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Why I joined PANDA!

Community 
  - interdisciplinair: nuclear, hadron & particle physics 
  - international: 500 scientist from 17 countries 

Uniqueness 
  - usage of antiprotons: precision & exploration 
  - strange and charm “factory”

Technology 
  - data complexity & detector developments 
  - versatile instrument
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Phase 0 - experimental program using FAIR 
instrumentation before FAIR becomes available 
!
Phase 1- experimental program with SIS100 and 
secondary beams with “start setups”, “day 1”   ~2022 
!
Phase 2 - experimental program at full potential of 
Modularised Start Version (MSV)     ~2025 
!
Phase 3 - beyond MSV operation



Note: for MSV, no RESR present -> max. 1010 antiprotons stored

 ___________________________________________   
#r.maier@fz-juelich.de 

THE HIGH-ENERGY STORAGE RING (HESR) 
R. Maier# for the HESR Consortium, Forschungszentrum Jülich, Germany

Abstract 
The High-Energy Storage Ring (HESR) is part of the 

upcoming International Facility for Antiproton and Ion 
Research (FAIR) at GSI in Darmstadt. An important 
feature of this new facility is the combination of powerful 
phase-space cooled beams and thick internal targets (e.g., 
pellet targets) to reach the demanding requirements of the 
internal target experiment PANDA in terms of beam 
quality and luminosity. In this paper the status of the 
preparatory work for the HESR at the FZ Jülich is 
summarized. The main activities are beam dynamics 
simulations and hardware developments for HESR in 
combination with accelerator component tests and beam 
dynamics experiments at the Cooler Synchrotron COSY. 

INTRODUCTION 
The HESR is an essential part of the physics program at 

FAIR [1]. It is dedicated to the field of high-energy 
antiproton physics to explore the research areas of 
charmonium spectroscopy, hadronic structure, and quark-
gluon dynamics with high-quality beams over a broad 
momentum range from 1.5 to 15 GeV/c. A consortium 
consisting of FZ Jülich (as leading institution), GSI 
Darmstadt, Helmholtz-Institute Mainz, University of 
Bonn and ICPE-CA Bucharest is in charge of HESR 

design and construction. In storage rings the complex 
interplay of different processes like beam cooling, 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 the specified beam quality and luminosity for 
experiments at HESR, which initially will be performed 
with the PANDA detector [2]. 

The modularized start version is a stepwise approach to 
the realization of FAIR [3]. The accumulator ring RESR 
is part of an upgrade program and only the collector ring 
CR is going to be available for antiproton collection and 
beam cooling from the beginning. Therefore, a 
modification of the HESR injection and accumulation 
scheme is required. The most cost-efficient accumulation 
method is to use the already designed stochastic cooling 
system together with the barrier bucket cavities [4]. Also 
the planned 4.5 MV electron cooling system is postponed 
to a later stage. To enhance the performance of the 
stochastic cooling system the coupling structures of the  
2-4 GHz system have been optimized and successfully 
tested at COSY [5]. First prototype structures operating in 
the 4-6 GHz range have been built to improve the 
performance of stochastic cooling. 

Figure 1: Schematic view of the HESR. Positions for injection, cooling devices and experimental installations are 
indicated. The upper straight is housing electron cooler, stochastic kickers, and space for a future upgrade. The lower 
straight contains injection, RF cavities, PANDA with target, and stochastic pickups.  

THOCN2 Proceedings of 2011 Particle Accelerator Conference, New York, NY, USA
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Sources and Medium Energy Accelerators
Accel/Storage Rings 04: Circular Accelerators

High Energy Storage Ring

High resolution mode: 
• e- cooling : p<8.9 GeV/c 
• 1010 antiprotons stored 
• Luminosity up to 2x1031 cm-2s-1 
• dp/p = 4x10-5

High intensity mode: 
• Stochastic cooling 
• 1011 antiprotons stored 
• Luminosity up to 2x1032 cm-2s-1 
• dp/p = 2x10-4



The “magic” of antiprotons

I. Versatile



Probing QCD at various distance scales
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physics
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PANDA Physics Programme 

Anti-Proton ANnihilation in DArmstadt 
 
• Meson spectroscopy 

!  Light mesons 
!  Charmonium 
!  Exotic states: 
     glue-balls, hybrids,  
      molecules / multi-quarks 

•  (Anti-) Baryon production 
• Nucleon structure 
• Charm in nuclei 
• Strangeness physics 

!  hypernuclei, 
!  S = -2 nuclear system  
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Versatility of antiprotons at PANDA

Large mass-scale coverage 
  - center-of-mass energies from 2 to 5.5 GeV 
  - from light, strange, to charm-rich hadrons 
  - from quark/gluons to hadronic degrees of freedom

High hadronic production rates 
  - charm+strange factory -> discovery by statistics! 
  - gluon-rich production -> potential for new exotics

Access to large spectrum of JPC states 
  - direct formation of all conventional JPC states  
  - large sensitivity to high spin states

Systematic and precise tool to rigorously study the dynamics of QCD



PANDA physics ambitions
Study of the strong force using antiprotons

Hadron spectroscopy & dynamics 
  - charmonium(-like) 
  - gluons excitations (glueballs, hybrids, ..) 
  - open charm 
  - light meson systems

Hadrons in nuclear medium 
  - antiproton-A collisions 
  - nuclear potentials of antibaryons 
  - charmonium-nucleon interactions

Nucleon structure 
  - electr. magn. form factors 
  - TMDs, GPDs, TDAs

Hyperons & Hypernuclei 
  -        - hypernuclei 
  - hyperfine splitting in     atom 
  - (multi) strange baryons

⇤⇤
⌦

arXiv:0903.305 

FAIR/PANDA/Physics Book i

Physics Performance Report for:

PANDA
(AntiProton Annihilations at Darmstadt)

Strong Interaction Studies with Antiprotons

PANDA Collaboration

To study fundamental questions of hadron and nuclear physics in interactions of antiprotons with nucleons
and nuclei, the universal PANDA detector will be build. Gluonic excitations, the physics of strange and
charm quarks and nucleon structure studies will be performed with unprecedented accuracy thereby
allowing high-precision tests of the strong interaction. The proposed PANDA detector is a state-of-the-
art internal target detector at the HESR at FAIR allowing the detection and identification of neutral and
charged particles generated within the relevant angular and energy range.
This report presents a summary of the physics accessible at PANDA and what performance can be
expected.



The “magic” of antiprotons

II. Discovery by precision and exploration 
    - a few examples



Charmonium-like spectroscopy
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detected in the EMC since it is produced preferentially
along the beam direction.

