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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

2104C
op

yr
ig

ht
c �

20
11

by
PA

C
’1

1
O

C
/IE

EE
—

cc
C

re
at

iv
e

C
om

m
on

sA
ttr

ib
ut

io
n

3.
0

(C
C

BY
3.

0)

Sources and Medium Energy Accelerators
Accel/Storage Rings 04: Circular Accelerators

High Energy Storage Ring - precision antiprotons

!4

MSV-HESR mode (Phase-1+2) 
• Energy range: 1.5-15 GeV 
• Stochastic cooling: dp/p=3x10-5 
• Accumulation: 1010 antiprotons in 1000 s 
• Luminosity up to 2x1031 cm-2s-1

+RESR (Phase-3)

2x1032 cm-2s-1
1011 antiprotons
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• 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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 Physics staging at PANDA
p Production Cross Sections 

K. Götzen Oct 2012, GSI 13 

PANDA 

50 

p Production Cross Sections 

K. Götzen Oct 2012, GSI 14 

100 mb 

10 mb 

1 mb 

100 μb 

10 μb 

1 μb 

100 nb 

10 nb 

1 nb 

ηc 

χc0 

χc2 

ηcπ0 

Hybrids 

Glueballs 

X(3872) 

Cross section expectations for: 
 
• Glueballs, light hybrids 
• rates comparable to  
  light hadrons 

 
• Charmed hybrids/molecules 
• rates comparable to  
  charmed hadrons 

 

p pLab [GeV/c] 

1 10 102 103 104 105 106 107 108 

1/10.000 1/10.000.000 

C
ro

ss
 s

ec
tio

n

Hyperons

Open		
charm

EMFF

“D1”

“P3”

“P1”
“P2”

Center-of-mass energy

Physics sensitivity
at the various phases

!7



26/09/11 - R.A.Kunne - IPN Orsay 17

...a well filled nucleon structure 
program                     

 Electromagnetic form factors

 Generalized Distribution 
Amplitudes

- Timelike  Compton scattering

- Hard exclusive meson 
production

- Transition DAs 

 Drell Yan Process 

γ
*γ

γ

26/09/11 - R.A.Kunne - IPN Orsay 17

...a well filled nucleon structure 
program                     

 Electromagnetic form factors

 Generalized Distribution 
Amplitudes

- Timelike  Compton scattering

- Hard exclusive meson 
production

- Transition DAs 

 Drell Yan Process 

γ
*γ

γ

PANDA- the structure of the proton

Time-like Electromagnetic Form Factors 
(lepton pair production)

Transition Distribution Amplitudes  
(meson production)

Transverse Parton Distribution Functions 
(Drell-Yan production)

Generalised Distribution Amplitudes 
(time-like Compton, hard exclusive 
processes)

26/09/11 - R.A.Kunne - IPN Orsay 17

...a well filled nucleon structure 
program                     

 Electromagnetic form factors

 Generalized Distribution 
Amplitudes

- Timelike  Compton scattering

- Hard exclusive meson 
production

- Transition DAs 

 Drell Yan Process 

γ
*γ

γ

arXiv:1606.01118

arXiv:1409.0865

26/09/11 - R.A.Kunne - IPN Orsay 4

Electromagnetic form factors

Sachs                    GM  =  F1+F2
Form Factors        GE  =  F1+τF2

Dirac / Pauli

dσ

d cosθ
~ 1/q2 [|GM|2 (1+cos2 θ) + |GE|2/τ sin2 θ]

 q2

4M2=τ

!8



Analytical nature of form factors

Time-like Electromagnetic Form Factors 
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𝑒−

𝑒+

Figure 4: Processes for extracting EMFF in the space-like (left) and time-like (right) region. The
low-q2 (q2 < M

B1 �M
B2) part of the time-like region is studied by Dalitz decays, the unphysical

region (M
B1�M

B2 < q2 < M
B1+M

B2) by p̄p ! `+`�⇡0 and the high-q2 region (q2 > M
B1+M

B2)
by B ¯B $ e+e�. Karin: This is a sketch - would be great if someone who is more skilled in making
figures could make a better one!

parton distributions (GPDs) [47, 48, 49, 50, 51, 52, 53] and transverse momentum dependent parton
distribution functions (TMD PDFs)[54]. In the time-like region, the corresponding observables are
generalized distribution amplitudes (GDAs) [58] and transition distribution amplitudes (TDAs)
[55, 56]. These can be accessed experimentally in hard hadron-antihadron annihilations with the
subsequent inclusive production of a real or a virtual photon.

In the following, we focus on EMFFs since they constitute an important part of PANDA Phase
One.

5.1 Experimental status of EMFFs
Elastic electron proton scattering has been studied since the 1960s [43]. During the first decades,
unpolarized electron-nucleon scattering analyzed using the Rosenbluth separation method [59] was
used. Modern facilities, offering high-intensity lepton beams and high-resolution detectors, gave
rise to a renewed interest in the field [44, 45]. In particular, the polarization transfer method [60]
applied by the JLab-GEp collaboration ( see [45] and references therein) revealed the surprising
result that the ratio µ

p

G
E

/G
M

, where µ
p

denotes the proton magnetic moment, decreases almost
linearly with Q2

= �q2. This result is in contrast to the previous measurements of unpolarized
elastic ep scattering and has been explained by the involvement of two-photon exchange (TPE)
[61]. The large amount of high-quality data inspired extensive activity also on the theory side,
from which we have learned about the importance of vector dominance at low q2 [?].

