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Strong Interaction

• Standard Model: Quantum
Chromo Dynamics (QCD)
based on SU(3) group theory

• Running coupling constant

• Asymptotic Freedom at high
energies. → Perturbative QCD,
well understood

• Confinement at lower energies.
→ Perturbation theory fails.
Other approaches needed
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Approaches to Non-Perturbative QCD

Potential Models
Non-relativistic treatment of heavy quark bound systems. Think of
hydrogen and positronium prototypes and the Schrödinger equation.

Lattice QCD
Equations of motion are discretized on a 4-dimensional space-time
lattice and solved by large-scale computer simulations. It had an
enormous progress in the recent years and an ever increasing precision.

Effective Field Theories (EFT)
Effective Lagrangians using symmetries and hierarchies of scale tailored
for the problem at hand. With quark and gluon degrees of freedom (e.g.
Non relativistic QCD, NRQCD) as well as with hadronic degrees of
freedom (e.g. Chiral Perturbation Theory).
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Open Questions – What can we learn?

Confinement Why are there no free quarks?

Exotics Are there other color-neutral objects?
→ hybrids, glueballs, multi-quark states

Hadron Spectroscopy Compare to theoretical model predictions
Partial Wave Analysis to identify relevant degrees
of freedom

Hadrons in Matter How do masses and widths behave inside nuclei?

Nucleon What is its structure?

Spin What are the degrees of freedom?

R.Kliemt · Sep. 2014 The PANDA Experiment 5



Motivation PANDA Physics The Detector

Why Antiprotons?

e+e− Reaction
• Hadrons via direct formation & initial

state radiation

• Low hadronic background but precision
mainly limited by detector resolution

• Initial state limited to JPC = 1−−

• (→ BaBar, Belle, BES, CLEO(-c), LEP...)

pp Annihilation

• Direct Formation of hadronic states

• Precision limited by beam parameters
but high hadronic background

• All non-exotic JPC available

• (→ LEAR, Fermilab E760/E835, PANDA)
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Beam Scan – Experimental Method

Breit-Wigner resonance cross section:

σBW =
2J + 1

4
π

k2

BinBoutΓ2
R

(E −MR)2 + Γ2
R/4

Reaction rate ν is convolution of cross section and beam energy
distribution function f(E,∆E)

ν ∼ L
{
ε

∫
f(E,∆E)σBW (E)dE + σb

}
→ Mass MR, width ΓR and branching ratio product BinBout can be
extracted by scanning the line shape with the beam.
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Beam Scan – Experimental Method
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Example: χ1 scan at Fermilab E835

Examples: �c1 and �c2 scans in Fermilab E835

Elisa Fioravanti Workshop for young scientists with research interests focused on physics at FAIR September 16th - 21th, 2013 13

Examples: �c1 and �c2 scans in Fermilab E835

Elisa Fioravanti Workshop for young scientists with research interests focused on physics at FAIR September 16th - 21th, 2013 13
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PANDA Physics Program

D.Be&oni! PANDA!at!FAIR! 9!

PANDA Physics Program 
•  HADRON SPECTROSCOPY 

–  CHARMONIUM 
–  GLUONIC EXCITATIONS 
–  OPEN CHARM 
–  STRANGE AND CHARMED 

BARYONS 
•  NUCLEON STRUCTURE 

–  GENERALIZED 
DISTRIBUTION 
AMPLITUDES (GDA) 

–  DRELL-YAN 
–  ELECTROMAGNETIC FORM 

FACTORS  
•  HYPERNUCLEAR PHYSICS 
•  HADRONS IN THE NUCLEAR 

MEDIUM 
ArXiV:0903.3905 ArXiV:0903.3905

Hadron Spectroscopy:
• Charmonium

• Gluonic Excitations

• Open Charm

• Strange and Charmed Baryons

Nucleon Structure:

• Generalized Distribution
Amplitudes (GDA)

