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The SPIN@COSY polarized beam leam fOllnd striking new resuhs while sludying Ihe spin-manipulation 
of polarized deulerons al COSY. The newly developed Chao fonnalism (I he firsl generalizalion of Ihe 
Froissart-Stora formula) was used 10 ca)culate in detail what might happen in a !lew type of experiment, 
where a I MHz RF-magnet's frequeney is swepl by a fi xed range of 400 Hz, while ils end-frequeney Jend 

is stepped through 1ll3ny different values BeaT and inside a spin resonance. Thc calculations predicted timt , 
if (he rcsonance strcngth of the magnet was not strong enough 10 fully flip the spin . ,hen Ihere would bc 
large osci llations in thc final polari zation. The figure shows four measured vcrlical vector polarization states 
(Pv) (blaek: + 1, red: - 1/ 3, green: - 2/ 3, bille: - I) of 1.85 GeV/e slored deulerons ploned VS. Ihe end 
frequency of the 400 Hz sweep. The calculations (solid Iines) prcdict thc oscillations very weil , indicating 
Ihat the experimental results confinn the validity of thc Chao formalisll1. Precise values were obtaincd für 
Ihe resonanee frequcney JR = 916985.3 ± 0. 5 Hz, Ihe freqllcney spread 15 PD!, = 23 ± I Hz (FWHM), and 
Ihe sl renglh e = (1.060 ± O.005)· 10- '. The arrow shows Ihe eenler of Ihe resonanec. 
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Pl'eface 

On November 7/8, 2007 the kick-off event and a symposium on physics at the future 
FAIR facility took pi ace at OSI-Darmstadt, during which the start of the project was 
officially announced. This important milestone strongly influences the activities of the 
IKP. As in previous years, the institute continued its vigorous engagement for the High 
Energy Storage Ring (HESR) as weil as the PANDA and PAX experiments. IKP is in 
charge of all major HESR components, among them the ion optical design of the ring, 
the rf systems, the beam-diagnostics and magnets, as weil as stochastic cooling. IKP has 
also taken on central responsibilities for the PANDA central charged particle tracking and 
vertexing, the PANDA frozen pellet target, as weil as establishing a method to achieve a 
high degree of antiproton polarization for PAX. After the launching of the FAIR project 
these activities are now continuing to be vigorously pursued. 

After the HOF Midterm Review in September, the committee expressed strong support 
for the theory group and was impressed by the stable operation of COSY and by the 
developments for the HESR. The ongoing physics program at ANKE was very positively 
acknowledged as weil as progress with WASA, and the new proposal on "Strangeness 
Physics at eOSY-TOF". 

The inaugural meeting of the Virtual Institute "Spin and strong QCD" (Spokesperson: 
Ulf-O. Meißner) took place on November 30, 2007 at the IKP. The experimental as weil 
as theoretical research of this Virtual Institute - with participating institutions IKP, OSI, 
Universities Bern, Bonn, eracow, Torino, INFN FeiTara - is focused on three of the 
most important aspects of non-perturbative strong interactions with a direct connection to 
the hadron physics programs at COSY, PANDA and PAX at FAIR: Hadron spectroscopy, 
symmetry tests and polarization. 

The experimental work at IKP is focused around the COSY accelerator complex: 

• The WASA detector at an internal target station of COSY has been completely in­
stalled. A first experiment on the pp -> PPTI reaction has successfully been carried 
out. 

• A first double polarization experiment took place at ANKE (polarized deuteron beam 
on polarized proton target with a storage cell). The ANKE collaboration also made 
a first attempt to precisely determine the TI-mass by accurately measuring the beam 
energy of polarized deuterons with a spin-flip technique. 

• The Spin@COSY polarized beam team found new striking results while studying 
the spin manipulation of polarized deuterons (see cover page). A new model, called 
Chao matrix formalism, that describes the beam polarization behavior inside a spin 
resonance was verified in detail and effectually applied for the first time at COSY. 
The result will also help to understand the behavior of polarized beams at other 
machines and someday also of antiproton beams at FAIR. 

• The PAX collaboration has continued its test measurements at eOSY to further in­
vestigate the possibilities to effectively produce polarized antiprotons for a later up­
grade of the HESR. 

• The number of COSY users has increased to more than 400. In the coming years 
new groups will carry out measurements at eOSY, e.g. the EDM collaboration with 
preparatory studies aiming at the measurement of the deuteron's electric dipole mo­
ment. 
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• During the two months summer shut down necessary repairs at cyclotron were ac­
complished, a baITier bucket cavity and a RF solenoid were installed. The PISA 
set-up was removed from the ring tunnel and will be send to IMP-Lanzhou, China. 

Outstanding results from the theory group are: 

• A novel method for the extraction of scattering phases and mixing angles fromlattice 
simulations has been applied to nucleon-nucleon scattering. 

• A new Regge model for pion photoproduction at energies above 3 Ge V has been 
developed in order to extract high-lying Baryon resonances. 

• It has been demonstrated that the decay properties of the X(3872) -> DD7r and -> 

J / lJl7r7r only allow for an interpretation as a virtual state. 

• We have shown that it is possible to extract the neutron-neutron scattering length 
with an accuracy of 8a'/11 = ±O.l fm from the differential cross section of the yd -> 

7r+ 1111 reaction. 

Besides the regular physics program at the COSY accelerator, components and prototypes 
designed and built for HESR are being examined at COSY. New and important steps can 
be recorded: 

• Substantial progress has been made in developing new pickup structures for stochas­
tic cooling at the HESR. Wilh funding of the EU project "DIR AC secondat·y beams" 
a prototype tank has been constructed and successfully tested at COsy. 

• A prototype batTier bucket cavily came successfully into operation at COSY. This 
device is foreseen at the HESR to compensate the indispensable strong mean energy 
loss due to the beam-target interaction. 

• The development of a 2 Me V electron cooler for COSY has continued. The new 
electron cooling system is proposed to further boost the luminosity even with strong 
heating effects of high-density internal targets. The 2 Me V electron cooler is best 
qualified to explore new essential features of the high energy electron cooler for the 
HESR. 

• The HESR ring lattice was completely redesigned with normal conducting magnets 
and stochastic cooling properties were studied in this new lattice version. 

We are looking forward to the constitution of the FAIR GmbH and we hope for investment 
money in order to prepare and build the accelerator HESR and detector components of 
PANDA and PAX as planned. 

Finally we would like to express our sincere gratitude to the colleagues of the infrastruc­
ture of the Research Center in particular JSC, ZAT and ZEL. Our special thanks go to the 
surrounding universities and national research centers and our CANU community. We 
acknowledge the continuous support by the Helmholtz society, the board of management 
of the Research Center, by the COSY-FFE program and, in particular, by Dr. Sebastian 
M. Schmidt who became the new director of the research area "Key technologies and 
structure of matter" on I November 2007. 

Jülich, March 2008 Rudolf Maier 
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1 Physics at eosy 
1.1 Overview 

From 2007 on ANKE, TOF und WASA are the major experimental faeilities at eOSY sinee the remuining other in­
stallations - eOsy-tl, PISA, BIG KARL (with ENSTAR, GEM and HIRES) - have been decommissioned after 
successfully complcting their scientific programs, 
Thc ANKE collaboration carried out a first measuremcnt of the charge-exchange deuteron break-up with halh polari zcd 
beam und target Für such experiments the eaSY beam intensi ty is increascd by stacking injcclion while a storage cell is 
cmploycd 10 achievc lligher target dcnsilies. 
WASA started its physics program with a measllrement ofthe 1) -> 3n: decay, using I)-mesons prodllced in the pp -> PP') 
reaction, und scveral experiments with a deuterium pellet target. 
The TOF collaboration has finalized the analysis of a large data s3mple on the pp ---+ pK+ Areaction. Thc spectrometer is 
1l0W bcing prepal'cd für an upgrade with a strmv-tube tracker which will increase the mass resolution, e.g. for associated 
strangeness production processes. A proposal on their future program "Strangeness Physics at eOSY-TOF" was submitted 
to the eaSY Program Advisory eommittee that approved the outlined experiments. 



1.2 Major Physics Results at eosy 
1.2.1 A possible 1)38e quasibound state 

Thc two high precision mcasurcments ofthe d p -----. 3He 11 
rcaction carried out at ANKE and eOSY-II gavc consis­
teilt results, as illustrated by the total cross scction data 
shown in Fig. I; the only obvious difference cOITcsponds 
to a different luminosity estimate. These fascinating re­
sults could be achicved by using a slow continuous linear 
ramp in bcam momentum provided by the eaSY accel­
erator (e.g. - 5 to +10 MeV in 300 s for ANKE). 
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Fig. I: ANKE (red) and eaSY-li measurements of the 

- - dp --. 3He 11 total cross scctiOll in tenns of the ex­
cess cncrgy Q and c.m. 11 moment um P'I' The line 
corresponds to thc two-pole fit ofEq. ( I ). The in­
set shows the deviation of the ANKE data from 
the fitted line. 

The prccipitous rise in the cross section in terms of the 
excess energy Q or the 11 c.m. moment um P'I = y'2l11redQ 
suggests a nearby pole in the production amplitude fand 
to identify its position, both sets of data could be fit with 
the al/satz 

J, = !B 
(1- p'l/pI)(I- p'l/p2) 

(I) 

To estimate accurately the parameters it is neeessary to 
take the spread of the eaSY beam momentum into ac­
count. When this is done, the ANKE data show that 
there is a pole at PI = [( - 5 ±7) ± i( 19 ± 2)] MeVle, i.e. 
Qo = [(-0.30±0. 15)±i(0.21 ±0.29)]MeV. This pole 
corresponds to a quusi-bound or virtual stute of the 113He 
system but, because of the uneertainty regurding the sign 
of the imaginary part, one cannot tell whieh. Further­
more, thc total cross seetions are sensitive mainly 10 the 
magnitude of Qo rathcr than its phase. However, impor­
tant extra information is provided by the angular distribu­
tions. 
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Both easy experiments show that for all the energies 
measured the cross seetiOil is linear in the :lHe c.m. pro­
duetiOil angle e and, if the data are fitted in the form (J = 
0'0(1 + aeos8), the slope parameter a varies strongly 
with Pr]' as showll in Fig. 2. The shape is also similar 
to that of previous Saturne measurements, whieh havc far 
fewcr points. 
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Fig. 2: MomentllJl1 dependenee of the asymmetry param­

- - etcr a for the d P ----t 3He 11 reactiOil showing data 
from ANKE (red), eaSY-li (green), and Saturne 
(blue). The solid line represents a fit with the s­
wave amplitude as given by Eq. ( I ) plus a p -wave 
with a COllstant phase. The dashed line ncglcets 
the phase variation coming from the pole. 

Duc to the interference between s- and p-wave produc­
tiOit amplitudes, one might expect that a should vary 
linearly with c.m. momentum. The striking point about 
Fig. 2 is that this only happens for P'I > 40MeV/e. 
The dcviation from linearity duc to the rapid decrease 
in the magnitude of the s-wave amplitude fs leads to 
the dashcd curve, whieh clearly does not reproduee the 
near-threshold data. A mueh better rcpresentation of the 
ANKE data is achievcd whell the phase variation of the 
s-wave amplitude arising from the PI pole of Eq. ( I) 
is taken illto account. A similar improvcment for the 
eaSY-li data is obtained with slightly different parame­
ters. Thus the angular distributions support the assertion 
that the anomalous behaviour observed is due to the pres­
ellee of a nearby quasi-bound or virtual state of J13He. 

The rapid rise of the P waves so elose to thrcshold implics 
that there should be interesting and informative effects in 
the angular dependence of dp -> >Hel) polarization ob­
servables and a programme to measure these has already 
started at ANKE. 



1.2.2 Observation of a sll'ong K - p final slale inlel'­
action 

Exclusive measurcments of (he pp --+ ppK+ K- renc tion 
were undertaken at ANKE at be am energies 2.65 , 2.70, 
and 2.83 GeV. The prominent f/J peak in the K+ K - invari­
ant mass spectrum , illustrated in Fig. 3, ted 10 the deter­
mination oflhe differential and total cross scctions für the 
pp -+ pprp renc tion. In addition, however, Fig . .1 shows 
a K+ K - background whose shape approxim3tely rescl11-
bles phase space. 

K+K' invariant mass [GeV/c2 ] 

Fig. 3: Di fferenti al cross section for the pp -> ppK+ K­
reac tion at 2.65 GeV as a function of the K+K ­
invariant muss compared 10 Mante Carlo simula­
tions of <I' (blue) and non - ~ (red) contributions . 

Similar experiments carried out at COSY· l1 at energies 
below the <I'-threshold showed that the distribut ions ofthe 
positive and negative knans were vcry different. In partie­
ular, law K - p invariant masses werc prefcrclltially popu­
lated as compared to those of K+ p . This striking feature 
is confi rmed over wider regions of encrgy and mass by 
the new ANK E data. 

Figure 4 shows the ra tio of the production cross sec tions 
for K - p and K+ p pairs for events outs ide of the f/J peak. 
The ratio changes by an order of magnitude from the )ow­
est to the highest invariant masses. Moreovcr, the same 
effect is observcd in (he ratio o f the production cross sec­
tions for K - pp and K+ pp pairs shown in Fig. 5. 

In contrast to the re lat ively weak K+p force, the K - p 
interaction is known to bc strong, driven largely by the 
A ( 1405) hyperon . The variolls non-q) distributions mea­
surcd at ANKE have been modeled assuming thai Ihere 
can bc final state interactions simultaneously in pp und 
both fi nal K - P systems. This prodllct allsatz describes 
weil all the ANKE data at three beam energies if OIlC uses 
an effective K - P scattering length of abollt 1.5 fm . This 
is iIIustrated by the simulations of (hc K+ K- mass dis­
tribution of Fig. 3 and the K- P / K+ P and K- PP / K + PP 
ratios of Figs. 4 und 5, respeclively. The identical ansatz 
also reprodllces weil the K - 1'/ K+ I' ratios measured at 
CaSY-11. 
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Fig.4: Ratio of the differenti al cross sections for the 
-- PP -> ppK+K- reaction at 2.65 GeV away from 

the f/J rcgion as func tion of (he K- p and K+ p in­
variant masses. Experimcntal data (rcd) are COlll­

pared to a Monte Carlo s imulation (bille). 
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Fig. 5: Ratio of the differential cross sections for the 

PP -> ppK+K- reaction at 2.65 GeV away from 
the I/J region as func tion of the K - PP and K+ PP 
invariant masses. Expcrimental data (red) are 
compared to a Monte Carlo si mulation (blue). 

The fi nal state interac tion assumptions also lead to a good 
descript ion of the energy dependence of the non-<I' con­
tribution 10 the pp --. ppK+ K- lotal cross seclioll . The 
sole exceptions are the lowest CaSY-II points which are 
slightly high. The discrcpancy here might be con nected 
with the bchaviour apparcllI in Fig. 3, wherc the low­
esl mass points are under-predicted . This effect, which 
is seen al the other lwo beam energies as weil as in the 
data from the D1STO collaboration, is also present in the 
ANKE data on pli -> dK+ K- . The most Iikely expl ana­
tiOll is that it is associatcd wi th the KO RO lhreshold, which 
is 8 Me V /c2 aboye that of K + K - . The data may therefore 
allow one to study the trans ition KO [(0 ~ K+ K- at low 
energy. 



1.2.3 Veclol' mesoll PI'OdUCtiOlI 

Vector mesons play an importun! role in meson exchange 
models of the interact ion betwccn nucleons. This js but 
olle aspect lhat motivatcs intcrest in experimental studies 
of veclaT meson productiOil of nuclcons and light nudeL 
Results from eosy currently dominate this field of re­
search whilc earlief data from the Saturne experiments 
providcd some guidance. Figure 6 shows total cross scc­
lions for the isoscal ar neutral vcctor mesons Il1casured 
in pp interactions. Full coverage of the CxCil31ion fUTlc­

tion for pp -> ppw below 300 MeV excitation energy 
was achieved by eOSY experiments which elose the gap 
bctwcen excitatioll energies comparable to thc meson 
widths and several hundred MeV. Only one data point for 
4> produclion existed prior to the easy mcasurements. 
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Fig. 6: Excitatioll functions ofvector mesons as measured 
- - in pp inleractions at eaSY (filled symbols, red: 

pp --> ppw, blue: pp -> pp,p) , data from Sat­
urne experiments (open symbols) and earlier bub­
ble chamber data (crosses). 

The apparent change in slope ofthe pp -> ppw cross sec­
tion atlow excess encrgics of a few tens of MeV is a mat­
tcr of ongoing debate. It may be a dircct consequence 
of the finite width of the ro meson, but theoretical calcu­
lations taking the width into account oflen fail to repro­
dllce the curvature cven though only the smallest possi­
ble angular momenta should contribute. This may be a 
hint at Ihe involvement ofrcsonances in the process. Sev­
eral candidates for baryon resonances Ihal may couple to 
pro exist, but their decay into Ihis channel is not cstab­
Iished. Further measuremcnts , in particular those involv­
ing differential observables, ean shed light on Ihis ques­
lion. Such measurements have bcen and continue 10 be 
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performed at eosy. While Ihe overall picture is nol yet 
clear, il can be expected thai a careful theoretical analysis 
of the full dma sei which by nolV also includes analyzing 
powers will becomc fcasible in Ihe near future. Theorel­
ical descriptions of the existing data usually give a bet­
ter description, in particlilar for the angular distributions, 
when resonances are included. 

Besides the ro production cross sections, a set of mea­
suremcnts on l/J production is available. In general it 
was expecled Ihal Ihe <I> productiOiI would be slrongly 
suppressed as compared 10 thc ro production because of 
Iheir quark conlenl. The so-called aZI rule (named afler 
Okubo, Zweig and Iizuka who predicted a strong sup­
pression of newly produced quark flavors in production 
reactions) suggests that Ihe <I> contribution in the produc­
lion should be given by Ihe square of the ,p / w mixing 
ratio of about 4.2 per mille. In Ihis formulalion, any de­
viation from this expectation is viewcd as evidence for 
prc-formed ss pairs in thc Ilucleons. Experimentally, the 
ratio is abollt one order of magnitude bigger thal1 this 
naYve expectation . Arecent camparisan of !lew differen­
tial data for the ro with data for the cP finds silllilar angu­
lar distributions in hath challlle is at a given excitation en­
ergy, which may point at similaI' producliOlllllechanisms. 
Howevcl', if cither chalmel couplcs to a resonancc elose 
10 threshold such a camparisan may not yield the simple 
quark model expectation without any pre-fonned strange 
quark pairs. 

Apart from clementary produclion off the proton, ANKE 
has measured data on ro production in P-II fusion us­
ing deuteron targets. Here, not even the magnitude of 
the total cross sections has beeil explained thcorelically. 
Data on the unbound pli final state have nol been mea­
sured yet. A few I11casurements in pd fusion, in panicular 
pd -> JHe<l> , railler elose 10 Ihreshold were perfonned in 
previous years, but a comparison with the ro production 
is not possible since data are lacking. This channel may 
be of interest in view ofOZI violation, but also since data 
measured for pd -+ 3Hero at a single spcctrometer setting 
for backward-going mesons indicate a very strong thresh­
old supprcssion of the cross section. 

While theory in vector meson productiOll is lagging be­
hind experiment, the data that havc been made available 
by the eosy experimenls, in partieular by ANKE and 
TOF, have spurred same interest on the side of thcory. 
Undcrstanding e]emcnlary neutral vector meson produc­
tion is an indispensable prerequisite for the interpreta­
tion of production data off Iluclei, where chiral I'cstora­
tion may manifest itself through changes in the spectral 
fUllction. 

WASA measurements at high cnergies will providc ad­
ditional high-statistics measuremenls of ro productiOll in 
pp intcractions. WASA is particularly suited for the 
ro -+ nOy dccay branch, hut also the more abundant ro -+ 

rr+1r- nO can be used. This also allows measurements 
of pd fusion, where camparis on of balh dccay branches 
will shed lighl on the origin of Ihe unexplained threshold 
anomaly. 



1.2.4 I So diprotOJ\ forward produetioll ill the pp ---> 

pp"o .. eaeHOJ\ 

Single pion production in nucleoJHlUcicon collisions, 
NN ---> NN", is olle of the tools to investigate NN dy­
namics al intermediate energics. Because of the large 
momcntulll transfers involved, evcn elose 10 thrcshold, 
such a meson produclion proccss is sensitive 10 the short­
distancc part of (he NN interaelion. 
Thc pp --t ppno differential cross scction has now been 
mcasured at ANKE for sevcll proion beam cncrgics 1/, 
between 0.5 and 2.0 Ge V at forward angles of the proton 
pair productiOil e/~~~l = 0°_18°, Whcn proton pairs with 
excitation cncrgy Epp < 3 MeV are seleclcd, these dipro­
tOllS {pp}, should be in the I So state. This is eOllfirmed 
in the experiment by the observed Epp spectra and the an­
gular distribution of (he protons in the final pp rest frame . 
Therefore, Ihe reaetion pp ---> {pp }.,,,o is the isospin-spin 
partner of the weil knowil. killcmatically analogous pro­
cess pp --. dn+. While the laUer has been at the focus 
of extensive experimenta l studies for tens of years, for 
the pp ---> {pp},,,O reaetion the only published dala away 
from the threshold energy domain were Iimited to ener­
gies ~, < 0.425 Ge V (CELSIUS). 

The ANKE data show a forward dip in the angular dis­
tribution of the diprotons for energies TI' :S 1.4 GeV 
whereas at 2.0GcV a forward peak is seen. The~, de­
pendence of the forward cross scct ion rcveals a broad 
peak around O.6GcV and a minimum at 1.4GcV, sec 
Fig. 7. The inerease of the cross see tim\ at 2.0 Ge V to­
gether with a drastic change of the angular distribution 
indicate a transition to a differcnt reaction mcchanism at 
cnergies where states heavier than the L1 ( 1232) are ex­
eited. 
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Fig. 7: Energy dependenee of the differential cross see­

- - tion for the pp ---> {pp }.,,,o reaet ion with E"" < 
3 MeV. The elosed eireles represent the ANKE 
rcsults while thc triangles show the low cnergy 
CELSIUS dala. The solid eurve eorresponds to 
thc prediction from the model of J.A. Niskancn. 
Far comparison thc cross scct ion fol' the pp --. 
dn+ reaction is shown: thc dashed curvc is thc 
SAID paramcterizatioJl, the open circles depict the 
KEK results. 
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Somc of thc observed features are similar to those of 
pp ---> d,,+ . However, the ratio of the forward differen­
tial cross sectiolls of the two react io lls , corrected for dif­
fere nt FSI in the relevant nucleoll pairs, shows a signifi­
cant suppression of the single-pion production associated 
with a spin-singlet final lIucleon pair, see Pig. 8. While 
such a suppression is known and understood in the near­
th reshold and the LI (1232) regions, the observed small­
ness of Ihe single t production at lligher energies requires 
further investigations. 