Until recently, measurements in the time-like region have not offered precision comparable to
the space-like data. Most e+e� colliders have been optimized in different q2 regions, and in p̄p
annihilation experiment, the clean identification of e+e� pairs have been a challenge. Among the
few experiments that so far have provided a separation between G

E

and G
M

of the proton, the
results at overlapping energies disagree. The ratio R = |G

E

|/|G
M

|, that is accessible from the
angular distribution of the proton, has been measured below q2 = 9 (GeV/c)2 by PS170 at LEAR
[62], BABAR [63] and more recently by BESIII [64] and CMD-3 [65]. The PS170 and BABAR
differ with up to 3�, while the BESIII and CMD-3 measurements have large total uncertainties.
Karin: something about analyticity: the TL and SL EMFF should agree for large q2 but at the
largest energies measured so far they disagree with a factor of 2 if I remember correctly. REF?
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proton-radius puzzle
radiative corrections
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Alaa Dbeyssi

µ�

µ+

Day-1 activities:

1) Build database on multi-pion 
production in p+pbar as input to 
QCD calculations

2) Demonstrate the feasibility to 
identify di-lepton (+pi0) channels

p̄p ! ⇡+⇡�



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 

Λ Σ0 

Ξ- Ω- 

Key question in hyperon physics: 
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Exploring the hyperon sector
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Hyperon production

Strong production dynamics

• Relevant degrees of freedom?

• Strange versus charm sector?

• Role of spin?

28

Courtesy: Karin Schoenning



Advantages of PANDA

• Measured cross sections of ground-state hyperons in  ҧ𝑝𝑝 → ത𝑌𝑌 1-100 μb*.
• Excited hyperon cross sections should to be similar to those of ground-states**.

→ Large expected production rates!
18

T. Johansson, AIP Conf. Proc. of LEAP 2003, p. 95.

* Mainly PS185 @ LEAR. Review by E. Klempt et al., Phys. Rept. 368 (2002) 119-316
**V. Flaminio et al., CERN-HERA 84-01

PANDA is a hyperon factory!

!15

Courtesy: Karin Schoenning
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Hyperon production prospects with PANDA

New simulation studies of single- and double-strange hyperons*:

• Exclusive measurements of
– ҧ𝑝𝑝 → ഥΛΛ, Λ → 𝑝π−, ഥΛ → ҧ𝑝π+.

– ҧ𝑝𝑝 → തΣ0Λ, Λ → 𝑝π−, തΣ0 → ഥΛγ, ഥΛ → ҧ𝑝π+.

– ҧ𝑝𝑝 → തΞ+Ξ−, Ξ− → Λ𝜋−, Λ → 𝑝π−, തΞ+ → ഥΛ𝜋+, ഥΛ → ҧ𝑝π+.

• Ideal pattern recognition and PID

• Background using Dual Parton Model

30

* By W. Ikegami-Andersson (talk at FAIRNESS 2019)

and G. Perez Andrade  (Master Thesis, Uppsala 2019)

pbeam (GeV/c) Reaction σ (μb) ε (%) Rate
@ 1031 cm-2s-1

S/B Events
/day

1.64 ҧ𝑝𝑝 → തΛΛ 64.0 16.0 44 s-1 114 3.8∙ 106

1.77 ҧ𝑝𝑝 → തΣ0Λ 10.9 5.3 2.4 s-1 >11** 207 000

6.0 ҧ𝑝𝑝 → തΣ0Λ 20 6.1 5.0 s-1 21 432 000

4.6 ҧ𝑝𝑝 → തΞ+Ξ− ~1 8.2 0.3-1 274 26000

7.0 ҧ𝑝𝑝 → തΞ+Ξ− ~0.3 7.9 0.1-1 65 8600

** 90% C.L.Courtesy: Karin Schoenning
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* By W. Ikegami-Andersson (talk at FAIRNESS 2019)

and G. Perez Andrade  (Master Thesis, Uppsala 2019)
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/day
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** 90% C.L.

Day-1
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PANDA is a hyperon factory!
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Rich set of polarisation observables

(double) strange and charm baryons 

Explore hyperon dynamics above 4 GeV

Table 2: Results from simulation studies of the various production reactions of ground state hy-
perons. The efficiencies are exclusive, i.e. all final state particles are reconstructed.

pp (GeV/c) Reaction � (µb) Eff (%) Decay S/B Rate (s�1)
at 10

31cm�2s�1

1.64 pp ! ⇤⇤ 64.0 [82] 15.7 ⇤ ! p⇡

� 114 44
1.77 pp ! ⌃

0
⇤ 10.9 [82] 5.3 ⌃

0 ! ⇤� > 11 (90% C.L.) 2.4
6.0 pp ! ⌃

0
⇤ 20.0 [91] 6.1 ⌃

0 ! ⇤� 21 5.0
4.6 pp ! ⌅

+
⌅

� 1.0 [77] 8.2 ⌅

� ! ⇤⇡

� 274 0.3
7.0 pp ! ⌅

+
⌅

� 0.3 [77] 7.9 ⌅

� ! ⇤⇡

� 165 0.1
4.6 pp ! ⌅

⇤+
⌅

� 1 7.9 ¯

⌅

⇤ ! ⇤K > 19 (90% C.L.) 0.2
⌅

� ! ⇤⇡

�

angle. In each bin, the polarization Pn and spin correlations Cij were reconstructed. The resulting
polarization distribution is shown in panel a) of Figure 8 with acceptance corrections and in panel
b) with the acceptance-independent method. The polarization distributions extracted with the two
independent methods agree with each other and with the input distribution which is reassuring.
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Figure 8: (a) Average polarization of the ⇤/¯⇤. (b) Average of the polarisations reconstructed
without any acceptance correction. The vertical error bars are statistical uncertainties only. The
horizontal bars are the bin widths. The red solid line mark the input polarization as a function of
cos ✓⇤

In the same way, spin observables of the ⌅

� hyperons were studied at both 4.6 GeV/c and 7.0
GeV/c. The number of signal events were 7.2 · 104 and 6.7 · 104, respectively, samples that can be
collected within a few days during Phase One. The resulting polarization as a function of cos ✓⌅
obtained at each energy are shown in Figure 9. The singlet fractions were calculated from the spin
correlations and are shown in Figure 10. A singlet fraction of 0 means that all ⌅�

¯

⌅

+ states are
produced in a spin triplet state, a fraction of 1 means they are all in a singlet state, and a fraction
of 0.25 means the spins are completely uncorrelated. In Ref. [79], the singlet fraction is predicted
to be 0 for forward-going ¯

⌅

+ and closer to 1 in the backward region. This is in contrast to the
single-strange case when the singlet fraction is almost independent of the scattering angle. The
results of the simulations shown in Figure 10 indicate that the uncertainties in the singlet fraction
will be modest at all scattering angles, which enables a precise test of the prediction from Ref.
[79].

