the most probable 
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Fig. 1: Most probable velocity vs. gas flux for the 

dissociator when plasma penetration has not 
been eliminated. 
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velocity and the parameter T1 when plasma penetration has 
been eliminated and applying the rf power up to the highest 
level. The plasma penetration has been eliminated due to 
several changes. In particular, the internal diameter of the 
pyrex precooling channel was reduced to 6 mm. Also, the rf 
coil has been moved 30 mm from its initial position near 
the precooling channel toward center of the dissociator 
tube. As a result, the most probable velocity and the 
parameter T1 became a monotonic function of gas flux in 
spite of rf power level up to 3000 W. For the highest gas 
flux and rf power level the most probable velocity value 
reaches 2.1.105 cm/s and a temperature of 17.8 K.  
Figure 6 shows results for the density of the atomic 
hydrogen beam obtained with the TOF-MS. The density of 
the atomic hydrogen beam obtained for the highest 
hydrogen gas flux and rf power of 3000 W exceeds 2.2 
times that of the previous design of the dissociator.  
A respective increase in polarized atomic hydrogen beam 
intensity is expected after the installation of permanent 
sextupole magnets in the apparatus. Taking the results of 
the actual velocity distribution measurements into account, 
new parameters for the sextupole magnets configuration 
will be chosen on the basis of trajectory calculation for the 
atoms. 
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Fig. 4: Most probable velocity vs. gas flux. 

 
 
Fig. 3: Plasma penetration through the nozzle. The 
distance between nozzle and skimmer is 35 mm. 
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Operation of the Injector Cyclotron and Ion Sources at COSY/ Jülich 
 

R. Brings, O. Felden, R. Gebel, A. Kieven, P. von Rossen, N. Rotert 
  

 

Cyclotron operation  

In 2006 the injector cyclotron did provide beams for 5062 

hours for the accelerator facility COSY. In that year in 

December the injector passed 108,851 hours of operation 

since it started delivering beams as COSY injector in 1989 

after a major refurbishment. The time distribution over the 

years is shown in fig. 1. The operation of the cyclotron in 

2006 was interrupted for about 500 hours due to a failure 

of the adjustable air line tube of the central conductor of 

the rf system. Besides serving COSY as injector the cyclo-

tron was used in providing irradiations at the internal and 

external target stations for external users, e.g. the Institute 

for Nuclear Chemistry (INC). 

Recent studies at the polarized ion sources 

The atomic beam stage of the polarized ion source has 

been further investigated with the intent to increase the 

density of the nuclear polarized atomic beam. The 

achieved improvement is described in a more specific 

contribution to this annual report [1-3]. The very fruitful 

collaboration with the Institute for Nuclear Research (INR 

Troitsk, Russia) has been continued. The optimization 

studies have been partly funded by the European Commu-

nity under the contract acronym HP-NIS (High Perform-

ance Negative Ion Sources). The installation of the lamb-

shift polarimeter at the first beam line section started in 

spring 2006. 

Improvement of cyclotron components 

A vacuum leak at a welded flange was finally found and 

successfully fixed in the beginning of the year [4]. The 

polishing of critical surfaces, the installation of new vul-

canized vacuum seals, where accessible, resulted in the 

recovery of the intolerable state of the vacuum system, 

which has reduced the performance for beam delivery of 

the injector in the second half of 2005. The pressure de-

pendence of the intensity close to the extraction radius is 

depicted in figure 3. The beam losses reached a critical 

level of over 50% in November 2005. Shortly after the 

recovery from the shutdown the system has reached a 

pressure in the low 10
-7

 mbar regime. After a few weeks 

the average pressure in the chamber decreased to values 

below 1
.
10

-7
 mbar. The improved beam transmission 

through the cyclotron is depicted in fig. 2, here for the case 

of unpolarized deuterons. 

 

During the year several components of the cyclotron have 

been replaced successfully. The efforts are briefly summa-

rized and depicted in fig. 4 to 8.  

 

Dee tip connector  

In order to minimize unwanted field contributions from the 

Dee tips in the zone of the first acceleration the connector 

to the central point of the cyclotron has been modified. 

The new set-up is schematically depicted in fig. 4. 

Septum  

A long term activity is the improvement of the extraction 

septum for the operation with deuteron beams at high 

momentum. Due to depositions on the isolator the usability 

of the septum is limited in case of operation at high volt-

ages above 30 kV. An example is shown in fig. 5. The 

differential pumping system of the linear actuators has 

been replaced successfully.  

Replacement of tuning condensator 

The water cooled condensators with their motor driven 

positioning has been replaced successfully. A new con-

struction has been installed. 

Repair or the adjustable air line 

During the summer shutdown the damages at the linear 

tuning element of the central tuner became obvious during 

maintenance. Severe burn-out, scratches and broken con-

tact springs made it necessary to overhaul the linear tuner 

completely. After refurbishment of the parts the operation 

has been continued delayed and with reduced working 

range for the frequency The set-up of the matching hard-

ware is shown in fig. 6-8. 

The complete functionality will be available again after the 

successful repair, planned for summer 2007. 

 

 

Fig. 1: Operation of the Cyclotron as the injector for 

COSY. At the end of 2006 the operating time of the 

cyclotron rf reached 108,581 hours. 

 

Fig. 2: Beam transmission through the cyclotron as the   

demonstration for the improved situation in 2006. 
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Fig. 3: A semi-log plot of the beam intensity close to the 

extraction radius as a function of the measured 

pressure. The exponential fit includes all points 

and shows the limit for unrestricted pumping 

speed. 

 

 

Fig. 4: The schematic view of the new dee tip.  

 

 

Fig. 5: Septum situation in summer 2006. 

 

 

Fig. 6: The schematic view of the matching hardware on 

the top of the cyclotron magnet’s yoke.  

 

Fig. 7: The tuning capacitors have been replaced in the 

winter shutdown period 2006. 

 

 

Fig. 8: The air line has been improved in summer 2006. 
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Substitute of Power Supplies and Improving of Water Cooling Circuits 
  

P. Birx, H. Borsch, R. Hecker, K. Kruck, A. Richert, D. Ruhrig, J. Schmitz, H. Schneider 
 

This report shows changes and improvements concerning 
power supplies and water cooling circuits at COSY. 
More than 20 years Bruker power converters reliably 
supplied the magnets of the Ion source beam line. But a lot 
of water hoses inside of the converts became porous. Little 
water ran out, some power stages failed and rust appeared 
everywhere. A repair was not efficient anymore. Hence 
these supplies have been replaced by air-cooled devices 
from Bruker, Danfysik and Rohrer. 

      
Bruker                  Danfysik 

 

 
Rohrer 

Fig. 1: New converters for magnets of the Ion source beam 
line. 

 
The water connections of the compressors from the vacuum 
cryogenic pumps of the cyclotron have been switched from 
the domestic tap water to a closed water cooling circuit with 
heat exchanger. In advance another three water junction 
points have been installed for temporary needed loads as 
well. Thus the yearly operating costs of these devices are 
reduced by a factor of 10! 

 

Fig. 2: Water distribution station 
 
Overflow- (6.5bar) and safety- (8.5bar) valve at the Injector 
water cooling circuit of the Cyclotron are now exactly 
adjusted to each other. Closing of any outlet does not 
switch off the main pump anymore. 
 
The reactive power compensation plant had to be repaired. 
In stormy weather twigs were blown into the outside 
facility. There they caused several interruptions by short 
circuits and the thyristor-bridge broke down. The new 
bridge did not fit to the existing electronic. So the control 

part had to be renewed as well. In addition all components 
standing outside were maintained and painted newly. All 
connecting screws are well insulated now.  
On output stages of COSY ring quadrupole power supplies 
all porous hoses have been replaced by stronger tubes. Now 
the reliability is better than 98%. Before this action on 
average a chopper broke down once a month. Each fault 
caused two hours beam time loss at least. 

 

Fig. 3: Defect hoses, very often with little holes or porous. 
 

 

Fig. 4: Blue tubes in figure 3 replaced by more durable ones 
(red). 
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Radiation Protection 
 

H.Borsch, O.Felden, J.Göbbels 
 

The installation of the WASA detector system inside the 
COSY-accelerator ring which took place in 2006 had not 
only large implications for the future physics program but 
also mandated the development of a concept to satisfy the 
aspects of radiation safety with respect to shielding [1]. Any 
intended change had to be reported to the regulating 
authorities to obtain their approval. Additionally, an 
appropriate radiation surveillance and monitoring was 
implemented for the large number of persons from different 
companies, FZJ-institutes and collaborating 
experimentalists from German and foreign universities who 
were involved during construction and testing. The overall 
dose of  these persons during the installation of WASA is 
below 1mSv. Because those persons were working on 
various projects at COSY or in other controlled areas in the 
research centre this number cannot be given as an upper 
limit. The number of persons under radiation protection 
survey at the IKP rose by 5% to 150. The number of 
persons allowed to enter the inner hall of COSY while 
beam is on went up by about 10% to 112.  
During the first runs of the WASA detector in 
August/September dose rate measurements have been done 
at selected locations (red dots) around the WASA detector 
setup as shown in figure 1. For the measurements a portable 
neutron-dose meter REM 500 and a � -dose meter TOL-F 
have been used.  
 

 
 
Fig. 1: Technical view on the WASA experimental setup 

with its shielding. The locations for dose rate 
measurements are marked in red.   

The measured dose rates were in the expected range derived 
from calculations [1] and compared well with the numbers 
taken at the door next to the detector with the permanently 
installed neutron monitor NMTK 34. The maximum dose 
rate is by a factor 1.2 slightly above the dose rate at the 
door measured with NMTK 34 which is shown in fig 2.  
Because of the unstable operation of the WASA pellet 
target only a few measurements could be done. To reaffirm 
the measured dose rates around the WASA detector setup 
these measurements will be redone under proper and  stable 
conditions.  
It is envisioned to repeat these measurements during the 
upcoming runs of WASA Experiments in order to fix the 
numbers on a more quantitative level. 
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Fig. 2: Dose rates measured with NMTK 34 at the door next 

to WASA detector during the first run between 
21.8.06 to 4.9.06. 

In 2003 we started to upgrade our radiation survey and 
personal safety system (PSA). The Safety System is based 
on programmable logic systems (PLS). After Siemens 
announced that the support of the S5-System, which was 
the PLS in use, runs out we switched over to the S7-
System. 