1.6 1.8 2 

-_.-

Fig. 8: Ratio of the single-pion produetiOl\ cross see­
lions associated with fonnation of spin-singlet and 
spin-triplet nucleon pairs. The cllfve is to guide 
the eye. 

The obtained data are apart of the ongoing ANKE stud­
ies on the pp ---> {pp }.,,,o reaet ion whieh includes also 
measurements of polarization observables. A descriplion 
of the whole data ensemble will be a significant chal­
lenge for thcories trcat ing (his, onc of the simplesI. pion­
production reaction. 

1.2.5 Coalescence and "fireball" processes in non­
equilibrium emissiou of light eharged particles 
fl'Om p+Au collisiolls 

A uniquc data set on the energy and angular <.lepen­
denee of double differential cross seclions d'a / dQdE 
was measured alld reeently published by the PISA eollab­
ora tiOll for p,d,t,3·4,6He, 6,7,8,9Li, 7,9, iOBc, and 1O,11 ,12B 

produced in eollisions of 1.2, 1.9 and 2.5 GeV p+Au tar­
get. 
The double differenlial cross seetions for light charged 
particles were analysed in the frame of the microscopic 
model of intranuclear cascade with coalescellce of Ilucle­
ons (!NelA.3 model) and statistieal model (GEM2) for 
evaporation of particles from excited residual nucieL It 
is observed that encrgy and angular dependencics of data 
do not agree satisfactorily wi th cither predictions of mi­
croscopic intranuclear cascade calculalions far protons, 
or with coalcscence calculations for other light charged 
parlieles. 
The phellomcnological inclusion of another rcaction 
mechanism - emission of light charged particles from 
a "fireball", i.e., fast and hot moving source - combined 
with the microseopie model calculations of intranuclear 
easeade, coaleseenee INCL4.3 and evaporation GEM2 of 



panicles leads to very good description of the data, as is 
shown for example for deuteron emission in Fig.9. 
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Fig. 9: Open circles rcprcsent experimental cnergy spec­
tra of protons measured at 16°, 65°, and 100° 
for three proton beam energies. Dot-dashed 
lines present Ihe contribution of deuteron emis­
sion from the "firebalJ", the dashed lines show 
INCL4.3+GEM2 calculations. The solid lines 
show Sllm of a11 these contriblltions. 

A new result of the present work is the observa tion of 
non-equilibrium emission of LCP's and IMF's mediated 
by lwo competing mechanisms: surface coalesccnce of 
outgoing nucleons and thc contribution from a mecha­
nism similar to a fast break IIp of the targel nuclells lead­
ing to three moving sources appearing as rcslIlt of the 
break up. The necd to int roducc the presence of a "fire­
ball" contribution seellls to indicate that the lack of corre­
lation between nucleons, which is inherent to intranllclear 
cascade models, leads to oversimplified microscopic dc­
scription of the reaction Illcchallism. A detailcd disclis­
sioH on the "fircballs" characteristics, its velocil Y, appar­
ent temperature. producliOll cross sectiOTl and the number 
of nucleons it is built of has recently been published by 
the PISA eollaboration. 
The present investiga tions allowed to find the beam en­
ergy variation of the contribution of non-equilibrium pro­
cesses to the studied emission ofLCP's. h was found that 
the non-eqllilibrium processes are very important for pro­
duetion of light chargcd particles. They exhaust 40 - 80% 
of the total cross scctions - depending on the emitted 
particles. Coalescence and "firebaU " emission givc CO rn­
parable contribut ions to the cross sections with exceplion 

6 

1.0 

0.8 
, • • • • I ~ .. 0 .. 

~O.6 

" • • 0 • w 
~0.4 • 
'0 w p • d 

• I I ~0.2 _ . _ 3He • 'He 

0.0 
1 2 3 

E [GeV] 

Fig. 10: Ratio of non-cquilibrium processes (coales­
cence&"f1reball") to total cross sections (non­
equilibrium&evaporation) as fllllcti oll of beam 
encrgy. 

of 3He data where coalescence dominates. The ratio of 
SUIll of all non-equilibrium processes to those proceeding 
through stage of statistical equilibriul11 does a11nost not 
change in the be am energy range from 1.2 to 2. 5 GeV 
for all light chargcd particles with the exception of the 
a -part icles, wherc this relative contribulioll increascs by 
20% from lowest 10 highest bcam energy as is shown in 
Fig. 10. Such an all110st constallt fraction of the contri­
bution of non-equilibrium processes secms to be ralher 
uncxpected in view of strang incrcase of the total pro­
duc tiOll cross scctions in the studied broad range 01' bearn 
cncrgies. 
To oblai n more insight into the reaction mcchanislll it is 
necessary 10 systematically inves ligate the cllcrgy depen­
denee of the reaction processes for various targets. En­
ergy ami angular dependences of double differential cross 
sccliolls for lightcr target systems are currently analyscd. 



1.3 Status of EX(lcl'imcntal Facilitics 

1.3.1 Firsl double·polarization measurcmenls at 
ANKE 

A key feature of the experiments planned at ANKE is 
(he lIse of polarizcd beums and targets wh ich allow olle 
10 perform double-polarization mcasuremcnts. The fo­
eus is on the study of three·body final states with the 
aim of cxtracting basic spin-dependent two-body seaUer­
ing information elose to threshold. Since summer 2005 
ANKE ean be equipped with a Polarized Internal Target 
(PIT) located between the dipole magnets 0 land 02 (see 
Fig. II ). 

Fig. 11: Photo of ANKE with the Polarized Internal Tar· 
get (PIT) in front of the speetrometer dipole 
D2. The main componcnts of the PIT system: 
Atomie Beam Souree (ABS), Lamb·shift Po­
larimeter (LSP), and the larget ehamber hosting 
Storage Cell (SC) together with Silicon Tracking 
Telescope (STI) system are indicatcd. 

During olle weck of commissioning experiment in Jal1-
uary 2007 allocated to measure the Charge-Exchange 
break-up of polarized deuterons on a polarized hydro­
gen targcl Jp -> (pp)", Ihe following aehievements have 
been made: 
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• For the first time, studies with the COSY polarized 
deuteron be am were performed using a storage cell 
(25 Jlm aluminum foil, \Vilh lhe inner surface cüv­
ered by TeOon, of 20 x 15 mm2 cross scction and 
390 mm length). For this purpose the machine 
graup furnishcd a polarized deuteron beam, elee­
tron cooled, stackcd 3t injcction and acceleratcd to 
Td=1.2 GeY; 

• To improve the eaSY beam intensity, a longer 
stacking injcction was implementcd. In double~ 

polarized measurements a cycle of 45(50) minules 
dlll'ation was used: 15(20) minutes for stacking 
(90(120) stacks scparated by lOs for cooling) and 
30 minutes for thc Oat top. Under these conditions 
7 x 109 polarized deuterons were aeeeieratcd to the 
Hat-top energy of 1.2 GeY; 

• It has been shown that the procedure of scraping 
the acceleratcd beam berme the data-taking min­
imized the background events coming from the 
interaetions of the bcam halo particles with the 
cell wall. Even without stochastic cooling (this 
is not possible al COSY at the be am energy of 
Td = 1.2GeY), the achievcd beam quality gener­
ally allowed the deuterons to pass through the cell 
witllOut hitting the walls; 

• The expected density for the polarizcd hydrogen 
(H gas) storage cell target of d, = 1.34 x 1013 cm- 2 

was achievcd. This valuc, together with the beam 
intensity of? x 109 stored polarizcd deuterons, led 
10 a luminosity of L '" 1.0 x 1029 s- l cm- 2; 

• The c1can idcntification of cvcnts for the thJ~ 
induced reactions when using a lang cell target has 
beeil demonstrated. This was done Oll the basis of 
experimental information obtained from the H gas 
target and Oll the known shape of the background 
from the cell walls, wh ich is imitaled Ihrough the 
use of N2 gas in the cell. The exact shape of the 
background under the missillg-mass peak from the 
cell~\Vall cvents has been determined in real expcr~ 
imcntal conditions and was eontrolled during all­
line Illcasuremcnts; 

• Usillg the missing-mass tcehniquc for the mea~ 
sured single- and double-track events in ANKE, 
it has been shown timt very clean identification 
of the following reactions is possible: dji -> 
dpspno (both branches of quasi-free iiji -> dno), 
dji -> (pp)/l, dji -> 3Heno, and dp -> dp. The last 
channcl was idcntificd unambiguollsly with very 
linie background (see Fig. 12) by using the silicon 
detectors, placed elose 10 the storage cell in vac­
uum target ehamber, in eoincidellce with the for~ 

ward dctector system; 

• In parallel to the data taking, the ABS source 
has becn tuned with Lamb-shifl Polarimeter (LSP) 
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Fig. 12: Angular conelation between the protons and 
dcuterons detec ted inthe SIT and forward detec­
tor, respectivcly. The expecled kincmatical COf­

relation für the dp elastic reaction is shown by 
the black line. 

measurements (sec Fig. U ). The goal was 10 

determine the target polarization (Q,.) from the 
quasi-free IIP -4 dno reaction (see Fig. 14). The 
achieved value of average target polariz31ion of 
(Q,.) = 0.75 ± 0.06 is much higher than it was in 
Ihe first measuremcnts in 2006. Thus, lhe target 
polarization has beeil maximized und Ihe equality 
of positive and negat ive polarizations has beeIl ver­
ified on the level of a couple of perccnt by using 
ollline measurcrnents from Ihe LSP. rcpcated every 
24 hours; 

~ 03 ,--~-r-~-~-~---,---,---,-, 
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Fig. 13: Dnline measurements of lhe Lyman-a peak 
aSYlll lllctry [rom the LSP whcn Ihe weak field 
transi tion unit (WFT) was swilched on ('spin­
up') and off ('spin-down '). 

• Thc value of Ihe deuteron beam vector polariza­
tion P1. has been extracted from the quasi-free 
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Fig. 14: Angular dependence of the missing­
mass squared distribution for Ihe reaction 
d p -4 d P.,pX measured with the storage cell 
and 1.2 Ge V deuteron bcam. Red and black 
histograms stands, respectively, for data with 
target polarizalion 'spin-up' and 'spin-down', 
after background subtraction using N2 data. 

Jip ~ dnO reaelion using lhe angular dependence 
of lhe analyzing power of lhe pp ~ dn+ reaelion, 
which was also lIsed 10 delermine Ihe larget polar­
ization. The resull, (p,ANKE) = 0.60 ± 0.IO, is com­
patible with the value of (p,LEP) = 0.660 ± 0.003, 
obtained from the Low Energy Polarimetry (LEP) 
measurements. 

Given the above successes in the first handling of the 
double-polarized data, it can be concludcd that ANKE 
is ready 10 cmbark on the experimental program which 
includes Ihe double-polarizalion mcasurements. 

1.3.2 Status of the COSY-TOF Experiment 

The analysis of first data on A production with polariscd 
pro Ions has been eompleled, results are obtained for Ihe 
A allalysing power and far the spin transfer eocfficient al 
2.75 and 2.95 GeV/e beam momclllum. 
A data sampie, consisting of more than 320.000 fully re­
construcled pp ~ pK+ A cvents, is now available at a 
beam moment um of 3.06 GeV/c. The corresponding pre­
liminary Dalitz plot is shown in Fig. 15 . 
For Ihe first time the analysing power for Ihe two pion 
produclion in proton proton interaclions was analysed. 
The evaluation of the analysing power of lhe rcaction 
pp -4 pp1) is in progress, more than 50,0001) events have 
been analysed. 
With installation of a new roots vacuum booster for the 
eOSY-TOF vacuulll tank the pumping capacily was in­
creased by a factor of four. Together with the increased 
vacuum tube cross seeliOlllhis assures apressure of lower 
than 3· 10- 3 mbar, which is nceded for the operation of 
the straw tube traeker inside the tank. More than 3000 
signallines, high-voltage cables, and gas tubes havc to be 
fed into the vacuum for this internaioperation. For this 
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Fig. 15: Preliminary Dalitz plot of thc reactiOll pp --+ 

pK+ A for a beam momentlll1l of 3.06 GeV/e. 
The sam pie contains about 320,000 events cov­
ering the full phase space. 

task a hexagonal shaped vaCUUI11 vesscl wns constructed, 
which will be instalIed betwecn the tank und the tube 10 

connect thc tank to the pumping station (see Fig. 16). 
This vessel was fabri cated in the ZAT workshops. 

Fig. 16: The hexagonal vaeuum vessel, whieh allows for 
the lead through of more than 3000 signal Jines, 
high-voltage cables, and gas tubes. 

1.3.3 FiI'st Expel'imcllts with thc WASA DetectoI' 

Thc installation of a new Forward Window Counter 
(FWC) allowing for HIns at higher lUlllinositics, the data 
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acquisition system reaching its design goal of ~ 20 ll s 
dead-timc per event already during the fi rst productiOll 
run, the production of cxtrcmcly stable working nozzles 
for pellet target operation , and a pellet target uptime for 
operation with deuterium of more than 84 % mark the 
technicalmilestones rcached during the past year. 

In April and May 2007, WASA-at-COSY has starIed its 
physics program with first data Oll the isospin violatillg 
1] ---+ 3 n° decay and dedicated experiments using deu­
terillln pellets. 1] mesons have been prodllccd in Ihe re­
action PP -> ppIJ at a kinetie energy ofT/, = 1400MeV 
and are lagged via the missing mass with respecI 10 two 
protons identified in the Forward Deteetor. The 3,,0 
channel is identified from Ihe subscquent n° ---+ yy de­
cay, i.e. the three n° are reconstructed from a 6y fi­
nal state. Experimental data are shown in Fig. 17 in a 
symmetrized Dali tz plOI, with a background contribution 
from non-resonanl 3 n° produclion estimated to be less 
than 10%. Transformation to a one-dimensional distri­
bution in terms of Ihe densi ty of events as a fllnction of 
the radial distanee from the eentre of the DaJitz plot al­
lows the extraction cf the slope parameter a in the linear 

parameterization IA( IJ -> 3 ,,°) 1
2 

'" I + 2Ul of the deeay 
amplitude (Fig. 17. 

So far, only every second dala file has been analyzcd, and 
the total est imated statisties of", 120 k events for the fi­
!lai Dalitz plol corresponds to about fi ve days of dala tak­
ing. After initial ealibration and trigger optimizatian the 
time available far Ihe measurement was Iimited by langer 
breaks in data taking due to several exehanges of the pei­
let target nozzle towards the end of this I1rst TUn. This 
eontinuolls l10zzle bloeking was identified after summer 
with the hell' of the infrastrueture established for gl ass 
nozzle manufacturing in the Central Departmenl of Tceh­
nology (ZAT) to be duc to debris from sinter filters at the 
gas input side of the nozzle. This material problem was 
cvenlually solved prior to the production TUns in the sec­
ond half of 2007, with nozzles now showing lifetimcs in 
the range of at least scveral l11onths. 

The ABC effeet dellotes an unexpccted isoscalar ell­
hanccment at low nn invariant 11msses observed in two 
pion production experiments leading to abound nuclcar 
system in the final state. The effeet has been interpreted 
as AA excitation, but conventional calcll iations giving a 
good description of inclusivc da ta fail to rcprodllce the 
strength of the effect seen in recent exclusive data ob~ 

tained at the CELSIUS/WASA facility. In inclusive data, 
the ABC effeet appears to be larges t in the double-pionie 
fusion of deuterium to 4He. 

In December 2007, the reaction dd ---+ 4Henn has been 
measured exelusively with thc WASA-at-COSY setup 
at nine di fferent kinetic beam cncrgies between T d = 

800MeV and Tri = I400MeV eorresponding to exeess 
energies between 135 and 400MeV with respeet to the 
2,,° threshold. As an example, Fig. 18 shows the c1car 
idcntifieation ofHe nuclei at Tri = I I 17MeV by the LlE­
E techniqlle using the information from the first two lay­
ers of the Forward Range Hodoseope FRHa (LI E) and 
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Fig. 17: Efficiency correclcd symmelrized Dalitz 1'101 of 

Ihe 1) --> 3,,0 decay from WASA-al-COSY dala 
(IOp) and radial densily diSiribulion for the ex­
traction of the slape parameter a (bol10m). 

FRHb (E). Background from fast breakup protons and 
other minimum ionizing parlicles is complelcly removcd 
already al Irigger level by choosing appropriale Ihrcsh­
aids for Ihe upgraded FWC and Ihe firsl FRH layer. For 
most of the cnergy runge covered wilhin Ihis experiment, 
this allows 10 trigger on the He tagging system only, 
avoiding any trigger condition on the 2 n system in the 
Central Detector and thus 31lY trigger systematical effecis 
on a direct comparison of n° n° and n+n- final stales. 

In Fig. 18 bands for 3He and 'He are clearly scparated. 
For fasl 3He nuclei Ihal are nol siopped in FRHb, Ihe two 
distinct enhanccmcnts cnn be identified with the breakup 
reaction dd --+ 3Hcn and quasi-frcc single pion produc­
tion via nd(p)spec ~ 3Hen- (p)sPt'C and pd(n)spec ~ 
3He,,0 (11).,,,,,, respeclively. Qualilalivcly, Ihe ABC ef­
reet ean already be rend off the density variation along 
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Fig. 18: LlE-E 1'101 from Ihe firsllwo FRH layers FRHa 

- -- and FRHb al Td = 1117MeV. Bands for 'He and 
4He are c1carly separated. Struetures for fast 3He 
correspond to Ihe binary dd --> 3Hell breakup 
channel and quasi-rree single pion produclion . 

the 4He band: The increase in events towards rast "He 
stopped in FRHb implies an enhancement ror events with 
small nTC invariant masscs. Siow "He nuclei - eorre­
sponding 10 large nn masses - that are stopped already 
in FRHa are not contained in Fig. 18, hut can be identi­
fied using Ihe LI E and E signals from Ihe upgraded FWC 
and FRHa, respeclively. 

From the intcgrated running time or ~ 361101irS at Td = 
1117MeV a 10lal sialislics of roughly 4k fully idenli­
fied 'He"o"o --> 'Hc(yy) (yy) evenls is expected for Ihis 
be am encrgy, and statistics for the other beam energy set­
tings are estimalcd 10 be similar. 
One of Ihe flagship experimenls for WASA-al-COSY is a 
measurement or the reaction dd ~ 4HenO to extraet (he 
p-wave cOlliribulion to Ihe Charge Symmelry (CS) break­
ing amplitude. The p-wave eontribulion heing sensitive to 
the charge dependence orthe nNN coupling constanl has 
becll identified as one of the crucial input parameters ror 
a furrher consislenl effeclive field Iheory analysis of Ihe 
CS breaking mechanism bOlh in Ihe dd ..... 'He"o signal 
and in the IlfJ -----. d n° rorward-backward asymmetry, and 
can presenlly only be measured al COSY. The dd inilial 
state interaclion is the most unccrtain part in theoretical 
calculations and can be constrained from measuremcnts 
of CS conserving breakup reaclions likc dd --> 3Hell ,,0 
or dd ~ 3He p n-, where the transition operator can be 
calculated from known amplitudes within Chiral Pertur­
bation Theory (ChPT). 

AI Ihe WASA facilily, in a first slep Ihe breakup reac­
tion dd --+ 3Hell n° has been measured at a beam 1ll0-

mclllum of Pd = 1.2GeV/c (Td = 351 MeV) 10 providc 
inrormation on the initial statc interaction and to study 
Ihe experimenlal (background) condilions for a later pro­
dUCliOll run on thc CS breaking channel with a cross sec­
lion in Ihe range of ~ lOOpb. Experimenlally, Ihe reae­
lions dd --> 3Hell ,,0 and dd --> 'He"o are idenlified by 
detecling recoil He nuclei from Ihe energy loss informa-
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Fig. 19: yy invariant muss for cvents wilh 3Hc nuclei 
identified from the cnergy lass information in the 
WASA Forward Detcctor from approximatcly 
seven IJOurs ofdata laking al Td = 351 MeV, eor­
rcsponding 10 the reactioll dd ......-.} 3HcIlno, 

lion in the Forward DeteclOI' (as shown for highcr ener­
gies in Fig. 18) in eoineidenee with the n° -> i'Y deeay. 
After He idcntification, eliminating contributions [rom 
dd -+ t pnO, the reactioll dd --+ 3HclI710 is - with es vi­
oraling n° production supprcssed by rour orders of mag­
nitude - the only sourcc of n° in this energy range and 
the reconstructed yr invariant mass (Fig. 19) shows the 
lInambiguous background [fee identification of the es 
conserving channe), 
During the first half of 2008, a dedieated experiment to 
study 11 deeays involving the an oma lies of the QCD La­
grangian, i, e. decays with either two (virtual) photons 
(1) -> y'y' -> e"e- e+e- ) or one (virtual) photon and a 
n+n- pair (1) -> n+n- y' -> n+n- e+e- ), has already 
been scheduled. The experiment airns at extracling prc­
eise branching ratios and r* invariant mass distributions 
from an anticipated statistics of fcw times 102 and 104 

evenlS, respectively, which can be compared to ChPT pre­
dictions. 
Based on the experience from the mcasuremcnt of the 
CS conscrving dd --+ 3HcIl n° channel, a first production 
nm on dd --+ 4Heno at high luminosities in the order of 
lO32 em-2s- 1 is being prepared for a laterstage in 2008. 