5.2 Hyperon Spectroscopy
In light and strange baryon spectroscopy, we search for answers the following questions: i) to which
extent do the excitation spectra of baryons consisting of u, d, s follow the systematics of SU(3)
flavour symmetry? ii) which degrees of freedom are relevant for the excitation modes of baryons?
iii) how important is the dynamics in baryon-meson systems? iv) are there exotic baryon states,

15
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New simulation studies of single- and double-strange hyperons*:

• Exclusive measurements of
– ҧ𝑝𝑝 → ഥΛΛ, Λ → 𝑝π−, ഥΛ → ҧ𝑝π+.

– ҧ𝑝𝑝 → തΣ0Λ, Λ → 𝑝π−, തΣ0 → ഥΛγ, ഥΛ → ҧ𝑝π+.

– ҧ𝑝𝑝 → തΞ+Ξ−, Ξ− → Λ𝜋−, Λ → 𝑝π−, തΞ+ → ഥΛ𝜋+, ഥΛ → ҧ𝑝π+.

• Ideal pattern recognition and PID

• Background using Dual Parton Model
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* By W. Ikegami-Andersson (talk at FAIRNESS 2019)

and G. Perez Andrade  (Master Thesis, Uppsala 2019)

pbeam (GeV/c) Reaction σ (μb) ε (%) Rate
@ 1031 cm-2s-1

S/B Events
/day

1.64 ҧ𝑝𝑝 → തΛΛ 64.0 16.0 44 s-1 114 3.8∙ 106

1.77 ҧ𝑝𝑝 → തΣ0Λ 10.9 5.3 2.4 s-1 >11** 207 000

6.0 ҧ𝑝𝑝 → തΣ0Λ 20 6.1 5.0 s-1 21 432 000

4.6 ҧ𝑝𝑝 → തΞ+Ξ− ~1 8.2 0.3-1 274 26000

7.0 ҧ𝑝𝑝 → തΞ+Ξ− ~0.3 7.9 0.1-1 65 8600

** 90% C.L.

Day-1

Courtesy: Karin Schoenning

of freedom [87], meson exchange [88] and a combination of the two [89] have been developed569

for single-strange hyperons. The quark-gluon approach and the meson exchange approach have570

also been extended to the multi-strange sector [90, 91, 92]. Here, the interaction requires either571

annihilation of two quark-antiquark pairs, or in the meson picture, exchange of two kaons. This572

means that the interactions occur at shorter distances which make double-strange production more573

suitable for establishing the relevant degrees of freedom. The clearest difference between the quark-574

gluon picture and the kaon exchange picture is typically found in the predictions of spin observables575

e.g. polarization and spin correlations.576

Understanding the mechanism of hyperon production is also important in order to correctly577

interpret experimental data on other aspects of hyperons. One example is recent theoretical and578

experimental studies of the hyperon structure in e

+

e

� ! ⇤

¯

⇤. In Ref. [93], the time-like form579

factors GE and GM were predicted, including their relative phase �� = �(GE) � �(GM ) that580

manifests itself in a polarised final state. Different potential models were applied, using p̄p ! ¯

⇤⇤581

data from PS185 [94] as input. In the model predictions for of e+e� ! ⇤

¯

⇤, the total cross section582

and the form factor ratio R = |GE/GM | differ very little for different potentials. However, the583

relative phase �� and hence the ⇤ polarisation showed large sensitivity. New data from BESIII [95]584

provide an independent test of the ⇤

¯

⇤ potentials. Another example is hyperons and antihyperons585

in atomic nuclei, where it is crucial to understand the elementary p̄p ! ¯

Y Y reactions in order to586

correctly interpret data from p̄A collisions.587

Spin observables are straight-forward to measure for ground-state hyperons thanks to their588

weak, self-analyzing decays. This means that the decay products are preferentially emitted along589

the direction of spin of the parent hadron. Consider a spin 1

2

hyperon Y decaying into a spin 1

2

590

baryon B and a pseudoscalar meson M . The angular distribution of the daughter baryon B is591

related to the hyperon polarization by592

I(cos ✓B) =
1

4⇡

(1 + ↵Y Py cos ✓B) (1)

as illustrated in Fig. 7 a. The ↵Y [3] is the asymmetry parameter of the hyperon decay and593

related to the interference between the parity conserving and the parity violating decay amplitudes.594

The polarization Py is production related, and therefore it depends on the CMS energy / beam595

momentum and on the hyperon scattering angle. In strong production processes, such as p̄p ! ¯

Y Y ,596

with unpolarized beam and target, the polarization can be non-zero normal to the production plane,597

spanned by the incoming antiproton beam and the outgoing anti-hyperon as shown in Fig. 7 b. Spin598

correlations between the produced hyperon and anti-hyperon are also accessible [96] and from these,599

the singlet fraction can be calculated, i.e. the fraction of the produced hyperon-antihyperon pairs600

that are produced in a spin singlet state. Additional information can be obtained from hyperons601

that decay into other hyperons, e.g. the ⌅. In the sequential decay ⌅

� ! ⇤⇡

�
,⇤ ! p⇡

�, the602

additional asymmetry parameters � and � of the ⌅

� hyperon are accessible via the joint angular603

distribution of the ⇤ hyperons and the protons [97, 98]. For spin 3

2

hyperons, e.g. the ⌦

�, the spin604

structure is more complicated. Only considering the polarization parameters of individual spin 3

2

605

hyperons, we find that spin 3

2

hyperons produced in strong processes like pp ! ⌦

+

⌦

� have seven606

non-zero polarization parameters. Three of these can be extracted from the ⇤ angular distribution607

in the ⌦

� ! ⇤K

� decay [99]. The remaining four parameters can be obtained by studying the608

joint angular distribution I(✓

⇤

,�

⇤

, ✓p,�p) of the ⇤ hyperons from the ⌦

� decay and the protons609

from the subsequent ⇤ decay [98].610

5.1.1 Experimental status611

The PS185 collaboration have provided a large set of high-quality data on single-strange hyperons612

[94, 100] produced in antiproton-proton annihilation. One interesting finding is that the ¯