 

Fig. 3: Overview of the personal safety and radiation survey 
systems 

In early 2004 we first replaced the old S5-System (PSA-
COSY) running at COSY by an S7-400. In October 2004 
we changed the next S5-System (“Zugang”) controlling the 
access to the inner hall during beam operation [2, 4]. 
At last there was only one S5-PLS (MONI) left, measuring 
the beam-losses by checking the radiation levels outside of 
COSY. In the event of  exceeding the limits stipulated by 
the authorities the beam is switched of immediately. 
Meanwhile, this system was replaced by a S7-400 system, 
too. By means of watchdog functions the machines check 
each other. In case one should fail the COSY-beam is 
stopped immediately by sliding in beam-stoppers. The 
systems are interconnected via the profibus (fig.3), a 
standardized communication protocol. 
All important data from the different Systems, e.g. number 
of people inside the inner hall, actual dose levels or position 
of beam-stoppers are collected by a WinCC-Server and 
displayed on clients in the operating room of the cyclotron 

P 
r 
o 
f 
i 
b 
u 
s 

WinCC-
Client 

WinCC-
Client 

PSA Cyclotron 

PSA COSY 

Ethernet 
 WinCC 

Server 

Zugang 

MONI 

136



as well as in the COSY control room [3]. Warnings are 
given by the safety system in case of exceeding any limits, 
malfunctions or stopping the beam. The data are also 
written to files or printed on paper automatically. 
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Maximum Luminosities with Nuclear Targets in HESR 
 

A. Lehrach1 for the HESR consortium 
 
The High-Energy Storage Ring (HESR) of the Future 
international Facility for Antiproton and Ion Research 
(FAIR) at GSI in Darmstadt is planned to be an antiproton 
storage ring in the momentum range of 1.5 to 15 GeV/c [1]. 
Dense internal hydrogen pellet targets will be utilized to 
reach maximum luminosities of up to 2·1032 cm-2 s-1. 
Luminosity estimates are presented for additional target 
materials from deuterium to gold [2]. 
The antiproton production rate is specified to be 

/7
pN 2 10 s= ⋅� . If the total production rate is equal to the 

beam loss rate, the maximum luminosity reads 
/

pmax totalL N σ= � , with �
total the total cross section for beam-

target interaction. The relative beam loss is then given by 

the expression 0
1 )( fn totaltloss στ =− , where nt denotes the 

target thickness, and f0 the reference particle’s revolution 
frequency. Three dominating contributions of the beam-
target interaction have been identified: Hadronic 
interaction, single Coulomb scattering and energy 
straggling [3,4]. 
The hadronic cross section for the interaction of antiprotons 
with for nuclear targets is estimated by [5] 

/( ) , ( ) ,

. , .

2 2 1 3
pp p pA A p A 0

0 p

100 mb r R r R r A

r 1 2 fm r 0 9 fm

σ π σ π= ≡ = + =

= =
 

In Table 1 hadronic cross sections for different target 
materials are summarized, taking 100 mb for hydrogen 
targets at 1.5 GeV/c beam momentum as a reference. The 
total hadronic cross section changes with the beam 
momentum. �

hadronic= 100, 60 to 50 mb for hydrogen targets 
at 1.5, 9, and 15 GeV/c, respectively. The cross sections for 
nuclear targets at higher beam momenta is scaled 
accordingly [6]. 
 
Table 1: Estimation of hadronic cross section at 1.5 GeV/c  
 

 Cluster-Jet /Pellet Solid 

Target 
Z,A 

H 
1,1 

D 
1,2 

N 
7,14 

Ne 
10,20 

Ar 
18,40 

Kr 
36,84 

Xe 
54,131 

C 
6,12 

Al 
13,27 

Ni 
28,58 

Ag 
47,108 

Au 
79,197 

Cross 
Section 

/ b 
0.1 0.2 0.45 0.54 0.79 1.19 1.54 0.42 0.64 0.97 1.37 1.95 

 
Fig. 1 summarizes relative beam loss rates and maximum 
luminosities for nuclear targets.  A longitudinal ring 
acceptance of 

�
pmax/p = ± 10-3 is assumed. The transverse 

normalized rms emittance is �  = 1 mm·mrad.  
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
Fig. 1: Beam loss cross section due to beam-target 
interaction vs. atomic number Z for three different beam 
momenta (plot 1-3). Maximum average luminosity vs. 
atomic number Z for three different beam momenta (plot 4).  
 
For the specified antiproton production rate maximum 
average luminosities of 5·1031, 4·1029 to 4·1028 cm-2·s-1 
(deuterium, argon to gold) are reached at 1.5 GeV/c beam 
momentum. The minimum effective target thickness to 
realize those luminosities is ranging from 1·1015, 9·1012 to 
5·1011 cm-2 assuming the maximum number of circulating 
particles in the HESR.   
For maximum beam momentum of 15 GeV/c the maximum 
average luminosities are increasing by more than one order 
of magnitude to 1.9·1032, 2.4·1031 to 2.2·1030 cm-2·s-1 
(deuterium, argon to gold). In this case the minimum 
effective target thickness is ranging from 3.6·1015, 4.6·1014 
to 4.1·1013 cm-2 for 1011 circulating antiprotons.  
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Ring-Slot Coupler for the HESR Stochastic Cooling System 
 

R. Stassen, P. Brittner, R. Greven, H. Heimbach, H. Singer, G. Schug, L. Thorndahl 
 
Animated by the octagonal lambda/4 structure [2], we 
analysed a slot coupler with the same HESR aperture of 89 
mm. The structure consists of AlMg4,5Mn rings with 8 
shorted electrodes (Fig. 1). The total image current passes 
the surrounding uninterrupted gap formed by two adjacent 
rings (Fig. 2). We obtain the desired octave bandwidth (2-4 
GHz) due to the heavy loading by the eight 50-Ohm coaxial 
lines. 

 
Fig. 1: slot coupler design 

The HFSS [4] simulations gives a more than two times 
higher longitudinal coupling impedance per unit length than 
comparable lambda/4 structures [1]. The results of the 
MWS [3] simulation including a 30mm inner conductor 
which will substitutes the beam during the first RF-tests 
agree very well with the HFSS simulation. The coupling 
between one of the 8 coaxial pickup ports and the beam 
simulating central coax line amounts to 21 +/- 1.5 dB over 
the whole frequency range.  
The modular design of this structure allows an easy increase 
of the number of rings. Two following octagonal rings are 
centred together by circumferential steps of 3mm length and 
fits of the diameter within 0.05mm; pivots provide the 
angular fits. In order to compare the slot coupler with the 
lambda/4 structure, a group of 8 rings is under fabrication at 
our central workshop. 

 
Fig. 2: Test structure with 8 rings including mounting plates 

for combiner boards 

A similar combiner board as the simple transforming 

network used for the lambda/4 coupler [2] can not be used 
in this case because of great influence of neighbouring low-
impedance electrodes. A good decoupling can be reached 
by using Wilkinson couplers instead of impedance 
transforming networks.  
The combiner boards will be mounted in a rectangular 
position (Fig. 3) during the first tests, while in the final 
version the layout of the Wilkinson coupler boards will be 
changed to fit on a flat board directly mounted at one face 
of the octagons of the rings. This will give us a very 
compact and robust design. The good separation of the 
beam-area and the possibly out gassing polymer material of 
the combiner boards qualified this structure for heavy ion 
cooling with higher vacuum requirements as well.  
 

 
 

Fig. 3: Wilkinson combiner board; decoupling resistors are 
not shown 

The design includes high-power resistors and heat flow 
estimation and uses the same board at the kicker structure. 
After the first RF tests, the calculated improvements of 
longitudinal sensitivity (around several dB) by enlargement 
of the ring cavities and reduction to 4 coupling lines will 
experimentally verified. 
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Printed Loop Coupler for the HESR Stochastic Cooling System 
 

R. Stassen, P. Brittner, H. Singer, G. Schug  
 
The design of the High-Energy Storage Ring (HESR) of the 
future international Facility for Antiproton and Ion 
Research (FAIR) [1] at the GSI in Darmstadt includes 
electron and stochastic cooling. Simulations have shown 
that the bandwidth of a 2-4 GHz stochastic cooling system 
is sufficient to achieve the requested beam quality at the 
internal target [2]. New 2-4 GHz pickup structures have 
been developed and tested mainly for transversal operation. 
The printed loop boards have been constructed as a part of a 
universal modular octagonal structure. Different modes of 
signal combinations outside the vacuum envelopes will 
allow to pick up different transversal beam positions as a 
part e.g. of a core or a halo cooling system. 

  
Fig.1: Printed loop couplers (the grid of the ruler is 1cm) 

including the combiners: a) combiner side, b) beam 
side 

The lambda/4 loops of the 2-4GHz system are part of the 
combiner boards. This simplified the whole structure and 
minimized the fabrication costs. Top and bottom side of the 
first lambda/4-loop test-board are shown in Fig. 1.The low 
aperture in the HESR and the possibility to gain sensitivity 
by combining different electrode rows supersede the 
necessity of moving electrode bars. The base material for 
the lambda/4 loops is the temperature compensated TMM3 
[3] with a low permittivity of εr=3.27. A microstrip ring 
resonator built at this material has been cooled down to 
77K. The resonator frequency changed by less than 1.40/00. 
Thus no significant parameter change between cold pickup 
and warm kicker operation is expected. 
A first check at the vacuum test stand has shown that the 
material is well compatible with the vacuum conditions of 
the HESR. 

 
Fig. 2: Octagonal pickup structure, equipped with 6 λ/4-

electrode rows  

The couplers have been tested in an air-filled microstrip test 
bench to compare the sensitivity of the new simpler coupler 
to that of the COSY band 2 electrodes. The width of the 
COSY loops is the same as that of the printed loops. Even 
the number of combined loops is the same, thus a direct 
comparison is possible. Fig. 3 shows the cooling pickup 
structure of COSY [4] which was adapted from the CERN 
AC structure [5]. 

a) 

b) 
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Fig. 3: COSY cooling structure and test bench. The length 
in the beam direction reaches about 0.25m (8 
electrodes). 

The results of the measurements are presented in Fig. 4. 
Although the printed loops have been optimized for a 
frequency range of 2-4 GHz the measurements shows that 
these loops have the same transversal sensitivity as the 
COSY loops and can be used even at a larger frequency 
band. 

-60

-50

-40

-30

-20

-10

0

0 1 2 3 4 5

Frequency / GHz

S2
1 

/ d
B

COSY loop printed loop

  
Fig. 4: Comparison of COSY-loop and printed-loop 

structures using the test bench of Fig. 3.  
 
The transversal sensitivity of the octagonal structure has 
been measured using a 30mm inner conductor with a 
coaxial transition to 50 Ohm as a beam replacement. The 
signal of a vertical beam displacement was gained by 
following three steps: 

• addition of the powers of each board pair adjacent 
to their middle boards, 

• combining these signals with that of the 
corresponding adjacent middle board, 

• subtraction of the signals of both groups of three 
boards. 

The difference signal of a 7mm displacement was about 
10dB higher than the one of a centred inner conductor over 
the whole frequency range (2-4GHz). 

In a next step we will compare the corresponding transverse 
sensitivity to that of a stack of ring-slot couplers [6]. 
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Investigation of the Operation Regimes with the Moscow-Jülich Pellet Target* 
 

 A. Boukharova, M. Büscherb, V. Balanutsac ,V. Chernetskyc, A. Demekhinc, P. Fedoretsb,c, A. Gerasimovc, 
L. Gusevc, I. Marysheva, S. Podchaskyc, A. Semenova 

 
The tests with the Pellet Target in 2006 focused on the 
investigation of cooling regimes of the cryogenic gases 
which are used for the production of thin cryogenic jets. 
According to our previous studies, the size and velocity 
variations of the droplets before the first sluice critically 
depend on the temperature and velocity stability of the 
jet when emanating from the nozzle. Excellent droplet 
stability in turn is crucial for a minimal velocity spread 
and a narrow angular distribution of the pellets at the 
sluice outlet and at the interaction point with the accel-
erator beam. The tests have been performed with jet 
diameters of 10–20 µm. In order to work with such 
small diameters of jets, the droplet generator and the 
temperature-measurement system in the condenser and 
in the droplet generator have been modified.  