Candidate !!!"‘!‘" tracks are refitted, constrained
to a common vertex, while the lepton pair is kinemati-
cally constrained to the J= mass. The resulting
!!!"J= mass-resolution function is well described by
a Cauchy distribution [10] with a full width at half maxi-
mum of 4:2 MeV=c2 for the  #2S$ and 5:3 MeV=c2 at
4:3 GeV=c2.

The !!!"J= invariant-mass spectrum for candidates
passing all criteria is shown in Fig. 1 as points with error
bars. Events that have an e!e" ("!"") mass in the J= 
sidebands %2:76; 2:95& or %3:18; 3:25& (%2:93; 3:01& or
%3:18; 3:25&) GeV=c2 but pass all the other selection crite-
ria are represented by the shaded histogram after being
scaled by the ratio of the widths of the J= mass window
and sideband regions. An enhancement near 4:26 GeV=c2

is clearly observed; no other structures are evident at the
masses of the quantum number JPC ' 1"" charmonium
states, i.e., the  #4040$,  #4160$, and  #4415$ [11], or the
X#3872$. The Fig. 1 inset includes the  #2S$ region with a
logarithmic scale for comparison; 11 802( 110  #2S$
events are observed, consistent with the expectation of
12 142( 809  #2S$ events. We search for sources of back-
grounds that contain a true J= and peak in the !!!"J= 
invariant-mass spectrum. The possibility that one or both
pion candidates are misidentified kaons is checked by
reconstructing the K!K"J= and K(!)J= final states;
we observe featureless mass spectra. Similar studies of ISR
events with a !!!"J= candidate plus one or more addi-
tional pions reveal no structure that could feed down to

produce a peak in the !!!"J= mass spectrum. Two-
photon events are studied directly by reversing the require-
ment on the missing mass; the number of events inferred
for the signal region is a small fraction of those observed
and their mass spectrum shows no structure. Hadronic
e!e" ! q !q events produce J= at a rate that is surpris-
ingly large [12–15], but no structure is observed for this
background.

We evaluate the statistical significance of the enhance-
ment using unbinned maximum likelihood fits to the
!!!"J= mass spectrum. To evaluate the goodness of
fit, the fit probability is determined from the #2 and the
number of degrees of freedom for bin sizes of 5, 10, 20, 40,
and 50 MeV=c2. Bins are combined with higher mass
neighbors as needed to ensure that no bin is predicted to
have fewer than seven entries. We try first-, second-, and
third-order polynomials as null-hypothesis fit functions.
The #2-probability estimates for these fits range from
10"16 to 10"11. No substantial improvement is obtained
by including  #4040$,  #4160$, or  #4415$ [11] terms in
the fit. We conclude that the structure near 4:26 GeV=c2 is
statistically inconsistent with a polynomial background.
Henceforth, we refer to this structure as the Y#4260$.

It is important to test the ISR-production hypothesis
because the JPC ' 1"" assignment for the Y#4260$ fol-
lows from it. The ISR photon is reconstructed in #24( 8$%
of the Y#4260$ events, in agreement with the 25% observed
for ISR #2S$ events. Kinematic distributions for the signal
are obtained by subtracting scaled distributions for events
with !!!"J= mass in the regions %3:86; 4:06& GeV=c2
and %4:46; 4:66& GeV=c2 from those with !!!"J= mass
in the signal region, defined as %4:16; 4:36& GeV=c2. The
distribution of m2

Rec is shown in Fig. 2, along with corre-
sponding distributions for ISR  #2S$ data events and for
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FIG. 2. The distribution of m2
Rec. The points represent the

data events passing all selection criteria except that on m2
Rec

and having a !!!"J= mass near 4260 MeV=c2, minus the
scaled distribution from neighboring !!!"J= mass regions
(see text). The solid histogram represents ISR Y Monte Carlo
events, and the dotted histogram represents the ISR  #2S$ data
events.
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FIG. 1 (color online). The !!!"J= invariant-mass spec-
trum in the range 3:8–5:0 GeV=c2 and (inset) over a wider
range that includes the  #2S$. The points with error bars repre-
sent the selected data and the shaded histogram represents the
scaled data from neighboring e!e" and "!"" mass regions
(see text). The solid curve shows the result of the single-
resonance fit described in the text; the dashed curve represents
the background component.
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PRL 95, 142001 (2005)

e+e−(γISR) → π+π−J/ψ at BaBar

ψ(2S)

Mass(π+π−J/ψ)  (GeV)
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1.  Understand quark model states.
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1.  Understand quark 
model states.
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Figure 2: The mass spectrum of charmonium(-like) states in the energy interval available in BESIII and
as a function of their spin-parity, JPC. The yellow boxes represent charmonium states predicted by theory
and confirmed by experiment. The grey boxes are those charmonium states that are predicted but not yet
discovered. The red boxes are discovered charmonium-like states which nature is still mysterious. The
dashed line indicates the open-charm (DD̄) threshold. The figure is taken from a presentation by R. Mitchell.
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Charmonium-like spectroscopy
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detected in the EMC since it is produced preferentially
along the beam direction.

Candidate !!!"‘!‘" tracks are refitted, constrained
to a common vertex, while the lepton pair is kinemati-
cally constrained to the J= mass. The resulting
!!!"J= mass-resolution function is well described by
a Cauchy distribution [10] with a full width at half maxi-
mum of 4:2 MeV=c2 for the  #2S$ and 5:3 MeV=c2 at
4:3 GeV=c2.

The !!!"J= invariant-mass spectrum for candidates
passing all criteria is shown in Fig. 1 as points with error
bars. Events that have an e!e" ("!"") mass in the J= 
sidebands %2:76; 2:95& or %3:18; 3:25& (%2:93; 3:01& or
%3:18; 3:25&) GeV=c2 but pass all the other selection crite-
ria are represented by the shaded histogram after being
scaled by the ratio of the widths of the J= mass window
and sideband regions. An enhancement near 4:26 GeV=c2

is clearly observed; no other structures are evident at the
masses of the quantum number JPC ' 1"" charmonium
states, i.e., the  #4040$,  #4160$, and  #4415$ [11], or the
X#3872$. The Fig. 1 inset includes the  #2S$ region with a
logarithmic scale for comparison; 11 802( 110  #2S$
events are observed, consistent with the expectation of
12 142( 809  #2S$ events. We search for sources of back-
grounds that contain a true J= and peak in the !!!"J= 
invariant-mass spectrum. The possibility that one or both
pion candidates are misidentified kaons is checked by
reconstructing the K!K"J= and K(!)J= final states;
we observe featureless mass spectra. Similar studies of ISR
events with a !!!"J= candidate plus one or more addi-
tional pions reveal no structure that could feed down to

produce a peak in the !!!"J= mass spectrum. Two-
photon events are studied directly by reversing the require-
ment on the missing mass; the number of events inferred
for the signal region is a small fraction of those observed
and their mass spectrum shows no structure. Hadronic
e!e" ! q !q events produce J= at a rate that is surpris-
ingly large [12–15], but no structure is observed for this
background.

