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1. FAIR and the HESR

At the site of the GSI Helmholtz-Centre for Heavy Ion Research [1] in Darmstadt, Germany,
a new accelerator complex called FAIR (Facility for Antiproton and Ion Research, [2]) will be
constructed in the upcoming years. In october 2010 the international convention was signed by
nine partner countries and thus FAIR was legally founded. Fig. 1 shows the layout of the facility
with the new parts in red; the blue components are existing accelerators of theGSI.
As a central pillar, FAIR will offer antiproton beams of high quality and intensity. A primary
proton beam of 30 GeV from the SIS100 will be used to produce antiprotons on an appropriate
production target. The antiprotons will be collected and cooled and transfered at a fixed momentum
of 3.5 GeV/c into the HESR. The High Energy Storage and Synchrotron RingHESR is a dedicated
accelerator which stores the antiprotons (up to 1011) and accelerates/decelerates them within a
momentum range from 1.5 to 15 GeV/c. In the first phase of its operation, the HESR serves
exclusively the PANDA experiment, a spectrometer with an internal target. The HESR is designed
to work in two operation modes:

• High resolution mode: the momentum resolution reachesδp

p = 2 · 10−5 at a luminosity of
2·1031cm−2s−1.

• High luminosity mode: a luminosity of 2·1032cm−2s−1 is provided at a momentum resolu-
tion of δp

p ∼ 10−4

Up to a beam momentum of 9 GeV/c electron cooling is available, as well as stochastic cooling
over the full momentum range.
In the so-called start version of FAIR, the RESR, a ring in between the collector ring and the HESR,
is not included. As a consequence, the HESR has also to do antiproton accumulation which limits
the maximum antiproton intensity to 1010 stored particles.

HESR

SIS100/300p-Linac

GSI

PANDA

Figure 1: Layout of FAIR. The existing GSI is also show, with its accelerators in blue. The red lines
correspond to the new FAIR accelerators and storage rings. The position of the PANDA experiment in the
HESR is marked.
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2. The PANDA Physics

The momentum range of the HESR allows to access particles in the mass region ofstrange and
charm quarks (2.2 GeV/c2 <

√
s< 5.5 GeV/c2). At these energies, the coupling constant of the

strong interactionαs is already too large to allow for perturbative treatment of QCD, the relevant
degrees of freedom are hadrons. The PANDA physics program covers

• Hadron Spectroscopy
Charmonium and open charm mesons, search for exotics like glueballs andhybrids, multi-
quark states, baryons, ...

• Hadron properties in nuclear matter
How does the mass of hadrons come about?

• Nonperturbative dynamics
Transition from parton picture to hadrons

• Single and double hypernuclei
Hyperon-nucleon and hyperon-hyperon interaction

• Nucleon Structure
timelike electromagnetic form factors, transverse parton distributions, ...

• Electroweak physics
CP-violation in open charm systems, ...

For the first two items, examples will be presented in the following subsections.A more complete
description of the program as well as more details on the following can be found in [4].

2.1 Hadron Spectroscopy

The search for exotic states like glueballs and hybrids is a key mission of PANDA. Whereas
all states with quantum numbers allowed in the qq system can be formed directly in thepp anni-
hilation, hybrid and glueball states are predicted to have also exotic quantumnumbers (JPC = 1−+

and 0+−,2+− (“oddballs”), respectively). They should have masses in the range between 4 and
5 GeV/c2 and widths smaller than 50 MeV [5], hence accessible in production experiments with
PANDA.
The possibility to directly form all states in the charmonium (cc) spectrum combined with the ex-
cellent momentum resolution of the HESR which translates into up to 50 keV resolution in ECM,
makes PANDA an ideal tool to study the complete spectrum in detail, determining widths and
masses with high prescision.
Experiments at B-factories like BaBar@SLAC, BELLE@KEK-B, also CDF,D0, CLEO have re-
ported the discovery of many new states, usually quoted asXYZ states, which still have lots of
undetermined and not understood properties. For instance, despite of lying above the DD thresh-
old, theY(4260) [6] does not decay into open charm but rather in final states containing aJ/ψ .
Using experimental information from BaBar and CLEO, like the cross sectionand theπ+π−
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Figure 2: TheY(4260) in theJ/ψπ+π− invariant mass, reconstructed in the PANDA monte carlo.

mass spectrum shape, the reconstruction ofY(4260) in the J/ψπ+π− channel has been studied
in the PANDA monte carlo (see [4]), including studies of the main backgroundwhich comes from
pp→ π+π−π+π−. A rate of 100d−1 and a signal-over-background-rate of 2 has been estimated,
with a reconstruction efficiency of 0.32. The resulting spectrum is shown inFig. 2. Furthermore,
in the open charm sector new narrow states called D∗

s0(2317) and D∗s(2460) have been reported (see
e.g. [7]). These states, close to the DK and D∗K threshold, respectively, do not quite agree with
quark model predictions which favour higher masses. Concerning e.g. the width of D∗

s0(2317),
various theoretical predictions ranging from 6 to 180 keV are on the market. A possible reaction
channel to be studied at PANDA is

pp→ D±
s D∗

s0(2317)∓. (2.1)

Making use of the very good momentum resolution of the HESR beam a threshold scan (excitation
function for mass and width) can be used to determine the width experimentally.
The cross sections into baryon-antibaryon channels are comparable to those into mesons. For the
S= −2 andS= −2 baryons there’s little known experimentally so far, many resonance statesare
predicted (e.g. [8]). Thus, baryon spectroscopy has discovery potential, and can be perfomed at
PANDA, up to the charmed baryons. As an example, the study of the reaction

pp→ Ξ+Ξ−π0 (2.2)

which involves the double strangeΞ baryon has been evaluated. A reconstruction of the
Ξ− → Λπ− (Λ → pπ−) is necessary, and the PANDA monte carlo shows that aΞ−π0 mass can
be determined with∼4 MeV resolution and a decent efficiency. However, the identification of
specificΞ resonances requires partial wave analysis.