• Drell-Yan

• Electromagnetic Formfactors

Hypernuclear Physics
Hadrons in Nuclear Medium
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Energy Range2 PANDA - Target Systems

0 2 4 6 8 12 1510
p Momentum [GeV/c]

Mass [GeV/c2]

Two body
thresholds

Molecules

Gluonic
Excitations

q Mesonsq

1 2 3 4 5 61 2 3 4 5 6

Hybrids

Hybrids+Recoil

Glueballs

Glueballs+Recoil

DD

DsDs

qqqq ccqqqqqq ccqq

nng,ssg ccgnng,ssg ccg

ggg,gg

light qq cclight qq cc

nng,ssg ccgnng,ssg ccg

ggg

ËË
ÓÓ
ÎÎ ÙÙ

Ë Ë

Ó Ó

Î Î

c

c

c c

c

c

Ù Ùc c

ð ñ ù, , ,f ,K,K2
* J/ , ,ø ç ÷c cJ

Figure 1.2: Mass range of hadrons that will be accessible at PANDA. The upper scale indicates the corresponding
antiproton momenta required in a fixed-target experiment. The HESR will provide 1.5 to 15 GeV/c antiprotons,
which will allow charmonium spectroscopy, the search for charmed hybrids and glueballs, the production of D
meson baryon pairs for pairs and the production of hypernuclear studies.

Charmonium Spectroscopy

The cc spectrum is often referred to as the positro-
nium of QCD, because the properties of the states
can be calculated precisely within the framework of
non-relativistic potential models. More recently, re-
sults from quenched Lattice QCD emerged describ-
ing the known spectrum rather well. Recent find-
ings of states around 4GeV/c (X(3872), Z(3931),
X(3940), Y(3940), Y(4260), Y(4320), to name only
a few) [8, 9, 10, 11] show that the spectrum, which
was believed to be well understood, in fact yields
much more than has been expected.

PANDA will not only be able to measure those
states in a di↵erent production channel, which may
reveal more unexpected states, but also allow for
scans over the width of those states with a preci-
sion of 10�5 relative to its mass. At full luminos-
ity PANDA will be able to collect several thousand
cc states per day. Thus properties and branching
ratios will be determined to a unprecedented preci-
sion.

Search for Gluonic Excitations (Hybrids and
Glueballs)

One of the main challenges of hadron physics is
the search for gluonic excitations, i.e. hadrons in
which the gluons can act as principal components.
In other words, the state cannot be fully described

in terms of quantum numbers by solely taking its
valence-quark content into account. These gluonic
hadrons fall into two main categories described in
the following. Glueballs are states where only glu-
ons contribute to the quantum numbers while hy-
brids consist of a valence qq pair and one or more
gluons which contribute to the overall quantum
numbers.

The additional degrees of freedom carried by gluons
allow these hybrids and glueballs to have JPC ex-
otic quantum numbers. In this case mixing e↵ects
with nearby qq states are excluded and this makes
their experimental identification easier. The prop-
erties of glueballs and hybrids are determined by
the long-distance features of QCD and their study
will yield fundamental insight into the structure of
the QCD vacuum. Antiproton-proton annihilations
provide a very favourable environment to search for
gluonic hadrons.

Multi-Quark States

These are states which cannot be assigned to an ar-
rangement of tree quarks or a quark-antiquark pair
as the classical baryons and mesons. Similarly to
the gluonic excitations mentioned above they would
show up as states outnumbering the multiplets and
their clearest signature would be possible exotic
quantum numbers. They could be interpreted as
hadronic molecules or octet couplings. The well

PANDA
 Range
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Expected Cross Sections

Glueballs & light Hybrids
→ rates in the ballpark of light

hadrons

Charmed Hybrids/Molecules

→ comparable to charmed hadrons

High luminosity and a good trigger
required
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Charmonium
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Charmonium
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Charmonium at PANDA

• At 2 · 1032cm−2s−1 accumulate 8pb−1/day (assuming 50% overall
efficiency). It means 104-107 (cc) states/day.