We evaluate the statistical significance of the enhance-
ment using unbinned maximum likelihood fits to the
!!!"J= mass spectrum. To evaluate the goodness of
fit, the fit probability is determined from the #2 and the
number of degrees of freedom for bin sizes of 5, 10, 20, 40,
and 50 MeV=c2. Bins are combined with higher mass
neighbors as needed to ensure that no bin is predicted to
have fewer than seven entries. We try first-, second-, and
third-order polynomials as null-hypothesis fit functions.
The #2-probability estimates for these fits range from
10"16 to 10"11. No substantial improvement is obtained
by including  #4040$,  #4160$, or  #4415$ [11] terms in
the fit. We conclude that the structure near 4:26 GeV=c2 is
statistically inconsistent with a polynomial background.
Henceforth, we refer to this structure as the Y#4260$.

It is important to test the ISR-production hypothesis
because the JPC ' 1"" assignment for the Y#4260$ fol-
lows from it. The ISR photon is reconstructed in #24( 8$%
of the Y#4260$ events, in agreement with the 25% observed
for ISR #2S$ events. Kinematic distributions for the signal
are obtained by subtracting scaled distributions for events
with !!!"J= mass in the regions %3:86; 4:06& GeV=c2
and %4:46; 4:66& GeV=c2 from those with !!!"J= mass
in the signal region, defined as %4:16; 4:36& GeV=c2. The
distribution of m2

Rec is shown in Fig. 2, along with corre-
sponding distributions for ISR  #2S$ data events and for
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FIG. 2. The distribution of m2
Rec. The points represent the

data events passing all selection criteria except that on m2
Rec

and having a !!!"J= mass near 4260 MeV=c2, minus the
scaled distribution from neighboring !!!"J= mass regions
(see text). The solid histogram represents ISR Y Monte Carlo
events, and the dotted histogram represents the ISR  #2S$ data
events.
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FIG. 1 (color online). The !!!"J= invariant-mass spec-
trum in the range 3:8–5:0 GeV=c2 and (inset) over a wider
range that includes the  #2S$. The points with error bars repre-
sent the selected data and the shaded histogram represents the
scaled data from neighboring e!e" and "!"" mass regions
(see text). The solid curve shows the result of the single-
resonance fit described in the text; the dashed curve represents
the background component.
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Figure 2: The mass spectrum of charmonium(-like) states in the energy interval available in BESIII and
as a function of their spin-parity, JPC. The yellow boxes represent charmonium states predicted by theory
and confirmed by experiment. The grey boxes are those charmonium states that are predicted but not yet
discovered. The red boxes are discovered charmonium-like states which nature is still mysterious. The
dashed line indicates the open-charm (DD̄) threshold. The figure is taken from a presentation by R. Mitchell.
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detected in the EMC since it is produced preferentially
along the beam direction.

Candidate !!!"‘!‘" tracks are refitted, constrained
to a common vertex, while the lepton pair is kinemati-
cally constrained to the J= mass. The resulting
!!!"J= mass-resolution function is well described by
a Cauchy distribution [10] with a full width at half maxi-
mum of 4:2 MeV=c2 for the  #2S$ and 5:3 MeV=c2 at
4:3 GeV=c2.

The !!!"J= invariant-mass spectrum for candidates
passing all criteria is shown in Fig. 1 as points with error
bars. Events that have an e!e" ("!"") mass in the J= 
sidebands %2:76; 2:95& or %3:18; 3:25& (%2:93; 3:01& or
%3:18; 3:25&) GeV=c2 but pass all the other selection crite-
ria are represented by the shaded histogram after being
scaled by the ratio of the widths of the J= mass window
and sideband regions. An enhancement near 4:26 GeV=c2

is clearly observed; no other structures are evident at the
masses of the quantum number JPC ' 1"" charmonium
states, i.e., the  #4040$,  #4160$, and  #4415$ [11], or the
X#3872$. The Fig. 1 inset includes the  #2S$ region with a
logarithmic scale for comparison; 11 802( 110  #2S$
events are observed, consistent with the expectation of
12 142( 809  #2S$ events. We search for sources of back-
grounds that contain a true J= and peak in the !!!"J= 
invariant-mass spectrum. The possibility that one or both
pion candidates are misidentified kaons is checked by
reconstructing the K!K"J= and K(!)J= final states;
we observe featureless mass spectra. Similar studies of ISR
events with a !!!"J= candidate plus one or more addi-
tional pions reveal no structure that could feed down to

produce a peak in the !!!"J= mass spectrum. Two-
photon events are studied directly by reversing the require-
ment on the missing mass; the number of events inferred
for the signal region is a small fraction of those observed
and their mass spectrum shows no structure. Hadronic
e!e" ! q !q events produce J= at a rate that is surpris-
ingly large [12–15], but no structure is observed for this
background.

We evaluate the statistical significance of the enhance-
ment using unbinned maximum likelihood fits to the
!!!"J= mass spectrum. To evaluate the goodness of
fit, the fit probability is determined from the #2 and the
number of degrees of freedom for bin sizes of 5, 10, 20, 40,
and 50 MeV=c2. Bins are combined with higher mass
neighbors as needed to ensure that no bin is predicted to
have fewer than seven entries. We try first-, second-, and
third-order polynomials as null-hypothesis fit functions.
The #2-probability estimates for these fits range from
10"16 to 10"11. No substantial improvement is obtained
by including  #4040$,  #4160$, or  #4415$ [11] terms in
the fit. We conclude that the structure near 4:26 GeV=c2 is
statistically inconsistent with a polynomial background.
Henceforth, we refer to this structure as the Y#4260$.

It is important to test the ISR-production hypothesis
because the JPC ' 1"" assignment for the Y#4260$ fol-
lows from it. The ISR photon is reconstructed in #24( 8$%
of the Y#4260$ events, in agreement with the 25% observed
for ISR #2S$ events. Kinematic distributions for the signal
are obtained by subtracting scaled distributions for events
with !!!"J= mass in the regions %3:86; 4:06& GeV=c2
and %4:46; 4:66& GeV=c2 from those with !!!"J= mass
in the signal region, defined as %4:16; 4:36& GeV=c2. The
distribution of m2

Rec is shown in Fig. 2, along with corre-
sponding distributions for ISR  #2S$ data events and for
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FIG. 2. The distribution of m2
Rec. The points represent the

data events passing all selection criteria except that on m2
Rec

and having a !!!"J= mass near 4260 MeV=c2, minus the
scaled distribution from neighboring !!!"J= mass regions
(see text). The solid histogram represents ISR Y Monte Carlo
events, and the dotted histogram represents the ISR  #2S$ data
events.