⇤⇤ pair is613

produced almost exclusively in a spin triplet state. This can be explained of the ⇤ quark structure:614

the light u and d quarks form a spin 0 di-quark, whereas the spin of the ⇤ is carried by the s quark.615

Various theoretical investigations reproduce this finding [87, 88, 89], but no model can describe616

the complete spin structure of the reaction. The models extensions into the double-strange sector617

[90, 91] and even the triple-strange ⌦ [92], have not been experimentally tested due to the lack of618

data: For ⌅� and ⌅

0 from p̄p annihilations, only a few bubble-chamber events exist [101], whereas619

no studies of triple-strange hyperon production has been carried out. As a result, further progress620

of this field is still pending. New data on the spin structure of pp ! Y Y for ground-state multi-621
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Rich set of polarisation observables
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Figure 8: (a) Average polarization of the ⇤/¯⇤. (b) Average of the polarisations reconstructed
without any acceptance correction. The vertical error bars are statistical uncertainties only. The
horizontal bars are the bin widths. The red solid line mark the input polarization as a function of
cos ✓⇤

respect to the z-axis is shown as a function of cos ✓⇤. In (b), the average of the i) correlation C
xz

of the ⇤ spin with respect to the x-axis and the spin of the ¯

⇤ also with respect to the z-axis and
the ii) correlation C

zx

of the ⇤ spin with respect to the z-axis and the spin of the ¯

⇤ also with
respect to the x-axis. Symmetry requires C

xz

= C
zx

. The reconstructed distributions reproduce
the input distributions well.

The statistical uncertainties are shown in Figure 10. They show that for a sample of 15700
events, collected within a few hours with the Phase One conditions, one can achieve a statistical
precision of the level of 0.5-1.5% for the polarization and 3-7 % for the spin correlations.
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Figure 9: The correlation between the ⇤ and the ¯

⇤ spin with respect to the (a) z-axes and (b)
x-axis and z-axisvertical error bars are statistical uncertainties only. The horizontal bars are the
bin widths. The red solid line mark the input polarization as a function of cos ✓⇤

6.2 Hyperon Spectroscopy
In light and strange baryon spectroscopy we search for answers the following questions: i) to which
extent do the excitation spectra of baryons consisting of u, d, s follow the systematics of SU(3)
flavour symmetry? ii) which degrees of freedom are relevant for the excitation modes of baryons?
iii) how important is the dynamics in baryon-meson systems? iv) are there exotic baryon states,
e.g. pentaquarks or dibaryons?
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Hyperon spectroscopy

Map out the |S|=2 excited baryon spectrum

distribution of the produced cascades are isotropically generated since no experimental data exist.
The generated Dalitz plot and the ⇤K� invariant mass distribution are shown in Figure ??.
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Figure 11: Reaction and decay tree for the event generation

The full decay tree is shown in figure 11.
For this study 4.47445·106 signal events were generated with the event generator EvtGen [?].

Table 3: EvtGen input

Weight Reaction

0.2 ⌅ (1690)

�
⌅

+

0.2 ⌅ (1690)

+
⌅

�

0.2 ⌅ (1820)

�
⌅

+

0.2 ⌅ (1820)

+
⌅

�

0.1 ⌅

+
⇤

0 K�

0.1 ⌅

�
⇤

0
K+

The analysis was performed in the same way as in Section 6.1.2: with ideal pattern recognition,
ideal PID with additional requirements on the number of hits in order to mimic the realistic case.
The final state is required to contain p, p̄, ⇡�, ⇡+, K� and K+. The ⇤ candidates were identified
by combining p and ⇡� into a common vertex. The invariant mass must fulfil |M(p⇡�

)�m⇤| < 0.3
GeV/c2. A mass constraint fit was performed and only combinations with a probability larger than
1% in both the vertex- and the mass constraint fit, were selected for further analysis. If more than
one ⇤ or ¯

⇤ was found in an event, then the one with the smallest �2 from the vertex fit was chosen.
The ⇤ (¯⇤) reconstruction efficiency was found to be 37.3% (36.8%).

The ⌅

� (⌅+) candidates are identified by combining the ⇤ (⇤) candidate with the remaining
⇡� (⇡+). The selection of ⌅� and ⌅

+ follows the same scheme as that of ⇤ and ⇤: invariant mass,
vertex fit and mass constraint fit. The reconstruction efficiency for ⌅

� (⌅+) is 19.7% (19.3%).
For the reconstruction of the whole decay chain ⌅

+
⇤K� are combined. The same is done with

⌅

�
⇤K+ for the charge conjugate channel. The resulting four-momentum vector is fitted with the

constraint to match to the initial four-momentum of the p̄p entrance channel. After the fit only
those candidates are selected which have a �2 probability of more than 1%.

The reconstructed Dalitz plot and ⇤K� invariant mass are shown in Figure ??. The acceptance
is flat with respect to the Dalitz plot variables and the angles, which minimizes the systematics in
the planned partial wave analysis of this final state.

In order to evaluate the ⌅ and ¯

⌅ resonance parameters, the ⇤K� and ¯

⇤K+ mass distribu-
tions have been fitted with two Voigt functions combined with a polynomial. By comparing the

16
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Figure 12: (a) The generated Dalitz plot of the ⇤K

�
⌅

+ final state. The ⌅(1690)

� and ⌅(1820)

�

resonances show up as vertical bands.(b) The ⇤K

� invariant mass of the generated data.
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Figure 13: (a) The reconstructed Dalitz plot of the ⇤K

�
⌅

+ final state.(b) The ⇤K

� invariant
mass of the reconstructed MC data.

case. The final state is required to contain p, p̄, ⇡

�, ⇡

+, K� and K+. The ⇤ candidates were
identified by combining p and ⇡

� into a common vertex and applying a mass window criterion. The
⌅

� (⌅⇤) hyperons were identified by combining ⇤ candidates with the remaining pions (kaons).
Background was further suppress by a decay tree fit in the same way as in Section 5.1.2. The
exclusive reconstruction efficiency was found to be 5.4%. Assuming a p̄p ! ¯

⌅

⇤
⌅ cross section of

1µb, this corresponds to a reconstruction rate of 0.2s�1 or 19000 events per day. The cross section
has never been measured, but should not be very different from that of ground-state ¯

⌅

+
⌅

� [101]
that was measured by Ref. [81] to be around 1µb.

