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FAIR project

Total cost - 1.008,66 MEuro, Poland - 23.74 MEuro.
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Construction site
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Soil reinforcement
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HESR

Up to 1011 stored antiprotons. Annihilation rate up to 2 · 107 s−1.
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PANDA experiment

Fixed target experiment with
antiproton beam of 1.5 - 15 GeV/c
momentum from HESR synchrotron.

Physics program of the PANDA
experiment:

Charmonium spectroscopy

Search for exotic states (hybrids
and glueballs)

Hadrons in nuclear matter

Physics of open charm

Physics of hypernuclei

Electromagnetic processes
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History

Idea of experiment arises in 2003.
Letter of intent in 2004 (http://www-panda.gsi.de/
archive/public/panda_loi.pdf).
Technical progress report in 2005 (http://www-panda.
gsi.de/archive/public/panda_tpr.pdf).
Physics performance report with detailed description of
intended scientific program in 2009
(http://arxiv.org/abs/0903.3905v1).
Technical design report of detector subcomponents (EMC -
2008, Magnet - 2009, MVD, Straw Tube Tracker - 2012)
Current estimate of first physics run - 2018.
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Why antiprotons?
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QCD bound states
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Charmonium spectroscopy
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Exotic QCD states (X,Y,Z)
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Exotic QCD states (X,Y,Z)
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Exotic QCD states

How PANDA can contribute?
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Glueballs
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Hadrons in nuclear matter
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Hypernuclear physics
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Hypernuclear physics
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Nucleon form factor
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Nucleon form factor
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pp → e+e− angular distribution
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Time-like form factor of the proton
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Time-like magnetic form factor of the proton
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Panda detector
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Detector requirements

4π coverage
High rates
Good PID
Good momentum resolution
Vertexing for D, K 0

S , Λ
No hardware trigger
Modular structure

(partial wave analysis)
(2× 107 annihilation/s)
(γ, e, µ, π, K , p)
(∼ 1 %)
(cτ = 123 µ m for D0)
(raw data rate ∼ TB/s)
(Hypernuclear physics)
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Detector is divided into:
Target spectrometer with superconducting solenoid
magnet (2 Tesla)
Forward spectrometer with large aperture dipole magnet (2
Tesla ·m ).
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Target

The cluster-jet beam for the internal target in the HESR is produced by
expansion of pre-cooled gas in a convergent-divergent Laval-type nozzle with
micron-sized throat into vacuum. During the passage of the gas through the
nozzle the gas adiabatically cools down and forms a supersonic stream of
atoms or molecules. Under appropriate conditions, depending on the type of
gas, condensation can take place and nano-particles, the so-called clusters,
are created. In prototype of cluster jet target the record of density
2 × 1015cm−2 reached.
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Tracking
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MVD

The concept of the MVD is based on radiation hard silicon pixel detectors with fast individual pixel readout circuits

and silicon strip detectors. The layout foresees a four layer barrel detector with an inner radius of 2.5 cm and an

outer radius of 13cm. The two innermost layers will consist of pixel detectors and the outer two layers will consist of

double sided silicon strip detectors. Six detector wheels arranged perpendicular to the beam will achieve the best

acceptance for the forward part of the particle spectrum.

Small pixel cells (100 × 100 µm2, 107

channels)

Dedicated ASIC for untriggered data
readout (ToPix)

Double-sided silicon micro-strip
detectors in the outer parts of the
MVD facilitate the readout of a much
larger area with significantly fewer
channels.

ToT to extract some energy
information.

PID capability via dE/dX .
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STT

This detector will consist of aluminised Mylar tubes called straws, which will be self supporting by the operation at 1

bar overpressure. The straws are to be arranged in planar layers which are mounted in a hexagonal shape around

the MVD.

4636 straw tubes

23-27 radial layers

Ar/CO2 gas mixture (200 ns drift time)

Position resolution (σrφ ∼ 150µm, σz ∼ 2 − 3mm)

Momentum resolution 1 − 2%

Two concepts of readout (Amplitude sampling vs amplitude via
Time-over-Threshold)

D. Melnychuk PANDA experiment



SciTil

At the high interaction rate in the
presence of multiple pile-ups the
fast detector can assign accurate
time stamps to tracks⇒ SciTil.

Conversion of γ’s in DIRC can be
detected.

Contribution to PID with
time-of-flght.

Silicon Photomultiplier as a
photon detector is small, fast, has
high rate capability and can work
in magnetic field.

Time resolution around 100 ps
can be achieved.
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GEM

Gaseous micro-pattern detector
based on GEM foils are chosen due
to high rate capability to sustain up to
3 × 104cm−2s−1 particles expected
in most forward direction.

3 GEM station will cover particles
emitted at angles 5◦ − 22◦.

Required position resolution
∼ 100µm.
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Forward tracker

The Forward Tracker (FT) is designed for momentum analysis of charged
particles deflected in the field of the PANDA dipole magnet. Three pairs of
planar tracking stations: one pair (FT1, FT2) in front, the second (FT5, FT6)
behind the dipole magnet and the third pair (FT3, FT4) inside the magnet gap
in order to track low momentum particles hitting the magnet yoke.

Each tracking station consists of four
double-layers: the first and the fourth one
contain vertical straws (0◦) and the two
intermediate double-layers contain straws
inclined at +5◦ and −5◦, respectively.

The FT is based on 10 mm in diameter
straw tube detectors of the type proposed
for the Central Tracker.

In order to minimize the aging effects, usage
of 90% Ar + 10% CO2 gas mixture is
considered.

With position resolution of σ = 0.1mm per
detection layer the momentum resolution
better than 1 % is expected.
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Electromagnetic calorimeter
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Shashlyk calorimeter

The detection is based on lead-scintillator sandwiches read out with
wavelength shifting fibres passing through the block and coupled to
photo-multipliers (27× 14 modules).
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PID
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PID
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DIRC

DIRC (Detection of Internally Reflected Cherenkov light)

PANDA PID requirement: more than 3σ π/K
separation in the momentum range 0.5-5 GeV/c

DIRC detector is based on principle that charged
particles propagated in medium with β > 1/n emit
cherenkov photons on a cone with opening angle
cos θc = 1/βn(λ)

Photons exit radiator bars through focusing elements
into expansion volume and are imaged on photon
detector array.

Observed hit patterns of Cherenkov photons (x,y,t)
determine PID likelihoods for e/µ/π/K/p

Two DIRC detectors in PANDA: Barrel DIRC similar to
Babar DIRC with several improvements (fast photon
timing, focusing system) and Disk DIRC
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DIRC
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DAQ
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Hypernuclear setup
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Collaboration
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Thank you for your attention!
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