• Total integrated luminosity 1.5fb−1/year (at 2 · 1032cm−2s−1,
assuming 6 months/year data taking).

• Fine scans to measure masses to ∼ 100keV and widths to ∼ 10%
• Explore entire region below and above open charm threshold, finding

missing states and understanding newly discovered states

• Typical decay channels:

- J/ψ +X; J/ψ → e+e−, J/ψ → µ+µ−

- γγ
- hadrons
- DD

• Get a complete picture of the dynamics of the cc system.
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Exotic States

• Spin-exotic quantum numbers JPC

• States overlap strongly in light
meson spectrum

• cc spectrum less dense populated

Hybrids and Glueballs 

The QCD spectrum is much richer than that of the quark model as the  
gluons can also act as hadron components. 
Glueballs states of pure glue 
Hybrids qqg 

• Spin5exo@c!quantum!numbers!JPC!are!a!

!powerful!signature!of!gluonic!hadrons.!

• In!the!light!meson!spectrum!exo@c!

!states!overlap!with!conven@onal!states.!

• In!the!cc!meson!spectrum!the!density!

!of!states!is!lower!and!the!exo@cs!can!!

!be!resolved!unambiguously.!

• π1(1400)!and!π1(1600)!with!JPC=15+.!
• π1(2000)!and!h2(1950)!
• Narrow!state!at!1500!MeV/c2!seen!by!

!Crystal!Barrel!best!candidate!for!glueball!

ground!state!(JPC=0++).!
D.Be&oni! PANDA!at!FAIR! 22!

Morningstar"und"Peardon,"PRD60"(1999)"034509"
Morningstar"und"Peardon,"PRD56"(1997)"4043"

Q-Q Conventional
Quarkonium

Q-g-Q Quarkonium Hybrid

gg, ggg Glueballs

(QqQq) Tetraquark

(Qq)–(qQ) Meson Molecule

(Qq)–(Qq) Diquark-onium

q–(QQ)–q Hadro-quarkonium
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Open Charm

• New narrow states DsJ recently
discovered at B factories do not
fit theoretical calculations.

• At full luminosity and beam
momenta larger than 6.4 GeV/c
PANDA will produce large
numbers of DD pairs.

• Despite small signal/
background ratio (5 · 10−6)
background situation favourable
because of limited phase space
for additional hadrons in the
same process.

Open Charm Physics 

•  New narrow states DsJ 
recently discovered at B 
factories do not fit theoretical 
calculations. 

•  At full luminosity at p 
momenta larger than 6.4 
GeV/c PANDA will produce 
large numbers of DD pairs. 

•  Despite small signal/
background ratio (5×10-6) 
background situation 
favourable because of limited 
phase space for additional 
hadrons in the same process. 

D.Be&oni! PANDA!at!FAIR! 24!
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Baryon Spectroscopy

Baryon spectroscopy in PANDA:
• Measurements and models don’t agree

• Large cross-section, no extra mesons

• 4π particle acceptance

• Displaced vertex tagging

N and ∆ baryons:

• Missing resonances

• Hardly any progress since 2 decades

Charmed baryons:

• Narrow widths of resonances

• Rich spectrum of states

• JPC quantum numbers not yet all
measured

• Testing ground for HQET

R.Kliemt · Sep. 2014 The PANDA Experiment 18



Motivation PANDA Physics The Detector

In-Medium Effects

How is mass generated in QCD? Mesons are much heavier than
constituent quark mass sum. Spontaneous chiral symmetry breaking
would be an explanation. How to verify?

→ Partial chiral symmetry restoration in nuclear medium

• Mass changes seen for π & K
• significant shifts expected in

excited cc states,
e.g. χcJ , ψ′ and ψ(3770)

• D mesons analog to H-atom
→ chiral symmetry studied for
single light quark

• Predictions are controversial in size
and sign of D mass shifts

Hadrons in Nuclear Matter

One of the fundamental questions of QCD is the generation of MASS.
The light hadron masses are large than the sum of the constituent quark masses.
Spontaneous chiral symmetry breaking seems to play a decisive role in the mass
generation of light hadrons. How can we check this?