Temperature monitoring inside the cryostat has been 
realized with a set of specially calibrated sensors TG-
120-SD from Lake Shore Cryotronics which are shown 
in Fig.1.  

 

Fig 1: Positions of the temperature sensors  at the con-
densor and the triple point chamber 

 

Liquefaction of the cryogenic gas in the condenser has 
been controlled by sensor T1. The control of tempera-
ture in the droplet generator has been achieved with 

sensors T2 and T3 located directly on the droplet genera-
tor. The input gas temperature of the condenser has been 
controlled with T4, fixed on the input tube. The tem-
perature of the cold He gas for cooling in the condenser 
has been monitored by T7. The cold evaporated He gas 
was used during the tests for liquefaction of N2 and H2. 
For liquefaction of Ar evaporated nitrogen has been 
utilized. The control of the upper and lower parts of the 
triple point chamber was realized with T5 and T8. The 
sluice temperature was obtained from T6, installed on 
the bottom of the triple point chamber. The sensor in-
formation has been read and digitized by block Thermo-
meters 208 from Lake Shore Cryotronics and a PC. The 
accuracy of the temperature measurements was ±0.3 K. 
The software performs the data analysis and produces 
plots of temperature distributions. During the tests, the 
dependence of the temperature gradient in the condenser 
and in the droplet generator from the expense and tem-
perature of the cold evaporated He coming into the con-
denser has been studied. 

A stroboscope 
� �

-MPEI and a Pro.imaging PixelFly 
digital video-camera have been used to control the drop-
let-production process. The stroboscope illuminated the 
jet and droplets with short light impulses (duration 
around 1 µs). The stroboscope has been triggered by a 
signal with a frequency which was synchronous with the 
frequency of the signal in the droplet generator. The 
digital camera has been applied for detection of the 
processes taking place during the droplet formation.  

After analysis of the temperature data, the cooling pa-
rameters providing minimal temperature gradients have 
been defined. The monodispere jet decay from N2 and 
H2 has been detected at the minimal temperature gradi-
ent. The photos of decays and their parameters are pre-
sented in Fig.2 and in Table 1. 

 

Table 1: Parameters of the jets from Fig. 2. 

 N2 H2 

TPC temperature (K) 74 17 

TPC pressure (mbar) 300 130 

Nozzle frequency f (kHz) 14 24 

Jet diameter D0 (� m) 17 12 

Jet velocity vjet (m/s) 1.4 1.5 

 

 

Figure 2 shows the breakup of N2 and H2 jets in the tri-
ple-point chamber (TPC) of our drop generator for pa-
rameters as given in Table 1. The photos exhibit the first 
observation of satellite-free and mono-disperse drop 
production from cryogenic liquids.  
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Fig. 2: Satellite-free and mono-disperse disintegration 
of N2 (left) and H2 (right) jets.  

Besides of tests with nitrogen and hydrogen, tests for 
production of Argon jets have been performed with the 
same experimental facility. The Ar enters the condenser 
through a specially constructed gas line. This allowed us 
to avoid premature freezing of the Ar. For Ar liquefac-
tion cold evaporated nitrogen from the nitrogen bath 
was used instead of the cold He gas. Thin jets of liquid 
Ar have been observed, see Fig.3 and Table 2. 

  

Fig. 3: Jets from Ar in the triple point chamber at differ-
ent pressure values. 
TPC pressure = 300 mbar (left) 
TPC pressure = 700 mbar (right) 

 

The analysis of the data shows, that as lower pressure in 
the triple point chamber, the more stable are the jet.  

 

Table 2: Parameters of the jets from Fig. 3. 

 Ar Ar 

TPC temperature (K) 83 83 

TPC pressure (mbar) 300 700 

Jet diameter D0 (� m) 12 12 
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Modifications of the HESR Layout for Polarized Antiproton-Proton Physics 
 

A. Lehrach1 for the HESR consortium and PAX collaboration 
 
The HESR at FAIR is being designed to accelerate and 
store unpolarized antiprotons in the momentum range from 
1.5 to 15 GeV/c [1]. Two experimental collaborations 
(ASSIA [2] and PAX [3]) expressed interest in spin physics 
experiments utilizing the HESR. This would require the 
generation of polarized protons in a state-of-the-art 
polarized ion-source and advanced techniques to produce 
polarized antiprotons [4]. Additional equipment has to be 
implemented at several machines of the acceleration chain 
to measure and preserve the beam’s polarization. Required 
modifications and extensions of the accelerator layout are 
discussed and luminosity estimates presented [5]. 
The proposed extension of the FAIR accelerator scheme for 
polarized beams can be found in [5,6,7]. Unpolarized 
antiproton beams will be injected from RESR into the 
Cooler Synchrotron Ring CSR at roughly 3.8 GeV/c (3 
GeV), decelerated down to 730 MeV/c (250 MeV) and 
electron cooled. Then the beam is transferred into a 
dedicated antiproton polarizer ring APR, where the 
polarization build-up takes place. The polarized antiproton 
beam is then transferred back to the CSR. Polarized protons 
can be delivered by a standard polarized proton source, the 
planned 70 MeV Linac and the existing SIS18. Both 
polarized beams can then be provided for fixed target or 
colliding beam experiments in CSR and HESR.  
Polarized antiprotons can be produced in a large acceptance 
Antiproton Polarizer Ring APR by spin-dependent 
interaction in a pure hydrogen gas target. Spin-filtering has 
been established experimentally at the Test Storage Ring 
TSR (MPI Heidelberg) in 1992 [8]. Presently the main 
parameters for the APR are: beam energy of 250 MeV, and 
maximum ring acceptance of 250 mm·mrad [9]. A 
solenoidal Siberian snake has to be added to provide a 
longitudinal invariant spin axis at the interaction point to 
enforce the polarization build-up. 
Since the CSR ring will be very similar to COSY, the same 
techniques to overcome depolarizing resonances can be 
applied. For a ramping rate of 1 GeV/c per second adiabatic 
spin flips can be excited by vertical orbit bumps of 1 mrad 
or a 0.5% partial snake at all five imperfection resonances. 
A super-periodicity for the magnet structure of one is 
expected due to symmetry breaking modifications in the 
interaction region and strong magnetic fields of the electron 
cooling system, leading to eleven intrinsic resonances. For 
a normalized emittance of 1 mm·mrad the maximum 
resonance strength is approximately 10-3 and the COSY 
tune-jump system would be suitable for the CSR. For the 
collider options the CSR will be equipped with a Siberian 
snake.  
The SIS18 magnet structure consists of 12 super-periods. 
Only one intrinsic resonance has to be crossed up to 2 GeV. 
Its resonance strength is below 10-3 for a normalized 
emittance of 1 mm·mrad. In this case tune-jumping can be 
applied. For the high-intensity mode of SIS18 vertical 
emittances of up to 20 mm·mrad (normalized) are discussed 
[1]. The resonance strength would roughly be five times 
stronger and tune-jumping would become complicated due 
to increased jump width and speed. In addition four 
imperfection resonances have to be overcome. Since the 
specified ramping rate of SIS18 is larger than 1 GeV/c per 
0.05s, at least a 3% partial snake is required. A small beam 

emittance for efficient tune-jumping and a lower 
acceleration rate to reduce the snake strength would be 
beneficial for polarized beam acceleration in SIS18. 
In the momentum range of the HESR 25 imperfection 
resonances and 50 intrinsic resonances have to be crossed. 
In addition 50 depolarizing coupling resonances are 
expected, due to strong solenoids in the electron cooler and 
target section. The strength of the resonances is ranging 
from 10-2 to 10-5 for the expected beam parameter with a 
normalized emittance of 1 mm·mrad. To guarantee low 
polarization losses during acceleration, a Siberian snake 
scheme has been specified [6,7].  
In a first stage experiments with polarized antiproton beam 
and polarized hydrogen gas targets are planned. For the 
specified antiproton production rate maximum luminosities 
with polarized internal targets of 0.6 to 4.2·1031 cm-2·s-1 (1.5 
to 15 GeV/c) are possible [5], depending on the beam 
momentum. 
The PAX collaboration proposed an asymmetric collider 
concept [6], where the polarized beam in the CSR with 
maximum momentum of 3.5 GeV/c collides with a 
polarized beam of up to 15 GeV/c in HESR. The limits for 
luminosities are determined by the antiproton production 
rate, cooling force of electron cooling, intra-beam 
scattering, space charge at injection, and beam-beam 
parameter. Estimates indicate that maximum values above 
1031 cm-2·s-1 are challenging [5]. A symmetric collider 
scheme (both beams colliding at 15 GeV/c in the HESR) is 
also proposed [7].   
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Lattice studies for low-beta sections at COSY and AD of CERN for spin-filtering studies

A. Garishvilib,c, P. Lenisad , B. Lorentza, S. Martina, M. Staterad and F. Rathmanna

In the framework of the FAIR [1] project, the PAX collabora-
tion has suggested new experiments using polarized antipro-
tons [2] . The central physics issue is now to study the polar-
ization build-up by spin filtering of antiprotons via multiple
passage through an internal polarized gas target. The goals
for spin-filtering experiments with protons at COSY are to
test our understanding of the spin-filtering processes and to
commission the setup for the experiments with antiprotons
at the Antiproton Decelerator (CERN). Spin-filtering experi-
ments with antiprotons at the AD will allow us to determine
the total spin-dependent transversal and longitudinal cross
sections.

Fig. 1:The low beta section at COSY.

The COSY ring has an acceptance of 30π mm mrad and
magnetic rigidity of 12.34 Tm which implies a maximum
momentum of 3.7 GeV/c for the stored protons. After cool-
ing, the beam has an emittance of 3π mm mrad. The low-
est beta function reachable with the present lattice settings is
about 2 m. The spin-filtering tests request the use of a small
cross section storage cell to produce a high-density polarized
target. For this reason a new low beta section has to be im-
plemented in the fing at TP1. The total available space at that
position is 3.4 m.

Fig. 2: Distribution of the beta functions along the low beta
section. Red magnets are existing COSY quads, green
new low beta quads.

The scheme of the new low beta section is presented in
Figure 1. The section is composed of two superconducting
quadrupole magnets on each side of the target with a length
of 40 cm. Drift space between the magnets is 10 cm. For the
target, 116 cm space is reserved.
The betatron amplitude function (beta function) in the low-
beta section has been calculated by fixing the original input
lattice parameters (αx,αy,βx andβy) at the beginning of the
available space and matching them to the original input pa-
rameters at the end of the available space. The highest fo-
cusing strength for corresponding quadrupoles is 5.5m−2.
The minimum beta functions at the center of the target are
βx=0.436 m andβy=0.497 m.
The maxima of the beta functions in the low-beta section are
around 10m, which will allow to inject in the target cell also
an uncooled beam (Figure 3).