1.3.4 Prepat'ations for Spin-Filtering Studies at 
COSYand AD 

The high physies potential of experiments with stored 
high-energy polarized antiprotons led to the PAX pro­
posal for the High Energy Storage Ring (HESR) of the 
FAIR faeility. It is proposed to polarize a slored an­
tiproton be am by spin filtering with a polarized hydrogen 
(deuterium) gas target. The feasibility of spin filtering 
has been demonstrated in the FILTEX experiment at TSR 
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(Heidelberg) in the 1990's but the theoretieal understand­
ing is controversial. In order to cJarify this situation sev­
eral experimental sindies with protons (at COSY) as weil 
as IVith antiprotons (at AD/CERN) have 10 be earried out. 
These investigations require an experimental set-up of a 
polarized internal gas target (PIT) with a system of Sil­
icon detectors implemcnted into a large acceptance sec­
tion of the magnetie lattiee (Fig. 20). 
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Fig.20: The geometry of the low-ß (Iarge aeeeptanee) 
- -- seetion around the targel at COSY. The slorage 

eell (see below) lViII be loeated in the center be­
tween the four additionally needed magnets. The 
lines denote the vertieal (dashed line) and hori­
zontal (solid line) beta funetion , proportional to 
the size of the beam. 

For longitudinal spin filtering at COSY the solenoids of 
WASA and lhe cleetron cooler can be used as a Siberian 
snake, but for the AD, an additional snake is rcquired. 
Thc former HERMES polarized atomic bcam somee was 
set up in Jülich with a Illodified vaeuum system, mounted 
on a neIV support (Fig. 21). 11 IVas eompletely refurbished 
to allow a fast assembly and disassembly at COSY and 
AD. Making lIse of lhe earlier experience in lhe devclop­
ment of the contral system for the polarized internal gas 
target for ANKE/COSY, the eontrol system was renewed 
to allow for a full remote eontrol via computer, The vac­
UUIl1 system with the microwave dissociator is operating 
weil. 
The HERMES Breit-Rabi polarimeter was rebuilt on a 
new support struelUre (Fig. 22). The sexlUpole magnet 
configuration was rnodified and a new strong field tran­
sition "Dual Cavity" was designed and built in order to 
measure the polarizatioll of hydrogen and deuterium. 
To reach the necessary areal densities for spin filtering, 
the lIse of a storage cell is mandalory. The present cell 
design (Fig. 23) eonsists of 511m Teflon walls sllpported 
by an aluminum frame. Thin walls allow low encrgy re­
eoil partic1es to pass through and be deteeled by the Sili­
con Tracking Teleseopes. The Teflon eoating suppresses 



(mounted on the lower end) in thc laboratory. 

depolarization und recombination of (he target gas inside 
(he cell. The vaCUlIlll systelIl of the target section COI11-

prises (wo turbo molecular pumps, backed with smaller 
turbo Illolecular pumps and a dry forc-vaclIulll pump. 
T his will ensure that most of the target gas ex iting Ihe 
storage cell is alrcady pumped away in the target cham­
ber. Thc adjacent chambers containing Ihe magncts of 
thc large acccptance section will be pumped by ion getter 
pumps. In addition, Ihe cold surfaces of lhe supercoll­
ducling magnets are covcrcd with charcoal 10 lIse them 
as cryogenic pumps. 
A first set of mcasurements is planned 10 be canied out 
at COSY. Thcy inelude spin-filtcring measurcll1ents with 
an illitially unpolarizcd proton beam and a pure electfOn­
polarized hydrogen target or a pure nuclear-polarized 
target in a strong holding fie ld to determine the indi­
vidual polariza tioll buildup cffect due to the clectrons 
and nucleL A second set of measurements is planned 
at AD/CERN. These will directly inves tigate the mech­
anisl11 of the spin filtering process with an antiproton 
beam. 
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Fig. 22: The reassembled Breit-Rabi polarimeter on the 
!lew support. 

Fig. 23: The openabJc storage cell with thc slllTounding 
--- silicon detectors. 



2 External Experiments 

2.1 The ATRAP Experiment at CERN 
(Physics wilh Cold Anti-hydl'Ogen) 

A long- tenn goal of the ATRAP experiment atthe CERN 
anti -proton decelcrator AD is 10 confine ground-state H 
atoms fa r a test of the CPT invariance by a comparison of 
hydrogen (Ho) to anti -hydrogen (Ho) atom speetroseopy 
and a measurcmcnt of the gravitalional force on antimal­
tcr atoms. For the confincmcnl of neutral antihydrogen 
atoms magnetic gradient fie lds have 10 be used Iike a 
l a ffe trap consisting of a magnetic quadrupole for rad ial 
and solenoids for axial trapping. The challenge is that 
the radial loffe fie ld, overlay ing the nested Penning trap 
(see Fig. 24) des troys the symmetry that guarantees s ta­
ble confinemcll t of the charged pUl'licle c louds jj and e+ 
needed to produee H atoms. 

(a) I( ~ 
tO em 

/offe trap 

(b) 

e+ P 
H forms in nested trap 

Fig. 24: Outside (a) and cross seetion (b) view of the ring 
eleetrodes from the Penning trap, ovcrlayed by 
the quadrupole laffe trap. 

ATRAP settled the cont rovcrsial discussion whcther 
charged particJe clouds would rcmain confined 10ng 
enough 10 form H atoms by demonstrating long-time COIl­

finement of p , e- and e+ within a quadrupole l a ffe trap. 
The productiOll of antihydrogen atoms within Ihis com­
bined Penning-Ioffe trap was aehieved. ln fact even more 
H atoms were deteeted with than without a loffe field. 
Figure 25 shows the potcntial structure created by thc 
black ring e leetrodes (E2 .. . E9) with the weil depth con­
lours (a) for ground-s tate H atoms in the la ffe trap. On­
axis Poten tial we lls seen by eharged partic les during (red) 
and after (green) H produetion are displayed in part (b) of 
the figure tagether (d)- (I) with the cOlTesponding equipo­
tentials for these two cases. Magnetie fi eld lines (blue) 
which are parallel to thc trap axis with no loffe ficld 
(e) are significantly red irected (e) when the lo ffe field is 
added (d) and (I). Currents of 80 A in the pineh coils and 
69 A in the bars of the raeetraek coils incrcase the bias 
fie ld to Ba = 2 .2 T, produeing 375 mK rad ial and ax ial 
weil depths for ground-state H atoms, an ax ial gradient 
of ß = 93 TIm, and a radial-to ax ia l ratio ßR/ Bo = 0 .78 
at the trap electrodes. The supereonducting trap was re-
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ali zed wirh multi -strand NbTi wire wau nd on Ti forms, 
with e1ose-fi tting Ti parts and AI bands eonlaining s trang 
outward fOl·ces. The l a ffe trap has becn designed by the 
ZAT of tlle FZJ and eOlls trueted in eooperation with the 
ZAT and ACCEL. 

(a) mK 

' 00 

200 

0 

(b) 

,,~ 40 deteellon weil 

~ .~ 
g<P 

c 

o 
0 -40 nested weil 

----- ----
(e) (d) 

x...tz 
(e) (I) 

E4 ES E6 E7 E8 

Fig. 25: Weil depth and field distributions in the elec­
trades. 

A Iypical mcasuremenl started with 10 min for calibrat­
ing the number of e+ eaplUrcd in the trap, followed by 10 
min for accumulat ing and eooling 150 million e- to be 
used for effic iently capturing e+, and 400 million e- for 
eooling j j. During the next 15 min si multancously abotlt 
0.5 million p and 60 million e+ are trapped and eooled. 
The p and e+ are tnmsferred adi abalieally from the plaee 
where Ihey are initially eaptured and cooled to the e lee­
trades near the center of the de-energized quadrupole 
loffe trap. The ß are injected into the nes ted trap, the 
H atoms that form as the e+ in itially cool tlle p are dis­
eardcd, and the seilltillating detee tors reeord how many 
ß are losl. After the loffe trap is now ramped up in 14 
min. a dctcc tion weil (sec Fig. 25b) is created . The ß and 
e+ interaet during the next 10 min where the depth of the 
central e+ weil in the nested Pcnning trap is lowercd 10 

form H atoms. Thereafter the loffe fieI d is ramped down 
in Imin. The jJ in the interaction region leave now as 
the depth of the green weil in Fig. 25b is reduced and 
fin ally the detcetion weil depth is zeroed so that the ß 
withi n leave to annihilate and be counted. Figure 26a 
shows the normalized number of H atoms ionized in the 
detec tion weil as a funetion of the depth of the loffe trap. 
This Il umber initi ally deercases with incrcasing laffe trap 
depth, hut is aClUally enhanced whenthe quadrupole Ioffe 
trap ge ts deeper than 300 111 K. 



800 
~ 600 c 

~ 
'" 

400 
1» 200 " '" " 0 
.~ 

1i 1200 

:~ 800 
~ 

~ 400 

1:1: 0 

(al luilloffo fiold 

! II ! 
! I I 11 ! I 

(bi radial fiold off ! 
1 ! 1 

1 1 

1 1 1 1 ! 
I J 1 

o 100 200 300 400 
loffe trap depth for ground-slat9 R atoms (mK) 

Fig. 26: DClecled ii aloms I'S. ils deptlt , for (a) a com­
- - - plele loffe trap and (b) only pinch coils being en­

ergized. 

Ta probe thc effect of an adiabatic increasc in the bias 
field the Illcasurcmcnls were repeated wi thout a radi al 
loffe fiek!. The ii producliOlt is overall larger as is 
demonSlraled in Fig. 26b. The reproducible spiking fea­
tures at 200 mK and near 400 mK require fUriher studics, 
perhaps being duc 10 collcctive excitations of an adiabat­
ically healed e+ plasma Ihat enhance 0 1' inhibil p loss 
and Ihe H number that is detected. SUlllmarizing, AO 
atoms were produced wilhin a quadrupole loffe trap Ihal 
is supcrimposed upan a shor! nestcd PCllning trap. More 
atoms were dctected within a strong loffe field, assuag­
ing fears Ihallhe loffe field would prevelllihe producliOlt 
of iio aloms. As a nexl Slep il should be possible 10 de­
termine HO atoms that are lrapped within the magnetic 
quadrupole field and to oplimize the producliOlt of cold, 
lowfield-seeking, ground-statc HO atoms far further anti­
matter investigations. 
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3 Theoretical Investigations 

The IKP theory group studies the strong iuteraetions 
in the ir variolls settings - spanning topics in hadron 
structure und dynamics, (he nuclcar muny-body problem 
and high-energy Quantum Chromodynamies (QCD). The 
main feeus is on the formul atioll and application of ef­
fect ive Held theories for precision hadron and nuclcar 
physies based on the symmetries of QCD. Within the vir­
tual institute on "Spin and strang QCDn werk focu ses 
on applieations for phys ies at COSY and FAIR phase D. 
Some of the high-lights of these ae tivit ies are d iseussed 
in the following. 

3.1 The neutron-neutron scattering length 
from the rcaction yd ---> n+nn 

Apreeise knowlcdge of the neutron-neutron (nil ) scatter­
ing length amI, a quanti ty thai characlerizes scallering al 
low cnergies, is fa ther important for the understanding 
of the effects of charge syrnmelry breaking in nucleoll­
Il uc leon forces. Since a d irect determination of aI/li in a 
seaUering experiment is extremely d iffieult due to the ab­
sence of a [ fee neutron target, the value for GI/li can be 
only extracted fro m analyses of reactions where there are 
thrce particlcs in the fi nal state. e.g. n - d -t r lll1 or ud -t 
pml . There is some spread in the results for GIIII obtained 
by the various groups. In panicular, two independent 
analyses of the reaction ud -t pun yielded significantly 
d iffe re nt va lues for GII/I ' namely GI/li = - 16.1 ±0.4 fm and 
GI/li = - 18.7 ± 0.6 fm, whereas the latest value obtaincd 
from the rcaction n- d -) rl/n is GII/I = - 18.5 ± 0.3 fm. 
A t the same time, for the proton-proton scattering leng th , 
which is direc lly aecessible, a very reeen t analys is rep0rls 
GI'I' = - 17.3 ± 0 .4 fm, after appropriate ly eorree ti ng for 
electromagnetie effeels. Thi s means that even the sign 
of L1a = GJIJI - aI/li is not fi xed. We examined the possi­
bilily 10 detenn ine GI/li from yet another reac tion, namcly 
yd --> n+"". Thereby we utilize the tools prov ided by 
ehiral perturbation thcory. We showed that one can ex­
trac t the va lue o f all/I reliably from this rcaction by fi t­
ting the shape o f a properly chosen 1l10mentum spcctrum. 
In this case the main somce of inaccuracies, caused by 
uncertain ties in the si ngle-nucleon photoproduc tion Illlll ­
ti pole Eo+, is largely suppressed. Furthermore, there is 
a suppression of the quas i-frce pion production at spe­
cific angles where then the ex trac tion of al/li can be done 
wi th minimal theorelical uncertainty. Indeed we found 
timt this uncertainty can be as low as 0.1 fm. Specific 
results are presented in Fig. 27 whe re we display the fi ve­
fold differential cross scctiOll for yd -t n + 1l1/ at the ex­
eess energy Q = 4 .65 MeV (tl Ey = 5 MeV) as a funetion 
of the relative momentulll between the two neut rons, Pr. 
The dashed lines eorrespond to a polar angle 0, of the two 
ne ut rons of 0°. O bviously in th is configuration the quasi­
free peak (at the upper e nd of the speetrum) is rat her pro­
nouneed. On the other hand for 0, = 90° (solid li nes) the 
contribution from the quasi-fl'ee production is practically 

15 

2.5 
::i 
~ 

N. 2 
0. 
"0 . 

e:" 1.5 
"0 

e:n 

15 
""0 0.5 

00'c-~""'IO~--02'o-0~-3""0~--C4'o-0 ~-5""0c-'--!60'o-"'---c!70 
P, [MeV] 

Fig. 27: Sensitivity oft he di ffere nti al cross see tion for the 

reaction rd -} n + ml to the 1111 scatter ing le ngth 
GI/I/' The solid and dashed lines correspond to the 
angular configurations w ith 8, = 90° and 8, = 
0°, respectively. The d ifferent val lies of aI/li used 
are speci fied in the fig llre . 

abseilt. From the variations in al/ll one can see the sen­
sitivity of the considered observable to the 1111 scaUering 
lengths. 

3.2 Delta isobar conh'ibution to the two­
nucleon force 

Mlich work has been devoted over the last decade to 
und erstand the structure of the nuc lear force within the 
fram ework of chira l effec tive neid theory (EFT). Most 
of the stlld ies arc carried out based on e ffec ti ve La­
grangian for pions and nucleons chi ra lly coupled to ex­
tem al SOllrces. The resulting chirnl expansion for e.g. the 
two-nuclcon force exhibi ts a somewhat unnatural convcl'­
gellce pattcrn. For example, by far the mos t important 
two-pion exchange (TPE) eont ribution is the subleading 
olle wh ich arises at next-to-next-to-Ieading order (N2LO) 
in the chira l expansion. A s imilar pattern is also ob­
served for threc-pion cxchange and the charge-symmc try­
breaking TPE potentials. T his ean be traeed back to the 
large values of Ihe dimensioll-two low-cnergy cons tants 
(LEes) C3 ,4 which are weil undcrstood in terms of reso­
nance saturation. In partic ular. the L1- isobar provides the 
dominant (signifieant) eontribution to e3 (C4). Give n its 
low excitation encrgy, lilA - IIlN = 293 MeV. and s trong 
coupling to the nN sys tem, o lle call expect Ihat Ihe ex­
plieit inclus ion of tl in EFT utili zing the so-ealled sm all 
se ale expansion (SSE) wiII allow to resum a certain class 
of important cont ributions and improvc the convergence 
as compared 10 the delta-Iess theory. The dominant COI1 -

tri bution to the TPE nue leon-nucleon (NN) potential due 
to in termediate L1 excitatio ll arises at nexH o-leading or­
der in the SSE and was already considered in the liter­
ature . We worked out the fi rst correc tions wh ich arise 
at N2LO from tri angle, box and crossed-box diagrams 



with one insertion of the subleading nnNN or nNtl in­
tcractions proportional 10 LEes Cj und the combination 
b3 + bs, respectively. Notice that the LI contribution to 
the one-pion exchange (OPE) potential and contact in­
temctions up to N2LO can be absorbed into rcdefinition 
of the corresponding LECs. The values of the LECs C; 

are different in the delta-Iess and delta-full theories and 
can be nalurally exlractcd from nN scaltcri ng. At sub· 
leading order, the determination of Ci [rom the nN S- and 
P-wave threshold eoefficients yields in the delta-Iess the­
ory Cl = - 0.57,C2 = 2.84 ,c) = -3 .87,C4 = 2.89, where 
only cent ra I vu lues are given and the units are GeV- I . ]11-

cJuding Ihe LI contributions and ulilizing Ihe SU(4)/large­
Ne relation bClwcen lhe rrN t1 and nNN axial-vector eou­
pling,IlA = 3gA /(2..[i) , leads 10 b3 + bs = 1.40 GeV- 1 

and Cl = - 0.57,C2 = - 0.25,C3 = - 0.79,04 = 1.33. As 
expeclcd, Ihe LECs C2 ,3,4 are slrongly reduced in mag­
nitude which results in a much more natural convergence 
pattern for Ihe TPE pOlenlia l in Ihe delta-fulliheory. Con­
trary 10 the delta-Icss (heory, thc llulllcrically dominant 
contributiolls 10 the central, tensor and spin-spin com­
ponents of Ihe TPE pOlenlial are now generaled al NLO 
wilh Ihe N2LO conlribulions yielding Iypica lly only mod­
est corrections 10 the NLO result. The improved COIl­

vergenee is also clcarly visible in periphcral NN partial 
waves which were calculated using the Born approxima­
tion und, at this order, are only scnsitive to the OPE and 
TPE potentials, see Fig. 28 for u representative exal11ple. 
On Ihe olher hand, Ihe N2LO TPE pOlen li al in Ihe de lta­
less Iheory is found 10 provide a surprisingly good ap­
proximation to the potential resulting at the same order in 
Ihe delta-flill Iheory. This indicales Ihallhe saluralion of 
the LEes C3,4 is the most importunt effect of the .d-isobar 
at the considered order. 

3.3 Nuclear lattice simulations: Fl'om 
nucleon-nucleon scattel'ing to neuh'on 
mattel' 

Lattice QCD has made considerabJe progress in describ­
ing the properties of nucleons and their internetions from 
first principles. However, so far only (wo-baryons sys­
tem could be studied at Iimited precision. Thus, to ex­
plore syslemalically Ihe inftuence of Ihe QCD symmc­
tries on the nuclear few- and many-body problem, we 
have started a long term effort in nuclear lattice simu­
lations. After first simulatio ns of nuclei witil A = 2,3,4 
based on Ihe leading order (LO) effcclive pOlenlial de­
rived from chiral effective field theory gave same promis­
ing results, we developed a !lCW method to measure phase 
shifts in lattice simulations. For doing that, we impose 
a hard spherical weil boundary on the relative separa­
tion between the two nucleolls at some chosen radius 
R"al . The hard spherical weil removes extra copies of 
two-particle interactions due 10 the periodic boundaries 
on the lattice. This mclhod is particularly suited to study 
lligher angular momenla and phase shift mixing. Il is ap­
plicable to any non-re lativist ic theory of point particles 
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Fig. 28: 3 F3 NN phase shift in EFT wilh and wilhoul ex­
plicit .d's calculated in first Born approximation 
llsing Ihe speclral-funelion cUloff700 MeV. The 
filled circles (open Iriangles) depici Ihe results 
from Ihe Nijmegen (Virginia Tech) PWA. 

on the lattice and has been proven 10 work to high accu­
racy for a toy potential consisting of a ceutral and a tensor 
internetion, Using the same approach, we havc imple­
mented the next-to-Ieading order chi rn i EFT two-Iluclcon 
potential for momenta IIp to the pion mass. To assess 
the 1110del-indepcndence of the simulations, we use two 
different lattice actions, OIlC with instantaneolls one-pion 
exchange and same-site contact interactiolls at LO (LO I) 
and the other with Gaussian-smcared contac t interactions 
(L02)' The conlribulions from nexl-Io-Ieading order con­
tael interactions and two-pion exchange are (reated per­
turbatively. For bolh lattice actions at NLO we find re­
sulls for the NN phase shifls that are ace urate up to cor­
rectiolls expected at llighc!" order. We note Ilmt in general 
the Gaussian-smcared actions L02 and NL02 converge 
faster. In Fig. 29, Ihe phase shifts for singlel and lriplet 
S-waves are showll for the smeared action. 

The same lattice action has been lIscd 10 si mul ate the 
ground state of up to 12 neutrons in a periodic cube lIS­

ing Monle Carlo. We have explored Ihe densily range 
of 2% 10 8% of norlllal nuclear matter dCllSity. Neut ron­
rich matter at Ih is density is Iikely present in the inner 
crust of neutron stars. Furthermore, the Pauli suppres­
sion of three-body forces in dilute neutron matter makes 
il a good tesl ing grollnd for ehiral EFT applied 10 many­
nucleon sys tems. Since ollly isospin I = I combinalions 
contribute to neutron-Ileut ron scattering, the correspond­
ing 5 low-energy constants have been fixcd from (he ISO 
and Ihe Ihree Iriplel P-waves. We have simulaled 8, 10, 
and 12 neutrons Oll pcriodic cube latticcs with spatial 
length Ls = 5, 6,7 lattice llnits and Lt ~ IO in the tem­
poral direcliol1. The results havc cOllverged at Ls = 7. In 
Ihe lower panel of Fig. 29 we show Ihe ground si ale en-
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Fig. 29: Upper panel: S-wave phase shifls versus cenler­
of-mass momentum für L02 (triangJes) and 
NLO, (squares) comparcd 10 Ihe Nijmcgen par­
tial wave analysis (solid Hucs). Lowcr panel: 
Res,"ls far Ihe ground si ale energy Eo al NLO 
(nofmalized 10 Ihe free encrgy E~rce) verSlIs Ihe 
Fermi ll10mcntum kF (black circlcs with crror 
bars). Für comparison. wc show resuhs ava ilable 
in Ihe literature based Oll different methods. 

ergy al NLO compared 10 Ihe energy of a free Fermi gas. 
Thc Fermi momcntllm kF is relalcd 10 thc neutron den­
sily via kF = (3n'N)' /3/L, wilh N Ihe number of neu­
Irons and L Ihe lenglh of Ihe box. We find good agree­
ment with eaflief calculations based on different mcth­
ods near kF = 120MeV bUI Ihere is disagreemenl whelher 
thc slope is positive or negative. We have also analyzed 
the expansion about the unitary limit and rind significant 
cancellations between the various triplet P-wave contri­
butions. In the future, wc intend to study larger systems 
of dilute neutron matter and investigate different lattice 
actions. 