Since density increase in nuclear matter is possible a
partial restoration of chiral symmetry.

Evidence for mass changes of pions and kaons has
been observed.

cc̄ states are sensitive to gluon condensate:
- Small (5-10 MeV/c2 in medium modifications for
low-lying cc̄ (J/ and ⌘c )
- Significant mass shifts for excited states: 40, 100,
140 MeV/c2 for �cJ ,  

0 and  (3770) respectively
(S.Lee, Phys. Rev. C67, 038202 (2003) ).

D mesons are the QCD analog of the H-atom.
- chiral symmetry to be studied on a single light
quark
- theoretical calculations disagree in size and sign of
mass shift (50 MeV/c2 attractive - 160 MeV/c2

repulsive) (Phys. Rev. B487, 96 (2000) - Eur.
Phys. J A7, 279 (2000) ).

Elisa Fioravanti Workshop for young scientists with research interests focused on physics at FAIR September 16th - 21th, 2013 44
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Nucleon Structure / Electromagnetic Form Factors

• Time-like region interesting

• Both |GM | & |GE/|GM |
accessible

• Channel: pp→ l+l−

• PANDA will contribute with
precision to |GE/|GM |

dσ

dΩ
=
α2βC

4s
(|GM (s)|2(1 + cos2θ∗) +

4m2
N

s
|GE(s)|2sin2θ∗)
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Electromagnetic Form Factors
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Hypernuclear Physics

Replacing nucleons in an atom with hyperons.
→ New nuclear degree of freedom strangeness

Ξ- capture:  
Ξ- p → ΛΛ + 28 MeV 

 
Ξ- 

3 GeV/c 

Kaons _
Ξ'

Λ'
Λ'

trigger 

p
_

2.  
Slowing down 
and capture  

of Ξ� in 
secondary 

target 
nucleus 

1. 
Hyperon- 

antihyperon 
production 

at threshold 
+28MeV 

γ'

3.  
γ-spectroscopy 

with Ge-detectors 

γ'

������
��	�����������������
�

Ξ-(dss) p(uud) → Λ(uds) Λ(uds) 
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FAIR

(Aug. 2014)
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Antiprotons
6 PANDA - Target Systems

Figure 2.2: Layout of the High Energy Storage Ring HESR. The beam is injected into the lower straight section.
Stochastic cooling and electron cooling is foreseen. The location of the PANDA target is indicated with an arrow
at the bottom of the figure.

2.2 High Energy Storage Ring –
HESR

The HESR is dedicated to supply PANDA with
high-quality anti-proton beams over a broad mo-
mentum range from 1.5 to 15GeV/c. In storage
rings the complex interplay of many processes like
beam-target interaction and intra-beam scattering
determines the final equilibrium distribution of the
beam particles. Electron and stochastic cooling
systems are required to ensure that the specified
beam quality and luminosity for experiments at
HESR [4, 5, 6, 7, 8, 9] is achieved. Two di↵erent op-
eration modes have been worked out to fulfil these
experimental requirements (please see also Ref. [9]
and references therein.)

2.2.1 Lattice Design and Experimental
Requirements

The HESR lattice is designed as a racetrack shaped
ring with a maximum beam rigidity of 50 Tm (see
Fig. 2.2). The basic design consists of FODO cell
structures in the arcs. The arc quadrupole magnets

will be grouped into four families, to allow a flexi-
ble adjustment of transition energy, horizontal and
vertical betatron tune, and horizontal dispersion.

One straight section will mainly be occupied by the
electron cooler. The other straight section will host
the experimental installation with the internal tar-
get station, RF cavities, injection kickers and septa.
Stochastic cooling pickup and kicker tanks will also
be located in the straight sections, opposite to each
other.