Fig. 3:Beam envelope at the cell. Dark blue lines areRx, red
lines Ry. Solid lines are uncooled beam, and dashed
lines cooled beam. Blue lines show the size of the cell
(10 mm).

At COSY, thanks to the ring telescopic mode in the straight
sections, it will be possible to turn on and off the low-beta
section during the running by compensating the phase ad-
vance with the regular COSY quadrupoles.
The AD ring at Cern presents a magnetic rigidity of 12.07
Tm which implies maximum momentum of 3.57 GeV/c. The
horizontal acceptance of the machine 220π mm mrad and
the vertical 190π mm mrad. At the lowest energy (50 MeV)
the beam emittance in both planes goes down to around 5
π mm mrad. The present beta functions are higher than 2
m, therefore a new low-beta section has to be installed here
as well. The available space for the low-beta section is 5.67
m. provided that one of the existing AD quadrupoles at the
center of the straight section at the AD. A preliminary design
of the low-beta section at the AD is shown at Figure 4.
At the AD an additional SuperConductiong quadrupole
(identical to the others) is requested on each side of the tar-
get. In the design the space foreseen of the target is longer
than at COSY (1.67 m). The gap between the additional and
the quadrupoles used at COSY is 40 cm.
The distribution of the low beta function has been calculated
in an analogous way as in COSY and is shown in Figure 5.
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Fig. 4:The low beta section at the AD.

The highest focusing strength for corresponding quadrupoles
is 4.84m−2. The minimum beta functions at the center of
the target areβx=0.37m andβy=0.55m. The maximum beta
function in the low-beta section is around 12.5m.

Fig. 5:The distribution of beta functions at low beta section
at the AD.

As it can be deduced from Figure 6, the uncooled beam can-
not be injected through the target cell. For this reason, at the
AD, we have to open the cell by about 2cm, before beam will
be cooled.
At the AD the low beta section has to be turn on during the
whole deceleration cycle.
In total, the low-beta section will require the production of
six new superconducting quadrupoles. The gradient of the
magnetg is given by:

g =
BP

R1
(1)

whereBP is pole tip field andR1 is the inner radius of current.
The requirement forR1 is:

R1 = d1 + d2+ d3 (2)

where d1 is the beam envelope (beam radius, determined
from optics calculation) plus 10 mm safety margin for closed
orbit deviation,d2 is the space for the vacuum chamber,
which is 2 mm, andd3 is the required gap between vacuum
chamber and the inner radius of current (5 mm). The beam
envelope is

R =

√

ε×β (3)

Fig. 6:Beam envelope at the cell. Dark blue lines are Rx, red
lines Ry. Solid lines are uncooled beam, and dashed
lines cooled beam. Blue lines show the size of the cell
(10 mm).

whereβ is the betatron amplitude function,ε is the beam
emittance.
With the calculated maximum beta function in the target re-
gion of 12.5 m,R1 should be 67 mm. Field calculations for
a quadrupole magnet design yield for thisR1 a pole tip field
Bp=5.6 T. The focusing strength of the magnet is

K =
g

Bρ
(4)

whereBρ is the magnetic rigidity andK is the gradient. With
given pole tip field the required focusing strength can be
reached.
In more details, our studies can be found in the talk [3] .
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Simulation of antiproton interaction with silicon

G. Macharashvilia

The PAX collaboration recently suggested to study the po-
larization build-up in an antiproton beam at the AD-ring of
CERN at energies in the range of 50−200 MeV [1]. The po-
larization build-up by spin filtering of stored antiprotons by
multiple passage through a polarized internal hydrogen gas
target gives a direct access to the spin dependence of the p̄p
total cross section.

An important subject is the development of a detector sys-
tem that allows one to efficiently determine the polarizations
of beam and target. Such a system based on silicon mi-
crostrip detectors has recently been developed at IKP [2].

A simulation study has been carried out in order to
estimate the p̄ interaction with silicon detector layers of
different thickness, where experimental data are scarce.
The physics processes simulation package, included in
GEANT4, contains the chiral invariant phase-space decay
model (CHIPS) [3] which makes possible to simulate p̄ an-
nihilation in different materials. The model, recently added
to the GEANT4 hadronic physics package, is well tested for
pp̄ annihilation using two-particle final state branchings.

The distribution of the number of the secondary particles
produced in p̄ annihilation is shown in Fig. 1(a). The distri-
bution of the sum of the kinetic energies of all these secon-
daries, i.e. the energy which can potentially be deposited in a
medium, is shown in Fig.1(b).
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Fig. 1: (a) Number of secondaries in p̄ annihilation; (b) Sum
of kinetic energies of secondaries.

Antiprotons of fixed kinetic energy (in the range 0.1 <
Ek < 50MeV ) were directed to the detector containing three
silicon layers of 70, 300, and 5000 µm thickness. These three
layers are stacked perpendicularly to the antiproton beam
axis with a distance from the 1st layer to the 2nd layer of
15 mm, and a distance of 20 mm from the 2nd to the 3rd layer.
The deposited energy in a layer is determined from the sum
of the deposited energies of all secondaries in a 1× 1 mm2

area. The corresponding spectra of the deposited energies in
case of antiproton annihilations are shown in Fig. 2(a)-(d).

The main part of the deposited energy is produced by var-
ious ions (from deuterons up to 28Si) generated in the p̄ anni-
hilation process. If antiprotons pass the detector layer, the en-
ergy deposition does not differ from that for protons. The en-
ergy dependence of the antiproton range in silicon is shown
in Fig. 3.

In case of antiproton annihilation the deposited energy is
almost independent on the kinetic energy of the antiproton. It
depends mainly on the thickness of the layer and the annihi-
lation depth. In thin layers most of the ionizing secondaries
leave the sensitive volume. The slight difference of the spec-
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Fig. 2: Spectra of the deposited energy for silicon layers of
(a) 70 µm, (b) 300 µm, (c) 5 mm (10 MeV), and (d)
5 mm (20 MeV) thickness.
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Fig. 3: Energy dependence of the antiproton range in silicon.

tra for the 5 mm layer (see Fig. 3(c) and (d)) at different en-
ergies is also caused by different depths of the annihillation
point. The mean values of annihilation depths are 0.6 mm
for (c) and 2.4 mm for (d), respectively. In order to detect
antiprotons by the annihilation signal, we can use degraders
in front of silicon detector to reduce the p̄ kinetic energy to a
proper value.
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Gas Electron Multipliers as candidates for fast tracking detectors

V. Serdyuk1,2, P. Kulessa4, J.Majewski3, H. Ohm1, Y. Petukhov2, K. Pysz4, M. Janusz1,3, L. Yurev1,2

The technology of Gas Electron Multiplier(GEM) invented
by F. Sauli [1] attracts big interest during the last years and
starts to be widely used in present experiments and developed
for the future projects [2, 3]. Investigations of GEM have
been performed since they are considered as potential candi-
dates for application in future tracking devices of the ANKE
and WASA experiments. The main component is a polymer
foil metallized on both sides which is pierced by a regular
pattern of holes. Upon application of high voltage across the
foil the high electric field inside the holes permits gas mul-
tiplication. Several GEM stages can be coupled together to
give sufficient gain for single-electron detection. Amplified
charges are collected on pad or strip structures for position
determination. The advantage of GEM amplification stages
is a fast responce and high-rate capability since the signalis
mainly due to the fast electron component.
We have combined a 10×10cm2 GEM foil with 70 µm holes
and a pitch of 140µm obtained from 3M company with a
plane multiwire drift chamber. The GEM foil replaces one
of the two cathodes foils between which the anode wires are
positioned. On the outer side of the GEM foil there is a 35
mm drift space which is closed by the drift electrode. Elec-
trons liberated in the drift space are captured by the electric
field in the holes of the GEM-foil and electron clusters after
amplification are then transfered in the drift chamber where
further amplification takes place.
A similar idea but without GEM premplifier was exploited
in the PHENIX experiment [4] where tracking and the pion-
electron discrimination in the momenta region between 200
MeV/c and 2.5 GeV/c was realized by multiple measurement
of the particles ionization losses in a special drift volumeof
the wire chamber.
GEM gives and additional gain in the overall amplification
which is helpfull to detect single electron ionization clus-
ters. The possibility to share the overall charge amplification
between GEM and the wire chamber gives a flexibility to
optimize the electric field in the drift region from the point
of view of electron diffusion and charge transfer efficiency.
Additional drift chambers below and above the GEM drift
chamber together with scintillation counters serve as an ex-
ternal tracker and triger for cosmic muons. For the readout
of the drift chamber signals CMP16 amplifier-discriminator
boards were used together with a F1 TDC.
The GEM drift chamber was operated using different gas
mixtures and electrical potentials, see Tab.1

Table 1

Gas mixture Voltage across GEM Drift field
80%Ar +20%C2H6 380 V 220 V/cm

85%CF4 +15%C2H6 480 V 505 and 591 V/cm
70%Ar +30%CO2 450 V 386 and 529 V/cm

80%CO2 +20%C2H6 500 V 500 V/cm

A typical drift time spectrum for one wire obtained with a gas
mixture 80%Ar + 20%C2H6 is shown on the fig.1. A time
spectrum from the drift gap as well as a peak correspond-
ing to particles which cross the cell of the drift chamber are
clearly visible. The mixture 80%CO2+20%C2H6 was found

optimal for cluster counting due to smaller drift velocity and
good quenching properties. Multiple hits time distributions
were registered with a TDC F1 (up to 7 hits per trigger)
which validate the feasibility of the method. Further inves-
tigation with higher multihit and faster electronics are fore-
seen.
A tripple GEM prototype out of the same type of GEM foils
was built in order to test the design and measure the gas am-
plification. An amplification of about 3×106 was measured
in a gas mixture 80%Ar + 20%C2H6 at GEM high voltage
≈360 V by measuring the current in the detector while ex-
posing it with aγ source55Fe.
The basic applications of detector based on GEM are high
rate trackers and Time Projection Chambers.
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Fig. 1:A typical drift time spectrum for one anode wire, 80%Ar +

20%C2H6, GEM H.V. = 380 V,Edr = 220V/cm
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Development of a Large-Volume Si(Li) Compton Polarimeter 

D. Protić 
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Recent developments of large-volume Si(Li) orthogonal-

strip detectors [1] have attracted particular attention for 

applications in the field of x-ray polarimetry [2] and 

Compton imaging [3]. For photon energies below 140 keV 

a Compton polarimeter based on a large-volume two-

dimensional Si(Li) strip detector should clearly outperform 

similar systems utilizing germanium or cadmium telluride. 

Therefore, a powerful Si(Li) Compton polarimeter has 

being constructed for x-ray spectroscopy and polarization 

studies on highly-charged heavy ions at GSI-Darmstadt. 

The polarimeter consists out of a large-volume double-

sided Si(Li) strip detector (2 x 32 strips) mounted in a 

cryostat attached on a commercial dewar and 2 x 32 

preamplifiers in a housing placed near the detector. 

