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Facility for Antiproton and Ion Research 
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Areal view   July 27th, 2013  
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High luminosity mode High resolution mode 

Nstored = 1010 p 
dp/p  ~ 3×10-5 (electron cooling) 
Lumin. = 1031 cm-2 s-1 

Nstored = 1011 p	
  
Lumin. = 2 x 1032 cm-2 s-1  
dp/p  ~ 10-4 (stochastic cooling)	
  	
  

Production rate 2x107/sec 

Pbeam  = 1.5 - 15 GeV/c 
 
Internal Target 4×1015 cm-2 

High-Energy Storage Ring 



HESR in the MSV 
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•  The	
  intensity	
  in	
  the	
  HESR	
  in	
  the	
  MSV	
  is	
  limited	
  to	
  1010	
  p-­‐bars	
  due	
  to	
  
the	
  cooling	
  and	
  injec@on	
  efficiencies	
  (RESR	
  will	
  not	
  be	
  present	
  and	
  is	
  
work	
  will	
  be	
  done	
  in	
  the	
  HESR).	
  

•  This	
  means	
  for	
  PANDA:	
  
1.  Less	
  intensity	
  (only	
  high	
  resolu@on	
  mode)	
  
2.  Worse	
  duty	
  cycle	
  due	
  to	
  20	
  minutes	
  accumula@on	
  @me	
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pp	
  Annihilation 
In pp collisions the coherent  
annihilation of the 3 quarks in 
the p with the 3 antiquarks in  
the p makes it possible to form  
directly states with all non-exotic  
quantum numbers. 

The measurement of masses and 
widths is very accurate because it 
depends only on the beam parameters, 
not on the experimental detector 
resolution, which determines only the 
sensitivity to a given final state. 
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Experimental Method 
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The cross section for the process: 
            pp → R → final state 
is given by the Breit-Wigner formula: 

The production rate ν is a convolution of the 
BW cross section and the beam energy distribution function f(E,ΔE): 

{ }∫ +Δ= bBW EEEdEfL σσεν )(),(0

The resonance mass MR, total width ΓR and product of branching ratios 
into the initial and final state BinBout can be extracted by measuring the 
formation rate for that resonance as a function of the cm energy E. 
With the PANDA setup widths down to ≈50 KeV will be accessible. 



The PANDA Experiment 

The PANDA Physics Program 
The PANDA Detector 
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PANDA Physics Program 
•  HADRON SPECTROSCOPY 

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

BARYONS 
•  NUCLEON STRUCTURE 

–  GENERALIZED 
DISTRIBUTION 
AMPLITUDES (GDA) 

–  DRELL-YAN 
–  ELECTROMAGNETIC FORM 

FACTORS  
•  HYPERNUCLEAR PHYSICS 
•  HADRONS IN THE NUCLEAR 

MEDIUM 
ArXiV:0903.3905 



QCD Systems to be Studied by PANDA 
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Hadron Spectroscopy 

The study of QCD bound states is of fundamental importance for a  
better, quantitative understanding of QCD. Particle spectra can be  
computed within the framework of non-relativistic potential models,  
effective field theories and Lattice QCD. Precision measurements are  
needed to distinguish between the different approaches and identify the  
relevant degrees of freedom.  
•  Charmonium Spectroscopy 
•  Gluonic Excitations 
•  Open Charm 
•  Strange and Charmed Baryons 
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Spectroscopy with Antiprotons 
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all JPC available 

only selected JPC 



Hybrids and Glueballs in pp Annihilation 

Gluon rich process creates gluonic excitation in a direct way 
–  cc requires the quarks to annihilate (no rearrangement) 
–  yield comparable to charmonium production 
–  even at low momenta large exotic content has been proven 
–  Exotic quantum numbers can only be achieved in production mode 
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Cross Sections 

D.Be&oni	
   PANDA	
  at	
  FAIR	
   18	
  



Charmonium Spectroscopy 
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All 8 states below open charm threshold 
are well established experimentally, 
although some precision measurements 
still needed (e.g. ηc(2S), hc) 
 
The region above threshold still to be 
understood: 
-  find missing states (e.g. D-wave) 
-  understand nature of newly 

discovered states (e.g. X Y Z) 
 
 
 
Hyperfine splitting of quarkonium states 
gives access to VSS component of quark 
potential model 



The XYZ States 
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G.T. Bodwin et al., arXiv:1307.7425v3 [hep-ph] 



The XYZ States 
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G.T. Bodwin et al., arXiv:1307.7425v3 [hep-ph] 



Charmonium at PANDA 

•  At 2×1032cm-2s-1 accumulate 8 pb-1/day (assuming 50 % overall 
efficiency) ⇒ 104÷107 (cc) states/day. 