3.4 Baryon J"esonances and Rcgge phe­
nomenology 

Pion photoproduction is one of the premier tools to ex­
eite Ilucleon resonances and to analyze their propertics 
by mcasuring Ihe final slale particlcs generaled Ihrough 
the rcsonance dccay. Especially in the second and third 
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resonance rcgian, Ihc separation of the orten ovcrlapping 
resonances from the background is a difficult task. As 
a major step to allow for tltis separation, a Regge ap­
proach 10 chargcd pion pholoproduction for photon CIl­

ergies abovc 3 GeV has been developed. The inclusion 
of bOlh Regge poles and culs allows 10 exlend Ihe analy­
sis 10 polarizalion observables. AgIobaI fil of Ihe world 
data on positive and negative single pion pholoprodllc­
liOl' at cenler-of-mass energies 2.6</i'<) .6 GeV and al 
four-1110mentum transfer sqllared -1 5:.2 Gey2 has been 
performed and chccked by applying Ihe approach 10 older 
dala"1 II GeV and 16 Gev. rhc Regge amplilUde is Ihcn 
exlrapolatcd to lowcr encrgies, whcre it is expected 10 fail 
becallsc of the presence of baryon resonances with nar­
row widths. Differential cross seclions for chargcd pion 
pholoproduclion inlhe cnergy range belween I GeV and 
5 GeV have recently been oblained by Ihe Hall A Collab­
oralion al JLab, sec Ihe lIpper pancls of Fig. 30. 

We find Ihallhe Regge extrapolalion slarls 10 show devia­
tions fromthe !lew da ta for -1 ~2 Gey2 at center-of-mass 
energies below 2.) GeV. The devialions for n- produc­
tion are larger than the olles for n+ produCtiOJL The ratio 
of the differential cross scctions of n- and n+ production 
are shown in the lower part of Fig. 30. For sIllall momen­
turn transfers (Jeft panel) the experimental n- 10 n+ ratio 
rcmains cOllstant and elose to Ihe valuc found atlarger cx­
citation cnergies. For larger momenlllln transfers (right 



panel), however. a strong deviation of the experimental 
ralio from Ihe high energy value I J2 is observed in Ihe 
energy range belween 1.7 OeV and 2.5 OeV. 
Dedicated experiments on photon nucleon reaetions in 
Ihis energy inlerval may help 10 decide whelher Ihe ob­
served resonancc-li ke structure ean be interpreted as a 
nucleon resonance. 

3.5 Towards an understanding of the 
X(3872) and the X(3875) 

In reeent years a largc nurnber of open and c10sed eh arm 
slares above Ihe LiD Ihreshold, baplized X, Y, Z, werc dis­
eovcred at various accelerators. They all share two fea­
tures: Iheil" properties are in large eonfl ict with the quark 
model lhaI works very successfully bclow Ihe DD Ihresh­
old and Ihey are locared elose 10 a Iwo-body Ihreshold. 
Amongsl Ihose slales Ihe X(3872) pl ays a special role. 
Not only because it is seen in many experiments (Belle, 
Babar, CDF; DO, CLEO-e), reaclions (B deeays, pp), and 
wilh differenl decay charme is (J J'P1C1C, J J'P1C1C1C (only 
seen ar Belle; nol confi nned), DD1C, and DDr), bul also 
because for Ihis state the most differential data exists. The 
cSlablished pole posilion of lhe X(3872) is only 0.4 MeV 
below Ihe DO Do Ihreshold, bul lies 50 10 100 MeV be­
low the corresponding quark state. Thcrefore very early 
after its d iscovery, a molecular nature was proposed for 
the X, although no consensus cxists so far. The situation 
became evcn more puzzli ng, when the data on the decay 
of Ihe X(3872) inlo DD1C (and in DDr) showed a peak al 
significantly lligher encrgies. The central quest ion is, if 
Ihis slruclme is yel anolher I'ea lizarion of Ihe X(3872), or 
a new sI are X(3875). In our wOl'k, skelched in Fig. 3 1, 
we show Ihal bOlh slruclUl'es, Ihe one in J JVI1C 1C and Ihe 
one in DD 1C, can only origin ale from Ihe X(3872) if iI is 
a virtual state. We also show that the issue on the nature 
of Ihe X(3872) can be seHled unambiguously once dala 
with sufficient resolution and statisties is available - a 
challenge that ean be laken by PANDA, once in opera­
tion . 
In our analysis wc use a generalized Flalte formula that 
a llowed for an inelusion of all near-by Ihresholds. Thc 
dara in Ihe J J'P1C 1C1C chnnnel (so far only seen al Belle) is 
nol of high qualily. Thus in our fil s we only use Ihe da la 
sets in J /lJin n and tJDn. A straight forward combined 
X2 fil 10 Ihe dara always leads 10 a very bad descriplion 
of the latter data seL However, since we want to inves­
tigate the consequellee of taking the enhancement in the 
tJDn channel scriously, we by hand require in the fit a 
good description of this channel and then optimized for 
Ihe olher. The besl fi l resul! Ihal emerges from Ihis pro­
cedure is showll as the solid, red line in Fig. 3 1. We find 
Ihal il is ollly possible 10 describe bOlh daln sels simul­
taneously, if there is only a single pole that is located on 
Ihe unphysical sheel, or, said ditrerelllly, Ihe X(3872) is a 
virtual state. It is interesting to ask for the possible best fit 
for a boulld state. If we take our best solution and by hand 
change the parameters such that the singularity moves 
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Fig. 3 1: Upper palIe i: comparisoll of our besl fil (solid, 
red curve) 10 Ihe dala ill Ihe J'P1C+1C- ehallllel. 
The dala are from Belle. The dashed, blue line is 
Ihe resul! , wh eil Ihe pole is moved on Ihe phys i­
cal sheet. integrated over the given bins. Lower 
panel: Belle data in the tJDn channel. Lines as 
nbove. 

from the second to the fi rst sheet whilc kceping the count 
rate in the J / lJInn channel fi xed, our curves change from 
the solid, red ones to the dashed, blue ones. Note that, 
onee intcgrated over Ihe experimental bins, the descrip­
lion of Ihe dala in Ihe J J'P1C 1C ehannel is quile good also 
for thi s result, however, there is almost BO signal in the 
tJDn challnel. ClllTently neither statistics nor resolution 
of the available data allows for a firm conclusion on the 
nature of the X. However, if the signal in the n Dn chan-



nel wcre conflrmed with higher stati stics and the J / 'P1C1C 
signal is measurcd with highcr resolution, an unambigu­
ous determinat ion of the nature of both the X(3872) and 
the X(3875) will be possible . 

3.6 EO emission in 12C + a fusion at ash'o, 
Ilhysical enel'gies 

The 12C + a --+ 160 capture reaction, sometimes called 
the "Holy Grail" of nuclear astrophys ics, determines the 
ratio of 160 to 12C at the end of helium bllrning in stars, 
which is very important for stellar evolution and 1111cle­
osynthcsis. Nucleosynthesis rcquires a total S-factar for 
th is reaction of about 170 keV b at a center-of-mass en­
ergy Ec.m. = 0.3 MeV, the center of the Gamow win­
dow. The rcsults of many experiments over more than 
3 decades, extrapolaled (0 the Gamow window, show thaI 
si ngle-photon emiss ion is dominated by E I and E2 de­
cay to the 160 ground-state, wi th approx imately equal in­
tensity and a combined S-factor 5(0.3 ) approaching the 
va luc quoted above. The corresponding cross sections 

are a HI(0.3) '" aE2(0.3) '" 1.4 .10- 17 b. 
We examine the poss iblc role of EO emission, which has 
not, to our knowledge, been addressed previously. We 
nOle that if EO e mission were important , it would have 
eseaped observation in prior 12C + a --+ 160 capture mea­
suremenls, since Ihey were made by detecting the cmit­
ted r-rays, and Ihe e+ e~ pairs produced by EO e mission 
would not resliit in a sharp gamm a line near the tran­
s it ion energy. In the fusion reaction 12C + a --+ 160 g.s. 
there are scvera l faetors that cnhance the relative im­
porlatlCe of EO e mission: I) RO emiss ion occurs by s­
wavc eapturc, whereas EI and E2 emiss ion ari se from 
p-wave and d-wave eapture, respeelively; 2) EI emiss ion 
is isospin-inhibilcd; and 3) Ihc rather high transition en­
ergy resttlts in larger EO/EI and EO/E2 phase-space fae­
tor ratios. The radial matrix elements are di ffe rent for 
EO and E2 emiss ion since thc initi al states are diffe r­

e nt. We have aHO/an = (4 tr/5)(Ao/ / n)(IRÖoI/ IR62I) , 
where R 'j /; is the radial integral of ,.2 betwcen the initial 
eontinuum state with o rbital angular momentum I; and 
the final bound s tate lVi th I/ = O. T he functions /;;0 and 
h ;2 are knolVn fro m QED. We earried out potent ia l model 
calculations of EO and E2 cmission in 12C + a --+ 16Q g.s .. 

Usi ng a Woods-Saxon potential w ith realist ic parameters 
we obtaill the E2 S-faetor shown in Fig. 32. This eurve is 
lV ithin a faetor of 2 of the measured E2 S-faetors belolV 
Be.m. = 2 MeV, and has S;;2(0 .3) = 85 keV b, in agree­
ment lVith the value 8 1 ± 22 keV b obtained by Hammer 
el al. from an extrapolated R-matri x fit to E2 data (other 
modern E2 fits that lVe are alVare of yield SEl(0.3) val­
ues within a fae lor o f two of Ihese va lues). Our potenti al 
model resulls for RÖo/ R62 are also shown in F ig. 32. Wc 
obtain a va lue o f 1.1 for the ratio at 0.3 MeV. Th is may 
be eompared to the value 3.2 ealculated lV ith a pure I, = 
o Coulomb scattering wavc, indica ting that the interior 
and exterior eontribulions 10 Ihe EO matrix elcment inter­
fere des trllctive ly. A calculation with V(!, = 0) = 122.03 
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Fig. 32: Dashed eurve and left sc ale: E2 S-faetor; solid 
- - - curve and right seale: EOlE2 radi al matrix ele­
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MeV, which artificially enhances the contri bution of the 
subth reshold oj state by moving it 0.2 MeV closer to 
threshold, yields a ratio of 2.0 at 0 .3 MeV. With RÖo/R62 
= 1.1 , our calculated EO/E2 cross see tion ratio is 2.6 x 
10- 4. Taking Sn (O.3) = 80 ke V b, this eorresponds to 

S;;o(O.3) = 0.02 keV b. (2) 

EO cmission to excited final s lates in 160 is neglig ible 
due 10 the small phase space fac ta r. He nce our best eSli ­
mate far thc EO eontribution 10 the astrophysical S-faclor 
for 12C + a capture is g iven by Eq . (2) above. TlVo­
photon emiss ion is also negligible. based on the measured 
branching ratio for this process in the deeay of the 6.05 
MeV 0+ state. We conclude Ihat e lcetromagnelie pro­
cesses other than singlc-photon EI and E2 cmiss ion da 
no t eonlribute s ignificantly to thc aSlrophysical rate far 
12C + a fu sion. 

3.7 Centl'al pl'Oductioll of 
at the LHC fl'om the 
factol'ization pel'spective 

the Higgs 
nonlineal' k-

The central exclusive diffractivc prodUCtiOll by em ission 
from an exehanged pomeron is bc ing considercd as the 
most promising channel.for the experimental observation 
of a light Higgs particle at LHC. The prine ipal unce r­
tainty in thc cxpectcd counling rate stems [rom the poorly 
understood absorption eorrections from Illllitipomeron 
exehanges. Vp to now these eorrections were evaluated 
within phenomello logieal eikonal absorplion mode ls 0 1' 

Reggeon fi eld theory models under ad hoc assulllptions 
on Illultipomcron eouplings. In thc latter ease, the trun­
cated leading log( I/x) expansions often run into eonflict 
with the un itarity eonstraints. 
Recently the CracolV-ITEP-Jiil ieh-Landali eo llaboration 
has developed a eonsistcnt QCD approach to the ealeula-



tion of multipomeron effeets in wh ich the unitarity COIl­

straints are manifestly satisfied at each step of the lead· 
ing 10g(ljx) evolntion, The testing ground is an inter· 
action with heavy nueleL The underlying quantity is 
a nuclcar gluon density defined in terms of a eoheren! 
nuelear gluon which is an expansion in the in-vacuum 
multigluon states. The nonlinear tenns in the leading 
log( I jx) evolution cquation, referred to as the BK equa· 
tiOB, do naturally fall into two classcs. The multiplication 
of nuelear pomerons is dcseribed by a diffraetive tripie· 
pomeron vertex wh ich hus the sumc basic structure as for 
thc in-vacuum pomerons. There is a nice correspondence 
to Gribov's conjecture on diffraction dissociation as an 
origin of Iluclear shadowing effects. The non linear tenns 
of the second dass ean be viewed as a rcnormalization 
of the effeetive Regge trajectory of the eolleetive nuelear 
gluon, their specifie form is entirely of QCD origin, 
The ncw developmcllt is a an extension of this nonlin­
ear equation to the cxelllsive diffractive productioB of 
the Higgs in protoll-ll11cleus collisions. Here the Higgs 
partieIe can bc emitted from each and every exchanged 
pomeron. In elose analogy to the ease eolleetivc nuelear 
gluon density defincd through the nuelear color dipole S· 
matrix, upon the resul11mation of multiple pomeron ex­
ehanges one can define the S-matrix for an emission of 
the Higgs by a eollective nuclcar pomeron. What emcrgcs 
is a linear evolution equution for this S-mutrix with the 
kernet wh ich is a funetional ofthe eollective nucJcar glue. 
A manifest unitarity propcrty of this evolution equation 
is notcworthy. A solution of this equation in eonjunction 
with the BK equation would allow for the first time the 
QCD based evaluation of the multipomeron exchanges 
with an explicit inelusion of Illultiplication of pomerons, 
the renormalization 01' the intercepts of the collective nu­
cleal' pomeron and the pOllleron which elllits thc Higgs 
partiele. The Ilumerieal analysis is in progress. 
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4 COSY: Operation and Develop­
ments 

4.1 Ovel'view 

As in Ihe years before casy dcl ivered beam wilh more 
Ihan 90% reliabilily. Wilh 6400 seheduled hours of oper­
ation the schedulcd be am time could bc increased com­
pared 10 the two years before. The installation and COI11-

missioning of lhe WASA deleelor after ils move from Up­
psala 10 CaSy was performed sueeessfull y. 
SPIN @CaSY eonl inued 10 sludy Ihe polarizalion be­
havior of stored bcmns of spi n-l /2 fermions and spin-I 
bosons and how 10 best acce le rate polarized pro tons 10 

higher energy. 
CaSY also eonlribuled ils expertise in Ihe eonlexl of EU 
projecis and assisted the research of outside users for in­
stallce by performing irradiations at the cyclotron. 
Fnrther delails for Ihe High Energy Slorage Ring (H ESR) 
havc been worked out. Thc e fforts aimcd 10 advance the 
design of proposed systems and 10 increasc the knowl­
edge base through be am dynamic simulations and invcs­
tigat ions. A new normal conducting latt ice has been de­
signed and de tailcd stochastic eDoling s imulations have 
beeil carried out to demonstrate the cooling capabi lities 
in the new lattice. 

4.2 Ope..ation of eosy 
The overall beam-timc statisti cs is showll in Fig, :n up 
10 Ihe e nd of Ihc year 2007. After Ihe Iwo years 2005 
and 2006 wilh la ng Slulldown periods for Ihe disassem­
bly of WASA in Uppsala and ils inslallalion al casy Ihe 
beam time of e a SY could again be increased to more 
Ihan 6400 hours. 
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Fig . 33 : Beam time statistics over the years s ince easy 
s tart. 

The d istribution of reqlli red ion species is shown in 
Fig . 34 . More Ihan 40% of Ihe lime unpolari zed proIons 
were rcquired for the experiments, ncarly olle third of the 
beam time were carried out w ith polari zed ions. In this 
year casy suffered from a low degree ofpolarizat ion for 
protons. Thc orig in of this problem has not been identi­
fied within the year 2007 und will be a major tOflic of 
inves tigatiolls in the coming year. 

2 1 
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23% _-- __ 

unpol. 
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Fig. 34: Ion speci fi e beam-l ime d islribulion in 2007. 

4.3 Investigation of Spin Manipulation 

In Ihe framework of Ihe SPIN@CaSY eollaboralion de­
tailed studies of spin manipulation of stored protons and 
deuterons have continued during the yeal" 2007. To ma­
nipul ate the polarization , an rf fi eld is used to excitc ar­
ti fic ial spin resonances. By eh anging the frequcncy of 
Ihe rf field in a eonl rolled way, parlial or full polari zalion 
reversals can be achicved. In tiie past few years , a dis­
crcpancy was found between the resonance s trength ESdi 

ea leulaled from J Bdl of Ihe rf fie ld and Ihal eXlrae led 
fro m measurements of the polariza tion (Ers). One poss i­
ble explanat ion of these observations is the intcrfe re nee 
of the induced spin resonance wi th somc nearby intrin­
sie resonanees. To further invesliga tc this effeet, a verti­
cally polarized proton bc am at 2. 1 GcV/e was sto red in 
eaSY, and a spin resollance was induced with the trans­
verse rf fie ld of an r f dipole. The rf dipole was oper­
ated at an rf voltage, such as I kV nns, near a frequency 
J, = 902.6 kHz giving an I'f J Bdl = 0 . 19 ± 0.0 I T mm 
(rms). For different vertieal betatron tUlle (~l') valucs, 
measurements were made of the vector polarization ver­
sus the ramp time; thell the dependenee of polari zation 
on ramp time was fi t to the "Froissart-S tora" fonnlila to 
ex tract the resonance s treng th Eps. In Fig. ~5 the ratio of 
EFS to ESdi is plotled verslls the vcrtieal tune VJ ' 

to 
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Fig. 35 : Ralio of ers 10 eßdl is plotted "s. vertieal bela­
lron tune v)'. T he betatron bc am resonanees are 
shoWI1 by the blaek dashed arrows; the Ist and 
3rd order proton spin resonanccs are shown by 
the red and green arrows, rcspeetivcly. 



The l11easllrcd resonancc s trength strongly depends on 
the vertieal betatron tunc of an accelerator. A very large 
enhanccmen( of the measured resonance strength eFS of 
almost a faetor 100 was observed at v)' = 3.605 near 
the strongest intrinsie resonance Gy = 8 - vY' This can 
be explained by large coherent betatron oscillations, inM 
dllced by Ihe rf dipole, near the intrinsic resonance. The 
equation EFS/ EBdl = A + B/ lv)' - Q,I was fit to the data 
to explain the resonance's bchavior. This fit yielded 
the values: A = 0.44 ± 0.46, B = 0.5 ± 0.03 and Q, = 
3.6060 ± 0.0005. Thc measured resonanee position Q, is 
in good agreement with Ihe expecled resonance position 
at v,. = 3.605. The A value givcs the ratio of Ers/Endl 
at vy values far from the intrinsic resonance; however. A 
had a large uncertainty. The parameter B depends Oll the 
detailed properties of the accelcrator. 
To carry out simiJar inves tigat ions for polarized deuteron 
beams, a beam with a moment um of t .85 GeV/c was 
stored in CaSy. The rf dipo le was operated at I rf = 9 17 
kHz and Vrf = 3.1 kY nns giving an rms JBdl = 0.60 ± 
0.03 T Jllm . For COSY's normal vertieal betatron tune vy 
around 3.6, no intrinsie resonance was eneollntered for 
deuterons (see data in Fig. 35. To investigate the interfcrM 

enee betwcen the induced spin resonanee and an intrinM 

sie spin resonanee for deuterons, the vertieal tune was 
varicd over a 11111ch larger range. Figure 3Gb shows a 
measurel11ent of polarization versus vertical tune ny wit lt 
lhe rf dipole off. The intrins ic resonance was loeated at 
v,. = 3.795. Apparently, this was one of the first obser­
vations of an intrinsic deuteron resonance in this encrgy 
range. 
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Fig. 36: (a) Ratio of EFS to *Endl is plotted I'S. the veni­
cal betatron tune vy; AI was 300 Hz; lhe cooling 
was off. (b) Mcasured deuteron vcctor polariza­
lion ratio at 1.85 aeYle is plotted \'S. v,.; the rf 
dipole was off, lhe cooling was OlL The red curve 
is a fit 10 a 2nd order Lorclltzian . 
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Next the rf dipole was turncd on and the resonanee 
strenglh was measured at different vy values; Fig. 36a 
shows the resuhing Ers / Endl ratios plotted versus v,.. The 
measured rcsonance strengtll ratio increases by all110st a 
faetor of 30 e10se 10 the intrinsic resonance. 
These reslilts show c1early the dependenee of the mca­
surcd rcsonance strcngth on the distancc from the intrinM 

sie dcpolarizing resonances in eaSY and demonstrate 
thc strong dcpendence of the rf spin resonance strength 
on coherClll betatron oscillaliolls. 

4.4 RF Solenoid 

In past years the radial magnetie fi eld of an rf dipole 
was uscd to induce arlificial spin resonanccs. In 2007 
the rf dipole was replaeed by an rf solenoid, whieh has a 
longitudi nal rf magnet ie field. This allowed studies of 
the previously-diseovered deviation of the Ers/ EBdl ra­
tio [1'0111 I for polarizcd deuteron beams. This newly in­
stalled rf-solenoid magnet was sueeessfully used to spin 
mallipul atc polarized deuterons to cxperimentally test the 
Chao Matrix Formalism. The data are prescntcd in the 
next subseetion. Figure 37 shows a photo of the rf 
solenoid after its installation in eaSY. It consisls of a 
singlcMlayer walcfMcoo)ed coppercoil wound on two Plex­
iglas half-pipes. To transfer its rf field to the beam, it was 
installed around one of COSY's ceramic vacuUI11 pipes, 
replaeing the rf dipole and using its rf power supply. The 
solenoid 's maximum longitudinal rf magnclie field intcM 
gral is f Bdlnn, = 0.67 T mm. 

Fig. 37: The water-eooled rf solenoid; its longitudinal 
- - - rf magnetie field integral is 1.95 T mm peak-to­

peak. 