Whereas the cryostat, the detector holder, preamplifiers 

and their housing have already been manufactured and 

tested, the Si(Li) detector itself is still being prepared. 

Whereas the cryostat, the detector holder, preamplifiers 

and their housing have already been manufactured and 

tested (Fig. 1 and Fig. 2), the Si(Li) detector itself is still 

being prepared [4]. 

A 15 mm thick diode having 4” in diameter is being in Li-

drift process. The thickness of the already Li-compensated 

region amounts to 11.5 mm. At this stage an excessive 

reverse current prevents applying of higher bias voltages 

so that the Li-drift process is slowed down [4]. In the 

meantime the cause of the excessive reverse current was 

identified. After removing of an outer part of the diode we 

expect better reverse current and the completion of the Li-

compensation process. 

 

Figure 1: View of the Si(Li) polarimeter with open 

cryostat cap. In the center part of the cryostat there are the 

mounted detector-dummy and the PCBs. 

 

For the beginning a just finished 9.4 mm thick Si(Li) 

detector will be soon mounted into the cryostat. Both 

contacts, the boron-implanted p
+
-contact and the thin Li-

diffused n-contact, received the same strip structure 

(orthogonally oriented) consisting of 32 strips on an area 

of 64 mm x 64 mm, surrounded by a ~8 mm wide guard-

ring. The same position-sensitive structure is destined also 

for the 15 mm thick detector. 

Any orientation of the polarimeter will be possible due to 

the special dewar (commercially available) that prevents 

the loss of liquid nitrogen at any position. Low capacitance 

feedthroughs will be applied to achieve a good energy 

resolution. Using proved preamplifiers supplied by MTA-

ITA-LAI-Budapest (Hungary) an energy resolution below 

2 keV will be possible. 

 

Figure. 2: View of a part of the PCBs with the charge-

sensitive preamplifiers. 
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Position-Sensitive Si(Li) Transmission Detectors for the EXL-Experiments at GSI-Darmstadt 
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A large target-recoil detector will be constructed for the 

future EXL-experiments (EXotic nuclei studied in Light-

ion induced reactions) at the NESR storage ring of the 

future FAIR project at GSI-Darmstadt [1]. As a part of the 

recoil detector, position-sensitive Si(Li) transmission 

detectors (5 to 9 mm thick) are intended for construction 

of ∆E-E charged-particle telescopes. Si(Li) detectors of 

transmission type has been an important aspect concerning 

the total-energy measurement for target recoils 

transversing the silicon ∆E-E telescopes and stopped in 

inorganic scintillators placed behind the telescopes. 

Two ~6.5 mm thick Si(Li) transmission detectors equipped 

with 8 pads on the implanted p+-contact have been 

prepared for the test measurements at ESR (GSI-

Darmstadt). To relieve the efforts for the first experiments 

a telescope configuration and position-sensitive structure 

very similar to that of the MUST2 experiment (SACLAY, 

ORSAY and GANIL) have been applied [2], but with 

UHV-capable components. 

 

 

The schematic view of the Si(Li) transmission detector is 

presented in Fig. 1. The Si(Li) detector in the UHV-

compatible housing is shown in Fig. 2. 

 

 

Figure 1: Schematic view of the Si(Li) transmission 

detector. 

 

 

The results of the test measurements in the laboratory 

confirm that the predetermined specifications, listed in 

Table 1, have been fulfilled.  

 

Some of these results were presented at IEEE Nucl. Sci. 

Symp., San Diego, Nov. 2006. Test measurements in UHV 

environment will be performed inside the ESR-ring at 

GSI-Darmstadt. 

 

 

Figure 2: The Si(Li) detector in the UHV-compatible 

housing. 

 

 

Table 1: Predetermined specifications of the Si(Li) 

detectors. 
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Electronics Laboratory

C.Berchem, N.Dolfus, W.Ernst, R.Nellen, J.Sarkadi, H.Schiffer, T.Sefzick

The activities of the IKP Electronics Laboratory can be as-
signed to mainly the following three topics:

Electronics and Data Acquisition for experiments
For the straw chamber project atTOF the ongoing develop-
ment of pre–amplifiers and signal conversion circuitry has
been continued. Adapter boards and system crates for the
ASD8 bases readout system were finally developed and pro-
duced. Connection units consisting of 0,5mm thick coaxial
cables, connecting the pre–amplifiers and the ASD8 circuitry
were produced for appr. 1000 channels. The development of
a vacuum and light tight printed circuit board carrying 3000
high density feedthrough contacts is ongoing.
For the spectator detector atANKE extensive support was
given to the ADC development at ZEL. Because of perma-
nent failures in the low–voltage, high–current (±5V, 2A),
low–cost(!) power supplies due to manufacturing faults all
existing units were re–worked. Additional units will consist
of more reliable power supplies which are under test.
The atomic beam source (ABS) setup for the polarized in-
ternal target was (PIT) rebuilt within theANKE experiment
and tested. A new gas inlet system was designed, built, and
tested, this comprised design of logic circuits, modifications
of the user interface and of the control program inside the
PLCs. For positioning of the target cell a xy–table was de-
signed and tested. The vacuum system interlock of the Lamb
shift polarimeter was successfully tested. For process visual-
ization a new embedded controller was taken into operation,
running WinCC under Windows XP. The existing application
was adapted to the new environment and extensively tested.
The interlock system needed to protect detectors atANKE
and in laboratory setups against damage in case of vacuum
leakage was extended by HPT vacuum gauges which were
implemented into the Profibus gateway.
For the atomic beam source (ABS) setup to be built at the
PAX detector the electrical specifications of the whole sys-
tem were developed, power and signal distributor boxes and
the process visualization system were designed.
For the ATRAP–II experiment additional pre–amplifiers
were produced and tested. Power supplies were modified,
and the whole system was installed at CERN.
In 2006 theWASA experiment consumed most of our labo-
ratory resources. Active and passive splitter boxes for 1900
detector channels, including crates containing the splitter
boxes and the necessary power supplies, were developed,
produced, and successfully tested. The same applies for the
summing amplifiers which were developed with the help
of I.Mohos. The splitter boxes fulfil all the requirements
concerning crosstalk and impedance matching. The cables
needed to connect the detector channels to the readout elec-
tronics were procured and produced, or modified if the exist-
ing cables met the requirements at the new detector location.
The handling of materials procurement for electronic compo-
nents and the readout system, which was developed and build
mainly at ZEL, was done by our laboratory. Various control
and display units for the gas mixing system of the straw de-
tectors at WASA were designed and built. Moreover, we as-
sisted the development of amplifiers and discriminators for
the detector part MDC and FPC.

Thepionic hydrogen experiment at PSI was dismantled and
the detector part of the crystal spectrometer was rebuilt in
Jülich.
Within a collaboration with the Atomic Energy Authority
Nuclear Research Center in Cairo/Egypt the cyclotron there
will get a new Simatic S7 based vacuum control system. For
this purpose various signal distributors for the S7 control
units were designed and built here and installed and taken
into operation on–site.
For the detector laboratory a liquid level control device for
temperature controlled water baths was developed and built.
It is based on a conductance measurement using AC to pre-
vent electrolytic effects.
COSY diagnostics
Maintenance was provided for the multi–wire chambers for
beam diagnostics in the extraction beamlines und for the
viewer cameras. This also included repair of broken com-
ponents, e.g. power supplies.
Computer network
After planning and measurements the installation of wire-
less LAN access points in the institute, COSY, and cy-
clotron buildings still awaits completion. For the installation
in building 09.6 (COSY office building with accommodation
facility) new WLAN components were tested. Frequent sup-
port was granted to ensure continuous operation of the exist-
ing networks.
Miscellaneous
Like every year substantial support was given with regard to
short term maintenance and repair or replacement of elec-
tronics. In some cases the urgent demand didn’t allow a time
consuming outside repair procedure, in other cases the man-
ufacturer doesn’t even exists anymore, but the electronicscan
not be replaced easily, or the manufacturer was unable to per-
form the repair.
Prototypes and small series of cables or electronics, for
which an outside production would not have been reason-
able, were delegated to infrastructure facilities or done here,
mainly by trainees and student auxiliary workers.
The standard data acquisition systems at several COSY ex-
periments were taken care of to assure stable operation dur-
ing several beamtimes.
In addition, some members of our laboratory supported ex-
periments by taking over shifts at beamtimes, mainly at
COSY–11.
Regarding S7 systems continuous support was given to the
radiation safety division and to the cyclotron group.
Part time supervision of a diploma students of the FH Aachen
was provided in the field of process automation.
A revision of the IKP webpages is under way, some of the
pages have been replaced already.
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Universität Erlangen, Institut für Theoretische Physik, seminar talk
Erlangen: 26.01.2006
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50. Meißner, U.-G.
Modern theory of nuclear forces
IVth International Conference on Quarks and Nuclear Physics (QNP06)
Madrid, Spain: 05. – 10.06.2006
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53. Meißner, U.-G.
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Hadron TH’06 Workshop
Peniscola, Spain : 07. – 09.09.2006
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5th International Workshop on Chiral Dynamics: Theory and Experiment (CD 06)
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57. Meißner, U.-G.
Chiral dynamics with (non)strange quarks
Transregio 16: Tagung des Sonderforschungsbereichs
Bommerholz: 27. – 28.11.2006
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20.02.2006 – 26.02.2006

61. Nikolaev, N.N.
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QCD Physics with Antiprotons at FAIR GSI
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64. Nogga, A.
Chiral 3N interactions and p-shell nuclei
Los Alamos National Lab, Seminar
Los Alamos: 12.01.2006
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65. Nogga, A.
RG and EFT for nuclear forces
ECT∗ School on RG and Effective Field Theory Approaches to Nuclear Systems: 3 lectures
Trento, Italy: 27.02. – 10.03.2006

66. Nogga, A.
EFT approach
Workshop on Electron-Nucleus Scattering-IX
Isola d’Elba, Italy: 19. – 23.06.2006

67. Nogga, A.
Chirale und Niederimpulswechselwirkungen: ein systematischer Zugang zur Kernphysik
Universität Gießen, Seminar
Gießen: 14.07.2006

68. Nogga, A.
Application of chiral nuclear forces to light nuclei
5th International Workshop on Chiral Dynamics (CD06)
Duke University, Durham, Chapel Hill: 18. – 22.09.2006

69. Nogga, A.
Chiral nuclear interactions: a systematic approach to nuclear structure
University of Vancouver, TRIUMF, Seminar
Vancouver, Canada: 28.11.2006

70. Nogga, A.
Chirale und Niederimpulswechselwirkungen: ein systematischer Zugang zur Kernphysik
Technische Universität München, Seminar
München: 27.10.2006

71. Nogga, A.
Nuclear bound state predictions for chiral interactions
Workshop on QCD and Few-Hadron Systems
Bad Honnef: 13. – 17.11.2006

72. Oelert, W.
Experimente mit der Antimaterie — die geheimnsivolle Materie aus Antiteilchen
Universität Bonn, Kolloquium
Bonn: 28.04.2006