The background was studied using a DPM sample containing 10

8 events and the data were
weighted assuming a total cross section of 50 mb. No background events survived the selection
criteria and we therefore conclude that on a 90% confidence level, the signal-to-background is
S/B > 19. The numbers are summarized in Table 2.

The reconstructed Dalitz plot and ⇤K

� invariant mass are shown in Figure 13. The acceptance
is flat with respect to the Dalitz plot variables and the angles, which minimizes the systematics in
the planned partial wave analysis of this final state.

In order to evaluate the ⌅ and ¯

⌅ resonance parameters, the ⇤K

� and ¯

⇤K

+ mass distribu-
tions have been fitted with two Voigt functions combined with a polynomial. By comparing the
reconstructed ⇤K

� and ¯

⇤K

+ widths to the generated ones, the mass resolution was estimated to
�M = 4.0MeV for the ⌅(1690)

� and �M = 6.7MeV for the ⌅(1820)

�. The obtained fit values are
shown in Table 4. In both cases, the fitted masses are in good agreement with the input values.
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Double hypernuclear spectroscopy
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The PANDA Collaboration / Nuclear Physics A 954 (2016) 323–340 329

Fig. 1. Left: Various decays which allow to study the level scheme of !!-hypernuclei. Right: Production scheme of 
"−-hyperatoms and !!-hypernuclei at PANDA.

exclusively via their pionic decay in counter experiments is usually hampered by the limited mo-
mentum resolution (see e.g. [18]). The spectrum of excited particle stable states will be explored 
at the PANDA experiment by performing high resolution γ -spectroscopy. Finally, two-particle 
correlation studies between !-hypernuclei and ! hyperons – similar to conventional two par-
ticle correlation studies in heavy ion reactions (see e.g. [19]) – may explore particle-unstable 
resonances in !!-hypernuclei. Combining these three different methods we will have access to 
the complete level scheme of !!-hypernuclei.

Complemented by hyperon–hyperon correlation studies in heavy ion collisions, these mea-
surements will provide comprehensive information on the hyperon–hyperon interaction and on 
the role of !!–$$–"N mixing in nuclei [20].

2. High resolution γ -spectroscopy of ""-hypernuclei at FAIR

Since the first ideas of an antiproton storage ring HESR at the international Facility for An-
tiproton and Ion Research (FAIR), the high resolution γ -spectroscopy of !!-hypernuclei is part 
of the core programme of the PANDA experiment [12,21,22]. To produce !!-hypernuclei in a 
‘controlled’ way the conversion of a captured "− and a proton into two ! particles can be used 
(see right part of Fig. 1). The essential ingredient for the hypernuclear and hyperatom studies 
planned at PANDA is therefore the production of slow "− which can be stopped prior to their 
decay in a secondary target, eventually leading to the formation of bound hyperonic systems. 
Combined with large cross sections for the production of associated hyperon–antihyperon pairs, 
antiprotons circulating in a storage ring are ideally suited for exploring strange baryonic systems. 
Low momentum "− can be produced via the pp → "−"+ or pn → "−"0 reactions within a 
complex nucleus where the produced "− can re-scatter [12]. The advantage as compared to the 
kaon induced " production is that antiprotons are stable and can be retained in a storage ring 
thus allowing rather high luminosities. Reactions close to the "" threshold also minimize the 
production of associated particles as well as the number of secondary particles produced in other 
nuclear reactions.

In addition to the general purpose PANDA setup [22], the hypernuclear experiment requires 
a dedicated primary target to produce low momentum "−, an active secondary target of silicon 
layers and a suitable amount of absorber material to stop the "− hyperons and to detect pions 
from the weak decay of !!- and !-hypernuclei and a high purity germanium (HPGe) array as 

Courtesy: Josef Pochodzalla
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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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From A. Sanchez, Panda Meeting 9.2012

The Hypernuclear setup of PANDA

1 diamond wire as internal
target

3 modules, each made of
alternate layers of Si µ-strips,
nuclear target, Si µ-strips...

Si µ-strips (⇡±, p detection)

HPGe array (X , � detection)

(K+ from ⌅ annihilation are
detected by the central tracker of
PANDA)

R. Introzzi on behalf of the PANDA Collaboration MeNu 2013 16[21
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Figure 19: Average transverse momentum asymmetry ↵
T

(Eq. 1) as a function of the longitudinal
momentum asymmetry for ⇤⇤-pairs produced exclusively in 1.522 GeV/c (left) and 1.696GeV/c
(right) p+20Ne interactions. The different symbols show the GiBUU predictions for different scaling
factors ⇠⇤ of the ⇤-potential.

8.2 Potential for Phase One
Karin: Are the studies presented in the following blue paragraph disconnected with the paragraphs
afterwards? It would be better to describe them on more equal footing to avoid redundancies.
Right now it is difficult to discern how many MC studies that have been performed and how hey
are connected. As concluded in Section 6.1.2, a unique feature of antiproton interactions within
the PANDA energy range is the large production cross sections of hyperon-antihyperon pairs.
However, due to the strong absorption of antibaryons in nuclei the exclusive production rate of
antihyperon-hyperon pairs will be smaller in antiproton-nucleus collisions compared to antiproton-
proton interactions. With a neon target, a Phase One luminosity of 1031 cm�2s�1) and assuming
a reconstruction efficiency of 10%, approximately one ⇤⇤-pair will be reconstructed per second.
This means that in one one day running with beam available 90% of the time, we expect almost
8·104 reconstructed ⇤⇤ pairs. This corresponds to a sample about ten times larger Karin: Is it
larger? It sounds like it in the text but it seems very strange that only a small sample has been
simulated than the one produced by simulations using the Giessen Boltzmann-Uehling-Uhlenbeck
(GiBUU) transport model [?], shown in Fig. 19. Within one week of data collection, more detailed
studies of e.g. co-planarity, polarization and transverse momentum asymmetry ↵

T

will be possible.
The latter can be measured in exclusive antihyperon-hyperon pair production close to threshold
and gives access to quantitative information on antihyperon potentials in nuclei in the absence of
conventional spectroscopy studies [?, ?, ?]. These are often very challenging or even unfeasible since
antihyperons annihilate quickly [?, ?]. Schematic calculations of Ref. [?, ?] revealed a significant
sensitivity of the transverse momentum asymmetry ↵

T

to the depth of the antihyperon potential.
The asymmetry is defined event-by-event in terms of the transverse momenta of the coincident
particles

(1)

The equation does not compile. Is it necessary (it seems to be the first / onlyequation in the
document)?