Special requirements for the lattice are low disper-
sion in straight sections and small betatron ampli-
tudes in the range between 1 and 15 m at the inter-
nal interaction point (IP) of the PANDA detector.
In addition, the betatron amplitude at the electron
cooler must be adjustable within a large range be-
tween 25 and 200m. There are by now three defined
optical settings: Injection, �tr = 6.2, �tr = 13.4.
Both betatron tunes will roughly be 7.62 for di↵er-
ent optical settings and natural chromaticities will
be ranging in horizontal from �12 to �17 and in
vertical from �10 to �13. Examples of the opti-
cal functions of the �tr = 6.2 lattice are shown in
Fig. 2.3.

The large aperture spectrometer dipole magnet also
deflects the antiproton beam. To compensate for

High Resolution Mode
Nstored = 1010 p
→ L = 1031cm−2s−1

Beam momentum resolution:
∆p/p ∼ 10−5 (electron cooling)

High Luminosity Mode
Nstored = 1011 p
→ L = 2 · 1032cm−2s−1

Beam momentum resolution:
∆p/p ∼ 10−4 (stochastic cooling)

p momentum: 1.5 – 15 GeV/c
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Antiproton Experiments

Experiment Years Intensity Momentum Resolution
(p/s) [GeV/c] ∆p/p

LEAR (CERN) 1983–1996 2 · 106 0.06–1.94 10−3

FermiLab 1985–2011 2 · 106 < 8.9 10−4

(45% polarized) 104

PANDA 2018–. . . 2 · 107 1.5–15 10−5

PANDA the successor of those experiments with better features.
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Detector Overview
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Tracking
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Motivation PANDA Physics The Detector

PID Detectors
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Electromagnetic Calorimetry

R.Kliemt · Sep. 2014 The PANDA Experiment 30
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Forward Spectrometer
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Target

Luminosity Considerations
• Goal: 2 · 1032cm−2s−1

• With 1011 stored p and 50 mb:
4 · 1015cm−2 target density

Cluster Jet Target

• Continuos development

• Nozzle improvement

• Better alignment by tilt device

• ∼ 2 · 1015cm−2 achieved

Pellet Target

• > 4 · 1015cm−2 feasible

• Prototype underway

• Pellet tracking (prototype)

Hydrogen Droplets:

PANDA - Target Systems 55
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Figure 6.5: Hydrogen droplets are produced with nitrogen and helium as cooling media. In case of argon droplet
production, inexpensive technical nitrogen and argon as cooling liquids are to be used; for nitrogen droplets (not
shown here) nitrogen is used in both reservoirs.

a constant temperature of the cooling helium va-
pors in the condensor. This temperature depends
strongly on the liquid helium cooling-bath level in-
side the cryostat. Thus, for stabilization of the va-
por temperature — and finally of the sizes of the
droplets and pellets — it is necessary to maintain
a constant liquid helium level. A dedicated sys-
tem, comprising a helium siphon and an automatic
helium valve, will provide the required constant he-
lium level.

6.4.3 Performance of the Prototype Pellet
Generator

During test measurements two di↵erent nozzle
types have been utilized, glass nozzles in brass hous-
ings and such made from stainless steel. The for-
mer, with inner diameters of 7� 30 µm at the noz-
zle tip, have the advantage of a smooth internal
surface and allow one to look inside the channel
during operation. The 16 � 30 µm steel nozzles of-
fer high shape reproducibility and smaller length-
to-diameter ratios of the holes, allowing operation
with lower jet-driving pressures. The results shown
here have been obtained with glass nozzles and pres-
sures of ⇠ 0.4�0.9 bar for H2 and ⇠ 1.0�1.5 bar for
N2; higher pressures lead to higher jet velocities. In
order to allow for systematic investigations of the

droplet production process the piezo-electric trans-
ducer allows one to excite sinusoidal nozzle vibra-
tions in a wide frequency range of f = 1� 150 kHz.
Stable droplet production has so far been demon-
strated for f ⇡ 3� 150 kHz.