73. Oelert, W.
Experiments on making atoms totally of antimatter — why and how
Silesian University Katowice : Department of Physics, Kolloquium
Katowice, Poland: 17.01.2006

74. Oelert, W.
General thoughts to the Kaon pair production in the threshold region
MESON2006: 9th International Workshop on Meson Production, Properties and Interaction
Cracow, Poland: 09. – 13.06.2006

75. Oelert, W.
Physics with low Energy Antiprotons
Workshop on p̄ Physics
Trento, Italy: 06.07.2006

76. Polinder, H.
Hyperon-nucleon interactions in effective field theory
IX International Conference on Hypernuclear and Strange Particle Physics
Mainz: 12.10.2006

77. Polinder, H.
Hyperon-nucleon interactions in effective field theory
Workshop on QCD and Few-Hadron Systems, 380th International Wilhelm und Else Heraeus Seminar
Bad Honnef: 16.11.2006
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78. Ritman, J.
Physics with Antiprotons at FAIR
International Graduate School Basel-Tuebingen, Colloquium
Basel, Switzerland: 05.05.2006

79. Ritman, J.
Precision spectroscopy in the charmonium mass region using antiproton annihilation: PANDA at FAIR
Conference on Hadron Physics
Trento, Italy: 07.07.2006

80. Ritman, J.
Investigation of Fundamental Symmetries in Hadronic Systems: WASA at COSY
Technische Universität München, Colloquium
München: 27.07.2006

81. Ritman, J.
Charmonium Physics with PANDA at FAIR
Heavy Quarks and Leptons Conference
München: 17.10.2006

82. Ritman, J.
Symmetieverletzungen in der Hadronen-Physik
Ruhr Universität Bochum, Colloquium
Bochum: 04.12.2006

83. Schadmand, S.
Hadron Physics at COSY with the WASA Detector
Universität Mainz, Kernphysikalisches Institut, Seminar
Mainz: 02.01.2006

84. Schadmand, S.
Chasing Symmetries with WASA at COSY
Joint Symposium on Hadron Physics, GSI/Mainz, GSI/Darmstadt
Darmstadt: 26. – 27.01.2006

85. Schadmand, S.
Future Physics with WASA at COSY
QNP06: IVth International Conference on Quarks and Nuclear Physics
Madrid, Spain: 05. – 10.06.2006

86. Schadmand, S.
Two Pion Production from Nuclei
New Frontiers in QCD, Exotic Hadrons and Hadronic Matter: Yukawa International Seminar (YKIS) 2006
Kyoto, Japan: 04. – 08.12.2006

87. Speth, J.
Migdal’s theory of finite Fermi systems, Nuclear Physics Seminar
Institute of Nuclear Physics, Colloquium
Cracow, Poland: 19.10.2006

88. Speth, J.
From Nuclear Physics to Financial Markets
Institute of Nuclear Physics, Colloquium
Cracow, Poland: 16.11.2006

89. Stassen, R.
Stochastisches Kühlsystem am Beispiel COSY und Weiterentwicklungen für HESR/FAIR
Universität Darmstadt, seminar talk
Darmstadt: 14.11.2006

90. Ströher, H.
Hadron Physics in Germany
Joint Sino-German Symposium on Hadron Physics at COSY and CSR (HPC2)
Lanzhou, China: 13. – 18.01.2006
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91. Ströher, H.
Hadron Physics at COSY-Jülich
Universität Basel, Kolloquium
Basel, Switzerland: 04.05.2006

92. Ströher, H.
The Hadron Physics Program at COSY-Jülich
CGSWHP06, Spin in Hadron Physics
Tbilisi, Georgia: 04. – 08.09.2006

93. Ströher, H.
Spin in Hadronic Reactions at Medium Energy
SPIN2006: The 17th International Spin Physics Symposium
Kyoto, Japan : 02. - 07.10.2006

94. Ströher, H.
The Hadron Physics Program at COSY-Jülich
DAE-BRNS06: Physics and Astrophysics of Hadrons and Hadronic Matter
Santiniketan, India: 06. - 11.11.2006

95. Wirzba, A.
Casimir effect and trace formula
Nonlinearities ’06 — from Turbulent to Magic
Nordita and Niels Bohr Institute Thematic Workshop
Copenhagen, Denmark: 17. – 20.05.2006

96. Wirzba, A.
Exact and semiclassical solutions to the Casimir effect
Lund University, Mathematical Physics, LTH, Seminar talk
Lund, Sweden: 03.07.2006

97. Wolke, M.
The Physics Case for WASA at COSY
HPC2, Hadron Physics at COSY and CSR
Lanzhou, China: 13. - 18.01.2006

98. Wolke, M.
Physik mit WASA an COSY
TU Dresden, Institut für Kern- und Teilchenphysik, Institutsseminar
Dresden: 13.07.2006

99. Zapatin, E.
Cornell cryostat structural analysis
Cornell LEPP Seminar
Ithaca, NY: 28.08.2006

100. Zapatin, E.
FZJ sc rf cavity developments
FermiLab Accelerator Seminar
Chicago, Ill.: 16.02.2006

101. Zapatin, E.
FZJ superconducting rf cavities
Cornell LEPP Seminar
Ithaca, NY: 14.08.2006

102. Zapatin, E.
High-gradient cavity mid-cell comparison
Cornell LEPP Seminar
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E Awards & Offers for Professorships
J. Dietrich: Dr. h.c. by JINR Dubna (20.01.2006)

J. Dietrich: Apl. Professor by Univ. Dortmund (02.10.2006)

U.-G. Meißner: Chair in Theoretical Nuclear Physics by Univ. Mainz (June 2006)
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F Funded Projects

Project Responsible Partner Institute Funded by
CARE R. Tölle EU/FP6
TA-COSY D. Grzonka EU/FP6
Hadron Physics Theory Netzwerk U.-G. Meißner Network EU/FP6
EtaMesonNet W. Oelert Network EU/FP6
Pellet Target M. Büscher ITEP, MPEI Moscow (Russia) EU/FP6
EURONS/EXL D. Grzonka EU/FP6
EUROTRANS/NUDATRA F. Goldenbaum EU/FP6
DIRAC Secondary Beams R. Tölle EU/FP6
DIRAC Secondary Beams PANDA-4 J. Ritman EU/FP6
DIRAC Second. Beams PANDA-2 J. Ritman EU/FP6
Strange and Charmed Scalar Mesonss M. Büscher ITEP, INR Moscow (Russia) DFG
K+ Production Mechanisms in Nuclei H. Ströher PNPI Gatchina (Russia) DFG
Light Scalar Resonances a0/ f0(980) M. Büscher ITEP, MPEI Moscow (Russia) DFG
Isospin Violation M. Büscher IMP Lanzhou (China) DFG
Jets in Hard Processes N.N. Nikolaev Landau Inst., ITEP Moscow (Russia) DFG
Properties of Unstable Nuclei S. Krewald Petersburg State Univ., DFG

IPPE Obninsk (Russia)
Pion Reactions on Few Nucleon Systems C. Hanhart ITEP Moscow (Russia) DFG
Quark-gluon degrees of freedom in J. Haidenbauer UNESP Sao Paulo (Brasil) DFG

the confinement region of QCD
ATRAP W. Oelert Univ. Mainz DFG
Fundamental Research with Hadrons W. Oelert Jagellinian Univ. Cracow (Poland) DFG
Broken Symmetries H. Machner Univ. Helsinki (Finland) DAAD
PPP Poland P.v. Rossen DAAD
PPP Sweden H. Ströher Uppsala Univ. (Sweden) DAAD
Short-range correlations in nuclear reactions J. Haidenbauer JINR Dubna (Russia) Heisenberg-Landau

Program
Eta-Meson Physics H. Machner BARC Mumbai (India) Int. Büro BMBF
Target Development for nuclear physics J. Ritman AEA Cairo (Egypt) Int. Büro BMBF

experiments at COSY and AEA cyclotron
Medical Applications of Accelerators J. Dietrich iThemba LABS (South Africa) Int. Büro BMBF
Advanced Residual Gas Profile Monitor J. Dietrich INTAS
Advanced Beam Dynamic for Storage Rings A. Lehrach INTAS
EM-processes in the peripheral collisions of G. Baur Belfast, Tashkent, Arkhangelsk GSI-INTAS

relativistic and ultrarelativistic heavy ions
Polarized Target F. Rathmann PNPI Gatchina (Russia) ISTC
Few Nucleon Systems in χEFT E. Epelbaum Univ. Bonn HGF
Planare Germanium Detektoren D. Protic GSI
Baryon Resonance Analysis U.-G. Meißner JLAB (U.S.A.) JLAB
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G COSY-FFE Projects

Project Responsible Institute
Θ+ und Anti-decuplet Prof. K. Goeke Univ. Bochum
TOF-Entwicklung und Nutzung Prof. H. Koch Univ. Bochum
Frozen Spin Target Prof. W. Meyer Univ. Bochum
Zusammenarbeit von HISKP-Bonn an internen Prof. J. Bisplinghoff Univ. Bonn

Experimenten an COSY
Polarisiertes Target für TOF Dr. H. Dutz Univ. Bonn
Theorectical studies of strangeness and charm Prof. H.-W. Hammer Univ. Bonn

production at COSY and PANDA/FAIR
Entwicklung eines Partialwellenprogrammes für Prof. E. Klempt Univ. Bonn

die Analyse von Daten von WASA
Zusammenarbeit an COSY H-Strahl Laserdiagnose Prof. T. Weis Univ. Dortmund
COSY-TOF detector Prof. H. Freiesleben TU Dresden
Bau von Detektoren für ANKE und K−-Nachweis Prof. B. Kämpfer FZ Dresden-Rossendorf
Theoretische Untersuchungen zur künftigen

COSY-Physik Prof. M. Dillig Univ. Erlangen-Nürnberg
Bau eines Cherenkovdetektors für WASA at COSY Prof. W. Eyrich Univ. Erlangen-Nürnberg
Experimente mit COSY-TOF Prof. W. Eyrich Univ. Erlangen-Nürnberg
Polarization experiments with ANKE at COSY Prof. E. Steffens Univ. Erlangen-Nürnberg
Meson production and resonance properties in the Prof. U. Mosel Univ. Gießen

coupled channel K-Matix approach
ANKE Experiment und Auswertung pp→ dK+K̄0 Prof. H. Paetz gen. Schieck Univ. Köln
Schwellenexperimente an COSY-11 und ANKE Dr. A. Khoukaz Univ. Münster
Installation und Inbetriebnahme des WASA-Detektors Prof. H. Clement Univ. Tübingen

am COSY-Ring und Durchführung von
Experimenten an WASA at COSY

Experimente an COSY-TOF Prof. H. Clement Univ. Tübingen
η-production on heavier nuclei Dr. R. Tsenov Univ. of Sofia (Bulgaria)
Polarized internal target for ANKE at COSY Prof. M. Nioradze Tbilisi State Univ. (Georgia)
Spin dependence in pd interactions Prof. P. Dalpiaz Univ. Ferrara (Italy)
Photonendetektor an ANKE Prof. A. Magiera Jagellinian Univ. Cracow (Poland)
WASA at COSY Prof. M. Jezabek INP Crakow (Poland)
Strange Baryon Produktion at ANKE Prof. Z. Sujkowski IPJ Otwock-Swierk (Poland)
Neutron tagging and strangeness production at ANKE Dr. V. Koptev PNPI Gatchina (Russia)
Set-up and research with the spectator/vertex Prof. V. Komarov JINR Dubna (Russia)

detection system at ANKE-COSY
Investigation of scalar meson production in Prof. L. Kondratyuk ITEP Moscow (Russia)

pp, pd and dd collisions
Development, commissioning and operation of Dr. A. Vasilyev PNPI Gatchina (Russia)

components for the COSY experiments WASA
and ANKE and spin-filtering studies at COSY
as preparation of the PAX experiment in
the framework of the FAIR project at GSI

Cooperation COSY-WASA for pp→ ppη and Prof. T. Johansson Uppsala Univ. (Sweden)
pp→ ppηπ0

Search for mixing between light mesons Prof. A. Rudchik INR Kiev (Ukraine)
Unified analysis of meson production

in hadronic reactions Prof. K. Nakayama Univ. of Georgia (U.S.A.)
SPIN@COSY: Spin-Manipulating Polarized Prof. A. Krisch Univ. of Michigan (U.S.A.)