4.5 Chao Matrix Formalism 

The goal of Ihis experiment was to prccisely test a new 
analytic matrix form alism devcloped by a theoretieal 
member of the SPIN@COSY team , Alexander Chao of 
SLAC. The Chao fonnalism is the fi rst generalization 
of Ihe famed 1960 Froissart-Stora formula, whieh al-



lows one to ealculate the bcam polarization after pass­
ing through a spin rcsonancc. Howcver, as Froissart and 
Stol'a correctly wrote, their formula is only valid if one 
measures the initial beam polarization lang befare cross­
ing the spin resonance and the final beam polari zation 
lang after erossing il. As polarized bcam hardware and 
the understanding of spin dynamics improved, polarized 
beam ellihusiasts became eagel' to leam wh at happens 
very near 0 1' even inside a spin resonance. 
Thus, Miehigan PostDoe Vasily Morozov used the Chao 
formali sm to calculate in detai l what l11ight happen in a 
new type of experiment, where a I MHz rf l11agnet's fre­
queney is swept by a fixed range of 400 Hz, while its end­
frequency fcnd is stcpped through many different val lies 
near and inside spin resonance. 
The Chao-Morozov calculations prcdicled thai , if the 
magnet 's resonance strength was not strang enough 10 
fully Hip the spin, then there would be large oseillations 
in the final polarization . These osei llations seem very 
sensitive to the rcsonance strenglh and other paramcters, 
such as the beal11 's momenllll11 spread L1 p / p, and the res­
onance's central freqllcncy Ir; Ihus, the oseillations might 
provide a new way to precisely measure such parametcrs. 
Thc data from this new type of experiment showed strik­
ing osei llatiol1s that agreed very weil with these calcula­
tions (see Fig. 38). The experiment's data also verified 
the polarization's extreme sensi tivity to the resonance's 
strength, the resonance's frequency sprcad (due to the 
bealll-l11ol11entum spread), and the resonance's central 
frequeney Ir. Moreover, the data clearly demanstrated 
that the oscillatiolls' size increased rapidly as the beam­
moment11m spread decreased. 
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Fig. 38: Vertical veetor pol arization (Pv) of 1.85 acV/e 
stored deuterons plotted vs the end-frequeney 
of the 400 Hz sweep; this and other fits give 
preeise measured val LIes of: resonunce strength 
(±0.5%), frequeney spread (±l Hz), and J, 
(±0.00005%). 

These new experimental results also confirm the validily 
of the Chao matrix formalisIll. Thus, it may now be used 
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to better understand the behaviour of the 100-250 OeV 
polarized protons stored in Brookhaven's RHIC and per­
haps someday polarized antiprotons in FAIR's 15 OcV 
HESR at OSI, or polarized protons stored in Japan's 30-
50 OeV J-PARC or even in CERN's 7 TeV Large Hadron 
Collider. 

4.6 Beam·Enel'gy Ca libration 

An applieation of the rf solenoid far the ace urate deter­
mination of the momentllll1 or kinctic cnergy of the eir­
clilating beam was lested in the last year. The mapping 
of an induccd spin rcsonancc can be used for very accll­
rate determination orthe energy ofthe parlicle beam. The 
freqllency of the depolarizing rcsollanccs illdlleed by an rf 
solenoid 0 1' dipole field solely depend on the kinematieal 
yfactar, i.e. the momentulll (or kinctic encrgy) oflhe par­
ticlc beam via the resonanee eondition J, = Jc(k ± Gy) , 
where Ir is the rf solcnoid frcquency, Ie the eirculalion 
frequency, k an integer, and G the gyromagnetic anomaly 
of the partiele. The position of the rcsonancc ean be 
aeeurately determined by operating the rf-solenoid with 
fixcd amplitude at fixed frcquellc ies arollnd the indLIccd 
depolarizing resonance for a certain time and measLIring 
the remaining polarization afterwards. Figure 39 shows 
an example of such a resonunee map. The polarization 
nonnalized to the initial polarization is plotted versus the 
freqLIeney of the rf-solenoid, depolarization occms at the 
resonance. The Illcan frequcney and its error can be dc­
termined from the measured curve via a Gallssian fit and 
yiclds a rcsonanee frequeney J, = (lOl1.83I ± O.ool) 
kHz. 
In a test experiment in conjunction with an ANKE beam 
time with deuterons of momentUIll p = 3.118 GeY/e the 
feasibility of th is method was shown. Thc final analysis 
of the measured dala is undcr progress and the result will 
be publishcd soon. The achievable accuracy in momCJl­
tum will be better than 11 p / p = 5 . 10- 5 and is superior 
to the usual momcntuT11 determination from the nominal 
orbit length und revolution frequeney. 
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Fig. 39: Example of a measured resonance curve. The 
- - - plot shows the measured vec tar polarization ver­

sus frequency of thc rf-solenoid. 



4.7 Beam-Lifetimc Studies 

Togcther wilh the act ivities for the PAX experiments, an 
exte nsive study of beam life timcs was carricd out. The 
PAX experimental program aims at measurcmcnts of po­
larization build up in an unpolari zcd pro ton beam by in­
tcraction with a polari zcd internal storage ce ll targel. As 
Olle of the first step in this direction, the dcpolarization 
of a polarized proton beam in the prcsence of an unpo­
lari zed internal target, or cven only in the prcscncc cf the 
e lectron beam of the clcclron cooler, s lightly dctuned in 
e nergy will be stud ied. A ll these experimental objeetives 
are expeeted to work most e ffieiently at the lowest e osy 
momenta, where the beam li fe time of the eosy beams 
will bc relatively shart. In the past, 110 experiments where 
carricd through at these low energies, such that the beam 
li fctime was 110 subjecI cf optimization. In a first step to­
wards thc PAX experimcnta l program, an cxtcnsive study 
of beam Iifetimes at injection energy (45 MeV p) was 
carried out. 
Before beam optimiza lion the maximum displaceme nt of 
the orbit [rom the re [cre nce o rbit was ± 18 111m in the hor­
izontal . and ±7 nlln in vertical direclion. As the largest 
transversal acceptance is achieved with minimal displace­
ment of thc orbit . the orbit was corrected to ± 5 mm in 
both planes. After turn on of the electron cooler mag­
nels, where the toroid magne ts induce a large deftee tion 
of more than 50 mrad, the aehievable orbit deviation was 
± 12 mm. Thc transversa l acccptance under these con­
ditions was measured to be approx imate ly 30 1f mm mrad 
using a horizontal kicker mag net in eaSY with and with­
out storage cell. The storage cell is under these condition 
not the acceptancc li mi ting apert ure in eaSy. T his agrees 
with s imulation results that for be am disJll acements of 
less than 6 mm the storage cell is the limiting aperture, 
but Far Im·ger displaceme nts the eosy vacuum pipe will 
be the limiting apert ure (see F ig. 40). The expeeted s ingle 
scattering beam lifetime under these conditions is 5400 
seconds. 
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F ig. 40: Measured beam Iifetime in seconds versus tune. 

To utili ze the full transversal aeceptanee of the aeeeiera­
tor the transversal work ing point of the machine needs to 
be optimized . For this purpose a systematic Illapping of 
beallllifetime versus betatron tunes Vx and vJ was carried 
out. 
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The beam Iifctime was determined from the measured 
beam current. The importance of betatron tunes Y.r and 
vJ of the accelerator was shown during these measure­
ments. Figurc 40 shows the measurcd Iifet imes versus 
the d ifference in tUlles Y.r - vJ ' As the tlmes approach 
the di ffe rence resonance, the largest beam Iifetimes are 
observed. Bccause of renlilant coupling between the 
transversal phase spaces, settings with equal Y.r and vy 
eould not be reaehed (gap at \I, - vy = 0 in Fig. 35). The 
di ffe rence resonance does no t lead to bc am losses. how­
ever the distance to Ilearby sum resonances is rnaximized. 
and there fore the beam lifct ime reaches here its Im'ges t 
values. The observed max imum bealll lifetimcs are with 
approx imately 2000 seconds s till below the expected val­
ues o f 5400 seeonds, assuming single coulomb scattering 
losses in the res idual gas. T his discrepancy is not yet UI1-

ders tood and further studies are planed. 

4.8 Determination of Target Thickness and 
Luminosity from Beam-Energy Losses 

[n order to measure absolute cross sect ions in experi ­
ments at a storage ring, it is necessary to know the lu­
rninosity. A calibration reaction, such as pro ton-pro ton 
elastic seattering, is often used for this purposc. How­
ever, as an alternative, the ellergy loss of the beam parti­
eIes due to the intcractioll w ith the target can be applied 
to de termine the target th iekness. When this is multiplied 
by the partic1e eurre nt, it di rectly yields the luminosity. 

The energy loss oF a coasting beam pass ing through a 
thin target in a storage ring is related to a shift in the 
revolut ion frcquency. which can be measured by analyz­
ing the longitudinal Sehotlky noise speetrum. Th is effec t 
has beeil investigated during a long-tenn experiment at 
eOSY using the ANKE spectrometer with a 2.65 GeV 
proton beam and a hydrogen cluster-jet target. The lat­
liee setting for ANKE experiments \Vith zero dispe rs ion 
at the target provides an important prerequis ite for the 
applieability of the energy loss technique beeause, under 
such conditiolls , the beam does not move away whcn its 
energy decreases. The accelerator was operated with 10-
minute machinc cycles in order that the encrgy loss of the 
beam part ic1es stayed sufficiently small to guarantee that 
the beam remained within the mome ntum acceptance . 

F igure 4 1 shows a selection of longitudinal Sehotlky 
noise spectra measured every minute through a s ingle cy­
e ie. Here, as in all other cyc les l a linear time dependence 
o f the mean frequency was fo und. Such a depcndellce is 
a consequencc of the COllstant beam-target overlap dur­
ing the wh oie cyele due to zero dispersion and negligi­
ble emittunce growlh. Paras itic contributiolls. c3uscd by 
residual gas in the ring and hydrogen contal11ination in 
the region around the target, were care full y studied by 
measurcme nts without target and by steer ing the proton 
beam to positions left and right of the target. The re­
sulting systematic eorree tions \Vere (8 ± 3) %, whieh have 
to be sllbtracted from the primarily measured frcquency 
shift . Based on the re levant machine parameters (be am 



momentllTll p, revolution frequency J, and frequeney slip 
parameter IJ = (d/ / /) / (dp / 1' ), and the stopping power 
dE / dx, the target thiekness Il lllafhrmT is ealclilated for eaeh 
cycle. I' and / are known to the order of 10- 3 . The 
parameter 1} . a characteristic constant parameter for the 
lattice setting, was separately measured th raugh (he rel­
ative change of the revolution frequeney when varying 
the magnetic fie ld in (he ring dipoles. The overall accu­
racy of the value obtained for the targetthickness, wh ich 
was in the range of a few li mes 1014 cm2, was es timated 
as ± 5%. The frequency measurements, which are also 
involvcd in the evaluation of '1} • are the dominating er­
rar source. The bcam partiele cUffenl was measlired with 
a high-precision beam-current transformer in paralle l in 
each cycJe and th is leads to a negligible error. The lumi­
Ilosity is therefare known with the same accuraey as the 
target thickness. 

Revolution frequency [MHz) 

Fig . 4 I: Frequency distributions of the Schollky noise 
power measured during onc ten-Illinli les cycle. 
The frequ ency shift is positive because these data 
were taken above the transi tion energy of the ac­
celerator. Each speclrull1 is generated within 2 s. 
The time difference bctween consecuti vc speclra 
shown hefe is two minutcs. The time depcndenee 
of the shift of the mean frequency over the cycJe 
is a mcasure far Ihe target thickness. 
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In concilisioll , it is elcar that , lInder the given experimcn­
tal condiljons wilh the cluster-jet target, the energy-Ioss 
lechnique is a simple and aecurate 1001 for luminosily de­
termination at the e OSY storage ring. This can be of 
special intercst far enses where there is a lack of re liable 
scattering data that can be used to calibrale the luminos­
ity. 
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5 Preparations for FAIR 

5.1 HESR Lattice Options 

The magnet lattice of the HESR necds to fulfill sevcral 
different rcquiremcnts. The straight section of the ring 
should be dispersion free. The betatron amplitude func­
tions (beta fUllctiolls) at the interaction point with the tar­
get as weil as allhe e)cclron cooler nced 10 bc adjustable 
aver a large range, 10 allow best overlap with target and 
electron beam, respcctively. 

At the target this range ofbela functions is in the range of 
I - 10 m, at the eleetron cooler 25 - 100m. As the HESR 
should be operated as Synchrotron ring \Vith a fixed in­
jcction momcntum of3.9 GeY/e and accelcration and de­
celeration to momenta between 1.5 and 15 GeV/c, the 
transition encrgy in the ring should be adjusted 10 val­
ues outside that range, bec3use cross ing of transition ell­
ergy would lead 10 ullwanted bcam lasses und cmittance 
growth (without applying additional measures!). In ad­
dition , beta fUllctions and phase advancc betwccll pick­
ups und kickers of the stochastic cooling sys tem has to 
be adjusted. Several different latticc options have been 
inves tigated thaI salis fy these requircments. 

A magnet configuration with superconducting magnets 
was s tudied first. For this ease a special lattice de­
sign with imaginary transition energy was dcveloped for 
the HESR, The parameters of two of such solutiolls are 
shown in thc left two columns in Table I , 

Table I: Lattice options for the HESR. 

Lattice tvne 6-fold 4-fold "FODO" 

magnet typc sc sc Ne 
Dipole llull1ber 48 32 44 
lenglh of dipole, 1.82111, 3.0m, 4.2111, 
type (straight) (bent) (bent) 
dipole field 3.6T 3.6T I.7T 
defleclion angle, 7.5 dcg., 11.25 deg., 8.2 deg .. 
sagiua 0.0297 m 0.0669 m 0.Q705 m 
Quad lenglh 0.5111 0.5 m 0.5 m 
max. gradient 45 TIm 60T/m 25 TIm 
sextupolc 
length 0,5 m 0,5 m 0.3 m 

sextupole field 460T/m2 460T/m' 50T/m' 
min. distance 0.6 m 0.6m 0.3 m 
working point 12.16 9.16 7.61 

arc ß,,), 1111.1 . 20 ll1 30 m 24-0 m 
D mn. , 9m 12m 2-5.2 m 

606 m 585m 490111 
straight ß,,), mn. - 150 m -176m -110 m 

target ß"y 1- 15 m t-15 m 1- 10 m 

cooler ß"y 25-200m 25- 200 m 25-200 m 

ehromaticity S~)' -28 to -t6 -28to -16 -20 to -10 

transition y" 6i 6i 6.2 - 30 
are Icngth 155 111 155 l1l 157 m 
ring length 574 m 574 m 576 m 
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After revicw of mallY parts of the FAIR projccI, we were 
askcd by the FAIR technical advisory committee to also 
cOllsider a solution based on standard normal conducting 
magnets, In this case (he decision was made to choose a 
regular foeusing design known as FODO cell design. The 
value oftnmsition cnergy would be located inside the Cll­

ergy range of the ring. Howcver, (his ean be overeolllc 
by dividing the focusing and defocllsing quadrupole fam­
ilies in the ares into several scctions with different fo­
eusing. The transition energy ean then be moved above 
the HESR encrgy range. Ta still be able to reaeh zero 
dispersion in the straights a weil knowll dispersion sup­
pression scheme can be applied. In the last FODO ccll of 
each are, o lle dipole is removed, and thc miss ing bend­
ing power is distributed to thc rest of the dipole magnets 
in the are . Thc right eolumll in Table I summarizes tile 
properties of the normal eondueting version for HESR . 
All investigated lattice struetures fulfill the requirements 
of the experiment. In Fig. 42 the optical functions for the 
two lattice versiolls are shown. 
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Fig. 42: Optical functions for the HESR superconducting 
--- 4 fold symmetry (bottom) und normal conduct­

ing (top) magnet lattice from Table I . Shown are 
the horizontal betatron amplitude ßx (red), the 
vcrtical betatron amplitude ß.I' (green), and the 
horizontal dispersion Dx (blue) along the ring. 

The normal eonducting version of the lattice as prc­
sented above is presently subject to detailed studies. The 
studies of highcr order multipole fields, orbit and chro­
maticity eorreetion are in progress. Eleetron cooling and 



stochastic cooling are also studied in detail to ensure op­
timum iOIl -optical conditions. Preliminary investigations 
al ready indicated, that the normal conducti ng Jaltice will 
be able to fulfill all requirements, and will be the new 
refcrence design. An updatc of the technical report is in 
preparation. 

5.2 Prototype BaITier Bucket Cavity for 
the HESR 

A barrier bucket is not only used 10 improve the antipro­
ton life time by building a 10% - 20% time gap but also 
to eompensate the mean energy loss provoked by the peI­
let target. Start ing from the broadband eOSY eavity the 
design of the baiTicr bucket cavity was fini shed using one 
eaSY tank wilh minor changes. 
The asymmetrie layout of the eavity with one gap results 
in a vcry compacl design (length of cavity without gap: 
28 em). The length from fi ange to fi ange incJuding the 
gap is in the order of 50 cm. The bas ic parameters are 
summarized in Table 2. Thc cavity was built at the cen­
lral workshop of the FZJ. After measuring each individ­
ual core we insta lled four cores into the cavity and mea­
sured the impedances of the wltolc cavi ty with and willt­
out eooling water (Figure 43). The filling fae tor of the 
cavity can be furt her increased wilh two addit ional cores 
if needed. 

Tablc 2' Basic parameters and require lllents • • • 
Frequency range 1..20 harmonie, (0.5 - 10 

MHz) 
Gap voltage 10< 600 V ( l11ax, 

depending Oll !lumber of 
harmonie) 

Mode of Ooeration cw 
eooling Water-eooled (jf higher 

shunt impedance needed, 
forced ai rnow eooling 
Dossible) 

Maleri al VitroPerm SooF 

The inftuenee of the eooling water is rat her high, thlls 
de tailed calculatio n will be done 10 decidc whether a wa­
tcr cooling is rcally needed 0 1' a forced air-How cooling 
would be suflieient. 
Additionally first RF power test have been carried out 
wi th an ENI300 power amplificr. The results are pre­
sented in Fig. 44 . A gap- vo ltage of 300 V (peak-peak) 
could bc casily reached QVef a very wide frcq ucllcy range 
with the Iimited power of 300 W including a capacitor 10 
simulate the gap-capacity. 

5.3 Signal Synthesis fOl' Barrie!' Bucket 
Ope!'ation 

The revolution frequency at injection energy in eaSY 
eorresponds nearly to the HESR revolution frequeney. 
Many Barrier Bucket tes ts have been dOllc at eaSY in 
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Fig. 43: Measurcments of the cavily impedance with and 
--- without water eooling showing the resist ive (Rs) 

and the reactallce (Xs) compollents as weil as the 
magnitude of the impedanee (Abs). 
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Fig. 44: First high power tests at Ihe barrier bucket cavity 
--- showing the nearly frequeney independent peak 

to peak gap voltage (red) together with the for­
ward power (l ight bille) and the refi eeted power 
(dark blue). 

advance 10 test and optimi ze Ihe signal synlhcsis which 
is nccessary to generale a single sinus gap voltage. An 
arbitrary wavcform generator (AWG) has been used to 
generate a barrier bucket signal which was applied to the 
multi-harmonie eOSY cavi ty. After measuring the cor­
responding gap voltage the Fourier series of the transfer 
fUllction was calculated and a prc-distorted barrier bucket 
signal has been determincd wh ich gives the desired sinu­
soidal gap voltage (Fig. 45). 
Figurc 46 shows the starti ng barTier bucket input sig­
nal for the tube amplifier, the corresponding gap-voltage 
(traee 2) and the result ing bcam shape measured with the 
phase piekup. 
A nearly clean pulse shape was obtained at the gap with 
the usc of 16 hannonics as shown in Fig. 47. Evcll Ihis 
nearly clean gap-voltage is not sufficient to get a ft at be am 
distribution. A wider broadband RF system (amplificr 



Known barrier buckct signal 
(single sin us, 10· fo) 

Determination of pre· 
di storted signal 

Mcasuremenl of 
gap-voltage 

Calculation of transfer-function 
(Fourier series, 20 harmonics) 

Fig. 45: Schematics of s ignal symhesis . 

• nd cavily) is planned for HESR. I! will be possible 10 use 
a largcr !Iumbcr of harmonics and 10 minimize the rest of 
ripplc further more. Up 10 now a cOlllmercial arbitrary 
fUllction generator is in operation to gcnerate the barrier 
buckel signal. AI Ihe HESR il is sufficienl 10 crcale pre­
dcfined wave fonns in this way since it is not foreseen to 
use a moving haITier bucket. 
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Fig.46: Single s inusoidal slarting signal , eorresponding 
gap voltage and beam distribution measurcd with 
a phase pickup. 

5.4 BalTier Blicket at eosy 
The revolUlion frequcncy of easy al mosl experimenls 
di ffers compared to the HESR requirements to ncarly a 
faelor ofthrec. Al this higher frequency the cffective sig­
nal generation for a barricr buckct is not only limit by 
the cavily but also by the arbitrary wavefonn generator. 
Neverthcless thc first barrier bucket tests wcre promising 
and can help 10 improve not only the HESR experimcnts 
bul as we lllhe llInning experimenls al eaSY namely Ihe 
WASA experimenl wilh Ihe Ihick pelleHargel. 
After Ihe inslallation of Ihe HESR barrier buckel prolo­
type cavity first RF mcasuremcnls started with a broad-
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Fig. 47: Pre-dislorted barrier buckel s ignal and Ihe COffe­
sponding gap-vollage. 

band I kW solid slale all1plifier. Because of Ihe lügher 
revolution frequency 10 » 1.3 MHz for 2.69 GeY/c 
deuterons and the !imitations by the existing arbitrary 
waveform gencrator \vc used a second method of s ignal 
preparation 10 gct a s ingle sinus bafrier bucket s ignal al 
Ihe gap. An addilional De pulse addcd 10 Ihc s ing le sinus 
waveform minimi sed the "ringing" of the cavity. Both 
Ihe input signal at the solid slate amplifier and (he corre .... 
sponding gap voltage ure prescntcd in Fig. 48. 
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Fig. 48: Solid sI ale all1plifier inpul signal (dc plus s ingle 
s inus) and corresponding gap-voltage. 