310 µm 290 µm

Figure 6.6: Satellite-free and monodisperse disinte-
gration of N2 (left), H2 (middle) and Ar (right) jets. In
the upper edge of the photos the tip of the vibrating
nozzle can be seen.

Figure 6.6 shows the breakup of N2, H2 and Ar
jets in the TrPC; for certain choices of the jet and
TrPC parameters (see Table 6.2 and Ref. [1] for de-
tails), stable satellite-free and mono-disperse drop
production has been achieved.

When the drops leave the TrPC through a 1st sluice
into a subsequent chamber (p=o(10�1) mbar), they
freeze to pellets due to strong surface evaporation,

Hydrogen Cluster Jet:

28 PANDA - Target Systems

enters the liquid phase and condensation can take
place, which in turn causes an additional pressure
decrease. In case of hydrogen as target material
typical operating parameters of conventional cluster
target installations are temperatures in the order of
T0 = 25�35 K and pressures of p0  10 bar. Hence,
the used hydrogen is still in a gaseous phase before
entering the nozzle. Being dependent on the ex-
perimental conditions the size of clusters amounts
to typically 103 � 105 atoms per cluster. Thus a
cluster-jet beam corresponds in good approxima-
tion to a target beam with homogeneous volume
density. A specialty of the Münster-type cluster-jet
targets, which are routinely used in storage ring ex-
periments [2, 5], is the operation in a regime where
the hydrogen is already in the fluid phase before en-
tering the nozzle (see Fig. 5.2). By this much higher
target densities are accessible compared to conven-
tional cluster-jet sources. This in turn enables the
production of cluster beams which meet the re-
quirements at PANDA. Due to this highly increased
cluster-jet density it is possible to directly observe
the target beams behind the production nozzle. In
Fig. 5.3 a photography of such an intense cluster-
jet is shown. The beam, illuminated by an LED
in the vacuum system, leaves the nozzle (not visi-
ble) and moves from the left to the right. Also not

Figure 5.3: Image of a hydrogen cluster-jet beam di-
rectly after passing the nozzle. The cluster-jet is il-
luminated by an array of white LEDs in the vacuum
chamber.

visible are the collimators which are placed behind
the nozzle and determine the shape and the size of
the cluster beam at the later interaction point. The
high-intense cluster-jet source for PANDA will typi-
cally be operated in the liquid phase before entering
the nozzle to obtain highest target beam densities.
However, similar to conventional cluster-sources the
PANDA cluster-jet generator can be operated in

a wide range of gas temperatures and gas pres-
sures. Subsequently, the target beam density at the
later interaction point can be adjusted according to
the experimental requirements. This situation is
demonstrated in Fig. 5.4, presenting the hydrogen
atom flow F at the scattering chamber as function
of the nozzle temperature and the gas stagnation
pressure. In the gaseous regime of operation before
entering the nozzle comparatively low densities are
achieved. However, when passing the vapour pres-
sure curve, indicated by the white line in Fig. 5.4,
highest particles flows are observed, which is equiv-
alent to highest target beam densities.

The presented hydrogen atom flow F in the scatter-
ing chamber can directly be translated into a target
density

⇢V =
F

v
, (5.1)

with v as the velocity of the cluster-jet beam.
Therefore, with the knowledge of the cluster veloc-
ities the particle flow can directly be transformed
into an volume density of the cluster-jet beam at
the scattering chamber. Details on the determina-
tion of the velocities will be given in section 5.2.
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Figure 5.4: Hydrogen atom flow through the scatter-
ing chamber as function of the nozzle temperature and
the gas stagnation pressure.

