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PANDA in a nutshell!

Community 
  - interdisciplinair: nuclear, hadron & particle physics 
  - international: 460 scientists from 19 countries 
  - strong network in other collaborations 

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

Technology 
  - data complexity & detector developments 
  - versatile instrument
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Facility for Antiproton and Ion Research

FAIR - Facility for Antiproton and Ion Research

Accelerator facility currently under construction near Darmstadt, Germany

FDSA 2017 - Malte Albrecht (RUB EPI) Precision Spectroscopy at PANDA 14
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Phase 1+2: 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 - precision antiprotons

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
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The “magic” of antiprotons

I. Versatile



Probing QCD at various distance scales
S

tro
ng
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ou

pl
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QCD, its consequences

QCD, its consequences

Light bag of 
“free” quarks

Heavy bag, mostly 
pure binding energy

Color confinement:
observed particles are colorless
SU(3) singlets

!9



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

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
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PANDA physics ambitions
Extensive study of the strong force using antiprotons

Hadron spectroscopy & dynamics 
  - open- and hidden charm 
  - gluonic excitations (glueballs, hybrids, ..) 
  - light meson systems 
  - hyperon spectroscopy & dynamics

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

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

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

⇤⇤
⌦

arXiv:0903.3905 

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.
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The “magic” of antiprotons

II. Discovery by precision and exploration 
 



antiproton	probe	unique	and	decisive

Production all	exotic	and	non-exotic	quantum
numbers	accessible	with	a	recoil
• high	discovery	potential
• associated,	access	to	all

quantum	numbers	(exotic)

Formation all	non-exotic	quantum	numbers	accessible
• not	only	limited	to	JPC =	1-- as	e+e- colliders
• precision	physics	of	known	states
• resonant,	high	statistics,

extremely	good	precision
in	mass	and	width

p-Annihilations:	Gluon	Rich	Environment

PANDA@FAIR	/	K.	Peters 23

all	quantum	numbers	possible

quantum	numbers	like	pp

The “magic” of antiprotons - spectroscopy
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Hidden-charm spectroscopy
P(4450)

P(4380)

pentaquark candidates

Open charm threshold

Precision
D

iscovery04 June 2013 KVI 30

What is Zc(3900)?

Charged → It is not a conventional cc!

Tetraquark Hadronic molecule

 arXiv:1110.1333, 1303.6857
 arXiv:1304.0345, 1304.1301

 arXiv:1303.6608, 
1304.2882, 1304.1850

Most popular models

04 June 2013 KVI 30

What is Zc(3900)?

Charged → It is not a conventional cc!

Tetraquark Hadronic molecule

 arXiv:1110.1333, 1303.6857
 arXiv:1304.0345, 1304.1301

 arXiv:1303.6608, 
1304.2882, 1304.1850

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.

πc c–
uu–

u– cuc–
c c–

g

c c–
π

π

Exotics

Ryan Mitchell
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P(4450)

P(4380)

pentaquark candidates

line shape of X(3872) 
neutral+charged Z-states 
hidden-charm pentaquark 
X,Y,Z decays 
search for hc’, 3F4, … 
spin-parity/mass&width of 3D2

line shape/width of the hc 
radiative decays (multipole) 
light-quark spectroscopy

Open charm threshold

Hidden-charm spectroscopy
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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  

P(4450)

P(4380)

pentaquark candidates

� < 1.2MeV

Strikingly narrow: 

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

HTTP://PDG.LBL.GOV Page 135 Created: 7/12/2013 14:49

Line-shape study 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) 

"
 
 

Compare lineshapes 
in different final states  
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Resonance scanning

Measured rate

Beam

Resonance cross 
section

CM Energy

Some advantages of Anti-protons

Access to all fermion-antifermion
quantum numbers
Access to states of high spin J
Precise mass resolution in
formation reactions

Recent resolution

Energy scan with e+e�: energy resolution 1-2 MeV
Energy scan with pp: energy resolution 240 keV (E760/835@Fermilab)

⇡50 keV (PANDA@FAIR)