)2) (GeV/cψJ/-π+πm(
3.8 4 4.2 4.4 4.6 4.8 5

2
E

ve
nt

s 
/ 2

0 
M

eV
/c

0

10

20

30

40

)2) (GeV/cψJ/-π+πm(
3.8 4 4.2 4.4 4.6 4.8 5

2
E

ve
nt

s 
/ 2

0 
M

eV
/c

0

10

20

30

40

)2) (GeV/cψJ/-π+πm(
3.8 4 4.2 4.4 4.6 4.8 5

2
E

ve
nt

s 
/ 2

0 
M

eV
/c

0

10

20

30

40

)2) (GeV/cψJ/-π+πm(
3.8 4 4.2 4.4 4.6 4.8 5

2
E

ve
nt

s 
/ 2

0 
M

eV
/c

0

10

20

30

40

3.6 3.8 4 4.2 4.4 4.6 4.8 51

10

210

310

410

FIG. 1 (color online). The !!!"J= invariant-mass spec-
trum in the range 3:8–5:0 GeV=c2 and (inset) over a wider
range that includes the  #2S$. The points with error bars repre-
sent the selected data and the shaded histogram represents the
scaled data from neighboring e!e" and "!"" mass regions
(see text). The solid curve shows the result of the single-
resonance fit described in the text; the dashed curve represents
the background component.
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Figure 2: The mass spectrum of charmonium(-like) states in the energy interval available in BESIII and
as a function of their spin-parity, JPC. The yellow boxes represent charmonium states predicted by theory
and confirmed by experiment. The grey boxes are those charmonium states that are predicted but not yet
discovered. The red boxes are discovered charmonium-like states which nature is still mysterious. The
dashed line indicates the open-charm (DD̄) threshold. The figure is taken from a presentation by R. Mitchell.
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detected in the EMC since it is produced preferentially
along the beam direction.

Candidate !!!"‘!‘" tracks are refitted, constrained
to a common vertex, while the lepton pair is kinemati-
cally constrained to the J= mass. The resulting
!!!"J= mass-resolution function is well described by
a Cauchy distribution [10] with a full width at half maxi-
mum of 4:2 MeV=c2 for the  #2S$ and 5:3 MeV=c2 at
4:3 GeV=c2.

The !!!"J= invariant-mass spectrum for candidates
passing all criteria is shown in Fig. 1 as points with error
bars. Events that have an e!e" ("!"") mass in the J= 
sidebands %2:76; 2:95& or %3:18; 3:25& (%2:93; 3:01& or
%3:18; 3:25&) GeV=c2 but pass all the other selection crite-
ria are represented by the shaded histogram after being
scaled by the ratio of the widths of the J= mass window
and sideband regions. An enhancement near 4:26 GeV=c2

is clearly observed; no other structures are evident at the
masses of the quantum number JPC ' 1"" charmonium
states, i.e., the  #4040$,  #4160$, and  #4415$ [11], or the
X#3872$. The Fig. 1 inset includes the  #2S$ region with a
logarithmic scale for comparison; 11 802( 110  #2S$
events are observed, consistent with the expectation of
12 142( 809  #2S$ events. We search for sources of back-
grounds that contain a true J= and peak in the !!!"J= 
invariant-mass spectrum. The possibility that one or both
pion candidates are misidentified kaons is checked by
reconstructing the K!K"J= and K(!)J= final states;
we observe featureless mass spectra. Similar studies of ISR
events with a !!!"J= candidate plus one or more addi-
tional pions reveal no structure that could feed down to

produce a peak in the !!!"J= mass spectrum. Two-
photon events are studied directly by reversing the require-
ment on the missing mass; the number of events inferred
for the signal region is a small fraction of those observed
and their mass spectrum shows no structure. Hadronic
e!e" ! q !q events produce J= at a rate that is surpris-
ingly large [12–15], but no structure is observed for this
background.

We evaluate the statistical significance of the enhance-
ment using unbinned maximum likelihood fits to the
!!!"J= mass spectrum. To evaluate the goodness of
fit, the fit probability is determined from the #2 and the
number of degrees of freedom for bin sizes of 5, 10, 20, 40,
and 50 MeV=c2. Bins are combined with higher mass
neighbors as needed to ensure that no bin is predicted to
have fewer than seven entries. We try first-, second-, and
third-order polynomials as null-hypothesis fit functions.
The #2-probability estimates for these fits range from
10"16 to 10"11. No substantial improvement is obtained
by including  #4040$,  #4160$, or  #4415$ [11] terms in
the fit. We conclude that the structure near 4:26 GeV=c2 is
statistically inconsistent with a polynomial background.
Henceforth, we refer to this structure as the Y#4260$.

It is important to test the ISR-production hypothesis
because the JPC ' 1"" assignment for the Y#4260$ fol-
lows from it. The ISR photon is reconstructed in #24( 8$%
of the Y#4260$ events, in agreement with the 25% observed
for ISR #2S$ events. Kinematic distributions for the signal
are obtained by subtracting scaled distributions for events
with !!!"J= mass in the regions %3:86; 4:06& GeV=c2
and %4:46; 4:66& GeV=c2 from those with !!!"J= mass
in the signal region, defined as %4:16; 4:36& GeV=c2. The
distribution of m2

Rec is shown in Fig. 2, along with corre-
sponding distributions for ISR  #2S$ data events and for
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FIG. 2. The distribution of m2
Rec. The points represent the

data events passing all selection criteria except that on m2
Rec

and having a !!!"J= mass near 4260 MeV=c2, minus the
scaled distribution from neighboring !!!"J= mass regions
(see text). The solid histogram represents ISR Y Monte Carlo
events, and the dotted histogram represents the ISR  #2S$ data
events.
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FIG. 1 (color online). The !!!"J= invariant-mass spec-
trum in the range 3:8–5:0 GeV=c2 and (inset) over a wider
range that includes the  #2S$. The points with error bars repre-
sent the selected data and the shaded histogram represents the
scaled data from neighboring e!e" and "!"" mass regions
(see text). The solid curve shows the result of the single-
resonance fit described in the text; the dashed curve represents
the background component.
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Figure 2: The mass spectrum of charmonium(-like) states in the energy interval available in BESIII and
as a function of their spin-parity, JPC. The yellow boxes represent charmonium states predicted by theory
and confirmed by experiment. The grey boxes are those charmonium states that are predicted but not yet
discovered. The red boxes are discovered charmonium-like states which nature is still mysterious. The
dashed line indicates the open-charm (DD̄) threshold. The figure is taken from a presentation by R. Mitchell.
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� < 1.2MeV

Surprisingly narrow: 

(�( 00) = 27MeV)

Large isospin breaking:

B(X ! ⇢J/ ) ⇡ B(X ! !J/ )

JPC = 1++

Spin-parity:

PRL110, 222001 (2013)

Citation: J. Beringer et al. (Particle Data Group), PR D86, 010001 (2012) and 2013 partial update for the 2014 edition (URL: http://pdg.lbl.gov)

K∗0K−π++ c.c. < 9.7 × 10−3 CL=90% 1722

ppπ0 < 1.2 × 10−3 1595

ppπ+π− < 5.8 × 10−4 CL=90% 1544

ΛΛ < 1.2 × 10−4 CL=90% 1521

ppπ+π−π0 < 1.85 × 10−3 CL=90% 1490

ωpp < 2.9 × 10−4 CL=90% 1309

ΛΛπ0 < 1.2 × 10−3 CL=90% 1469

pp2(π+π−) < 2.6 × 10−3 CL=90% 1425

ηpp < 5.4 × 10−4 CL=90% 1430

ηppπ+π− < 3.3 × 10−3 CL=90% 1284

ρ0pp < 1.7 × 10−3 CL=90% 1313

ppK+K− < 3.2 × 10−4 CL=90% 1185

ηppK+K− < 6.9 × 10−3 CL=90% 736

π0ppK+K− < 1.2 × 10−3 CL=90% 1093

φpp < 1.3 × 10−4 CL=90% 1178

ΛΛπ+π− < 2.5 × 10−4 CL=90% 1405

ΛpK+ < 2.8 × 10−4 CL=90% 1387

ΛpK+π+π− < 6.3 × 10−4 CL=90% 1234

Radiative decaysRadiative decaysRadiative decaysRadiative decays
γχc2 < 9 × 10−4 CL=90% 211

γχc1 ( 2.9 ±0.6 ) × 10−3 253

γχc0 ( 7.3 ±0.9 ) × 10−3 341

γη′ < 1.8 × 10−4 CL=90% 1765

γη < 1.5 × 10−4 CL=90% 1847

γπ0 < 2 × 10−4 CL=90% 1884

X (3872)X (3872)X (3872)X (3872) IG (JPC ) = 0+(1 + +)

Mass m = 3871.68 ± 0.17 MeV
mX (3872) − mJ/ψ = 775 ± 4 MeV
mX (3872) − mψ(2S)
Full width Γ < 1.2 MeV, CL = 90%

X (3872) DECAY MODESX (3872) DECAY MODESX (3872) DECAY MODESX (3872) DECAY MODES Fraction (Γi /Γ) p (MeV/c)

π+π− J/ψ(1S) > 2.6 % 650

ωJ/ψ(1S) > 1.9 % †
D0D0 π0 >32 % 116

D∗0D0 >24 % †
γ J/ψ > 6 × 10−3 697

γψ(2S) [vvaa] > 3.0 % 181

π+π−ηc (1S) not seen 746
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What is its nature?

�E = �0.13± 0.40MeV

Suspiciously close to DD* threshold:
Z(4020)

Z(3900)

Z(4430)
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14/01/2015 Frank Nerling Charmonium Spectroscopy with PANDA at FAIR 

How PANDA can contribute:  
Study lineshapes"

• Panda: Neutral & charged, e.g. J/ψ π-π+,  J/ψ π0π0 , χcγ → J/ψ γγ, J/ψ γ, J/ψ η, ηcγ, ..."
• Direct formation in p ! lineshapes 
• Example: X(3872) 

"
 
 

Compare lineshapes 
in different final states  

Theoretical line-shape: 
    - depends on final state … 
    - … and nature of particle 
    -> sensitive observable!

PANDA:  
    - direct formation of X(3872) 
    - tagging of various final states  
       (neutral&charged) 
    - access to line-shape parameters

Case study: the nature of the X(3872)

14/01/2015 Frank Nerling Charmonium Spectroscopy with PANDA at FAIR 

How PANDA can contribute:  
Study lineshapes"

• Panda: Neutral & charged, e.g. J/ψ π-π+,  J/ψ π0π0 , χcγ → J/ψ γγ, J/ψ γ, J/ψ η, ηcγ, ..."
• Direct formation in p ! lineshapes 
• Example: X(3872) 
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Compare lineshapes 
in different final states  



Resonance scanning

Measured rate

Beam

Resonance cross 
section

CM Energy

Line shape measurement with 
CM energy resolution down to 50 keV



Cross sections:

Monte Carlo studies for X(3872)
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Figure 14: [RELEASED PLOTS] Illustration of a scan process for the parameter setting: �
0

= 130 keV, 20
energy scan positions (step size dE ⇡ 70 keV), 2 days of data taking per position, HESRr mode. The set of 20
small plots (a) represent the energy dependent simulated distributions (going from left to right, top to bottom
steps through the energy range (E �E

0

) shown in (b)) of the reconstructed invariant di-lepton candidate mass
containing signal, non-resonant and generic DPM background. (b) shows the resultant energy dependent yield
distribution fitted with a function to extract the parameter of interest, here the Breit-Wigner �, around the
nominal center-of-mass energy E

0

= 3.872 GeV. (c) shows the distribution of this extracted parameter compared
to the input value �

0

for 300 toy Monte Carlo experiments, allowing the determination of the expected precision
(root-mean-square of the distribution) and the accuracy (shift of distribution). The additional Gaussian fitted
to the distribution indicates proper statistic conditions.
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p̄p ! X(3872) ! J/ ⇡+⇡�
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Luminosity (MSV, HESRr):
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20 points each 2 days data taking!
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Cross sections:

Monte Carlo studies for X(3872)

p̄p ! X(3872) ! J/ ⇡+⇡�

�(p̄p ! X(3872)) = 100nb

�
non�res

(p̄p ! J/ ⇡+⇡�) = 1.2nb
�(p̄p ! inelastic) = 46mb

�E = 84 keV

B(X(3872) ! J/ ⇡+⇡�) = 5%

Luminosity (MSV, HESRr):

1170 (nb · day)�1

Energy resolution (HESRr):

Klaus Goetzen et al.