Since cluster-jet beams are produced by expansion
of pressurized and pre-cooled gas through fine noz-
zles, highest purity of the used gas is of utmost
importance. The presence of any micro-particles
would lead to an irreversible blocking of the nozzle.
Furthermore, since for the operation at PANDA hy-
drogen and deuterium gas are of highest relevance
to provide e↵ective proton and deuteron targets,
any contamination with other gases like oxygen, ni-
trogen etc. would lead to reversible blocking of the
cooled nozzle (T  30 K) during operation. The
latter kind of blocking can be remedied by heating
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Micro Vertex Detector

Technical Design Report:
panda-wiki.gsi.de/Mvd/MvdPublic

• 4 barrels and 6 disks

• Hybrid Pixels:
• 100× 100µm2

• Thinned sensor wafers

• Strip sensors
• Double sided
• Rectangles and trapezoids

• Custom Readout: ToPix &
PASTA

Challenges:

• Low material budget

• Radiation hardness

R.Kliemt · Sep. 2014 The PANDA Experiment 33
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Micro Vertex Detector
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Straw Tube Tracker

Detector Layout
• 4600 straws in 21-27 layers

8 layers skewed at ∼ 3◦

• Tubes ∅1cm, 27µm thin
Al-mylar

• R = 150mm–420mm, l = 1.5m
• Self-supporting double-layers
∼ 1bar overpressure Ar/CO2

• Readout with ASIC, TDC,
FADC

Material Budget

• 0.05% X/X0 per layer

• Total 1.3% X/X0

Straw Tube Tracker 

D.Be&oni! PANDA!at!FAIR! 40!
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Gas Electron Multiplier (GEM) Tracker
• 3-4 stations with 4 projections each:
→ radial, concentric, x, y

• Large area GEM foils (CERN)
(50µm Kapton, 2− 5µm copper coating)

• ADC readout for cluster centeroids
(∼ 35000 channels)

• Challenge: Minimize Material

Forward GEM Tracker 

D.Be&oni! PANDA!at!FAIR! 41!

R.Kliemt · Sep. 2014 The PANDA Experiment 36



Motivation PANDA Physics The Detector

Forward Tracker

• Cover 0◦ < Θ < 5◦ − 10◦
• 3 stations of 2 chambers before, inside and behind dipole
• Double layer straw tube design
• Tubes ∅1cm, 27µm thin Al-mylar, Stability by 1 bar overpressure
• 3 projections per chamber: 0◦, +5◦, −5◦
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DIRC – Detection of Internally Reflected Cherenkov light

• SiO2 Radiator with n = 1.47
• Readout at bar ends & disc rims

• Complex patterns
→ Sophisticated reconstruction
algorithms
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EMC

Barrel Calorimeter
• 11000 PWO Crystals

• LAAPD readout, 2× 1cm2

• σ(E)/E[%] ∼ 1.5
√
E + const

Forward Endcap

• 4000 PWO crystals

• High occupancy in center

• LA APD or VPT

Backward Endcap

• for hermeticity

• 560 PWO crystals

Forward EMC shashlyk behind dipole
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Time of Flight & Muon Detection

• Scintillator tiles 3× 3× 0.5 cm3

• Time resolution goal:
100 ps

• Drift tubes with wire & cathode
strip readout

• Barrel: 12+2 layers in yoke

• Endcap: 5+2 layers

• Muon Filter: 4 layers

• Forward: 16+2 layers
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PID (Simulations)
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Data Rates
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Data Acquisition

Continuos Readout
• Self triggered

• Intelligent frontends

• Powerful computing nodes

• High speed network

Data Flow

• Data reduction

• Local feature extraction / online reconstruction

• Event selection: ”Software Trigger” → Studies on Trigger
Algorithms under development now
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Summary & Outlook

In Short

• Antiprotons provide a unique access

• Rich hadron physics program

• Accelerator & detector on track

Timeline

• R&D on many components going to be finished

• Now starting to build first detector components

• First Constructions in Jülich

• 2018 Finishig installation & commissioning accelerator and detector
components

• 2019 Commissioning with beam & first data
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Thanks for your attention.

The PANDA collaboration: ∼ 520 Members, 69 Institutes, 18 Countries

Austria, Australia, Belarus, China, France, Germany, India, Italy, Poland,
Romania, Russia, Spain, Sweden, Switzerland, Thailand, Netherlands,
USA, UK
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