More realistic calculations of this new observable, including secondary deflection and absorption
effects, have been performed using the GiBUU transport model. In this study, simulations were
carried out for ⇤⇤ pairs at 1.522 GeV/c and 1.696GeV/c p+20Ne [?] and for ⌅�

⌅

+ pairs produced
at p+12C interactions at 2.9 GeV/c [?]. Karin: and for ⌃�

⇤ if I understood the text in a following
paragraph and the figure correctly? the GiBUU model, non-linear derivative interactions are not
yet included and a simple scaling factor ⇠

p

= 0.22 was applied for the antiproton potential to ensure
a Schrödinger equivalent antiproton potential of about 150MeV at saturation density [?]. Since no
experimental information exists so far for antihyperons in nuclei, G-parity symmetry was adopted
as a starting point. In the same was as for antiprotons, the potential for antihyperons was scaled
by a factor ⇠

Y

.
Fig. 19 shows the predictions for the transverse asymmetry ↵

T

(Eq. 1) for different scaling
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Antihyperons in nuclei

Antiprotons sensitive tool to study 
antihyperon potential in nuclei!!!

Exploit abundantly produced hyperon-
antihyperon pairs near threshold

Benchmark data to test theoretical 
concepts to describe dynamics of 
(anti)hyperons in heavy-ion collisions

p̄+20 Ne ! ⇤⇤̄+X
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Figure 20: Average transverse momentum asymmetry as a function of the longitudinal momentum
asymmetry for ⌃�

⇤ pairs (left) and ⌅

�
⌅

+ pairs (right) produced exclusively in 1.696 GeV/c p-20Ne
and 2.9GeV/c p-12C interactions, respectively. The different symbols show the GiBUU predictions
for different scaling factors for the antihyperon potentials.

factors ⇠⇤ of the ⇤-potential plotted as a function of the longitudinal momentum asymmetry ↵
L

[?]. For 1.522 GeV/c (left) as well as for 1.696GeV/c (right) antiproton momenta a remarkable
sensitivity of ↵

T

on the Here something is missing/does not compile, please check. -potential is
found at negative values of ↵

L

. I is clear that secondary effects do not wipe out the dependence
of ↵

T

on the antihyperon potential. The large ↵
T

sensitivity as well as the negative shift in ↵
T

are linked to the substantial ⇤ transverse momentum smearing due to secondary scattering. For
positive values of ↵

L

, where ¯

⇤ is emitted backward with respect to ⇤, the MC sample was too
small to draw quantitative conclusions. However, it is possible that a larger sample would reveal
a systematic variation of ↵

T

with the antihyperon potential even in this ↵
T

region. Karin: Why
not run a larger sample to sort this out?

This method can also be applied to other hyperon-antihyperon pairs. The left panel of Fig. 20
show predictions for ⌃

�
⇤ pairs produced in 1.696 GeV/c p-20Ne reactions. The right panel show

the first attempt to calculate the momentum asymmetry for ⌅�
⌅

+-pair production in 2.9 GeV/c p-
12C interactions. As in the case of ⇤¯

⇤, the production of hyperon-antihyperon pairs was artificially
enhanced by a factor of 10 in the GiBUU sumulatoins [?]. Thus, this figure corresponds to 790
million inclusive reactions. For an average antiproton interaction rate of 8·105 s�1 this corresponds
to a running time of about 15 minutes. For each value of the scaling factor ⇠

⌅
+ , about 1800

⌅

�
⌅

+ pairs were generated. Assuming a reconstruction efficiency of 20%, PANDA we expect
⇡5 reconstructed ⌅

�
⌅

+ pairs per minute. The accumulation of 105 ⌅

�
⌅

+ pairs required for
quantitative statements about the ⌅

+ potential will require a running time of the order of 16 days.
This is compatible with the earlier estimates based on a schematic model [?, ?]. Hence, the prospect
of this measurement at PANDA is very good, once a reasonable interaction rate for nuclear targets
has been established.

The studies proposed here require measurements the reference reaction pp ! Y Y . However, as
discussed in section 6.1, such measurements already constitute an important part of the hyperon
production programme and can, thanks to the predicted large production rate, be completed in a
very short time.

The numbers presented here illustrate that even with rather conservative assumptions about
luminosity, PANDA can provide unique and relevant information on the behaviour of antihyperons
in nuclei already during Phase One.

8.3 Impact

Jozef and Albrecht, could you please write a few sentences here?
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Figure 19: Average transverse momentum asymmetry ↵
T

(Eq. 1) as a function of the longitudinal
momentum asymmetry for ⇤⇤-pairs produced exclusively in 1.522 GeV/c (left) and 1.696GeV/c
(right) p+20Ne interactions. The different symbols show the GiBUU predictions for different scaling
factors ⇠⇤ of the ⇤-potential.