PRELIMINARY

 [keV]0Γ
100 200 300 400 500

 [%
]

m
ea

s
Γ/

m
ea

s
Γ

∆

0

10

20

30

40

50

60

70

80
HESRr mode

HL mode
ANDAP

MC study

PRELIMINARY

 [keV]0Γ
100 200 300 400 500

 [%
]

0
Γ)/ 0

Γ-
m

ea
s

Γ(

10−

5−

0

5

10

15

20

25

30
HESRr mode

HL mode
ANDAP

MC study

PRELIMINARY

 [MeV]f,0E
10− 9.5− 9− 8.5− 8− 7.5− 7−

 [M
eV

]
fE

10.5−

10−

9.5−

9−

8.5−

8−

7.5−

7−

6.5− ANDAP
MC study

PRELIMINARY

 [MeV]f,0E
10− 9.5− 9− 8.5− 8− 7.5− 7−

 [M
eV

]
fE

10−

9.5−

9−

8.5−

8−

7.5−

7− ANDAP
MC study

PRELIMINARY

 [MeV]f,0E
10− 9.5− 9− 8.5− 8− 7.5− 7−

 [%
]

m
is

P

0

5

10

15

20

25

30

35
HESRr mode

HL mode
ANDAP

MC study

(a) (b)

(c) HESRr mode (d) HL mode

(e)

Figure 15: [RELEASED PLOTS] The final results of the simulation study. Expected sensitivity (a) and
bias (b) for the Breit-Wigner width measurement for the two accelerator modes HL (red squares) and HESRr
(black circles) with parameter settings as given in tab. 8. The individual numbers for each marker are computed
according to Eqs. (29, 30). Expected accuracy for the determination of the molecule shape parameter Ef for
HESRr (c) and HL (d) modes as function of the input parameter value Ef,0. (e) The corresponding numbers
quantifying the mis-identification probability of the states nature as defined in Eq. (11) compiled for both
modes. The interrupted lines indicate the expected divergence at threshold Ef,th, indicated by dashed magenta
lines in Figs. (c) – (e).
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Analytical nature of form factors

Time-like Electromagnetic Form Factors 
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Figure 1: Tree-level contributing diagram to p̄p → l+l−.

requires high performance PID detectors and precise mo-
mentum measurement. For example, the information from
the electromagnetic shower induced by different charged
particles in an electromagnetic calorimeter does play an
important role for the electron identification. The kin-
ematic selection suppresses contributions from hadronic
channels with more than two particles in the final states,
as well as events with secondary particles originating from
the interaction of primary particles with the detector ma-
terial. A kinematic selection is also very efficient in sup-
pressing the neutral pions, as discussed in Refs. [11, 18].
Note that the cross section of neutral pion pair produc-
tion, π0π0, is ten times smaller than that of π+π−.

2.1 The signal reaction

The expression of the hadron electromagnetic current for
the p̄p annihilation into two leptons is derived assuming
one-photon exchange. The diagram which contributes to
the tree-level amplitude is shown in Fig. 1. The internal
structure of the hadrons is then parametrized in terms
of two FFs, which are complex functions of q2, the four
momentum squared of the virtual photon. For the case of
unpolarized particles the differential cross section has the
form [15]:

dσ

d cos θ
=

πα2

2βs

[

(1 + cos2 θ)|GM |2 + 1

τ
sin2 θ|GE |2

]

,(3)

where β =
√

1− 1/τ , τ = s/(4m2), α is the electromag-
netic fine-structure constant, and m is the proton mass.
This formula can be also written in equivalent form as [19]:

dσ

d cos θ
= σ0

[

1 +A cos2 θ
]

, (4)

where σ0 is the value of the differential cross section at
θ = π/2 and A is the angular asymmetry which lies in the

range −1 ≤ A ≤ 1, and can be written as a function of
the FFs ratio as:

σ0 =
πα2

2βs

(

|GM |2 + 1

τ
|GE |2

)

A =
τ |GM |2 − |GE |2

τ |GM |2 + |GE |2
=

τ − R2

τ + R2
, (5)

where R = |GE |/|GM |.
The fit function defined in Eq. (4) can be reduced to a

linear function (instead of quadratic) where σ0 and A are
the parameters to be extracted from the experimental an-
gular distribution. In the case of R = 0, the minimization
procedure based on MINUIT has problems to converge,
while the asymmetry A varies smoothly in the considered
q2 interval. Therefore, it is expected to reduce instabilit-
ies and correlations in the fitting procedure. The angular
range where the measurement can be performed is usually
restricted to | cos θ| ≤ c̄, with c̄ = cos θmax.

The integrated cross section, σint, is:

σint =

∫ c̄

−c̄

dσ

d cos θ
d cos θ = 2σ0 c̄

(

1 +
A
3
c̄2
)

(6)

=
πα2

2βs
c̄

[(

1 +
c̄2

3

)

|GM |2 + 1

τ

(

1− c̄2

3

)

|GE |2
]

.

The total cross section, σtot, corresponds to c̄ = 1:

σtot = 2σ0

(

1 +
A
3

)

=
2πα2

3βs

[

2|GM |2 + |GE |2

τ

]

(7)

=
2πα2|GM |2

3βs

[

2 +
R2

τ

]

.

Being known the total cross section, one can define an
effective FF as:

|Fp|2 =
3βsσtot

2πα2

(

2 +
1

τ

) , (8)

or from the integrated cross section, as:

|Fp|2 =
βs

πα2

σint

c̄

[(

1 +
c̄2

3

)

+
1

τ

(

1− c̄2

3

)] , (9)

which is equivalent to the value extracted from cross sec-
tion measurements, assuming |GE | = |GM |.

Literature offers several parameterizations of the pro-
ton FFs (see Refs. [20, 21]). The world data are illustrated
in Fig. 2. In Ref. [11] two parameterizations were con-
sidered. Cross section parameters are extracted from ex-
perimental data of the integrated cross section. BABAR
data [22, 23] suggest a steeper decrease with s.

The Quantum ChromoDynamics (QCD) inspired para-
meterization of |GE,M | is based on an analytical extension
of the dipole formula from the SL to the TL region and
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Current/future experiments: BESII-PANDA$

8$

BESIII/ PANDA/(e+e))/ PANDA/(mu+mu))/

s$[(GeV/c)2]$$ 4$8$9.5$ 5$8$14$ 5$8$~9$

R=|GE|/|GM|$ 9$%$$8$35$%$ 1.4$%$8$41$%$ 5$%$8$18.7$%$

L=2 fb-1 

2.1032 cm-1 s-1  

21 scan points 2015 (552 pb-1) 
 

 Monte$Carlo$Sim.,$R=1$(C.$Morales)$

~5$months$data$taking$/point$

R = |GE |/|GM |

Alaa Dbeyssi
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Exploring the hyperon sector

What happens if  
we replace one of the 

light quarks in the proton 
with one - or many - 
heavier quark(s)? 

proton 

ȁ Ȉ0 

Ȅ- ȍ- 

Key question in hyperon physics: 

Karin Schoenning



Exploring the hyperon sectorStrange and charm production 

Models based on  
 

1) quark-gluon picture* 
  

2) the hadron picture** 
  

3) a combination  
     of 1) and 2) *** 

*PLB 179 (1986) 15;  PLB 165 (1985) 187; 
NPA 468 (1985) 669; 

** PRC 31(1985) 1857; PLB179 (1986) 15; 
PLB 214 (1988) 317; 

*** PLB 696 (2011) 352. 
Karin Schoenning

PLB
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PANDA is a hyperon factory!Previous measurements of             . pp YYo

• A lot of data on                     near threshold, mainly from PS185 at LEAR*. 
 