C. Motzko (HIM/JGU) Precision spectroscopy with PANDA 16 / 25

(primarily JPC=1- -)

!17



]2) [GeV/c-l+m(l
2.95 3.00 3.05 3.10 3.15 3.20 3.25

Ev
en

ts
 / 

( 0
.0

16
 )

0

2

4

6

8

10

12

]2) [GeV/c-l+m(l
2.95 3.00 3.05 3.10 3.15 3.20 3.25

Ev
en

ts
 / 

( 0
.0

16
 )

0

2

4

6

8

10

12

]2) [GeV/c-l+m(l
2.95 3.00 3.05 3.10 3.15 3.20 3.25

Ev
en

ts
 / 

( 0
.0

16
 )

0

2

4

6

8

10

12

]2) [GeV/c-l+m(l
2.95 3.00 3.05 3.10 3.15 3.20 3.25

Ev
en

ts
 / 

( 0
.0

16
 )

0

2

4

6

8

10

]2) [GeV/c-l+m(l
2.95 3.00 3.05 3.10 3.15 3.20 3.25

Ev
en

ts
 / 

( 0
.0

16
 )

0

5

10

15

20

25

]2) [GeV/c-l+m(l
2.95 3.00 3.05 3.10 3.15 3.20 3.25

Ev
en

ts
 / 

( 0
.0

16
 )

0

2

4

6

8

10

12

14

16

]2) [GeV/c-l+m(l
2.95 3.00 3.05 3.10 3.15 3.20 3.25

Ev
en

ts
 / 

( 0
.0

16
 )

0

5

10

15

20

25

]2) [GeV/c-l+m(l
2.95 3.00 3.05 3.10 3.15 3.20 3.25

Ev
en

ts
 / 

( 0
.0

16
 )

0

10

20

30

40

50

]2) [GeV/c-l+m(l
2.95 3.00 3.05 3.10 3.15 3.20 3.25

Ev
en

ts
 / 

( 0
.0

16
 )

0

10

20

30

40

50

]2) [GeV/c-l+m(l
2.95 3.00 3.05 3.10 3.15 3.20 3.25

Ev
en

ts
 / 

( 0
.0

16
 )

0

20

40

60

80

100

]2) [GeV/c-l+m(l
2.95 3.00 3.05 3.10 3.15 3.20 3.25

Ev
en

ts
 / 

( 0
.0

16
 )

0

10

20

30

40

50

60

70

80

]2) [GeV/c-l+m(l
2.95 3.00 3.05 3.10 3.15 3.20 3.25

Ev
en

ts
 / 

( 0
.0

16
 )

0

10

20

30

40

50

]2) [GeV/c-l+m(l
2.95 3.00 3.05 3.10 3.15 3.20 3.25

Ev
en

ts
 / 

( 0
.0

16
 )

0

5

10

15

20

25

30

35

]2) [GeV/c-l+m(l
2.95 3.00 3.05 3.10 3.15 3.20 3.25

Ev
en

ts
 / 

( 0
.0

16
 )

0
2
4
6
8

10
12
14
16
18
20
22
24

]2) [GeV/c-l+m(l
2.95 3.00 3.05 3.10 3.15 3.20 3.25

Ev
en

ts
 / 

( 0
.0

16
 )

0

2

4

6

8

10

12

14

]2) [GeV/c-l+m(l
2.95 3.00 3.05 3.10 3.15 3.20 3.25

Ev
en

ts
 / 

( 0
.0

16
 )

0

2

4

6

8

10

]2) [GeV/c-l+m(l
2.95 3.00 3.05 3.10 3.15 3.20 3.25

Ev
en

ts
 / 

( 0
.0

16
 )

0

2

4

6

8

10

12

14

16

]2) [GeV/c-l+m(l
2.95 3.00 3.05 3.10 3.15 3.20 3.25

Ev
en

ts
 / 

( 0
.0

16
 )

0

2

4

6

8

10

12

]2) [GeV/c-l+m(l
2.95 3.00 3.05 3.10 3.15 3.20 3.25

Ev
en

ts
 / 

( 0
.0

16
 )