The pcriodic bUllch in Ihe eaSY ring within a barrier 
buckel is shown in Fig. 49 (blue curve) exhibiling Ihe Iyp­
ical , nearly rectangular bunch shape togethcl' with a pc .... 
riodie bunch far a s ingle s inusoidal voltage at harmonie 
one (red curve). Nole Ihal due 10 differenl cable lenglhs 
thc (wo wave farms are shifted against each other by 
about OIlC half of the revolution time. 
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Fig. 49: HaITier buckel bunch (blue) in comparison wilh 
a bunch in a single harmonie cavity (red). 

As compared 10 (he bUl1ch formed by a single harmonie 
cavity the harrier buckel bunch has rcduced peak bunch 
intensity. Tim time gap betwccn consecutivc barrier­
bucket bunches is smallcr as wantcd. In büllt eases the 
number of stored deuterons in the bunch is the same. The 
prololype barrier buckel cavily localed in one of eOSy's 
are is cxhibited in Fig. 49 wherc the asymmetrie layout 
of (he cavity with olle gap resulting in a very compact de­
sign (Ienglh of cavily core wilhoul gap 28 cm) is clearly 
visible. The lenglh from Hange 10 Hange incJuding Ihe 
gap is in Ihe order of 50 cm. 

Fig. 50: The barrier bucket cavily wilh its asymmetrie 
layoul is inslalled in one are of eOSy. In Ihis 
figure Ihe shielding of Ihe gap is dismounled 10 
make it visible. 
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5.5 The PANDA Experiment 

5.5.1 Intl'oductiOll 

Olle major componenl of Ihe approved Facility for 
Anliprolon and Ion Research (FAIR) al Ihe GSI in Darm­
sladl is Ihe High Energy Slorage Ring (HESR) wilh Ihe 
'~llliProton ANnihilations at DArmstadt" - experiment 
(PANDA). The HESR will provide a phase space cooled 
antiproton beam of unsurpassed quality und prccision. A 
mOll1cntum range up 10 15 Ge V Ic together with an aver­
age inleraclion rale of 10 MHz will allow Ihe delailed 
sludy of a wide variely of lopics, like Ihe slruclure of 
hadrons in the charmonium mass range, the spectroscopy 
of double hypernuclei and electromagnetic processes. Ta 
serve Ihis wide physies program Ihe general purpose ex­
perimenl P ANDA is currently planned. 

The basic cancept of the dClcctor is givcll by ils divis ion 
iuto two main parts , Ihe ccntral or target spectfOmcter 
and Ihe forward spcctrometer. This combines a nearly 
4n coverage in Ihe largel region logelher wilh high ac­
ccptancc of particles emitted al small polar anglcs in this 
fi xed target kincmatics. 

The heart o f the ccntral spcctrometer is a miero verlex de­
teetor locatcd direct arOlllld the target for extremely pre­
eise tracking information. 11 is surrounded by the cen­
tral tracker built either of straw tubes (STT) or a time 
projeclion chamber (TPC) in Ihe barrel part, and a set 
01' miero pattern gas detcctors, so ca lied tripIe gas e lee­
Iron multiplier delcelors (GEM) in Ihe forward diree­
tion. Particle identifieation is done by two ring imag­
ing Cherenkov counters surrounded by a compaet eleclro­
magnetie calorimeter made out of PbW04 crystals. The 
entire system is s ituated in a 2 T sole noidal magnet wh ich 
is covered outside with detec tors for muon identifieation 
and traekillg . 

The forward spectrollleter eonsists of a 2 Tm dipole 
magnet with a set 01' multiwire drift eh ambers (MuDC) 
for traeking, a RICH detector for particle identi fiea tion, 
ealorimeters for charged and neutral particles and a layer 
of muon counters. 

The ongoing aClivilies of Ihe IKP for Ihe PANDA delec­
tor are focused in three parts : the micra vertex detcctor, 
the s tr3w tube tracker and the simulation of the tracking 
detectors. Furthermore an efforl was starled dealing wilh 
an evaluation of the phys ics potential of Ihe baryon spee­
lroscopy wilh Ihe PANDA experimenl 

5.5.2 Micro vertex detectol' 

The Micro Vertex DeleClOI' (MVD) plays a key role 
in the PANDA experiment to identify open charm and 
slrangeness by delecling sccondary decays uf partieies 
displaced from the prim3l'y interactioll point. These 
decay lenglhs range from a few 100 J1m for charmcd 
mesons and baryons up to several em for strange hadrons. 

One of the most important issues for the dcsign of the 
pixel parI oflhe MVD is Ihe dala handling and lransfer. In 
order 10 allow an open charm trigger based on sccondary 
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vertex lagging a quas i online dala processing in Ihe DAQ 
chain is envisaged. This requires a complete data transfer 
frolll the MVD to a certain DAQ stage and thcrefore the 
MVD ilself musl be readoul wilhoul any Irigger. Based 
on exte nsive hit rate s imulations a VHDL model of the 
rcadout schellle of Ihe pixel front-end elec tronies have 
been developed and lesled. 

Fig. 51 : Readoul seheme for Ihe fronl-end eleclronics of 
- - - Ihe pixel part of Ihe MVD. 

The tested readout scheme can be seen in Fig. ,') I . The 
basic concept of the pixel readout is a time-stamp archi­
leclure. In each pixel Ihe leading and Ihe Irailing edge 
01' the discriminator signal will be stored using a IO-bil 
Grey counter. A fast asynchronous scan will transfer the 
hit data together with thc pixel-ID column wise to the 
end-of-column bnffer. These buffers work Iike a FiFo 
storing the hit dala until the readollt control decides to 
Iransfer Ihe dala from Ihe EoC buffers depending on Iheir 
filling sI ale 10 Ihe serialiser and Ihe LVDS OUlpul lines of 
the front-end chip. Tim shown scheme was successfully 
tested with thc sinlUlated hit rates. 
Furthennore, a versatile digital readout systcm, whose 
ma in purpose is prololype lesling ofPANDA MVD fronl­
end chip candidates, fe aturing a modular design of hard­
ware, firmware and the corresponding software frame­
work was developed. 
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Fig. 52 : Readoul e hain. a) shows Ihe abslrac l mode l of 
--- Ihe software modules, b) Ihe abSlraCI model of 

the hardware deviees and c) shows the actual 
selup. 

The soft ware framework. in the following referred to as 
MRF, fo llows a modular design approach by implement-



ing an abstract communication model which defines a hi­
erarchy of communication layers, each layer correspond­
ing to a single module in the software framework (com­
pare Figure 52 a respectively a single hardware device 
within the readout chain (Figure 52b. Another module 
of the MRF is a special data storage class which provides 
a common interface for transfer, storage and display of 
balh configuration data and data returned by the device. 
The readout hardware strictly separates analog and digi­
tal parts of the readout. The classification ofthe hardware 
components closely follows the cOllullunication layer 
concept of thc software, as shown in Figure 52b. While 
the digital readout board itself(developcd by IKP in elose 
cooperation with ZEL) contains purely digital compo­
nents, any (optional) analog circuitry is implemented on 
an additional adapter board which connects the front-end 
support with the digital rcadout board. Its embedded 
FPGA can be reconfigured 10 support arbitrary communi­
cation protocols and 1/0 piI10utS for front-end connection, 
while the connection to the PC is realized via a SiS I 100 
optical gigabit link PCI card. Compare Figure 52c for an 
overview on the setup. 
The performance tests of the readout system are very 
promising. The eurrent FPGA design runs stably at the 
desired internal clock rate of 40 MHz. Furthermore, even 
without any optimizations of signal timings, the system 
could handle Illore than twiee this speed. Clock genera­
tion for the conncctcd Atlas FE-13 front-end chip yields 
stable frequencies of 5 MHz and 40 MHz on two inde­
pendent external cJock lines with signal rise and fall times 
weil below 2 ns. The same results werc obtained for the 
data lines. Data transmission is performed using access 
funetions of the MRF. It also features a full digital rep­
resentation of all of the front-end 's configuration regis­
ters wh ich is used for chip setup. Future plans inelude 
deploying the digital readout system as a test stand for 
prototypes of the Topix front-end chip for silicon pixel 
sensors which is eurrently under development at INFN 
Torino. 