• Very scarce data bank above 4 GeV. 
 

• Only a few bubble chamber events on 
 

• No data on                      nor    
 

* See e.g. T. Johansson,  AIP Conf. Proc.  Of LEAP 2003, p. 95. 
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PANDA is a hyperon factory!

Prospects for PANDA  

Momentum 
(GeV/c) 

Reaction ı  (ȝb) Efficiency (%) 
 

Rate 
(with 1031 cm-1s-1) 

1.64 64 11 29 s-1 

4 ~40 ~30 50 s-1 

4 ~2 ~20 1.5 s-1 

12 ~0.002 ~30 ~4 h-1 

12 ~0.1 ~35 ~2 day-1 

ppo//
oppo/6

pp � �o ; ;

pp � �o: :

c cpp � �o / /

• Simulations using the old MC framework . 
•  Quoted rates are valid for day one luminosity of the HESR  

(1031 cm-2 s-1). 
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PANDA is a hyperon factory!

Rich set of polarisation observables

(double) strange and charm baryons 

Explore hyperon dynamics above 4 GeV
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S=-2 systems
S=-2 systems

missing mass (K-,K+) reactions � ; bound state J-PARC
; capture � ; atoms J-PARC, FAIR
; capture and ;-po// � ¼¼ hypernuclei J-PARC, FAIR,HI
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NPA 954, 323 (2016)



Strange Systems at PANDA
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Fig. 4 γ -spectrum detected in the Ge-array by cutting on the two pion momenta. The expected γ -
transitions energies from single and double hypernuclei are marked by the arrows

Figure 4 shows the γ -ray spectra gated on the four regions indicated in the two-
dimensional scatter plot. In the plots (a) and (d) the 1.684 MeV 1

2
+ and 2.86 MeV

2+ states of 11
""Be and 10

""Be, respectively, can clearly be identified. Because of the
limited statistics in the present simulations and the decreasing photopeak efficiency
at high photon energies, the strongly populated high lying states in 9

""Li at 4.55 and
5.96 MeV cannot be identified in (b). The two dominant peaks in part (c) result from
the decay of excited single hyperfragments produced in the #− + C →4

" H +9
" Be

reaction, i.e. 4
" H at an excitation energy of 1.08 MeV [22, 23] and 9

" Be at an excitation
energy of 3.029 and 3.060 MeV [24, 25]. The spectra shown in Fig. 4 corresponds
to a running time at PANDA of the order of two weeks. It is also important to
realize that gating on double non-mesonic weak decays or on mixed weak decays
may significantly improve the final rate.

4.1 Recent activities

In addition, recent activities regarding developments of the above described hyper-
nuclear detectors are progressing. A big challenge to be solved, is the limited space
available at the entrance of the PANDA spectrometer. That is crucial for the case
of the HPGe germanium detector array which has to be placed at backward axial
angles. That means, that the detector will have to operate in a high flux hadronic
environment and high magnetic field, which can influence the energy resolution
(∼3 keV at the 1,332 MeV line of Co60) of these detectors. A possible solution

Alicia Sanchez Lorente, Hyperfine Interact 213, 41 (2012) 

Fig. 4. Left: CAD drawing of the primary and secondary target of the hypernucleus setup. Right: Distribution
of the ⌅� stopping points in layers of the secondary target material in a plane transverse to the beam direction.
Because of the short lifetime of the ⌅� a minimal distance between the primary target and the absorber material
is essential to reach the optimal stopping probability.

production is that antiprotons are stable and can be retained in a storage ring thus allowing rather high
luminosities. Because of the two-step production mechanism, spectroscopic studies based on two-
body kinematics cannot be performed for ⇤⇤ hypernuclei and spectroscopic information can only be
obtained via their decay products. The kinetic energies of weak decay products are sensitive to the
binding energies of the two ⇤ hyperons. While the double pionic decay of light double hypernuclei
can be used as an e↵ective filter to reduce the background, the unique identification of hypernuclei
groundstates only via their pionic decay is usually hampered by the limited resolution. In addition to
the general purpose PANDA setup, the hypernuclear experiment requires a dedicated primary target
to produce low momentum ⌅�, an active secondary target of silicon layers and absorber material
to stop the ⌅�-hyperons and to detect pions from the weak decay of hypernuclei and a high purity
germanium (HPGe) array as � -detectors. The design of the setup and the development of these
detectors is progressing (Figs. 4 and 5).

The primary target will consist of a diamond filament which will be moved in the halo of the
antiproton beam to reach a constant luminosity during the measuring periods. Because of the short
lifetime of the ⌅�-hyperons and their finite stopping time in the secondary target, it is essential to

Fig. 5. Left: Final design of for one triple Detektors of the Panda Germanium Assembly PANGEAS. Right:
expected full -energy-peak e�ciency of the PANGEAS setup in PANDA.
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detectors is progressing (Figs. 4 and 5).

The primary target will consist of a diamond filament which will be moved in the halo of the
antiproton beam to reach a constant luminosity during the measuring periods. Because of the short
lifetime of the ⌅�-hyperons and their finite stopping time in the secondary target, it is essential to

Fig. 5. Left: Final design of for one triple Detektors of the Panda Germanium Assembly PANGEAS. Right:
expected full -energy-peak e�ciency of the PANGEAS setup in PANDA.
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Josef Pochodzalla

Quadrupole moment of hyperatoms  
- reaching for the unthinkable! 

Study “shape” of spin 3/2, |S|=3       

Meson cloud correction expected small

⌦�

Complementary to nucleon structure

Table II. Predictions for the quadrupole moment of the ⌦�baryon.

Model Q⌦ [e·fm2] Ref.
NRQM 0.02 [40]
NRQM 0.004 [41]
NRQM 0.031 [42]
SU(3) Bag model 0.052 [43]
NRQM with mesons 0.0057 [44]
NQM 0.028 [45]
Lattice QCD 0.0.005 [46]
HB�PT 0.009 [47]
Skyrme 0.024 [48]
Skyrme 0.0 [49]
QM 0.022 [50]
�QM 0.026 [51]
GP QCD 0.024 [52]
QCD-SR 0.1 [53]
�PT+qlQCD 0.0086 [54]
Lattice QCD 0.0096±0.0002 [36]

However, the assumed large value for Q⌦ ⇡2 e·fm2 could not be supported by first theoretical esti-
mates by Gershten and Zimov’ev within a nonrelativistic quark model [40]. Also all later calculations
predicted an intrinsic quadrupole moment Q⌦ of the order of 0.01 e·fm2 (see Tab. II).