Deuterons and Protons
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H COSY Summer School CSS2006
From August 28 to September 1 the 3rd COSY Summer
School (CSS2006) took place at the conference center Burg
Hengebach in Heimbach — organized by the IKP in col-
laboration with the Universities Dresden and Cracow. It
was attented by more than 30 Diploma and Ph.D. students
from Germany, France, Ireland, Sweden, Finland, Poland,
Ukraina, Russia und China.

Fig. 1: Participants and organizers of the COSY Summer
School at Burg Hengebach.

During 12 theoretical and experimental lectures modern
techniques and current hot topics in in hadron physics were
presented with special emphasize on COSY relevant topics.
In the second part of CSS2006 the participants were asked
to work out — based on the contents of these lectures —
experimental COSY proposals. These working groups were
especially appreciated since they offered a possibility to ap-
ply the new knowledge to a “real case”. The results were
finally presented in talks by the students in which they had to
“defend” their results against referees (i.e. the organizers of
CSS2006). All proposals were so well worked out that all of
the applied beam times could be “approved”.

The agenda of the Summer School was complemented
by an excursion to COSY and its detection systems as well
as a hike through the lovely Eifel landscape. Due to the very
positive feedback from the participants (one of the foreign
guests wrote the organizers: “the best I had so far”), the next
COSY Summer School is planned for the year 2008.

Financial support for the CSS2006 by the board of direc-
tors of the FZJ is gratefully acknowledged.
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I Conferences (co-)organized by the
IKP

I.1 HPC2, Lanzhou (China)
On January 13–18 2006, the Joint Sino-German symposium
on Hadron Physics at COSY and CSR (HPC2) took place in
Lanzhou, which is located in central China at the banks of the
yellow river. The symposium was jointly organized by the
Institute of Modern Physics (IMP) of the Chinese Academy
of Sciences, and the IKP, and financed by the Sino-German
Center for Research Promotion in Beijing. The workshop
was attended by ∼80 participants, mostly from China and
Germany.

Fig. 2: Some participants of HPC2 in front of the main build-
ing of the IMP, Lanzhou.

The IKP has been operating COSY for more than 10
years which provides proton and deuteron beams with mo-
menta up to 3.7 GeV/c. A similar facility — with the CSRm
and CSRe rings — has been built at IMP and is now in the
commissioning phase.

At COSY several detection systems — like the ANKE
dipole spectrometer and the non-magnetic COSY-TOF ex-
periment — are used for hadron physics experiments. A dis-
advantage of these existing COSY detectors is that they are
“photon blind”. This will change with the start of opera-
tion of the Wide Angle Shower Apparatus WASA in 2007.
WASA is a fixed-target 4π detector and designed for the de-
tection of neutral and charged particles.

On the Chinese side a novel detector, HPLUS, is being
prepared for hadron physics experiments. This device is con-
ceptually designed for further studies of baryon resonances,
scalar mesons and/or isospin violating effects. The R&D of
the whole project has been started in the IMP with partici-
pation from other Chinese universities. Once operating, the
WASA and HPLUS detectors allow one to investigate ba-
sic questions of non-perturbative quantum chromodynamics
(“strong QCD”), for example through a precise study of sym-
metry breaking and very specific investigations of hadron
structure. η and η ′ decays that vanish in the limit of equal-
light quark masses explore the explicit isospin symmetry-
breaking in QCD. Precision measurements of rare η and η ′

decays can be used to obtain new limits on the breaking of
the charge, parity and time symmetries or their combinations.

Last but not least, WASA and HPLUS can contribute to test
various models offered to explain exotic and crypto-exotic
hadrons — through precise measurements of decay chains
and couplings to other hadrons.

These, together with other hot topics of strong QCD
were discussed in about 40 talks during the 3-days work-
shop in order to coordinate the physics programs and share
the technological expertise. Further common projects, fo-
cussing around measurements with WASA and the prepara-
tion of HPLUS, are now being launched.

I.2 International Workshop on η Physics

The International Workshop on Eta Physics was held from
May 8–12 2006 at the IKP. The conference was a subgroup
meeting of the EtaMesonNet network that coordinates activ-
ities and exchanges of information on the study of mesons,
especially, η-mesons, at different European accelerator re-
search infrastructures where they are produced with comple-
mentary processes.

The idea of this subgroup meeting was to bring together
experts on various aspects of the field in order to under-
stand better the complicated many-body problem posed by
the η-nucleus dynamics. Most of the time of the meeting we
will focus on the related theoretical aspects. However, for
the first day we also invited representatives from the various
experimental groups involved. There are currently or have
been recently strong experimental efforts to investigate the
η-nucleus system with various probes at BNL (USA), CEL-
SIUS (Sweden), COSY (Jülich), and MAMI (Mainz). This
first day was meant to define the problems to be studied in
the following days, to get informed about experimental plans
and possibilities, and to initiate the discussions.

Fig. 3: Participants of the η workshop in front of the COSY
building.

There were in total 32 participants from 13 coun-
tries. The conference was characterized by very in-
tense but constructive discussions. The talks can be
found on the conference homepage under http://www.fz-
juelich.de/ikp/etanucleus/ and the results of the meet-
ing as well as the individual talks are summarized in
http://arxiv.org/pdf/nucl-th/0610011.

The workshop was funded by the European Union and
the FZ-Jülich.
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I.3 MESON2006, Cracow (Poland)
The 9th MESON conference took place in 2006 as all pre-
vious conferences in Cracow, Poland, in the time from June
9–13. The topics covered were

• hadronic meson production in various reactions,

• hadronic meson production in various reactions,

• electromagnetic meson production meson interaction
with mesons,

• nucleons and nuclei, structure of hadrons,

• mesons and fundamental symmetries,

• exotic systems.

The conference was organized by Jagellonian University,
Cracow, Poland, Polish Academy od Sciences, Cracow,
Poland, the Instituto Nazionale di Fisica Nucleare, Frascaty,
Italy, and the FZJ. It was attended by more than 160 partic-
ipants. The proceedings will appear as Vol. 22, Nos. 2 &
3 (30 January 2007) in the International Journal of Modern
Physics A.

Fig. 4: Participants of the MESON2006 conference in front
of the new Audimax of the Jagiellonian University.

I.4 CGSWHP2006, Tbilisi (Georgia)
The possibility of polarizing antiprotons at the upcoming Fa-
cility for Antiproton and Ion Research at GSI has stimulated
widespread interest within the hadron community. Measur-
ing the Drell-Yan process in high-energy proton-antiproton
collisions offers the best way to study the transverse spin
structure of protons (transversity). This was the focus at the
second Caucasian-German School and Workshop on Hadron
Physics (CGSWHP) in Tbilisi, Georgia, on 4-8 September.
Around 70 participants attended, from nine countries.

Spin filtering, in which a beam of antiprotons acquires
polarization by repeated passage through a polarized hy-
drogen target, is believed to be the most effective means
of producing a useful beam for transversity experiments.
CGSWHP’06 discussed preparatory spin-filtering tests using

Fig. 5: Participants relax during an interlude at the highly
charged CGSWHP’06 in Georgia.

proton beams. These could be at COSY, where there is an
extensive physics programme involving polarized beams and
targets. Results from COSY were also presented at the meet-
ing.

Georgian media covered several sessions, as well as the
meeting of the organizers with the rector of Tbilisi State Uni-
versity, and some of the social programme. TV interviews
publicized the workshop, with local graduate students dis-
cussing their research.

The EC Integrated Infrastructure Initiative project,
Hadron Physics, supported the workshop, which was themed
Spin in Hadron Physics and which was also sponsored by
Forschungszentrum Jülich, the International Science & Tech-
nology Center, the Joint Institute for Nuclear Research and
the Institute for High Energy Physics and Informatization,
Tbilisi State University.

I.5 Carolina Isospin Violation Workshop
On December 1st and 2nd the Carolina Isospin Violation
workshop was held at the Physics institute of the Univer-
sity of South Carolina located in Columbia, SC. This meeting
was one of regular meetings where scientists interested in the
subject of isospin violations come together, not only to dis-
cuss recent progress in the understanding of isospin violation
in nucleon-nucleon and deuteron-deuteron induced pion pro-
duction (one of the key experiments of WASA at COSY) but
also new developments in the field as a whole. Out of the
discussions emerged at least two concrete projects that will
be carried out in the course of this year.

