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1. FAIR - The Facility for Antiproton and lon Research

The Facility for Antiproton and on Research (FAIR)is currently constructing its so-called
modularized start version. FAIR extends the existing accelerators of $théd&lmholtzzentrum
fur Schwerionenforschurgin Fig.[] the layout of FAIR is shown together with the existing GSI.

A new ingredient at the Darmstadt site is the possibility to produce antipropdngfie ac-
celerator chain comprises a new proton linac, a synchrotron (S1%h&)another, also new, syn-
chrotron (S1S100), which accelerate a primary proton beam to 30 Ge/piiotons are extracted
from SIS100 and shot onto a production target. The there produtipdatons are transported into
a chain of two storage rings, where they are collected and pre-codtedlyfat a fixed momentum
of 3.5 GeVt the antiprotons can be injected into the HESRhe HESR accelerates or decelerates
the antiprotons (dynamic range from 1.5 to 15 G&\&nd stores them for experiment, including
also additional cooling. The maximum momentum corresponds to 5.5 @Vthe pp system.
Eventually the HESR can be operated in two modes:

(1) High resolution mode: the momentum resolution reac%es 2-107° at a luminosity of

2-10%cm2sL.

(2) High luminosity mode: a luminosity of-20%2cm~2s 1 is provided at a momentum resolution
o) 4

The design values given above however will not be fully reached in tdmé wersion of FAIR.
Though the PANDA experiment (see next section) will be served exelydby the HESR to study
p annihilations on an internal target.
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Figure 1: Layout of the FAIR accelerator complex (red) as extensiaghegxisting GSl accelerators (blue).
The location of the PANDA experiment is indicated, too.

http://www.fair-center.org
2http://lwww.gsi.de
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2. The PANDA Experiment

The PANDA [1] detector is shown schematically in Fij. 2. PANDA is a fixedeaexper-
iment: the interaction region is realized by a joint cross between the beamlgipeght) and
a target pipe (top-bottom). The target itself is a beam of frozen pellet®gH. .), a cluster jet
(hydrogen and heavier gases) or a foil/wire (solid target material). ANDIRA apparatus consists
out of a target spectrometer with a 2 T solenoidal magnet, and a forwactremeter with a 2 Tm
dipole. The dipole bends the beam out of tlidife in thex— z plane, which allows to measure
reaction products down to’0

Figure 2: The PANDA detector. For a brief description of the composesate text.

The PANDA detector aims to measure the charged and neutral reactiancisad thep an-
nihilations as complete as possible. The closest detector to the interactiomspgbmMicrovertex
Detector (MVD). It is a detector built out of silicon pixel/silicon strip sensamnsl gives a spatial
resolution of~ 50um, which is important for the reconstruction of decay vertices of short live
particles like e.g. the Pmeson. The central tracking detector, outside the MVD, is made out of
straw tubes. This device measures charged particle momentawili#h resolution. In addition,
the information from?j—')f can be used for particle identification, and decay vertices of longer lived
particles can be reconstructed in the central tracker. The forwatdsangpich are not measured
by the central tracker are covered by several layers of &fls. The particle identification in the
target spectrometer is done by a Cherenkov detector barrel, using®@® Bichnique, and a for-
ward disc. Above 1 GeV/ the DIRC can distinguish charged pions, kaons and protons. Attached
to the DIRC, a time of flight detector using small scintillator tiles is foreseen. Tdwremagnetic
calorimeter (EMC), which consists out of a barrel part, a forward abdckward endcap as well,
measures photons from 1 MeV to 10 GeV energy. The energy resoluti% {8 2%. A muon
detection system, instrumenting the iron yoke of the solenoid, is the most ouetigstat of the

5Gas Electron Mulitplier
6Detection of Internally Reflected Cherenkov light
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target spectrometer. For the hypernuclear physics setup, the backndcap of the calorimeter
will be removed. This particular experiment (see secflon 3) uses a mareaipslocation of the
target, and the backward angles are covered by Germanium semicandketetctors to measune
rays.