0

2

4

6

8

10

12

14

]2) [GeV/c-l+m(l
2.95 3.00 3.05 3.10 3.15 3.20 3.25

Ev
en

ts
 / 

( 0
.0

16
 )

0

2

4

6

8

10

12

PRELIMINARY

 [MeV]0E - E
0.6− 0.4− 0.2− 0 0.2 0.4 0.6

ev
en

ts

0

20

40

60

80

100

120

140

160
 / ndf 2χ  33.97 / 16

p0        3.599± 42.75 

p1        0.006978±0.01889 − 

p2            0± 0.0839 

p3        0.02758± 0.1473 

p4        1.991± 6.866 

 / ndf 2χ  33.97 / 16

p0        3.599± 42.75 

p1        0.006978±0.01889 − 

p2            0± 0.0839 

p3        0.02758± 0.1473 

p4        1.991± 6.866 

Prob   0.0055

A         3.6± 42.7 
 [MeV] 0m  0.007±0.019 − 

 [MeV] momσ  0.0839

 [MeV] Γ  0.028± 0.147 
        bga  1.99± 6.87 

ANDAP
MC study

PRELIMINARY

Entries  300
Mean  0.78−  
RMS     33.88
Prob   0.903
A         0.357± 3.751 

 [keV] µ  3.599±1.378 − 
 [keV] σ  4.7±  42.4 

 [keV]0Γ−measΓ
150− 100− 50− 0 50 100 150

En
tri

es
 / 

1.
5 

ke
V

0

2

4

6

8

10 Entries  300
Mean  0.78−  
RMS     33.88
Prob   0.903
A         0.357± 3.751 

 [keV] µ  3.599±1.378 − 
 [keV] σ  4.7±  42.4 

ANDAP
MC study

(a)

(b)

�

0

= 130 keV

(c)

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.

34

Resonance scanning p̄p ! X(3872) ! J/ ⇡+⇡�

�(p̄p ! X(3872)) = 100nb50 nb

Klaus Goetzen et al.

Cross sections:

�
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):

20 points each 2 days data taking!

!18



Resonance scanning p̄p ! X(3872) ! J/ ⇡+⇡�

�(p̄p ! X(3872)) = 100nb50 nb

Klaus Goetzen et al.

Cross sections:

�
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):

20 points each 2 days data taking!

Phase 1
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Heavy-light systems: open-charm

form factors, 
CKM parameters 

probe “new physics” (BSM), 
CP violation, oscillations, 
rare decays, …

search “new” physics 
(via weak interaction)

hadron spectroscopy, 
quark confinement,  
“exotic” matter, …

hypernuclei,   
hyperon interactions, …

charm in-medium, 
quark-gluon plasma …

QCD physics 
(strong interaction)
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Charm-strange spectrum, today

not 
fitting
QPM

QPM = quark potential model

E. Prencipe HADRON Conference, 25-29 Sept 2017

Ds(1968)

0- 0+ 1- 1+ 2+ 3-?

2000

2500

3000

Ds1
*(2112)

Ds0
*(2317) Ds1(2460)

Ds1(2536)

Ds1
*(2710)

Ds1
*(2860) Ds3

*(2860)

Ds2
*(2573)

DsJ(3040)

DK*

DK

Heavy-light systems: open-charm

The D-Meson:  „Hydrogen  of QCD“
General idea of spectroscopy:

� Measure the properties of the states
to deduce the properties of the potential

� Has been done with great success
for the QED with hydrogen

� D-Meson
• Heavy-light system, like hydrogen
• The c-quark can be considered as a static color source

EXA Wien, 8.9.2011 Marius C. Mertens

Morrison, Witherell
Annu. Rev. Nucl. Part. Sci. 1989. 39: 183-230

The spectroscopy of the pseudo scalar and vector D mesons is complete, and 
the masses are well measured. Three of the excited charmed mesons have 
been observed, although it will take further experiments to extract completely 
the individual particle properties.