It is important to note that the deformation of the ⌦� baryon is only one aspect of hyperatoms
at PANDA. The shift and broadening of transitions between orbits close to the nucleus provide a
complementary tool for studying strong interactions and nuclear medium e↵ects [55, 56]. Thus, the
⌦�-hyperatoms represents a unique chance to explore the interaction of |s|=3 baryon in a nuclear
system.

The di�culties in producing ⌦�-atoms and the high precision required for the �-detection lead
Batty 20 years ago to the sceptical conclusion [57]:

”The precision measurements of X-rays from ⌦�-Pb atoms will certainly require a future
generation of accelerators and probably also physicists.”

As shown by Alvarez [58], three emulsion events observed in 1954 [59, 60] can be interpreted as

Fig. 7. Left: Schematic drawing of the secondary target for the hyperatom study at PANDA. Right: Stopping
points predicted by full GEANT simulations which are based on GiBUU events. The shape of the rim is
optimized for maximum ⌅� stopping and minimal losses of �’s emitted from the hyperatoms.
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the form factors to a dipole form. As can be seen from
Fig. 7, the sea quark mass dependence is consistent with a
constant for all quantities confirming that sea quark effects
are small. In particular, the value of the magnetic form
factor at Q2 ¼ 0 is consistent with experiment. On the
other hand, extrapolating the magnetic moment we obtain
the value given in Table II. This is 5% smaller than experi-
ment which is to be expected given the larger value of the
strange quark mass. The reason is that the mass of the !"

is 5% larger than experiment, and this will affect the value
of the magnetic moment when we convert to nuclear
magnetons. In the fits for the magnetic moment and radii
we did not include the results obtained in the hybrid action
because of the small finite-a effects observed. Given the
large statistical errors on quadrupole moments such small
finite-a effects are negligible, and therefore, in this case,
we include the result using the hybrid action to obtain the
value at the physical point. In Table II we give the values
that we find at the physical point for the radii and the dipole
and quadrupole moments of the transverse charge density
obtained from Eq. (30).

IV. CONCLUSIONS

By utilizing properly constructed sequential sources the
dominant !" electromagnetic form factors GE0 and GM1

are calculated with good accuracy using dynamical
domain-wall fermion configurations as well as a hybrid
action.
In addition, we extract the magnetic moment of the !"

by fitting the magnetic dipole form factor GM1 to a two-
parameter dipole form. We find a value that is within errors
to the experimentally measured value [1]. The electric
charge and magnetic radii (hr2E0i and hr2M1i) are computed,
and like the magnetic dipole moment they do not show sea
quark dependence in the range of masses studied in this
work.

FIG. 7 (color online). From top to bottom we showGM1ð0Þ, the
magnetic radius hr2M1i, the electric radius hr2E0i, and the quadru-
pole moment extracted from Eq. (30) as a function of m2

!

extracted from dipole fits. The point shown by the filled square
is the value extracted from the fit at the physical pion mass. In all
cases except for the quadrupole moment the results using the
hybrid action are excluded from the fit.

FIG. 8 (color online). Transverse charge densities in the !" with polarization along the x axis. Left: "!
T3=2ð ~bÞ. Right: "!

T1=2ð ~bÞ. A
circle of radius 0.5 fm is drawn in order to clearly demonstrate the deformation. For the evaluation of the densities we used the dipole
parametrization of the form factors.
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The “magic” of antiprotons

III. Technological innovation



Needle-in-a-haystack

p Production Cross Sections 

K. Götzen Oct 2012, GSI 13 
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Cross section expectations for: 
 
• Glueballs, light hybrids 
• rates comparable to  
  light hadrons 

 
• Charmed hybrids/molecules 
• rates comparable to  
  charmed hadrons 
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Detector requirements: 
 
!  4π coverage   (partial wave analysis) 
!  High rates   (2 x 107 annihilations / s) 
!  Good PID   (γ, e, µ, π, K, p) 
!  Momentum res.  (~1%) 
!  Vertexing for D, K0

S, Λ (cτ = 123 µm for D0, p/m �2) 
!  Efficient trigger  (e, µ, K, D, Λ) 
!  No hardware trigger  (raw data rate ~TB/s) 

Detector requirements



The PANDA detector

~13 m



The PANDA detector

~13 m

Alfons Khoukaz 

First Cluster Beams (03.12.2015!)  
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The PANDA detector
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The next generation charmonium spectroscopy

BESIII: 2009-?? PANDA: 2018-??
QCD physics - the next generation computing

Andreas Herten (FZJ),  
Klaus Goetzen (GSI)

Me, “tomorrow”…

Me,  ~20 years ago…

TAPS - 1996

PANDA - 2025



New paradigm in data processing
Towards a free-streaming data-processing scheme for PANDA!!!



The PANDA experiment at FAIR …

… offers a unique environment to study QCD  
     in its many facets.

… is working on a long-term program for todays 
    and the next generation physicists. 

… with key experiments already at “day one”.



Alfons Khoukaz 

First Cluster Beams (03.12.2015!)  

Erzeugung von K-Mesonen 

skimmer 

Cluster beam 

Skimmer tip 

T = 22 K, p = 17 bar T = 22 K, p = 16 bar 

Prototype Tests: Barrel 
PROTO 120: next test @ MAMI: Dec. 11-13 
•  Two 5x5 matrices 
•  APFEL-ASIC readout 
•  New mechanics, cooling 
•  Monitoring from front 
  

Stefan Diehl, JLU Giessen 

 16 J. Schwiening, December 2015 

2015:    Finalize R&D, validate design in test beam, write TDR draft. 

2016:    Finalize TDR, present at CollabMeet and submit to FAIR. 

2017-2020:  Component Fabrication, Assembly, Installation. 

•  2017:    Finalize definition of production specs, intiate tender. 

•  2017-2020:  Industrial fabrication of fused silica bars and prisms. 
     Industrial production of  photon sensors. 

•  2018-2019:  Production and QA of readout electronics at GSI/Mainz. 

•  2018-2020:  Fabrication of bar containers and mechanical support frame, 
      gluing of bars, construction of complete bar boxes. 
     Detailed scans of all sensors in Erlangen. 
     Assembly of readout modules in Mainz. 

•  2020:  Installation of mechanical support frame in PANDA  
    insert bar boxes, mount readout modules. 
   Ready as “Start Setup / Day One” detector. 

PANDA BARREL DIRC SCHEDULE 

DIRC bar with laser 

Photon sensor 

Thank you for your attention. 

Thanks for your attention and  
for all the support to PANDA!!

Mechanics Forward Endcap EMC 
•  Backplate &support 
•  Submodules 

(alveoli,insertes, 
interface pcs.) 

•  VIP insulation ordered 