5.5.3 MVD simulations in pandaRoot 

On the PANDA collaboration meeting in Vienna in 
September 2006 it was decided to change the simula­
tion framework to a Root based system used al ready by 
CBM, another big experiment within FAIR. The new ba­
sic framework is ealled FairRoot with the two specializa­
tions cbmRoot and pandaRoot. With this deeision it was 
the task of the various subdetectors to implement their 
deteetor in the new framework. For the miero-vertex­
detector this work was split into two parts: The respon­
sibility for the strip part were taken over by the Dresden 
group, and for the pixel part were taken over by the IKP 
group. 
At the beginning of the work a CAD eonvcrter was writ­
ten, which allo\Vs to convert CAD files in the STEP for­
mat into Root geometries which can be directly used in 
the simulation software. This approach has the advan­
tage that even complex geometries ean be simulated and 
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I MVD reco hits, xy view I l-d·,1 

~~~---

Fig. 53: Position of the reeonstructed points projected 
onto the xy-plane 

Ihe best possible matching between real deteetor and sim­
ulation model ean be aehieved. 

Until the end of the year 2007 the ehain of geometry de­
seription, Monte~Carlo hit generation, digitization of the 
hits and the back calculation of the hit position out of the 
digitized data was aehieved. 
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Fig. 54: Position of the reconstructcd points projected 
- -- onto the rz-plane 

In Figures 5~ and 54 the position of the reconstructed 
points projected onto the xy-plane and rz-plane are 
shown. The geometry of the micro-vertex-detector is 
elearly visible \Vith its four barrel layers and six disks in 
forward direction. 



5.5.4 Aging Tests of Straw 1\.bes 

High rate tests of siraws far the proposcd central siraw 
tube lracker (STT) of Ihe fulure PA NDA deleclor lVere 
carricd out \Vi rh a total exposure time of 199 hours 10 the 
e OSY beam. The goal lVas 10 check Ihe inftuence of Ihe 
bcam exposure and charge deposition on the siraw cffi­
CiCIlCY und 10 veri fy that all assemblcd materials includ­
ing Ihe gas syslem do nol create hannful polIUlion. e.g. 
by oUlgassing. Wilhin Ihe short lime of aboul 10 days 
bcam irrad iation, it was possible 10 eollect a charge load 
in Ihe single tubes corresponds 10 at least threc years of 
PANDA operation al the desircd luminosity with an ex­
pecled 50 % live-li me of dala- Iaking lime per year. 
The straw design and all materials were (he same lIscd far 
Ihe eOSY-TOF slralV Iracker assembly. For Ihe PANDA 
dctcclor Ihe same siraw tube design had beeil proposcd, 
only the exact"'cngth is sti ll open und muy vary betwecn 
about 120 cm 10 150 cm. The straw setup COllsistcd of a 
double-Iayer of32 Iubes. installed behi nd Ihe e OSY-TOF 
apparatus and exposcd 10 the residual proton beam with 
a 1l10mentuIll of abati' 3 Ge V /co Duc 10 Ihe horizontal 
layout and Cl bcam spot of about 2 x 2 cm2 the particle 
rate Ihrough all tubes was almost (he same. 
The gas supply of the 32 straws was divided into four 
individual gas circuits. Thus, it was possible 10 test at 
Ihe same time four di fferent gas mixtures und gas gains 
with (he same parl icle rates. The chosen gas mixtures 
wcre Argon based. wilh di fferenl fraclions Ofe0 2 (10 % 
and 30 %) and one mixlure wilh 10 % Elhane. The gas 
pressure für all mixtures was 1650 mbar. The typical gas 
ftow was one volume exchange per hour. In total, 16 high 
voltage supply channels (one channel per two straws) al­
lowed 10 eperate (he straws at di fferent voltage levels and 
gas gains. Thc curren! of evcry voltage channel was 1ll0 1l­

itorcd with a resolution of 2 nA. 
The expecled parl icle rales for Ihe individual lubes in Ihe 
PANDA central tracker volume were derived [rom a sim­
ulation of pp interactions and assllIlling an evcnt rate of 
107 S- I. The mean particle Hux for straws in the inner­
mosl layer was ",400 kHz per 1500 mm long Iube. Thc 
maximum flux of '::::!.7 kHzlcm in the tube was conccn­
tralcd wilhin z = 2 ± 2 cm (Iargel posi lion al z = ° cm) 
coming from pp elastic inlcractions wilh a laboratory 
scaHering angle e '::::!.90° and relalively low momentuill. 
These parlicles are highly ionising and produced a high 
charge load of ",004 C/cm/year. if one assumed a Iypical 
gas gain inside Ihe lubes of 5 . 104 

Durillg Ihe bcam time no high voltagc failures, dark cur­
rents or brokcn wires duc 10 the high charge load were 
observed. Possible efficiency losses were checkcd after 
the be am timc by exposing all tubes to a 55Fc radioactive 
source wilh 5.9 keV y-emission. The amplilude heighls. 
which arc direct measure of the gas gain, were checked 
for each straw at differcnt longitudinal positions around 
Ihe beam iITadialion Spol (sec Fig. 55) 
It can bc seen thai so me straws (no. 9- 16) showcd an 
efficiency drop o f aboul 3- 8 % where Ihe beam hil Ihc 
tubes. For other straws 11 0 change in amplitude height 
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Fig. 55: Measurcd efficiency along Ihe lube for all 32 
straws. The bcam hit all tubes around 0 cm. 

was measured. Thc sensitivity of the mcasurell1cnt was 
aboul 2 % of Ihe ampl ilude heighl. so Ihal Ihe observed 
effect for most of the sirmvs was only slightly above res­
olution. The absence of any efficiency changes for more 
Ihan half of all slraws could be explained by bettel' ma­
terial quality and propert ies, but needs furlher investiga­
tions. 
The results confirmed that the straw design and used ma­
lerials are suiled and will nOl limillhe life time of lhe STT 
dCleclor 10 a remarkable exlen!. For a robusl STT opera­
tion agas mixture and pressure wh ich allows lower high 
voUage operation should be preferrcd, e.g. an Argon­
bascd gas mixture with a C02 frac tion of about 10 % and 
gas gain of aboul 5· 10' al a pressure of aboul 1600 mbar. 

5.5.5 Baryon spcctroscopy with PANDA 

The understanding of baryon exci tat ion spcctra is one of 
Ihe prime goals of non-perlurbalive QCD. Consequenlly. 
baryon spectroscopy has been introduced as a new topic 
in Ihe PANDA physics program . A physics working 
group on Ihis subjeci has beeu formed in Ihe PANDA 
CoHaboration, in order to determine the most relevant 
physics questions to be investigated, and 10 assess the ex­
perimental feasibility. 
So [ar, apart from planned studics of double hypernu­
c1ei. Ihe physics program of PANDA was mainly fo­
cused Oll annihilation channels in pp and ßA collisions, 
like for charmonium spectroscopy, for searches for exotic 
hadrons with gluonic cxcitations, or for the measurcment 
of thc charmonium-nucleoll cross scctiOiI. A large frac­
tion of the total jip cross section, in particular at higher 
energies, is howevcr associated with inelastic channels 
having a baryon antibaryon pair in the final state. Since 
inelastic reactions resulting in final stales of the type 
"baryon + ant i baryon + meson(s)" to a significant fraction 



proceed through excited states, this offers the opportunity 
for spectroscopic stud ics of various baryon spccies. The 
discovery potenti al is considered 10 be panicularly high 
for E hypcrons willt double strangeness. Thc mcasured 
pp --. E S cross secti OJl is up 10 2llb. und the cross sec­
lioll für the population of excited 2 * states is estimated 
10 be o f the same order of magnitude, allowing for large 
production rates. On the olher hand, with only two ex­
ci ted states having still not firmly established spin-parity 
assignments above the oe let and decuplct ground slates, 
very little is known on thc E excitation speclrum. Even 
less is knowll on the tri pie -strange .Q spectrull1, how­
evcr (he predictcd productio n cross scc lion is by more 
than two orders of magnitude SJnalier. SpectJ'OscoPY of 
charl11 cd baryons at PANDA is limited 10 cxcitation ener­
gies below 0.93 GeV for Ac and belmv 0.76 GeV far Lc 
by the maximum ß momcntull1 of 15 GcY/e. 
First simulations indicatc that for reactiolls possibly pop­
ulating Z or Q resonances like pp ~ S+Z - no, pp-----) 
S +AK-(+c.c.), or pp -> Q +E-Ko(+c.c.) almost the 
full phase space is covered by PANDA detector com­
ponents. 11 is also concludcd 11131 the tracking capabil­
ity of the target spcctrometer at smaller anglcs and al 

(arger distances downstream of the target will bc essen­
tial for the reconstruction of delayed :E ami A decay ver­
tices. The plallned replacement of the MDC detectors by 
GEM chambers and additional MVD discs fur t her dOIVIl­
strearn as cOl11pared 10 Ihe CUfrent design will improve 
rccollstruction efficieney and resolution in reaction chan­
nels populating strange and multi -strange hyperon reSQ­

nanccs. 
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The pp ---t K+ E+1l cl'oss-section fl'om missing-m3ss spech'a 
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KK photoproduction from protons 
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Comment on "Mass and KA Coupling of the N(1535)" 
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Proceedings of the Workshop on Bcam Cooling and Related Topics (COOL07), p. 87. 
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950) p. 239. 
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C Diploma and Ph.D. Theses 2007 

1. Diploma 
I. F. Ballout, 

Pioll -Nuclells Scattering in Chiral Perturbation TheOI)'. 
Universität Bonn 

2. M. Freunck, 
Nucleoll-NucleOlllnteraclioll ;11 Chiral Effec/il'e Field Theol'Y;1I COlljiguratioll Space. 
Universi tät Bonn 

3. M. Mittag, 
Messung zur Orlsabhällgigkeil der Ellergiedeposifioll geladener Teile/zell in Szintillationszählern am Beispiel des 
\VASA-Zelltraldetektors, 
Hochschule Merseburg (FH) 

4. S. Reimann, 
Untersuchungen ZUIII Ellergieverlust im Startdetektor des Flugzeitspektrometers TOF IIl1d Analyse der Reaktion 
PP -> dn+ bei 3059 MeV/c, 
Technische Universität Dresden 

5. E. Schlauch, 
Derivation of a chirnI effec/lve operator Jor file eleclromaglletic currellt couplillg 10 a Iwo-l/ltcleOIl system, 
Universität Bonn 

6. C. Weidemann , 
Messung der chemischen Verschiebung von Ka- und Kß-Übergängell in Mangan, 
Universität zu Köln 

2. Ph.D. 
7. S. Dymov, 

/nves/igation oJ the deuteron breakup b)' protOIlS oJO.6 - 0.9 GeV with emission oJ aJorward proton pair, 
JINR Dubna, Russia 

8. K. Grigoryev, 
A storage cell prodltelioll Jor experiments wilh polarized illlemal gas largel (P/T) at ANKE speetrometer atthe 
COSY storage rillg , 
Petcrsburg, Nuclear Physics Institute, Rnssia 

9. A. Kowalczyk, 
ProtOll illdueed spoliation reaelions in the energ)' mI/ge 0.1 - 10 Ge V, 
JagcHionian University Cracow, PolancJ 

10. V. Lensky, 
Elastic and inelastic pion rene/iolls all Jew nu clean systems, 
Universität Bonn 

11 . T.Mersmann, 
UllIersuchllug der '1-3 He EndZlIstandswechselwirkllng am Experimelltaujboll ANKE, 
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12. V.S. Morozov, 
U.,illg Spill ResolIallees to MOllipl/late the Polarilatioll of Spill-1/2 alld Spill-I Partic/e Beams, 
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13. C. Pizzolotlo, 
Meas/lremelll of polarisatioll observables at the COSY-TOF spectrometer, 
Universität Erlangen 

14. Z. Zhang, 
The Deteetioll ofCold Alllihydrogell Atoms, 
Universität Bochum 
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D Invited Talks and Colloquia 

I. Baur, G. 
Strong elcclromagnetic ficlds in ultraperiphcral heavy ion collisions: l11ultiphoton processes 
ECT* Workshop on Photoproduction at Collidcr Energies: from RHIC and HERA to LHC 
Trcnto, Italy: 15.01.2007 - 19.01.2007 

2. Baur, G. 
Dircct reactions with exotic nuclei and nuclear astrophysics 
Nuclear Physics in Astrophysics III 
Dresden, Germany: 26.03.2007 - 3 I .03.2007 

3. Bauf, G. 
Introductory remarks on Ultraperipheral Heavy Ion Collisions (UPC) 
Scssion on Photon and Electroweak Boson Physics from HERA, RHIC and Tevatron to LHC, PHOTON 2007 
Paris, France: 09.07.2007 - 13.07.2007 

4. Baur, G. 
Very strang clcctromagnetic fields for a very short time: pair production and ionization in rclativistic heavy ion 
collisions 
Theory Group Mceting of the SPARC Collaboration AtOlnic Physics in Strong Fields 
Darmstadt , Germany: 17.07.2007 - 18.07.2007 

5. Büscher, M. 
The Moscow·JÜlich Pellet Target 
PANDA Collaboration Meeting, plenary talk 
Dubna, Russia: 02.07.2007 - 06.07.2007 

6. Dietrich, J. 
HESR· Beam Diagnostics - Changes since 7/8 September 2005 
Review Meeting on Beam Diagnosties for the FAIR Project 
Darmstadt , Germany: 14.05.2007 

7. Dietrich, J. 
Beam Profile Measuremcnts Based on Light Radiation of Atoms Excitcd by (he Particle Bcam 
LANL, Los Alamos, USA: 02.07.2007 

8. Dietrich, J. 
COSY - Status and Future 
LANL, Los Alamos, USA: 02.07.2007 

9. Dietrich, J. 
Beam Profile Measurcmcnts Based on Beam Interaction with Residual Gas 
8th International Topical Meeting on Nuclear Applications and Utilization of Accelerators (ACCAPP'07) 
Pocatello, Id ., USA: 29.07.2007 - 02.08.2007 

10. Dietrich, J. 
Beam Profile Measurements Based on Light Radiation of Atoms Excited by the Particle Beam 
HIPPI07 
Orsay, France: 26.09.2007 - 28.09.2007 

I I. Dietrich , J. 
Tune Mcasurcmcnts at eosy with Noise Excitation 
CARE·N3 networking for HHH 
Chamonix, France: I I. 12.2007 - 13.12.2007 

12. Dietrich, J. 
Beam Profile Measurements Based on Light Radiation of Atoms Excited by the Particle Beam 
COSY FFE Workshop 
Bad Honnef, Germany : 18. I 2.2007 - 19.12.2007 
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13. Dzyuba, A. 
Study of kaon anti-kaon pair produetion at the ANKE speetrometer (COSY) 
Seminar talk, PNPI 
Gatehina, Russia: 09.01.2007 

14. Dzyuba, A. 
Kaüll-Pair Productioll in Hadron-Induccd Reactions at ANKE 
II th International Conferenee on Meson-Nueleon Physies and the Strueture of the NueJeon (MENU2007) 
Jiilieh, Germany: 10.09.2007 - 14.09.2007 

15. Dzyuba, A. 
KK-pair producliOil near thrcshold in nucleon-nuclcon scaHcring at the ANKE speClfOmctcr 
Seminar talk, PNPI 
Gatehina, Russia: 23.10.2007 

16. Engels, R. 
The Lamb-shift Polarimeter for the polarized Fusion Experiment 
Workshop on Polarized Fusion 
Gatehina, Russia: 02.10.2007 - 06.10.2007 

17. Engels, R. 
First Experiments with the Polarized Internal Gas Target (PIT) at ANKE/COSY 
12th International Workshop on Polarized Sourees, Targets and Polarimeter (PSTP2oo7) 
Brookhaven, NY, USA: 10.09.2007 - 14.09.2007 

18. Engels, R. 
A New Applieation of a Lamb-shift Polarimeter 
12th International Workshop on Polarized Sourees, Targets and Polarimeter (PSTP2oo7) 
Brookhaven, NY, USA: 10.09.2007 - 14.09.2007 

19. Epelbaum, E. 
Subleading 3N interactions in chiral EFT 
Workshop on Three-Nucleon Interactions from Few- to Many-Body Systems, TRIUMF 
Vaneouver, Canada: 12.03.2007 - 16.03.2007 

20. Epelbaum, E. 
L1-resonance cOlllributions 10 thc Iluclear force 
Workshop on Effeetive Field Theories and Few-Nueleon Systems 
Okayama, Japan: 01.06.2007 - 02.06.2007 

21. Epelbaum, E. 
Effeetive Field Theories in Nuelear Physies 
Okayama University of Seience, Invited lecture 
Okayama, Japan: 02.06.2007 

22. Epelbaum, E. 
Chiral dynamies of two- and three-body systems 
ECT* Workshop on Advaneed Many-body Methods for Nuelear Physies 
Trento, Italy: 02.06.2007 - 06.06.2007 

23. Epelbaum, E. 
Chi ra I dynamics of few-nucleon system 
International Nuclear Physics Confcrence 
Tokyo, Japan: 03 .06.2007 - 08.06.2007 

24. Epelbaum, E. 
Chiral effeetive potential with Delta degrees of freedom 
20th European Conferenee on Few-Body Problems in Physies 
Pisa, Italy: 10.09.2007 - 14.09.2007 

25. Epelbaum, E. 
L1-resonallce contributions 10 the nuclear force 
International Symposium on Meson-Nucleon Physics und the Siruciure of Hadrons 
Jülieh, GerInany : 10.09.2007 - 14.09.2007 
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26. Epelbaum, E. 
Few-nucleon forces and systems in chirni cffcctivc field Iheory 
20lh European Conferenee on Fe\V-Body Problems in Physies 
Pisa, lIaly: 10.09.2007 - 14.09.2007 

27. Epclbaum, E. 
Effeelive field Iheory and nuelear forees 
Jahrestagung des Komitees für Hadronen- und Kernphysik 
DannSiadl, Germany: 25.10.2007 - 26.1 0.2007 

28. Epelbaum, E. 
Chiral dynamics in fcw-nucleon systems: curfen! status and future perspectives 
Bonn , Gennany: 08. 11.2007 

29. Fedorels, P. 
Droplei produclion from Ihin cryogenic jels \Vi lh Ihe Mosco\V-Jülich Pellel Targel 
Frühjahrslagung der Deuischen Physikalischen Gesellsehafl 
Gießen, Germany: 12.03.2007 - 16.03.2007 

30. Fedorels, P. 
A Frozcn Pellel Targel for PANDA 
Illh Inlernalional Conferenee on Meson-NucleOiI Physics and Ihe SlruclUre of Ihe Nueleon (MENU2oo7) 
Jiilich, Germany: 10.09.2007 - 14.09.2007 

3 1. Fedorcls, P. 
Prescnlalion of MPEI and !TEP 
PANDA Coordinalion Board Meeling, XXII. Collaboralion Mceling 
Darmsladl , Gcrmany: 17.09.2007 - 19.09.2007 

32. Fedorcls, P. 
Dcvclopmcnt of a Pellet Target for Internal Experiments 
COSY-FFE Workshop and CANU Meeling 
Bad Honnef, Gcrmany: 17. 12.2007 - 19. 12.2007 

33. Fröhlich, I. 
PlulO: A Mome Carlo Simulalion Tool for Hadronic Physics 
XI International Workshop on Advanced Computing and Analysis Techniques in Physics Research 
Amslerdam, The Nelherlands: 23.04.2007 - 27.04.2007 

34. Gebel, R. 
Opermion of Ihe injeclor cyelolron JULIC for Ihe Cooler Synchrolron COSY/Jülieh 
International Conference for Cyclolrons and (heir Applicatiolls. Cyclolrons 2007 
Giardini-Naxos: 01.10.2007 - 05.1 0.2007 

35. Gebel, R. 
Polarized H- and D- Beams al COSY/Jülieh 
Polarized Sourees, Tm'gels and Polarimelry (PSTP 2007) 
Brookhaven, NY, USA: 10.09.2007 - 14.09.2007 

36. Goldenbaum , F. 
Cosmic Rays Nuelcosynlhcsis ami Spallalion Processes in Ihe Early Galaxy 
SellOol on Pulsed NeuI rons: Chamcleriza lion of Malerials 
Triesle, llaly: 17.10.2007 

37. Goldenbaum , F. 
Spallalion Physies and Compuler Modcling 
School on pulsed neui rons: Characlerizalion of Malerials (lec IUre, Inviled by IAEA) 
ICTP, Mimmare, Triesle, lIaly: 15.10.2007 - 26.10.2007 

38. Goldenbaum , F. 
Evaporation and prc-equilibriulll emission und fi ssion time seale in GeV proton-induccd spall ation rcactions 
Intcrnational Conferencc on Nuclear Fragmcntation; From basic Research to Applications (NUFRA2007) 
Kemer/Anlalya, Turkey: 24.09.2007 - 0 1.10.2007 

48 



39. Goldenbaum , F. 
Evaporatioll, fission und pre-equilibriulll emission in GcV proton-induccd spallalioll reactions 
GSI-Colloquium Talk 
Darmstadt , Germany: 23.05.2007 

40. Goldenbaum, F. 
Progress in Iludear data for acccierator applicutions jn Europe 
International Confcrence on NucJcar Data for Science and Technology (ND2007) 
Nice, France: 22.04.2007 - 27.04.2007 

4 I. GOlla, D. 
Pionic NN interactions at Threshold nN and 7r Atoms 
Workshop on Prccision Measurcments at Low Energy, Paul Scherfer Institut 
Villigen, Switzerland: 17.01.2007 - 18.01.2007 

42. Golla, D. 
Prospects of Exotic-Atom Bmgg Spectroscopy 
International Workshop SPARC 
Paris, Fmnce: 12.02.2007 - 15.02.2007 

43. GOlla, D. 
X-rays [rom Pionic and Antiprotonic Atoms 
Atomphysik-Seminar, GSI 
Darmstadt: 13.06.2007 

44. Grigoryev, K. 
The Polarized Internal gas Target at ANKE: a first double-polarized experiment 
Frühjahrstagung der Deutschen Physikalischen Gesellschaft 
Gießen, Germany: 12.03.2007 - 16.03.2007 

45. Grigorycv, K. 
The Polarized Internal gas Target at ANKE: a first doublc-polarizcd experi ment 
ANKEfPAX Workshop on SPIN PHYSICS 
Fermm, Italy: 29.06.2007 - 01.06.2007 

46. Haidenbaucr, J. 
Hyperon-nucleon interactioll 
Symposium on Meson Physics at COSY- I l and WASA-at-COSY 
Cracow, Poland: 17.06.2007 - 22.06.2007 

47. Haidcnbaucr, J. 
Meson production in nucleon-nucJeon collisions 
The 20th European Conference on Few-Body Problems in Physics 
Pisa, Italy: 10.09.2007 - 14.09.2007 

48. Hanharl , C. 
How and when can one identify hadronic molccules in Ihe baryon spectrum 
International Conference on Baryon Spectroscopy (NSTAR2oo7) 
Bann, Germany: 05.09.2007 - 08.09.2007 

49. Hanhart, C. 
How 10 idcnlify hadronic moleeules 
Universität Bem, seminar talk 
Bern, Switzerland: 04.04.2007 

50. Hanhart, C. 
How 10 idel1lify hadronic moleeules 
Universita AUlonoma de Barcelona, seminar talk 
Barcelona, Spain: 09.05.2007 

5 I. Hanhart, C. 
On the nature 01' light sc al ar mesons 
International Workshop on Produclion and Decay of '1 and 11 1 Mesons (Ela07) 
Peniscola, Spain: 10.05.2007 
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52. Hanhart, C. 
Reeonciling the X(3872) with the near-threshold enhaneement in the Do Do final state 
International Workshop Oll Heavy Quarkonium 2007, DESY 
Hamburg, Germany: 17.10.2007 - 20.10.2007 

53. Hanhart, C. 
Thc effecl of isospin violation on scalar meson producljon 
XII International Conference on Hadron Speetroscopy (HADRON07) 
Frascati, Rome: 08.10.2007 - 13.10.2007 

54 . Hanhart, C. 
Towards an understanding of the hadron spectrum 
Universität Tübingcn, seminar talk 
Tiibingen, Germany: 26.01.2007 

55. Hanhart, C. 
What we can team from spectroscopy - and wh at not 
BRAG2007 
Bonn, Germany : 04.09.2007 

56. Hügging, F. ; Mcrtclls, M .; Ri tman, 1. ; StockmanIls. T. 
Developmcnt of a Versatile Readout System for High Rate Dctcctor Electronics 11th International Conference on 
Meson-NucJeon Physics and the Strueture of the Nuclcon (M ENU2007) 
Jülich, Germany: 10.09.2007 - 14.09.2007 

57. Janusz, M.; Yurev, L. 
From Charged tracks 10 thc e hPT anolllalies 
11 th International Conferencc on Meson-NucJeon Physics and the Structure of the NucJeon (MENU2oo7) 
Jülich, Germany: 10.09.2007 - 14.09.2007 

58. Jany, B.R. 
1) ' Decays with WASA-at-COSY 
11th International Conference on Meson-Nucleon Physics and the Structure of the Nucleon (MENU2007) 
Jülich, Germany: 10.09.2007 - 14.09.2007 

59. Kleines, H.; Zwoll, K .; Wüsl ncr, P.; Erven, W.; Kämmerling, P.; Kemmerling, G.; Locvenich, H.; Ackens, A. ; 
Wolke, M.; Hejny, V.; Ohm, H.; Sefzick, T. ; Nellen, R. ; Marciniewski , P.; Fransson, K.; Gustafsson, L. ; Kupsc, A.; 
ealen, H. 
Performance IsslIes of the New DAQ System for WASA at COSY 
15th IEEE Real Time Conference 2007 (RT 07) 
Batavia, Ill ., USA: 29.04.2007 - 04.05.2007 

60. Krewald, S. 
Baryon resonance analysis with the JliIich meson exchange model 
Workshop on the Physics of Excited Nucleons (NSTAR2007) 
Bonn, Germany: 05.09.2007 - 08.09.2007 

6 1. Krewald, S. 
Extendend Theory of Finite Fermi Systems 
The 3rd Japanese-Gennan EFES(JSPS)-DFG/GSI Workshop on Nuclear Strueture and Astrophysics 
Frauenwoerth, Germany: 29.09.2007 - 02.10.2007 

62. Lehrach, A. 
General Design Criteria , Lattice Coneepts and Structures for HESR 
Review Meeting MiniTAC Lattice for the FAIR Project 
Darmstadt, Germany: 5.6.2007 

63 . Lehrach, A. 
HESR Design 
Review Meeting TAC for the FAJR Project 
Darmstadt , Germany: 11 . - 13.06.2007 
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64. Lehmeh, A. 
Fixed Target and ColJider Options for HESR at FAIR 
Hard QCD with Antiprotons at GSI FAIR 
Trento, Italy: 16. - 20.07.2007 

65. Lehmeh, A. 
High-Energy Storage Ring (HESR) 
I I th International Conference on Meson-Nllcleon Physics and the Structure of the Nucleon (MENU2007) 
Jülich, Germany: 10.09.2007 - 14.09.2007 

66. Lehrach, A. 
Relevant storage ring properlies and !imitations 
Workshop Oll Polarized Antiproton Bcams - How? 
Daresbury, England : 29. - 31.08.2007 

67. Meißner, U.-G. 
On the low-cllcrgy CDllstants of the chiral effective pion-nucJeon Lagrangian 
Workshop on Three-Nucleoll Interaclions from Fcw- 10 Many-Body Systems 
TRIUMF, Vaneollver, Canada: 12.03.2007 - 16.03.2007 

68. Meißner, U.-G. 
HadronTH: Structure and dynamics of hadrons 
I3HP ColJaboration Committee Meeting 
Fraseati, Italy: 20.05.2007 

69. Meißner, U.-G. 
Nuclcon from factors from dispersion (heory 
Jefferson Lab User Group Meeting 2007 
Newport News, USA: 18.06.2007 - 20.06.2007 

70. Meißner, U.-G. 
Hadronic atoms 
International Conferenee on Hadron Physics TROJA'07 
Canakkale, Spain: 30.08.2007 - 01.09.2007 

71. Meißner, U.-G. 
QCDnet: Hadron physies with light and heavy quarks 