c q

3
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Different theoretical approaches, different interpretations Γ(D
s0

*(2317) + D
s
π0) (keV)

M. Nielsen, Phys. Lett. B 634, 35 (2006) 6 ± 2

P. Colangelo and F. De Fazio, Phys. Lett. B 570, 180 (2003) 7 ± 1

S. Godfrey, Phys. Lett. B 568, 254 (2003) 10

Fayyazuddin and Riazuddin, Phys. Rev. D 69, 114008 (2004) 16

W. A. Bardeen, E. J. Eichten and C. T. Hill, Phys. Rev. D 68, 054024 (2003) 21.5

J. Lu, X. L. Chen, W. Z. Deng and S. L. Zhu, Phys. Rev. D 73, 054012 (2006) 32

W. Wei, P. Z. Huang and S. L. Zhu, Phys. Rev. D 73, 034004 (2006) 39 ± 5

S. Ishida, M. Ishida, T. Komada, T. Maeda, M. Oda, K. Yamada and I. Yamauchi, AIP 
Conf. Proc. 717, 716 (2004) 15 - 70

H. Y. Cheng and W. S. Hou, Phys. Lett. B 566, 193 (2003) 10 - 100

A. Faessler,  T. Gutsche, V.E. Lyubovitskij, Y.L. Ma, Phys. Rev. D 76 (2007) 133 79.3 ± 32.6

M.F.M. Lutz, M. Soyeaur, Nucl. Phys. A 813, 14 (2008)

L. Liu, K. Orginos, F. K. Guo, C. Hanhart, Ulf-G. Meißner
Phys.  Rev. D 87, 014508 (2013) 133 ± 22

M. Cleven, H. W. Giesshammer, F. K. Guo, C. Hanhart, Ulf-G. Meißner
Eur. Phys. J A (2014) 50 -149 

Pure cs state 

Tetraquark state 

DK had. molecule 

DK had. molecule 

Dynamically gen. resonance 140

NEW! Strong and radiative

decays of D
s0

*(2317) and D
s1

(2460)

D
S0

*(2317)+ theoretical overview

The measurement of the narrow width plays a leading role in the interpretation of D
s
*

E. Prencipe                                         FAIRNESS 2017, Sitges

Ds0*(2317) theoretical predictions

A width measurement could be conclusive!