2.2 Hadron Properties in Nuclear Matter

An unique feature of PANDA is the possibility to perform antiproton annihilations on nuclear
targets. Such reactions can be used to study the properties of hadrons innuclear matter. A lot
of effort has been done in this respect in the light and strange quark sector (see e.g. [9, 10]).
Following [11], also in the case of normal nuclear matter density at temperaturezero, i.e. with
p beams, sizeable effects are predicted which can manifest themselves as changes in mass and
width of hadrons in medium with respect to their vacuum properties. At PANDA these studies can
be extended into the charmed hadron mass range which was not exploited before. For instance,
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subthreshold production of D± can be studied. In the case of dropping D masses a certain yield
should be detected below the vacuum production threshold. Also the formation of (quasi)bound
states might be an effect, like recently calculated in [12] for D0-nucleus bound states. Such states
may be accessible in a reaction like

p+AZ → D∗+ +X; D∗+ +AZ → π+ +{AZ −D0}bound. (2.3)

The evaluation of the dissociation cross section of theJ/ψ in the nuclear environment can also be
done inp induced reactions at PANDA. Measurable quantities are theJ/ψ yield in the elementary
reaction and in nuclei by scanning around theJ/ψ resonance. From a monte carlo model the
probability to form aJ/ψ in a nucleus can be estimated, including density effects and the Fermi
momenta of the nucleons. The dissociation cross section comes as 1 minus the survival probability
of a formedJ/ψ folded with the travelled path in the nucleus. Informations about the dissociation
of J/ψ are relevant in the interpretation of theJ/ψ suppression in ultrarelativitistic heavy ion
collisions as one of the signals of quark-gluon-plasma (QGP) formation (reported e.g. in [13]).

3. The PANDA Detector

Figure 3: The PANDA detector. For a description of the components see text.

The PANDA detector layout is shown in Fig. 3. Thep beam is entering from the left site, and
beam particles which did not interact follow the beam pipe throughout the system for eventually
another cycle in the HESR. Since PANDA is mounted on a storage ring it uses an internal target
which will be realized by a target pipe which has a joint cross with the beampipeat the interaction
point. Beam- and targetpipe have a 20 mm diameter at the crossing. The targetbeam, which in
the case of a hydrogen (proton) target will be made out of a high-densitycluster gas jet or frozen
hydrogen pellets, comes from the top of the setup. Heavier gases can be used a well in this scheme,
and wires/thin foils for nuclear target are envisaged, too. The target spectrometer part of PANDA,
around the interaction point, is embedded in a superconducting solenoid with provides a 2 T mag-
netic field along the beam axis. More downstream a dipole magnet with up to 2 Tmbending power
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is placed with the PANDA forward spectrometer.
The innermost dectector in the target spectrometer is the Microvertex detector (MVD), which uses
silicon pixel/silicon strip techniques to achieve a spatial resolution of∼ 50 µm, important for the
detection of secondary vertices from short lived particles (like Ds). Further out, the central tracking
detector will measure charged particle momenta (with∼ 1% resolution),dE

dx and multiple vertices.
This detector will be realized either by straw tubes or a time projection chamber with GEM-readout.
The tracking information for the forward angles will be provideded by a stack of GEM foils. For
particle identification, a cherenkov detector using the DIRC technique with a barrel and a forward
disc is placed, as well as an electromagnetic calorimeter (EMC). The DIRC is able to separate
charged pions and kaons as well as protons with momenta above 1 GeV/c. The EMC is made out
of PWO crystals, provides an energy resolution ofσE√

E
< 2% and measures photons from 1 MeV to

10 GeV energy. It has a barrel part and a backward and a forwardendcap. Finally, the iron yoke
of the solenoid is instrumented with a muon detection system. For the hypernuclear physics the
backward parts of the target spectrometer are replaced by a differentsetup.
The forward spectrometer employs various tracking stations, i.a. made with straw tubes, an elec-
tromagnetic calorimeter (σE√

E
≈ 4%) and a hadron calorimeter. Additional particle identification

detectors like a RICH-type cherenkov detector are optional.
The technical design reports (TDR) for the magnets and the EMC are already submitted and ap-
proved, and the remaining TDRs will follow in the next years. Concerning the build-up of PANDA,
the civil contruction plans of FAIR foresee the availability of the appropriate buildings for the mid-
dle of 2016. A pre-assembly of nearly the complete setup of PANDA will be done before. This
procedure hopefully points out potential problems and helps to solve them before the final setup at
FAIR-HESR.
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