J3 HadronPhysics2 Opening Meeting 
Frascati, Italy: 28.09.2007 - 29.09.2007 

72. Meißner, U.-G . 
Quark muss dcpendence of baryons 
HadronTHA '07 Workshop 
Barcelona, Spain: 01.10.2007 - 05.10.2007 

73. Meißner, U.-G. 
Three-nucleoll forces from effcctive fjeld theory: Why Fujita und Miyazawa were 110t just lucky 
International Symposium Oll Ncw Facel of Thrce Nuclcon Force - 50 yenrs of Fujita-Miyazawa Three Nucleon 
Force (FM50) 
Tokyo, Japan: 29.10.2007 - 31.1 0.2007 

74. Nek ipelov, M. 
Present Understanding of Spin-Filtering Experiments 
11 th International Conferenee on Meson-NlIcieon Physics and the Structure of the NlIcleon (MENU2007) 
Jülich, Germany: 10.09.2007 - 14.09.2007 

75 . Nogga, A. 
Approaching light nuclei and hypcrnuclei based on chiral interactions 
20. European Conferenee on Few-Body Problems in Physics (EFB20) 
Pisa,ltaly: 10.09.2007 
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76. Nogga, A. 
COlTclations in fcw-Ilucleon systems 
Workshop on Dense and Cold Nuelear Matter and Hard Exclusive Processes 
Ghent, Belgium: 20.08.2007 - 24.08.2007 

77. Nogga, A. 
Undcrstanding light nuclci based on simulations 
VSR-Seminar 
Jiilieh, Gennany: 12.12.2007 

78. Oelert, W. 
Antimaterie - 10 Jahre danach 
Haus Overbaeh 
Jülieh, Germany: 19.01.2007 

79. Oeler!, W. 
AD-Physies 2007 and Beyond 
Workshop AB-Division, CERN 
Geneva, Switzerland: 23.01.2007 

80. Oelert, W. 
Antimaterie - die gespiegelte Welt - die geheimnisvolle Materie aus Antiteilchen - I 
Seminar für SchUler des Ansbachgymnasiums 
Jiilieh, Germany: 13.03.2007 

81. Oeler!, W. 
Antimaterie - die gespiegelte Weil - die geheimnisvolle Materie aus Antiteilchen - II Seminar rUr SchUler des 
AnsbachgYlllllasiums 
Jülieh, Germany: 15.03.2007 

82. Oelert, W. 
Anlimatter - Ihe mirrorcd world of matter 
Polish Aeademy of Art and Seiences 
Craeow, Poland: 29.05.2007 

83. Oeler!, W. 
ProduetiOil of Antihydrogen 
Jagellonian University, Physics Institute 
Craeow, Poland: 30.05.2007 

84. Polinder, H. 
Hyperon-nucleon interactiol1s in effeclive field theory 
Workshop on Hadron Physies with COSY-TOF 
Jiilieh, Gennany: 20.03.2007 - 21.03.2007 

85. Polinder, H. 
S = -I, - 2 baryon-baryon interactions in chiral effeetive field theory 
International Nuelear Physics Conferenee (INPC2007) 
Tokyo, Japan: 03.06.2007 - 08.06.2007 

86. Polinder, H. 
Strange (wo-baryon interactions using chiral effective field thcory 
20th European Conferenee on Few-Body Problems in Physies (EFB20) 
Pisa, Italy: 10.09.2007 - 14.09.2007 

87. Rcdmer, c.F. 
In seareh or the box anomaly with the WASA-at-COSY facility 
Symposium on Meson Physies at COSY-II and WASA-at-COSY 
Craeow, Poland: 17.06.2007 - 22.06.2007 

88. Redmer, c.F. 
In seareh of the box anomaly with the WASA-at-COSY faeility 
11 th International Confcrenee on Meson-Nueleon Physies and the Strueture of the Nueleon (MENU2007) 
Jülieh, Gennany: 10.08.2007 - 14.08.2007 

52 



89. Ritman, J. 
Invesligations of fundamental Synunetries in Hadronic Systems - Start of WASA-at-COSY 
International Workshop XXXV on Gross Propertics of Nuclei and Nuclear Excitations 
Hirsehegg, Austria: 14.ü1.2007 - 20.01.2007 

90. Ritman, J. 
WASA-at-COSY 
Internationales Graduierten-Kolleg, Universität Giesscn 
Giessen, Gennany: 24.05.2007 

91. Ritman, J. 
FAIR: a Horizon far Future Channing Physics 
Symposium on Meson Physies at COSY 11 and WASA-at-COSY 
Craeow, Poland: 19.06.2007 - 20.06.2007 

92. Ritman, J. 
Hadron Physies Experiments at the COSY Faeility 
XIlInternational Conference on Hadron Speetroseopy (HADRON07) 
Frascati, Italy: 08.10.2007 - 10.10.2007 

93. Ritman, J. 
Perspektiven Hadronischer Sonden 
Jahrestreffen des Kominee Hadronen- und Kernphysik 
Darmstadt, Germany: 25.10.2007 - 26. 10.2007 

94. Seniehev, Y. 
Thc advanced HESR lattice for improvcd stochastic eDoling 
COOL 2007 
Bad Kreuznach, Germany: 10.09.2007 - 14.09.2007 

95. Seniehev, Y. 
Possiblc latticcs with imaginary gamma-transition for PS2: why and how1 
BEAM 2007, CERN 
Geneva, Switzerland: 01.10.2007 - 05.1 0.2007 

96. Stock horst, H.; Stassen, R.; Katayama, T.; Thorndahl, L. 
Experimental Test of Momcntllln Cooling Model Predictions at COSY and Conclusions for WASA and HESR 
Symposium on Meson Physics at COSY-II and WASA-at-COSY 
Cracow, Poland: 17.06.2007 - 22.06.2007 

97. Stockhorst, H.; Stassen , R.; Katayama, T.; Thorndahl, L. 
Thcory of StochasticMomcntum eooling 
Symposium on Meson Physics at COSY-II and WASA-at-COSY 
Cracow, Poland: 17.06.2007 - 22.06.2007 

98. Stockhorst. H. ; Stassen. R.; Maier, R.; Prasuhn, D.; Katayama, T.; Thorndahl , L. 
Stochastic Cooling for the HESR at FAIR 
Workshop on Beam Cooling and Related Topics (COOL07) 
Bad Krcuznach, Germany: 10.09.2007 - 14.09.2007 

99. Stockmanns, T.; Hügging, F.; Mertens, M.; Ritman, J. 
A high rate, high resolution Micro-Vertex-Detector for the PANDA-Experiment 
11 th International Confcrence on Meson-Nucleon Physics and the Strueture of the Nucleon (MENU2007) 
Jülich, Gennany: 10.09.2007 - 14.09.2007 

100. Stockmanns, T. 
Open and hiddcn charm at PANDA 
XII International Conferencc on Hadron Speetroscopy (HADRON07) 
Frascati, Italy: 08.10.2007 - 13.10.2007 

101. Strauch, T. 
Pionic Deuterium 
Frühjahrstagung der Deutschen Physi kalischen Gesellschaft 
Gießen, Germany: 12.03.2007 - 16.03.2007 
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102. Strauch, T. 
Piollic Deuterium 
11 th International Conference on Meson-Nucleon Physics and the Structure of the Nucleon (MENU2007) 
lülich, Germany: 10.09.2007 - 14.09.2007 

103. Ströher, H. 
How to polarizc antiprotons and wh at to da with it? 
Hirschegg 2007: Structure and Dynamics of Hadrons 
Hirschegg, Austria: 17.01.2007 

104. Ströher, H. 
Programm Physik der Hadronen 
Heimholtz Forschungsbereich Struktur der Materie 
Berlin, Germany: 03.04.2007 

105. Ströher, H. 
From ANKE/COSY to PAXIFAIR 
ANKE-PAX Collaboration MeetingIWorkshop on Spin Physics 
Ferrara, Italy: 30.04.2007 

106. Ströher, H. 
Workshop Summary 
ANKE-PAX Collaboration Meeting/Workshop on Spin Physics 
Ferrara, Italy: 01.05.2007 

107. Wirzba, A. 
The Casimir effect as scattering problem 
Workshop on Quantllll1 Field Theory under the Influence of External Conditions (QFEXT07) 
Leipzig, Germany : 16.09.2007 - 21.09.2007 

108. Wolke, M. 
WASA-at-COSY - Synlllletries and Symmetry Breaking 
Kernphysikalisches Kolloquium, Universität Bann 
Bonn, Germany: 25.01.2007 

109. Wolke, M. 
Status report on the experiments with WASA-at-COSY 
2nd International EtaMesonNet Workshop (ETA07) 
Peniscola, Spain: 10.05.2007 - 11.05.2007 

110. Wolke, M. 
From the candle COSY- II to the flambeau (fackla) of WASA-at-COSY: a ship we entered to study symmetries in 
nature 
Symposium on Meson Physics at COSY-II and WASA-at-COSY 
Cracow, Polen: 17.06.2007 - 22.06.2007 

111, Wolke, M. 
'1 Meson Decays with WASA-at-COSY 
11 th International Conference on Meson-Nucleon Physics and the Structure of the Nucleon (MENU2007) 
liilich, Germany: 10.09.2007 - 14.09.2007 

112. Wolke, M. 
Hadronenphysik an COSY 
KHuK lahrestreffen 
Danllstadt, Germany: 26.10.2007 - 27.10.2007 

113. Yuan , X. 
Measurement of the reaction dd --> aK+ K- with ANKE/COSY 
Frühjahrstagung der Deutschen Physikalischen Gesellschaft 
Gießen, Germany: 12.03.2007 - 16.03.2007 
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114. Yuan, X. 
Measurcment of thc reaction dd --> aK+ K- with ANKE/COSY 
11th International Conferencc on Meson-Nucleon Physics and the Structurc of the Nucleon (MENU2007) 
Jiilich, Germany: 10.09.2007 - 14.09.2007 

I 15. Zychor, I. 
Studies of A(1405) in pp Collisions with ANKE at COSY-Jülich 
11th International Confercnce on Mesoll-NucieOll Physics and the Structure of the Nucleoll (MENU2007) 
Jülich, Gcrmany: 10.09.2007 - 14.09.2007 
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E Funded Projects 

Project 
Virtual Institute Spin and Strong QCD 

CARE 
TA-COSY 
Hadron Physics Theory Netzwerk 
EtaMesonNet 
Pellet Target 
EURONSIEXL 
EUROTRANS~ATRA 

DIRAC Secondary Beams 
DIRAC Phase I 
DIRAC Secondary Beams PANDA-4 
DIRAC Second. Beams PANDA-2 
Advanced Residual Gas Profile Monitor 
Design Study for Pick-up Electronic Development 
Strange and Channed Scalar Mesollss 
Light Scalar Resonances 00/10(980) 
Scalar Mcsons 
Pellet Target 
K- ProductiOll in NucJei 
Isospin Violation 
Jets in Hard Processcs 
Properties of Unstablc NucJei 

Pion Rcactions on Few Nucleoll Systems 
Quark-gluon degrees of freedom in 

the confincment region of QCD 
ATRAP 
Fundamental Research with Hadrons 
Brokcn Symmctries 
PPP Poland 
Rare Decays of I) and 1)' Mesons 

Spin observables in Jß-> {pN}N 
at low transferred Illomcnta 

Eta-Meson Physics 
Target Development for Huclenr physics 

experiments at COSY and AEA eycJotron 
Medical Applications of Accelcrators 
A Pellet Target for PANDA 

Advanccd Beam Dynamic for Storage Rings 
EM-processes in the peripheral collisions of 

relativistic and ultrarclativistic heavy ions 
Projcctile Elcctron Losses in the Collisions of 

Fast and Relativistic Low Chargcd Ions 
Polarized Target 
Few Nucleon Systems in XEFT 
Baryon Resonance Analysis 

Responsible Partner Institute 
U.-G. Meißner GSI, Univ.'s Bern, Bonn, Fenara, 

R. Tölle 
D. Grzonka 
U.-G. Meißner 
W. Oclcrt 
M. BUscher 
D. Grzonka 
F. Golden baum 
R. Tölle 
R. Tölle 
J. Ritman 
J. Ritman 
J. Dietrich 
J. Dietrich 
M. Büscher 
M. Büscher 
M. Büscher 
M. Büscher 
M. Hartmann 
M. Büscher 
N.N. Nikolacv 
S. Krewald 

C. Hanhart 
J. Haidenbauer 

W.Oelen 
W. Oelen 
H. Machner 
P.v. Rossen 
S. Schadmand 

J. Haidenbauer 

H. Machner 
J. Ritmun 

J. Dietrich 
M. Büscher 

A. Lehrach 
G. Baur 

G. Baur 

F. Rathmann 
E. Epelbaum 
U.-G. Meißner 

56 

Cracow, TOfina 

Network 
Network 
ITEP, MPEI Moseow (Russia) 

GSI 
GSI 
ITEP, INR Moscow (Russia) 
ITEP, MPEI Moscow (Russia) 
ITEP, INR Moscow (Russia) 
ITEP, MPEI Moscow (Russia) 
ITEP Moscow (Russia) 
IMP Lanzhou (China) 
Landau Inst., ITEP Moscow (Russia) 
Petersburg State Univ., 

IPPE Obninsk (Russia) 
ITEP Moscow (Russia) 
UNESP Sao Paulo (Brasil) 

Univ. Mainz 
Jagellinian Univ. Cracow (Poland) 
Univ. Helsinki (Finland) 

Indian Inst. of Technology Bombay 

JINR Dubna (Russia) 

BARC Mumbai (lndia) 
AEA Cairo (Egypt) 

iThemba LABS (South Africa) 
ITEP, MPEI Moscow (Russia) 

Uppsala Univ. (Swcdcn), GSI 

Bel fast, Tashkent, Arkhangelsk 

GSI, Stockholm, Tashkcnt, 
Moscow, Arkhangelsk 

PNPI Gatchina (Russia) 
Univ. BOHn 
JLAB (U.S.A.) 

Funded by 
HGF 

EUlFP6 
EUlFP6 
EUIFP6 
EUlFP6 
EUlFP6 
EUIFP6 
EUIFP6 
EUlFP6 
EUIFP6 
EUIFP6 
EUIFP6 
EUlFP6 
EUlFP6 
DFG 
DFG 
DFO 
DFO 
DFG 
DFG 
DFO 
DFG 

DFG 
DFG 

DFG 
DFG 
DAAD 
DAAD 
DAADIDST India 

Heisenberg-Landau 
Program 

Int. Büro BMBF 
Int. Büro BMBF 

Int. Büro BMBF 
INTAS 

INTAS 
GSI-INTAS 

GSI-INTAS 

ISTC 
HGF 
JLAB 



F COSY-FFE Projects 

Projecl 
e und Ami-decuplel 
Frozcn Spin Target 
Entwicklung von Software zur Teilchenidentifikation 

und Erkennung von split-offs im el.-magn. 
Kalorimeler des WASA-Experimems 

Zusammenarbeit von HISKP-Bonn an internen 
Experimenlen an COSY 

Polarisiertes Targel für TOF 
Theorectical studies of strangeness and charm 

producliOll al COSY and PANDAIFAIR 
Entwicklung eines Partialwellenprogrammes für 

die Analyse von Dalen von WASA 
Zusammenarbeit an eaSY H-Strahl Laserdiagnose 
COSY-TOF deleclor 
Bau von Delekloren für ANKE und K- -Nachweis 
Measurcmcnl of the degree of polarisation 

of laser accelerated protons 
Theoretische Untersuchungen zur künftigen 

COSY-Physik 
Bau eines Cherenkovdeleklors für WASA al COSY 
Experimenle mil COSY-TOF 
Polarization experiments with ANKE at eaSY 
Meson productioll and resonancc properlies in (he 

coupled channel K-Matix approach 
ANKE Experimenl und Auswertung pp ~ dK+j(° 
Schwellenexperimenle an COSY-II und ANKE 
Inslallalion und Inbelriebnahme des WASA-Deleklors 

am COSY-Ring und Durchführung von 
Experimemen an WASA al COSY 

Experimenle an COSY-TOF 
Polarized inlernal largel for ANKE al COSY 
Spin dcpcndcncc in pd interaetions 
Pholonendeleklor an ANKE 
WASAal COSY 
Slrange Baryon Produklion al ANKE 
Neutron tagging and strangcness production at ANKE 
Set-up and research with thc spectator/vertex 

deleclion syslem al ANKE-COSY 
Investigation of sealal' meson productiOll in 

pp, pd and dd collisions 
Developmenl of a frozen-pcllel largel 
Development, eOlllmissioning and operation of 

componenls for Ihe COSY experimenls WASA 
and ANKE and spin-fihering sludies al COSY 
as preparation of the PAX experimcnt in 
Ihe framework of Ihe FAIR projecI al GSI 

Developmenl of on line software lools for COSY-TOF 
Cooperalion COSY-WASA for pp ~ ppT) and 

pp ~ PP7)"O 
Search for mixing between light mesons 
Unificd analysis of meson production 

in hadronie reaetions 
SPIN@COSY: Spin-Manipulaling Polarized 

Dcutcrons and Protons 

Responsible 
Prof. K. Goeke 
Prof. W. Meyer 
Prof. U. Wiedner 

Prof. J. Bisplinghoff 

Dr. H. DulZ 
Prof. H.-W. Hammer 

Prof. E. Klempl 

Prof. T. Weis 
Prof. H. Freiesleben 
Prof. B. Kämpfer 
Prof. O. Willi 

Prof. M. Dillig 
Prof. W. Eyrich 
Prof. W. Eyrich 
Prof. E. Steffens 
Prof. U. Mosel 

Prof. H. Paelz gen. Schieck 
Dr. A. Khoukaz 
Prof. H. Clemenl 

Prof. H. Clement 
Prof. M. Nioradze 
Prof. P. Dalpiaz 
Prof. A. Magiera 
Prof. M. Jezabek 
Prof. Z. Sujkowski 
Dr. V. Koplev 
Prof. V. Kulikov 

Prof. L. Kondralyuk 

Dr. A. Gerasimov 
Dr. A. Vasilyev 

Prof. V.N. Afanasiev 
Prof. T. Johansson 

Prof. A. Rudchik 

Prof. K. Nakayama 
Prof. A. Krisch 
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Institute 
Univ. Bochum 
Univ. Boehum 
Univ. Boehum 

Univ. Bann 

Univ. Bann 
Univ. Bann 

Univ. Bann 

Univ. Dortmund 
TU Dresden 
FZ Dresden-Rossendorf 
Univ. Düsseldorf 

Univ. Erlangen-Nürnberg 
Univ. Erlangen-Nürnberg 
Univ. Eriangen-NUrnberg 
Univ. Erlangcn-Nürnberg 
Univ. Gießen 

Univ. Köln 
Univ. Münster 
Univ. Tlibingcn 

Univ. Tlibingen 
Tbilisi SlalC Univ. (Georgia) 
Univ. Ferrara (Haly) 
Jagellinian Univ. Craeow (poland) 
INP Crakow (poland) 
IPJ Olwock-Swierk (Poland) 
PNPI Galchina (Russia) 
JlNR Dubna (Russia) 

ITEP Moscow (Russia) 

ITEP Moscow (Russia) 
PNPI Galchina (Russia) 

MIEM Moscow (Russia) 
Uppsala Univ. (Sweden) 

INR Kiev (Ukraine) 

Univ. of Gcol'gia (U .S.A.) 
Univ. of Michigan (U.S.A.) 



G Conferences (co-)organized by 
the IKP 

G.I The 11th International Conference on 
Meson-Nucleon Physics and the Struc­
ture of the Nucleon, MENU2007 

Thc COl1lll1on aspccts in both the charmcd quark sec­
tor and in the light quark seetor were the major reason 
to bring together 354 experts from high-energy physics 
and Hudear physics to the 11 th International Conference 
on Meson-Nucleon Physics and the Structure of the Nu­
c1eon, wh ich took plaee on 10-14 September at the FZI. 

The plenary talks summarizcd thc progress in light 
quark physics, such as in studics of 11 and 11' dccay, 
cxotic atoms, three-nucleon faTees, and lattice methads 
and feeent discoveries cf particles balh with open 
and hidden charm, and the opportunities opened by 
studying the deeays of those panieies. The progress 
at the new Japanese faeility JPARC, the European 
FAIR projeet, and the 12 Ge V upgrade at the Thomas 
Jefferson Laboratory were presented in detail. There 
were five parallel sessions covering special lopics such 
as spin physics, meson and baryon spcctroscopy, lattice 
calculations and in-medium physics. Willem Van üers, 
Manitoba University, spoke as the representative of the 
International Union of Pure and Applied Physics who 
together with FZJ, Deutsche Forschungsgemeinschaft, 
Jefferson Lab, and the Hadron Physies 13 FP6 Euro­
pean Community Programme made this conference 
possible. The next MENU eonferenee will be held 
in Newport News, Virginia, in 20 I O. Reports about 
the conference can be found in the March issue of the 
CERN courier, http://cerncourier.com/cws/latest/cern, 
and in the Nuclcar Physics News International, 
hup:/Iwww.nupecc.orglnupecc. Proceedings are on 
the ceonf archive at SLAC. For slides of the talks, see 
www.fz-juelieh.de/ikp/menu2007 . 

G.2 Symposium on Meson Physics at 
COSY-11 amI WASA-at-COSY, Cr3-
cow (Po land) 

The international Symposium 011 Meson Physics at 
CaSY-II and WASA-at-CaSY was held in Craeow from 
J une 17- 22 on the oeeasion of the eompletion of the 
CaSY-II experiment. It also eoineided with the begin­
ning of the experimentation with the WASA apparatus 
whieh was sueeessfully transferred from CELSIUS faeil­
ity in Uppsala to the cooler synchrotron CaSy. 
Sinee the eore of the CaSY-II group is based on an ex­
emplary German-Polish collaboration, the main sessions 
took pi ace in Libraria of the Collegium Maius at Jagel­
lonian University. This loeation has great significance as 
it is where Nicolaus Copernicus learned astronomy. 

Fig. 57: Participants ofthe symposium on Meson Physics 
at CaSY-II and WASA-at-CaSY in the me­
dieval court yard of the Collegium Maius of the 
Jagellonian University. 

In the first part ofthe meeting the scientific achievements 
of the CaSY-II group were summarized and the status 
on the ongoing data evaluation for more than ten projects 
was reported. The sceond part of the symposium was 
devoted to the prospects for studies of the fundamental 
symmetries by means of the 11 and 11' decays with the 
newly eommissioned WASA-at-CaSY faeility. 

Fig. 56: MENU2007 partieipants in front of the leeture hall of FZJ 
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Fig. 58: Parlicipanls of Ihe WASA-al-COSY analysis 
meeting in front of (he main building of (he In­
stitute of Nuclear Physics in Cracow, 

The physics of (he '1} and 11 ' mesons receivcs incrcasing 
intcrest with complementary experimental programmes 
planned al DA<PNE-2 and MAMI-C facililies. The plans 
werc presentcd by invited guests from these laborato­
ries. Thc symposium continued at the Institute of Nu­
clear Physics in Cracow where the participants met 10 

discuss the status of the simulations and thc data anal­
ysis from Ihe firsl WASA-a1-COSY prodllelion non in 
April 2007. Wrillen eOlliriblilions have been published 
in volume 950 of the International Confcrcnce Proceed­
ings Series of Ihe American Tnslilule of Phys ies. The 
symposium was jointly organized by the Jagellonian Uni­
versilY, Inslilllie of Nliciear Physies PAN, TKP o f Ihe 
Research Cellier Jülieh and Ihe Universily of Silesia. 
More information regarding Ihe meeting is available via 
hllp:/Ieonfer.uj .edll .pI/COSY-11I07/. 

G.3 INTAS Meeting 
Moscow (Russia) 

Pellet Tal'gets, 

The preparalion of Ihe pellel largel for PANDA is sup­
porled by an TNTAS projeel (06-1000012- 8787). The 
eonsorliulll eomprises Ihe TKP/FZJ, ITEP "nd MPET 
(bolh Moscow), Uppsala Universily and OST-DarmSladl. 
On June 29 reprcsentat ives of all institutes met at ITEP 
for a projeel kick-off meeling. 

Fig. 59: Parlicipanls of Ihe firsl INTAS consorlium meel­
ing on pellel largels al ITEP. 
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Wilhill Ihe INTAS eonSOrliullllhe IKP is in charge of Ihe 
proj ect coordination and o f the tests with (he target pro­
lolype whieh is localed in Ihe COSY aceeleralOr hall. 

G.4 The Workshop on the Physics of Ex­
eited Nucleon, NSTAR2007 

Thc excitation spectrum of the Iluclcon promises to of­
fer important insigills into (he non-perturbativc regime 
of QCD. Dcdicatcd experimental programs at various 
laboratories exist 10 perfofm accurate mC3SUfcments of 
the meson photo- and elec troproduclioll off Ihe nuclcon, 
studying Ihe excitation of Ihe nucleon. This workshop is 
lhe 6th in a sefies of meetings s ince 2000 (Co-organizcr 
U.-O. Meißner). 



H Teaching Positions 

Institute Name University 
IKP-I 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 Or. S. Schadmand Gießen 

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

IKP-3 Prof. Dr. G. Baur Basel 
Prof. Dr. E. Epelbaum Bonn 
Univ. Doz. Dr. J. Haidenbauer Graz 
PD Or. 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 Or. A. Wirzba Bonn 

IKP-4 Prof. Or. Dr. h.c. J. Dietrich Dortmund 
Or. A. Lehrach Bonn 
Prof. Dr. R. Maier Bonn 
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I Beam Time at COSY 2007 

Date Experiment Dliration Reaction 
12.01.07- 22.01.07 ANKE I week pol.dellterons, 146.2+ 159 

22.01.-29.0 I. ANKE I week dp -; ppn, 172 

02.02.- 12.02. GEM I week dp -; ppn, 148.1 
16.02.- 21.03. ANKE 5 weeks pA -; aK+K - X, 147.2 
06.04.-07.05. WASA 4 weeks pp -; PP17 (-; 3n), 167 
11.05.- 21.05. SPIN@COSY I week dbeam,170 
25.05.- 04.06. TOP I week pp -> ppro, 129.2 
04.06.- 11.06. TOP I week pp -> pKoE+, 141.3 
11.06.-18.06. TOP I week pd -> pKOJ\p, 141.3 
18.06.- 02.07. ANKE-PAX 2 weeks pbeam, 169 
07.09.- 17.09. ANKE I week pp->K+E+n, 171.1 
21.09.-08.10. WASA 2 weeks commissioning, 136.5 
12.10.- 22.10. ANKE I week dp-> 3He 17,157.1 
26.10.- 05.11. ANKE I week pp -> (pp)snO, 158.1 
09.11.- 19.11. ANKE-PAX I week pol.lifetime, 169.1 
20.11.-26.11. WASA I week pd -> Sca/ars, 174 
27.1 1.- 04.12. WASA I week dd -> 3Henno, 173 
04.12.-19.12. WASA 2 weeks dd -> a2n, 174 

Total '07 28 weeks 
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F. Ballout (IKP-3) (until 31 May,2(07) 
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DI W. Borgs (IKP-2) (until 30 April, 2007) 

DI R. Brings (lKP-4) 

PD Dr. M. Büscher (IKP-2) 

DP A. Cheehenin (IKP-4) 

DP A. Cheehenin (IKP-4) 

DP E. Czerwinski (IKP-I) (sinee I Oetober,2(07) 

DP D. Chiladze (IKP-2) 

Prof. DrDr.h.e. J. Dietrich (IKP-4) 

Dr. A. Djalois (IKP-I) 
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Dr. R. Engels (IKP-2) 

Prof. Dr. E. Epelbaum (IKP-3) 

DI E-J. Etzkorn (IKP-4) 

Dr. P. Fedorets (IKP-2) 

Dr. O. Felden (IKP-TA) 

M. Freunek (IKP-3) (until 15 May, 2(07) 

Dr. W. Gast (IKP- I) 

Dr. R. Gebel (lKP-4) 

Dr. M. George (IKP-I) (sinee I April 2007) 

PD Dr. A. Gillitzer (IKP- I) 

PD Dr. EGoldenbaum (IKP- I) 

PD Dr. D. Gotta (IKP-2) 

DI R. Greven (IKP-4) (sinee I January, 2007) 

Dr. F. Grümmer (IKP-3) 

Dr. D. Grzonka (IKP-I) 

DI W. Günther (IKP-4) 

Dr. F.-K. Guo (IKP-3) (sinee I Oetober, 2007) 

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

PD Dr. C. Hanhart (lKP-3) 

Dr. M. Hartmann (IKP-2) 

M. Hausner (IKP-3) (sinee I August 2007) 

Dr. V. Hejny (IKP-2) 
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DI K. Henn (lKP-4) 

DP M. Hodana (IKP-I) (sinee I November, 2007) 

Dr. E Hügging (IKP-I) 
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IKP-3 = Theoretical Nuclear Physics 
IKP-4 = Large-Seale Nuclear Physics Equipment 
IKP-TA = Technical Services and Administration 
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1. This report as pdf file 

2. Detailed reports for the Annual Report 2007 

Experimental Hadron Physics 

1.1 Produclion 01' ~-mesons in pA collisions 

1.2 ,p-meson production in ncar-thrcshold proton-nuclcus rcactiOll Target mass dependence 

1.3 Lineshape of Ihe A (1405) Hyperon Measured Through ilS EO"o Decay 

1.4 Investigalion oflhe 3Hel) Fi nal Slale in dp-Reaclions al ANKE 

1.5 Spin observables 01' Ihe reaelion pd -> 3Hel) and quas i-bound 3He-l) pole 

1.6 Sludy of Ihe ABC effecl in Ihe reaclion d + p -> 3He + ,,+ + 1'- elose 10 Ihe 1)-produclionlhreshold al ANKE 
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1.11 High slalislics invesligalion of Ihe reaclion pp -> K + Al' wilh COSY-TOF 
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1.31 New Forward Window Hodoscope 1'01' WASA 
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1.33 A Pellel Traeking Syslem for WASA-al-COSY 

1.34 Sludies for a Cherenkov deleelor @ WASA-al-COSY 

1.35 A Slalislical Melhod 01' Evenl Reconslruelion fOT a Cerenkov Deleclor 

1.36 Two proton cOfrelation function dctermined for the pp --. PPl1' reaction 

1.37 Study of the interaClion in Ihe PP'1' system: analysis status 

J .38 Luminosity determination for the quasi-frcc pli --. pm1' reaction 
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1.39 Status of the analysis of the pli -. plll1' reaction 

1,40 SlalUs of Ihe analys is of Ihe pli --> dry' reaelion measured using Ihe COSY-II faeilily 
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