Experiment: �
tot

< 3.8MeV
<latexit sha1_base64="6zVGYQJWSAZznzTZhvW/0vkbWIw=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VwISFRwS5cFF3oRqhgH9CEMJlO2qEzSZiZCCVk7cZfceNCEbd+gTv/xmnahbYeGDiccy93zgkSRqWy7W+jtLC4tLxSXq2srW9sbpnbOy0ZpwKTJo5ZLDoBkoTRiDQVVYx0EkEQDxhpB8Orsd9+IELSOLpXo4R4HPUjGlKMlJZ8c9+9RpwjP3MFhypWObyAp1bNPS6EW9LKfbNqW3YBOE+cKamCKRq++eX2YpxyEinMkJRdx06UlyGhKGYkr7ipJAnCQ9QnXU0jxIn0siJKDg+10oNhLPSLFCzU3xsZ4lKOeKAnOVIDOeuNxf+8bqrCmpfRKEkVifDkUJgynRmOe4E9KghWbKQJwoLqv0I8QAJhpdur6BKc2cjzpHViObbl3J1V65fTOspgDxyAI+CAc1AHN6ABmgCDR/AMXsGb8WS8GO/Gx2S0ZEx3dsEfGJ8/EnKZNQ==</latexit><latexit sha1_base64="6zVGYQJWSAZznzTZhvW/0vkbWIw=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VwISFRwS5cFF3oRqhgH9CEMJlO2qEzSZiZCCVk7cZfceNCEbd+gTv/xmnahbYeGDiccy93zgkSRqWy7W+jtLC4tLxSXq2srW9sbpnbOy0ZpwKTJo5ZLDoBkoTRiDQVVYx0EkEQDxhpB8Orsd9+IELSOLpXo4R4HPUjGlKMlJZ8c9+9RpwjP3MFhypWObyAp1bNPS6EW9LKfbNqW3YBOE+cKamCKRq++eX2YpxyEinMkJRdx06UlyGhKGYkr7ipJAnCQ9QnXU0jxIn0siJKDg+10oNhLPSLFCzU3xsZ4lKOeKAnOVIDOeuNxf+8bqrCmpfRKEkVifDkUJgynRmOe4E9KghWbKQJwoLqv0I8QAJhpdur6BKc2cjzpHViObbl3J1V65fTOspgDxyAI+CAc1AHN6ABmgCDR/AMXsGb8WS8GO/Gx2S0ZEx3dsEfGJ8/EnKZNQ==</latexit><latexit sha1_base64="6zVGYQJWSAZznzTZhvW/0vkbWIw=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VwISFRwS5cFF3oRqhgH9CEMJlO2qEzSZiZCCVk7cZfceNCEbd+gTv/xmnahbYeGDiccy93zgkSRqWy7W+jtLC4tLxSXq2srW9sbpnbOy0ZpwKTJo5ZLDoBkoTRiDQVVYx0EkEQDxhpB8Orsd9+IELSOLpXo4R4HPUjGlKMlJZ8c9+9RpwjP3MFhypWObyAp1bNPS6EW9LKfbNqW3YBOE+cKamCKRq++eX2YpxyEinMkJRdx06UlyGhKGYkr7ipJAnCQ9QnXU0jxIn0siJKDg+10oNhLPSLFCzU3xsZ4lKOeKAnOVIDOeuNxf+8bqrCmpfRKEkVifDkUJgynRmOe4E9KghWbKQJwoLqv0I8QAJhpdur6BKc2cjzpHViObbl3J1V65fTOspgDxyAI+CAc1AHN6ABmgCDR/AMXsGb8WS8GO/Gx2S0ZEx3dsEfGJ8/EnKZNQ==</latexit><latexit sha1_base64="6zVGYQJWSAZznzTZhvW/0vkbWIw=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VwISFRwS5cFF3oRqhgH9CEMJlO2qEzSZiZCCVk7cZfceNCEbd+gTv/xmnahbYeGDiccy93zgkSRqWy7W+jtLC4tLxSXq2srW9sbpnbOy0ZpwKTJo5ZLDoBkoTRiDQVVYx0EkEQDxhpB8Orsd9+IELSOLpXo4R4HPUjGlKMlJZ8c9+9RpwjP3MFhypWObyAp1bNPS6EW9LKfbNqW3YBOE+cKamCKRq++eX2YpxyEinMkJRdx06UlyGhKGYkr7ipJAnCQ9QnXU0jxIn0siJKDg+10oNhLPSLFCzU3xsZ4lKOeKAnOVIDOeuNxf+8bqrCmpfRKEkVifDkUJgynRmOe4E9KghWbKQJwoLqv0I8QAJhpdur6BKc2cjzpHViObbl3J1V65fTOspgDxyAI+CAc1AHN6ABmgCDR/AMXsGb8WS8GO/Gx2S0ZEx3dsEfGJ8/EnKZNQ==</latexit>
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Ds0*(2317) energy scan

Hadrons with c− s content Elisabetta Prencipe

mass and width of the resonant state. In Fig. 7 this curve is shown, for different input values of the
width [24].

With the preliminary selection described in this report, we obtain a reconstruction efficiency
of ∼17.5%. Assuming that PANDA will run in high resolution mode (e.g. L = 0.86 pb−1/day),
for which we tag the D−

s → K+K−π− (BR (D−
s → K+K−π−)∼6%), in the hypothesis to run 3000

events per scan point, we will need from 7 up to 11 days of data taking per scan point, on the signal
cross section assumed to be in the range of [20;30] nb, as supported by Ref. [13]. In this situation,
the ratio of signal (S) over background (B) events is S/B = 1/28. Before appling this preliminary
selection, S/B = 1/106.