In the forward spectrometer part, several tracking stations, an elegnati@and a hadron calori-
meter will be installed.

Technical design reports (TDR) are approved for the magfiets [2ir@nBMC [3], and submitted
for the MVD, the straw tube trackef][4] and the targets. The TDRs of theiring subsystems
are to be submitted within the year 2012 (with only a few exceptions). Sed[Réér the current
status.

The installation on site at FAIR is foreseen for the year 2016, after the letimpof the civil con-
struction. After the commissioning of the accelerators and the detectorsathefddata taking is
envisaged for 2018.

3. Physicsin pA Reactions

An unique feature of the PANDA experiment is the possibility to perform aniorannihila-
tions on nuclei, thus the study of processes in the presence of a nucldianm(@t normal nuclear
matter density). Nuclear targets in PANDA can be made from gasgd\lD) Xe, ...) applied as
frozen pellets or as cluster jets, or solid material (thin wires, foils). Theeahle luminosity in
the case of nuclear targets is lower as the quoted values in sgktion 2ddapen the nuclear
chargeZ and the beam momentum. E.g. fopaf 1.5 GeVt interacting with a copper target, a
luminosity of~ 10?°cm~2s~1 can be reached which is significantly lower as for pipecase.

Fig. B should illustrate that using @ beam

h kg % (T = 0) on a nucleusd = pp), the expecta-
> = tion value of the light quark condensate drops
o Yf""fP'ST’ah"'” by ca. 20%. According to Ref. [][6], this
drop might lead to in-medium modified par-
s glggg{](FAIH) ticle properties. Such in-medium effects can
B manifest themselves in mass shifts with respect
300 Wyl 500 to the free hadron masses, broadening of res-

Tin MeV ol
e : il onances (i.e. their lifetimes change) and the
formation of bound states. The experimen-
Figure 3: The expectation value of the light tal search for such effects is being pursued in
quark condensateqc)| as a function of temper-  the light and strange quark sector since many
gtureT anq densityp. The rglevant area fq's years, see e.@ﬂ[7]. At HESR-PANDA the stud-
's marked in orange. The figure has been taken ies will be extended into the sector of charmed

from [B].
B hadrons.
The mass of the D meson in nuclear matter has been addressed in varioysibes, like

[B. @, @0]. An attractive potential for the Dand a repulsion for the Dis predicted. Ref. [[8]
pointed out that a drop of the D meson mass in nuclear matter should lead alswgriag of the

DD threshold. A charmonium state like th& which in vacuum lies below that threshold could
consequently decay into@ An in-medium mass shift of the charmonium states themselves is
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assumed to be small.

An attractive potential should also allow the formation of bound states betemesons and

the nucleus, provided the potential depth and the width of such a systemfati@\binding. In

Ref. [L1] a number of possible®nucleus bound states have been calculated. The experimental
difficulty is the large momentum in the laboratory frame of charmed hadronsghbe preparation

of a “slow” D meson in the nucleus is a tricky undertaking. In the case ohi&sic nuclei, the
Coulomb potential might assist a binding, and if such an object decays ealflyythe probability

to detect it increases.

The possibility to determine theW/N cross section (i.e. the dissociation of thesystem in a
hadronic environment) is discussed i.a.[ifj [12] and briefly reported iroll@nfing paragraph.

The reactionp+ A — JW + X with a subsequent
JM decay into a dilepton pair is used for this mea-
. Jpdl surement. Fig[]4 illustrates the procedure. The ex-
' g periment measures the numidég: of IN’s which
P 7 o escape from the nucleus. With a Monte-Carlo calcu-
° X\~ lation the numbeN;qm of originally formed J#’s
'p(r),’ww ° J/U is estimated, and the average nucleon density seen
® by the JW on its path out the nucleus is calculated.
Knowing these quantities, theW/N cross section

]V;T) ]\’rform N, esc . .