The workshop was funded by the Universtiy of South
Carolina.
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J Teaching Positions

Institute Name University
IKP-1 PD Dr. A. Gillitzer Bonn

PD Dr. F Goldenbaum Wuppertal
Prof. Dr. H. Machner Duisburg-Essen
Prof. Dr. W. Oelert Bochum
Prof. Dr. J. Ritman Bochum
PD Dr. S. Schadmand Gießen

IKP-2 PD Dr. M. Büscher Köln
PD Dr. D. Gotta Köln
PD Dr. F. Rathmann Erlangen-Nürnberg
Prof. Dr. H. Ströher Köln
Dr. M. Wolke Bochum

IKP-3 Prof. Dr. G. Baur Basel
Prof. Dr. E. Epelbaum Bonn
Univ. Doz. Dr. J. Haidenbauer Graz
PD Dr. C. Hanhart Bonn
Prof. Dr. S. Krewald Bonn
Prof. Dr. U.-G. Meißner Bonn
Prof. Dr. N.N. Nikolaev Moscow
Dr. A. Nogga Bonn
PD Dr. A. Wirzba Bonn

IKP-4 Prof. Dr. Dr. h.c. J. Dietrich Dortmund
Dr. A. Lehrach Bonn
Prof. Dr. R. Maier Bonn
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K Beam Time at COSY 2006

Date Experiment Duration Reaction
17.02.06–06.03.06 COSY-11 2 weeks pn→ dη ′

10.03.–20.03. GEM 1 week pp→ dπ+/pnπ+

22.03.–29.03. ANKE 1 week cell tests
04.04.–02.05. ANKE 4 weeks dd → αK+K−

05.05.–15.05. GEM 1 week ~d p→ ppn
19.05.–29.05. SPIN@COSY 1 week
21.08.–04.09. WASA 2 weeks commissioning
08.09.–25.09. GEM 2 weeks p 6Li→ η + 7Be
29.09.–23.10. COSY-11 3 weeks pp→ ppη ′

03.11.–20.11. WASA 2 weeks commissioning
22.11.–30.11. ANKE 1 week ~d~p→ ppn

Total ’06 20 weeks
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L Personnel

L.1 Scientific Staff

Msc. M.-M. Abdel-Bary (IKP-1) (until 31 March, 2006)

DP S. An (IKP-4) (until 28 January, 2006)

DP M. Angelstein (IKP-1) (1 April – 30 Sep., 2006)

F. Ballout (IKP-3) (since 1 July, 2006)

Prof. Dr. G. Baur (IKP-3)

Dr. U. Bechstedt (IKP-4)

Dr. K. Bongardt (IKP-4)

DI N. Bongers (IKP-4)

DI W. Borgs (IKP-2)

DI R. Brings (IKP-4)

PD Dr. M. Büscher (IKP-2)

Dr. R. Castelijns (IKP-1) (until 30 November, 2006)

DP A. Chechenin (IKP-4)

DP D. Chiladze (IKP-2)

Prof. Dr.Dr.h.c. J. Dietrich (IKP-4)

Dr. A. Djalois (IKP-1)

DP A. Dzyuba (IKP-2)

Dr. R. Engels (IKP-2)

Prof. Dr. E. Epelbaum (IKP-3) (since 1 April, 2006)

DI F.-J. Etzkorn (IKP-4)

M. Evers (IKP-3) (until 28 February, 2006)

Dr. P. Fedorets (IKP-2)

Dr. O. Felden (Rs)

M. Freunek (IKP-3) (since 1 July, 2006)

Dr. W. Gast (IKP-1)

Dr. R. Gebel (IKP-4)

PD Dr. A. Gillitzer (IKP-1)

PD Dr. F. Goldenbaum (IKP-1)

PD Dr. D. Gotta (IKP-2)

Dr. F. Grümmer (IKP-3)

Dr. D. Grzonka (IKP-1)

DI W. Günther (IKP-4)

Univ. Doz. Dr. J. Haidenbauer (IKP-3)

PD Dr. C. Hanhart (IKP-3)

Dr. M. Hartmann (IKP-2)

Dr. V. Hejny (IKP-2)

DI K. Henn (IKP-4)

Dr. F. Hügging (IKP-1)

D. Jamanidze (IKP-2) (1 April – 30 September, 2006)

Dr. V. Kamerdjiev (IKP-4)

Dr. I. Keshelashvili (IKP-2)

DP D. Kirillov (IKP-4)

DP P. Klaja (IKP-1) (since 1 February, 2006)

A. Klingler (IKP-2) (since 1 April, 2006)

DP A. Kowalczyk (IKP-1) (since 6 November, 2006)

Dr. H. Krebs (IKP-3) (since 1 April, 2006)

Prof. Dr. S. Krewald (IKP-3)

DI K. Kruck (IKP-4)

Dr. A. Lehrach (IKP-4)

DP V. Lensky (IKP-3)

DP V. Leontyev (IKP-2)

DP M. Lesiak (IKP-1) (until 31 August, 2006)

Dr. B. Lorentz (IKP-4)

Prof. Dr. H. Machner (IKP-1)

Dr. Y. Maeda (IKP-2) (until 31 March, 2006)

Prof. Dr. R. Maier (IKP-4)

J. Majewski (IKP-2)

Dr. S. Martin (IKP-4) (until 30 April, 2006)

Prof. Dr. U.-G. Meißner (IKP-3)

DP M. Mertens (IKP-1) (since 16 October, 2006)

M. Mittag (IKP-2) (1 April – 30 September, 2006)

DI I. Mohos (IKP-4)

Dr. H.-P. Morsch (IKP-1) (until 31 December, 2006)

Dr. M. Nekipelov (IKP-2)

Prof. Dr. N.N. Nikolaev (IKP-3)

Dr. A. Nogga (IKP-3)

DP M. Odoyo (IKP-1) (1 March – 31 August, 2006)

Prof. Dr. W. Oelert (IKP-1)

DP D. Oellers (IKP-2)

Dr. H. Ohm (IKP-2)

DI N. Paul (IKP-1)

Dr. C. Pauly (IKP-1) (since 1 September, 2006)

DP F. Pavlov (IKP-3) (until 20 August, 2006)

DP B. Piskor-Ignatowicz (IKP-1) (until 28 Feb., 2006)
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DP P. Podkopal (IKP-2)

Dr. H. Polinder (IKP-3)

Dr. D. Prasuhn (IKP-4)

DP D. Protic (Dt)

DP J. Przerwa (IKP-1) (since 1 February, 2006)

PD Dr. F. Rathmann (IKP-2)

DP Ch.F. Redmer (IKP-1)

DI A. Richert (IKP-4)

Prof. Dr. J. Ritman (IKP-1)

Dr. E. Roderburg (IKP-1)

Dr. P. v. Rossen (IKP-4) (until 31 December, 2006)

DI J. Sarkadi (El)

DP P. Saviankou (IKP-3)

Dr. H. Schaal (IKP-1)

PD Dr. S. Schadmand (IKP-1)

E. Schlauch (IKP-3) (since 15 August, 2006)

Dr. R. Schleichert (IKP-2)

Dr.-Ing. A. Schnase (IKP-4) (until 30 September, 2006)

DI H. Schneider (IKP-4)

DI G. Schug (IKP-4)

Dr. Th. Sefzick (El)

DI E. Senicheva (IKP-4)

Dr. Y. Senichev (IKP-4)

DI M. Simon (IKP-4)

Dr. A. Sokolov (IKP-1)

Dr. R. Stassen (IKP-4)

Dr. H. Stockhorst (IKP-4)

Dr. T. Stockmanns (IKP-1)

DP Th. Strauch (IKP-2) (since 1 June, 2006)

Prof. Dr. H. Ströher (IKP-2)

T. Tolba (IKP-1) (since 1 August, 2006)

Dr. R. Tölle (IKP-4)

DP Y. Valdau (IKP-2)

DI T. Vashegyi (IKP-4)

Dr. N. Vasiukhin (IKP-4)

DP P. Vlasov (IKP-1)

Chr. Weidemann (IKP-2) (since 1 November, 2006)

DP D. Welsch (IKP-4)

Dr. P. Wintz (IKP-1)

PD Dr. A. Wirzba (IKP-3)

DI J.-D. Witt (IKP-4)

Dr. M. Wolke (IKP-2)

L. Yurev (IKP-2)

Dr. E. Zaplatin (IKP-4)

DP D. Z. Zhang (IKP-1)
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L.2 Technical and Administrative Staff

C. Berchem (El)

P. Birx (IKP-4)

M. Böhnke (IKP-4)

H. Bongen (IKP-1) (since 22 February, 2006)

J. Borsch (Rs)

P. Brittner (IKP-4)

J. But (Ws)

M. Comuth-Werner (Ad)

B. Dahmen (IKP-4)

C. Deliege (IKP-4)

W. Derissen (Co)

N. Dolfus (El)

G. D‘Orsaneo (IKP-2)

R. Dosdall (IKP-1)

R. Enge (IKP-4)

B. Erkes (IKP-4)

W. Ernst (El)

K. Esser (Ad)

H.-P. Faber (IKP-4)

G. Fiori (Dt)

H.-W. Firmenich (Ws)

J. Göbbels (Rs)

H. Hadamek (Ws)

R. Hecker (IKP-4)

E. Heßler (Co)

M. Holona (Ws)

H.-M. Jäger (IKP-1)

H. J. Jansen (Ws)

M. Karnadi (IKP-2)

A. Kieven (IKP-4)

Ch. Krahe (Ws)

M. Kremer (Ws)

Th. Krings (Dt)

G. Krol (IKP-4)

M. Küven (Ws)

K.-G. Langenberg (IKP-4)

H. Metz (Dt)

S. Müller (Ad)

R. Nellen (El)

St. Nießen (Dt)

H. Pütz (IKP-4)

G. Roes (Ad)

N. Rotert (IKP-4)

D. Ruhrig (IKP-4)

T. Sagefka (IKP-4)

F. Scheiba (IKP-4)

H. Schiffer (El)

J. Schmitz (IKP-4)

F. Schultheiß (Ws)

K. Schwill (Dt) (until 30 June, 2006)

H. Singer (IKP-4)

D. Spölgen (IKP-2)

G. Sterzenbach (IKP-1)

J. Strehl (Ws)

R. Stumm (IKP-1) (until 31 January, 2006)

J. Uehlemann (IKP-1)

P. Wieder (IKP-2)

Th. Willems (IKP-2) (until 31 January, 2006)

J. Wimmer (IKP-1)

H. Zens (IKP-4)

Ad = Administraion
Co = Construction
Dt = Detectors
El = Electronics
Rs = Radiation Safety
Ws = Workshop
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Gårdestig, A., 111

Haberzettl, H., 117
Haidenbauer, J., 79–89, 118, 119
Hammer, H.-W., 63, 79, 83, 84, 106
Hanhart, C., 73, 87, 111, 118, 119
Hecker, R., 135
Heczko, A., 35
Heim, T., 97
Heimbach, H., 140
Hejny, V., 31
Hencken, K., 96, 97
HESR consortium, 138, 145
Hinterberger, F., 36, 53
HIRES collaboration, 53
Hirtl, A., 61
Hodana, M., 29
Horowitz, C.J., 111

Igashira, M., 109
Imig, A., 108
Indelicato, P., 61
Ivanov, G., 28

Jansen, P., 11

183



Janusz, M., 28, 29, 149
Jany, B.R., 21

Kämmerling, P., 31
Kacharava, A., 11, 13
Kalantar-Nayestanaki, N., 104
Kalashnikova, Yu., 87
Kamada, H., 104, 107, 109, 110, 113, 115
Katayama, T., 120
Kemmerling, G., 31
Keshelashvili, I., 23
Khoukaz, A., 7, 9, 10, 32, 48
Kieven, A., 131, 133
Kievsky, A., 115
Kikuchi, T., 109
Kis, M., 104
Kistryn, S., 104
Klaja, P., 35, 40, 44
Klehr, F., 11
Kleines, H., 11, 31, 58
Klos, B., 104
Kobayashi, T., 109
Kobets, A., 126, 128
Komarov, V., 6
Kondratyuk, L.A., 54
Koptev, V., 5
Kozela, A., 104
Krebs, H., 72
Krewald, S., 74, 85, 116, 117
Krings, T., 151, 152
Kruck, K., 135
Kubis, B., 70
Kucurkarslan, A., 75
Kudryavtsev, A.E., 87, 118, 119
Kulessa, P., 28, 29, 149
Kulikov, A., 6
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