8.2 Potential for Phase One
Karin: Are the studies presented in the following blue paragraph disconnected with the paragraphs
afterwards? It would be better to describe them on more equal footing to avoid redundancies.
Right now it is difficult to discern how many MC studies that have been performed and how hey
are connected. As concluded in Section 6.1.2, a unique feature of antiproton interactions within
the PANDA energy range is the large production cross sections of hyperon-antihyperon pairs.
However, due to the strong absorption of antibaryons in nuclei the exclusive production rate of
antihyperon-hyperon pairs will be smaller in antiproton-nucleus collisions compared to antiproton-
proton interactions. With a neon target, a Phase One luminosity of 1031 cm�2s�1) and assuming
a reconstruction efficiency of 10%, approximately one ⇤⇤-pair will be reconstructed per second.
This means that in one one day running with beam available 90% of the time, we expect almost
8·104 reconstructed ⇤⇤ pairs. This corresponds to a sample about ten times larger Karin: Is it
larger? It sounds like it in the text but it seems very strange that only a small sample has been
simulated than the one produced by simulations using the Giessen Boltzmann-Uehling-Uhlenbeck
(GiBUU) transport model [?], shown in Fig. 19. Within one week of data collection, more detailed
studies of e.g. co-planarity, polarization and transverse momentum asymmetry ↵

T

will be possible.
The latter can be measured in exclusive antihyperon-hyperon pair production close to threshold
and gives access to quantitative information on antihyperon potentials in nuclei in the absence of
conventional spectroscopy studies [?, ?, ?]. These are often very challenging or even unfeasible since
antihyperons annihilate quickly [?, ?]. Schematic calculations of Ref. [?, ?] revealed a significant
sensitivity of the transverse momentum asymmetry ↵

T

to the depth of the antihyperon potential.
The asymmetry is defined event-by-event in terms of the transverse momenta of the coincident
particles

(1)

The equation does not compile. Is it necessary (it seems to be the first / onlyequation in the
document)?

More realistic calculations of this new observable, including secondary deflection and absorption
effects, have been performed using the GiBUU transport model. In this study, simulations were
carried out for ⇤⇤ pairs at 1.522 GeV/c and 1.696GeV/c p+20Ne [?] and for ⌅�

⌅

+ pairs produced
at p+12C interactions at 2.9 GeV/c [?]. Karin: and for ⌃�

⇤ if I understood the text in a following
paragraph and the figure correctly? the GiBUU model, non-linear derivative interactions are not
yet included and a simple scaling factor ⇠

p

= 0.22 was applied for the antiproton potential to ensure
a Schrödinger equivalent antiproton potential of about 150MeV at saturation density [?]. Since no
experimental information exists so far for antihyperons in nuclei, G-parity symmetry was adopted
as a starting point. In the same was as for antiprotons, the potential for antihyperons was scaled
by a factor ⇠

Y

.
Fig. 19 shows the predictions for the transverse asymmetry ↵

T

(Eq. 1) for different scaling
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Figure 20: Average transverse momentum asymmetry as a function of the longitudinal momentum
asymmetry for ⌃�

⇤ pairs (left) and ⌅

�
⌅

+ pairs (right) produced exclusively in 1.696 GeV/c p-20Ne
and 2.9GeV/c p-12C interactions, respectively. The different symbols show the GiBUU predictions
for different scaling factors for the antihyperon potentials.

factors ⇠⇤ of the ⇤-potential plotted as a function of the longitudinal momentum asymmetry ↵
L

[?]. For 1.522 GeV/c (left) as well as for 1.696GeV/c (right) antiproton momenta a remarkable
sensitivity of ↵

T

on the Here something is missing/does not compile, please check. -potential is
found at negative values of ↵

L

. I is clear that secondary effects do not wipe out the dependence
of ↵

T

on the antihyperon potential. The large ↵
T

sensitivity as well as the negative shift in ↵
T

are linked to the substantial ⇤ transverse momentum smearing due to secondary scattering. For
positive values of ↵

L

, where ¯

⇤ is emitted backward with respect to ⇤, the MC sample was too
small to draw quantitative conclusions. However, it is possible that a larger sample would reveal
a systematic variation of ↵

T

with the antihyperon potential even in this ↵
T

region. Karin: Why
not run a larger sample to sort this out?

This method can also be applied to other hyperon-antihyperon pairs. The left panel of Fig. 20
show predictions for ⌃

�
⇤ pairs produced in 1.696 GeV/c p-20Ne reactions. The right panel show

the first attempt to calculate the momentum asymmetry for ⌅�
⌅

+-pair production in 2.9 GeV/c p-
12C interactions. As in the case of ⇤¯

⇤, the production of hyperon-antihyperon pairs was artificially
enhanced by a factor of 10 in the GiBUU sumulatoins [?]. Thus, this figure corresponds to 790
million inclusive reactions. For an average antiproton interaction rate of 8·105 s�1 this corresponds
to a running time of about 15 minutes. For each value of the scaling factor ⇠

⌅
+ , about 1800

⌅

�
⌅

+ pairs were generated. Assuming a reconstruction efficiency of 20%, PANDA we expect
⇡5 reconstructed ⌅

�
⌅

+ pairs per minute. The accumulation of 105 ⌅

�
⌅

+ pairs required for
quantitative statements about the ⌅

+ potential will require a running time of the order of 16 days.
This is compatible with the earlier estimates based on a schematic model [?, ?]. Hence, the prospect
of this measurement at PANDA is very good, once a reasonable interaction rate for nuclear targets
has been established.

The studies proposed here require measurements the reference reaction pp ! Y Y . However, as
discussed in section 6.1, such measurements already constitute an important part of the hyperon
production programme and can, thanks to the predicted large production rate, be completed in a
very short time.

The numbers presented here illustrate that even with rather conservative assumptions about
luminosity, PANDA can provide unique and relevant information on the behaviour of antihyperons
in nuclei already during Phase One.

8.3 Impact

Jozef and Albrecht, could you please write a few sentences here?
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Most popular models

Are they exotic hadrons?

  Exotic means non qq* or qqq structures ... what else?

  Strongly interacting clusters of hadrons: molecules
     [Voloshin; Tornqvist; Close; Braaten; Swanson...]

  Tetraquark mesons, Pentaquarks, ...
     [Maiani,Piccinini,Polosa,Riquer ...]

  Hybrids
     [Close, Kou&Pene, ...]

  Hadrocharmonium
     [Voloshin]

  Many exotic candidates have been identified among the so-called XYZ 
      particles.
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Charmonium-like particles - terra incognita
P(4450)

P(4380)

pentaquark candidates

Frank Nerling, Klaus Goetzen, et al.

Exploratory search of new Z states 
using direct formation in pbar-n

Line-scan proof-of-principle with 
narrow conventional charmonium

Day-1:

Line-scan of “exotic” candidates, 
such as X(3872)

Search for high-spin states with 
hidden-charm

Phase-1:
Figure 14: Schematics of a resonance energy scan: The true energy dependent cross-section (dashed
line), the beam momentum spread (dotted line), the measured yields (markers), and the effectively
measured energy dependent event rate (solid line) are illustrated.