Py~ 41 GeV/e  Eon~ 3.097 GeV/c 03/¢N Can be estimated:

Figure _4: _ Schematic |Ilustrat|on_ of the Nese = Nform (1_ 03/ </p dl >> (3.1)
determination of the %/-Nucleon dissoci-

ation cross section usingmnucleus reac-

ion A simulation demonstrating that the necessary

background suppression is achievable with PANDA
has been presented earligr][13].

The procedure is in principle applicable for otherstates, too. For the\W/case a rate of
several hundred per day has been estimdtdd [12]. The smaller prodontiss section and the
branching ratio into dileptons has to be considered for otbstates.

A further topic which will be addressed by PANDA concerns the nuclesemgial for antibaryons
(like K, p) andK. Proton knock out reactions can be used to implant a low recoil momeminto
anucleus. E.g. for the, Ref. [I}#] predicts a very deep potential. Measuring a recoil protoieu

~ 0°, its missing mass distribution carries information on ghauclear potential. Moreover, a
recoil proton momentum larger than the incidpmhomentum would be a very sensitive signature
for an attractivep potential.

In a similar way, the potential of antihyperons can be addressed. Thealedl of Fig.[p il-
lustrates the principle. An antihyperon is quasi-bound in a nucleus, andthesponding hyperon
is measured close td’0 In the case of higher momentum hyperons (right panel of flig. 5), the
comparison of the transverse momentum distributions of the hyperon andttie/peron might
show the difference of the respective potentials.

As already mentioned in sectiph 2, another applicatiop/ofeactions is the production of hyper-
nuclei, in particular doubl@ hypernuclei. At PANDA, a two step production is foreseerp &f 3
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Figure5: Production of a hyperon-antihyperon pair ipmannihilation in a nucleus. The antihyperon can
form a quasi-bound state (left) oder escape from the nuctegit).

GeV/c hits a primary target (carbon) and produces=3pair. The=" is either detected directly or

via charged kaons produced in interactions offHenside the primary target. It serves as a tagger
for == production. Th& ~ will be captured in the atomic orbit of a secondary target, cascade down
the atomic energy levels till reaching the nucleus. Here, eventually it redttisavproton into a

pair of A hyperons. This reaction is accompanied by the emissionyatg of 28 MeV which has

to be measured to confirm the presenc&af A more detailed description of the experiment can
be found in Ref. [[15] and[13].

Acknowledgement

The author acknowledges the support by the HadronPhysics3 initidtite @" Framework
Program of the European Union and the Austrian Science Fund FWF.

References

[1] http://www-panda.gsi.de
[2] TDR of the PANDA Magnets, arXiv:0907.0169
[3] TDR of the PANDA EMC, arXiv:0810.1216v1

[4] TDR of the PANDA Straw Tube Tracker, accepted for puldia in Eur.Phys.Journal A,
arXiv:1205.5441

[5] M. Kotulla, V. Metag and U. Mosel, Physik Journal 8 No. (D) 41
[6] S. Klimt, M. Lutz and W. Weise, Phys.Lett. B 249(1990)386
[7] R. Hayano and T. Hatsuda, Rev.Mod.Phys. 82(2010)2949
[8] A.Hayashigaki, Phys.Lett. B 487(2000)96
[9] A. Sibirtsev et al., Eur.Phys.Journal A 6(1999)351

[10] M. Lutz, C. Korpa, Phys.Lett. B 633(2006)43

[11] C. Garcia Recio et al., Phys.Lett. B 690(2010)368

[12] P. Buehler, Hyperfine Interactions 209(2012)105

[13] Physics Performance Report for PANDA, arXiv:0903.390

[14] A. Larionov et al., Phys.Rev. C 78(2008)014604

[15] P. Achenbach et al., Hyperfine Interactions 209(2022)9