For comparison, in the first 3 years of data taking, the BaBar experiment recorded 1267 event
yield. Therefore, we conclude that with PANDA the reconstruction efficiency of the D∗

s0(2317)+

is significantly higher than at the B factories. The performance of the proposed inclusive analysis,
based on PandaRoot MC simulations, looks therefore promising.

Figure 7: Excitation function of the cross section of the process p̄p→ D−
s D∗

s0(2317)+, as function of the
energy in the center of mass system of D−

s D∗
s0(2317)+. The plot is taken from Ref. [24].

4. Summary

Charm physics is a field of high interest, in which several questions are still unsolved. Among
these, the measurement of the width of the narrow Ds states below the DK threshold is important
to fully understand the cs̄ spectrum. PANDA offers a unique opportunity to perform this mea-
surement, and the results of simulations with PandaRoot are very promising. This measurement
cannot be performed in the early stage of PANDA data taking. The cross section of the process
p̄p→ D−

s D∗
s0(2317)+ could be estimated to be in the range [20;30] nb (as explained in Ref. [13]),

thus in the worse scenario, corresponding to a cross section of 20 nb, we would need of about 165
days to perform the full scan of the D−

s D∗
s0(2317)+ system. The results that we aim for, will reach

a level of precision never achieved before. Therefore, we consider this analysis a highlight of the
PANDA physics program. The optimization of the selection, and the numbers quoted in this report,
are work in progress. We plan to complete the first full simulation campaign for the analysis of
p̄p→ D−

s D∗
s0(2317)+ by the summer 2015.
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Ds0*(2317) Energy Scan

EXA Wien, 8.9.2011 Marius C. Mertens

�s MeV

σ

4285.5 4286.0 4286.5 4287.0 4287.5

Excitation function

Simulated
sum mass spectrum

SignalBackground

� �

� � 0*
0

*
0

2317

,

2317

S

IIS
##

#

ss

s

ss

DD

KKD
DDpp

o

oo

o
��rr

r

15
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05/09/2014 Frank Nerling The PANDA experiment at FAIR 

Energy scan simulation around threshold"

Extracted excitation function Sensitivity of width Measurement 

Relative accuracy σΓ/Γ < 1/3 for Γ  > 100 

[M.Mertens, PhD thesis] 

Ds0*(2317) energy scan
Toy MC study
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Scan of D
s
D

s0

*(2317)+

D
s0

*(2317)+ D
s

+ π0

Excitation function of the cross section:

PDG: Γ <3.8 MeV at 95% c.l.

What do we want to measure?

l = s – m[D
s

-] - m[D
s
(2317)+] 

Γ = 100 keV

M. Mertens

E. Prencipe                                         FAIRNESS 2017, Sitges
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Relative error less than 30% for     >100 keV�
<latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit><latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit><latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit><latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit>

15 measurements in step of 4 MeV (L=550 pb-1)

!24



Open-charm production?

 25

Cross section
Phys. Rev. D 89 (2014) 114003
J. Haidenbauer, G. Krein 

With the approach described in slide 24, s(ppD
s

+D
s

-) should be feasible

100 nb

10 nb

What about the cross section of pp to excited D
s
 state?

It is more complicated!

We do not know anything about the coupling constant for D
s

*  

 we need REAL data!

Baryon exchange

Quark model

E. Prencipe                                         FAIRNESS 2017, Sitges

Haidenbauer, Krein, PRD89, 114003 (2014)

• Juelich meson-baryon model 
with coupled-channel approach 

• Extended to SU(4) 
• Accounts for ISI/FSI

Validity SU(4) approach? D.o.f. quarks+gluons or mesons+baryons?

Cross section measurements of PANDA at phase-one will give insight!  

How to extrapolate to excited open-charm states?

!25



Charm-baryon spectroscopy

Conceptually: heavy + light diquark system 
• simplified baryonic system 
• weak decay: narrow states 
• heavy quark + chiral symmetry  

!26



Charm-baryon spectroscopy

Heavy quark baryon 
• When single quark picture is 

still a good picture, excited 
states are degenerated.  