7.1.1 High precision resonance energy scan

A comprehensive Monte Carlo simulation study of a high precision resonance energy scan with
PANDA/HESR, using the example of the X(3872) shows the feasibility for an absolute width
measurement with an achievable sub-MeV precisison [?]. In that study different HESR running
modes have been studied, and we present here the projected performances to be expected for Phase-
1 (P1), means the results are based on the assumed HESR performances of momentum spread
(beam energy resolutions) of dp/p = 5 · 10�5 (dECMS = 83.9 keV) and an integrated luminosity of
L = 1170 (day · nb)�1, which is about a factor of two worse in energy resolution and a luminosity
about 15 % lower as compared to the final, nominal running modes (HR, HL) [?].

The reaction of interest studied here, is the direct formation p̄p ! X(3872), with the X(3872)

being reconstructed in the two leptonic J/ decay channels X(3872) ! J/ ⇢0 ! e+e�⇡+⇡� and
X(3872) ! J/ ⇢0 ! µ+µ�⇡+⇡�, for which reconstruction efficiencies of 12.2% and 15.2% have
been determined in full PANDA Geant simulations and used in the detailed energy resonance scan
simulation experiments. The physics input parameters as summarised in Tab. 5, where applicable
together with the relevant references, have been assumed in the analysis.

The objectives of the performed sensitivity studies was to study the achievable sensitivities
for an absolute measurement of the natural decay width �0 on the one hand, and secondly, to
distinguish between a possible loosely bound (D0- ¯D⇤0

) molecular versus a virtual scattering state,
effectively created by threshold dynamics. Both scenarios have been studied for PANDA in the
Phase-1 HESR running mode for a reasonable data taking time of 2x40 days, i.e. two days per
energy scan point.

The parameter �0 is determined by fitting a Voigt function, i.e. a convolution of a Breit-Wigner
with a natural decay width �0 and a Gaussian with a standard deviation �Beam, accounting for
the beam momentum uncertainty. The molecular line shape differs significantly from that of a
more general Breit-Wigner-like resonance shape. It depends on the given decay channel (here

Table 5: Summary of parameter settings under consideration.

Input parameter Assumed value(s)
B(X ! J/ ⇢0) 5% [?, ?, ?]
B(J/ ! e+e�) 5.971% [?]
B(J/ ! µ+µ�) 5.961% [?]
B(⇢0 ! ⇡+⇡�) 100% [?]

�S,max

50 nb [38, ?, ?]
[20, 30, 75, 100, 150] nb

�B,gen 46mb [?]
�B,NR 1.2 nb [?]

Total scan time t
scan

80 d
No of scan points N

scan

40

Breit-Wigner, �X
[50, 70, 100, 130,

180, 250, 500] keV

Line shape, E
f

�[10.0, 9.5, 9.0, 8.8,
8.3, 8.0, 7.5, 7.0]MeV

20

P(4450)

P(4380)
P(4312)
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Glueball searches in light-meson sector
Marc Pelizaeus et al.

Search for glueballs in ΦΦ 

•  One channel related to light meson 
spectroscopy pp à ΦΦ 

•  Study of  narrow fJ(2230) previously 
reported by MARK III and BES II   
–  outdated, since this state is excluded by 

Babar and BES III with superior statistics 
–  not accessible in formation at HESR  

•  Still to do: Scan above 2.25 GeV  
–  Jetset (1998): cross section >100x larger 

than expected from OZI rule à gluonic 
component? 

–  broad f2(2300) and f2(2330) glueball 
candidates  

•  Need an update on this topic 
4	

Accessible  
at HESR 

[K. Goetzen] 
ppàΦΦ Cross Section 

Jetset, Phys. Rev. D 57, 5370 (1998) 

Jetset (1998): 
  - fine scan around 2230 MeV 
  - cross section 100x larger than expected from OZI 
  - large gluonic component? LQCD: tensor glueball?

PANDA (2026): 
  - scan above 2.25 GeV: terra incognita 
  - 5x104 reconstructed events/day at L=1031 cm-2s-1 

   - physics studies at reduced luminosities feasible

Day-1
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Glueball searches in light-meson sector
Marc Pelizaeus et al.

Jetset (1998): 
  - fine scan around 2230 MeV 
  - cross section 100x larger than expected from OZI 
  - large gluonic component? LQCD: tensor glueball?

PANDA (2025): 
  - scan above 2.25 GeV: terra incognita 
  - 5x104 reconstructed events/day at L=1031 cm-2s-1 

   - physics studies at reduced luminosities feasible

Day-1

PWA of BW Toy MC Scenario

Hypothesis containing only generated contributions achieves
best fit result for each bin!

Extracted contributions Generated contributions

Iman Keshk (RUB) Partial Wave Analysis of p̄p ! �� 9

MC generated 

PWA of BW Toy MC Scenario

Hypothesis containing only generated contributions achieves
best fit result for each bin!

Extracted contributions Generated contributions

Iman Keshk (RUB) Partial Wave Analysis of p̄p ! �� 9

PWA reconstructed

Iman Keshk (RUB), preliminary
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Alfons Khoukaz 

First Cluster Beams (03.12.2015!)  

Erzeugung von h-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. 

Mechanics Forward Endcap EMC 
•  Backplate &support 
•  Submodules 

(alveoli,insertes, 
interface pcs.) 

•  VIP insulation ordered 

  
j.g.messchendorp@rug.nl

Physics with PANDA at “Day-1”

 Flagship studies: 
  - Strangeness (|S|=1,2) production in pbar-p and pbar-A. 
  - Spectroscopy in light-meson sector:  
    search for gluon-rich matter. 

 Feasibility studies with discovery potential: 
  - |S|=2 baryon spectroscopy. 
  - Search for new unconventional hidden-charm states. 

 Development studies: 
  - Database on multi-pion production: tune QCD models   
    for electromagnetic form factor studies etc.. 
  - Line-scan performance studies on conventional  
    hidden-charm states.

… as a first step of phase-1

mailto:j.g.messchendorp@rug.nl