• If Cqq (q=u,d) system is 
considered as C and di-quark 
correlations, orbital motion of 
O is lowered due to the 
collectivity of the di-quark 
motion. 

• Spin correlations between 
light quarks give additional 
level separations. 

2012/6/22 7 

O: orbital motion 
U: di-quark correlation  

Level pattern tell us: 
9Mass of di-quark  
9Strength of di-quark 
correlation 
9Spin dependent correlation 
between light quarks 

Measurements of all levels  are important 

probing di-quark  
correlations in baryons

K. Ozawa (KEK)

Conceptually: heavy + light diquark system 
• simplified baryonic system 
• weak decay: narrow states 
• heavy quark + chiral symmetry  
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PANDA is a hyperon factory!Previous measurements of             . pp YY→

• 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. 

pp→ΛΛ

pp→ΞΞ
pp→ΩΩ c cpp→Λ Λ

Previous measurements of             . pp YY→

• 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. 

pp→ΛΛ

pp→ΞΞ
pp→ΩΩ c cpp→Λ Λ

Karin Schoenning * 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 σ  (μb) 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 

pp→ΛΛ
opp→ΛΣ

pp + −→ Ξ Ξ

pp + −→Ω Ω

c cpp − +→ Λ Λ

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

(1031 cm-2 s-1). 
 

Phase 1

(with 1031 cm-2s-1)

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). 
 

Karin Schoenning

Gain factor 100 in inclusive mode; 
Feasibility studies are underway!
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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 

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

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

AntiProton Annihilation at Darmstadt 

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 capabilities
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The PANDA detector
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The PANDA detector
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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 

http://www-panda.gsi.de/  
j.g.messchendorp@rug.nl

Prospects of Charm Physics at PANDA

http://www-panda.gsi.de/
mailto:j.g.messchendorp@rug.nl
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Prospects of Charm Physics at PANDA

  To take away, PANDA …   

  … offers a versatile program in hidden/open-charm using antiprotons. 

  … aims to start in 2025 (phase-one) with a reduced luminosity.  

  … with the potential to perform unique studies of “exotic” states. 

  … and to study the production dynamics of charm hadrons. 

  … needs help in finding reliable estimates of antiproton-p couplings.

http://www-panda.gsi.de/
mailto:j.g.messchendorp@rug.nl


Collaboration

UniVPM Ancona

U Basel

IHEP Beijing

U Bochum

U Bonn

U Brescia

IFIN-HH Bucharest

AGH UST Cracow

IFJ PAN Cracow

JU Cracow

U Cracow

FAIR Darmstadt

GSI Darmstadt 

JINR Dubna

U Edinburgh

U Erlangen

NWU Evanston

U & INFN Ferrara

U Mainz

INP Minsk

ITEP Moscow 

MPEI Moscow

BARC Mumbai

U Münster

Nankai U

BINP Novosibirsk

Novosibirsk State U

IPN Orsay

U Wisconsin, Oshkosh

U & INFN Pavia

Charles U, Prague

Czech TU, Prague

IHEP Protvino

Irfu Saclay

U of Sidney

PNPI St. Petersburg

West Bohemian U, Pilzen

KTH Stockholm

U Stockholm

SUT, Nakhon Ratchasima

SVNIT Surat-Gujarat 

S Gujarat U, Surat-Gujarat 

FSU Tallahassee

U & INFN Torino

Politecnico di Torino

U & INFN Trieste

U Uppsala

U Valencia

SMI Vienna

U Visva-Bharati

SINS Warsaw

FIAS Frankfurt

U Frankfurt

LNF-INFN Frascati

U & INFN Genova

U Gießen

U Glasgow

BITS Pilani KKBGC, Goa

KVI Groningen

Sadar Patel U, Gujart

Gauhati U, Guwahati

USTC Hefei

URZ Heidelberg

FH Iserlohn

FZ Jülich

IMP Lanzhou

INFN Legnaro

U Lund

HI Mainz

more than 460 physicists from

from 75 institutions in 19 countries
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