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

•  Improvements with respect to Fermilab E760/E835: 
–  Up to ten times higher instantaneous luminosity. 
–  Better beam momentum resolution Δp/p = 10-5 (GSI) vs 2×10-4 (FNAL) 
–  Better detector (higher angular coverage, magnetic field, ability to detect 

hadronic decay modes). 
•  Fine scans to measure masses to ≈ 100 KeV, widths to ≈ 10 %. 
•  Explore entire region below and above open charm threshold. 
•  Decay channels 

–  J/ψ+X , J/ψ → e+e-, J/ψ → µ+µ- 
–   γγ	


–  hadrons 
–  DD 

• Precision measurement of known states 
• Find missing states (e.g. D states) 
• Understand newly discovered states 

Get a complete picture of the dynamics of 
the cc system. 
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Sensitivity to hc Width Measurement 

signal	
  efficiency	
  ε=0.24	
  
	
  
each	
  point	
  corresponds	
  
to	
  5	
  days	
  of	
  data	
  taking	
  



X(3872) 
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M. Galuska et al., PoS(Bormio2012)018 



Z± states @ PANDA 
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PANDA	
  can	
  study	
  the	
  Z±	
  states	
  in	
  both	
  produc@on	
  and	
  forma@on	
  experiments.	
  
	
  
In	
  the	
  produc@on	
  experiment,	
  the	
  Z±	
  would	
  be	
  produced,	
  e.g.,	
  in	
  the	
  reac@on	
  	
  
	
  
	
  
The	
  subsequent	
  decay	
  chain	
  could	
  then	
  be:	
  Z+(4430)	
  →	
  ψ(2S)π+	
  →	
  J/ψπ+	
  π−	
  π+	
  →	
  e+e−	
  π+	
  π−	
  π+	
  
	
  	
  
The	
  reconstruc@on	
  efficiency	
  for	
  the	
  	
  Z+(4430)	
  channel	
  	
  
has	
  been	
  studied	
  in	
  Monte	
  Carlo	
  calcula@ons	
  and	
  is	
  ~	
  24%.	
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In	
  forma@on	
  mode	
  Z±	
  states	
  can	
  be	
  produced	
  by	
  
using	
  a	
  deuterium	
  target:	
  
	
  

The	
  reconstruc@on	
  efficiency	
  for	
  this	
  
channel	
  studied	
  in	
  Monte	
  Carlo	
  
reac@ons	
  is	
  ~	
  35%.	
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Open Charm Physics 

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

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

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

pp è D0D0 è (K-π+) (K+π-)  pp è D0D0 è (Kπ) X  pp = 8 GeV/c  



Ds Threshold Scan 
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Ds0*(2317) Energy Scan"

4287.5   √s MeV"

σ 

4285.5 4286.0 4286.5 4287.0 

Simulated"
sum mass spectrum"
 

Background "Signal"

Ds0*(2317)	
  world	
  average	
  (PDG)	
  
•	
  	
  Mass:	
  2317.8	
  ±	
  0.6	
  MeV/c2	
  

•  Width:	
  <	
  3.8	
  MeV/c2	
  

p̄p ! D±
s D

⇤⌥
s0 (2317)

D±
s ! �⇡±,� ! K+K�

Marius Mertens (FZJ)

 
 

Excitation function"

D⇤⌥
s0 (2317) ! D⌥

s ⇡
0

Models	
  predic@ons	
  cover	
  wide	
  range:	
  5	
  –	
  200	
  KeV	
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Different	
  theore@cal	
  predic@ons	
  es@mated	
  the	
  pp	
  →	
  Λc+Λc	
  cross	
  sec@on	
  at	
  the	
  PANDA	
  
energies:	
  the	
  value	
  ranges	
  between	
  some	
  tens	
  of	
  nb	
  to	
  200	
  nb.	
  
	
  
We	
  considered	
  the	
  following	
  decay	
  chain:	
   p̄p ! ⇤+

c (2286)⇤̄
�
c (2286)

↳	
  pK�⇡+ p̄K+⇡�↳	
  

at	
  the	
  maximum	
  beam	
  momentum	
  (15	
  GeV/c;	
  √s	
  =	
  5.474	
  GeV	
  )	
  

For	
  the	
  background	
  we	
  assumed	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
extrapola@ng	
  from	
  measurements	
  at	
  	
  √s	
  =	
  7.862	
  GeV	
  	
  

@	
  

Simone Bianco (FZJ)
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Baryon Spectroscopy 

An understanding of the baryon spectrum is one of the primary goals of  
non-perturbative QCD. In the nucleon sector, where most of the  
experimental information is available, the agreement with quark model  
predictions is astonishingly small, and the situation is even worse in the  
strange baryon sector.  
•  In pp collisions a large fraction of the inelastic cross section is 

associated to channels with a baryon-antibaryon pair in the final 
state. 

•  This opens up the opportunity for a comprehensive baryon 
spectroscopy program at PANDA. 

•  Example: pp →ΞΞ cross section up to 2 µb, expect sizeable 
population of excited Ξ states. In PANDA these excited states can be 
studied by analyzing their various decay modes e.g. Ξπ, Ξππ, ΛK, ΣK, 
Ξη ... 

•  Ω baryons can also be studied, but cross sections lower by 
approximately two orders of magnitude. 
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QCD Dynamics 
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The	
  experimental	
  data	
  set	
  available	
  is	
  far	
  from	
  being	
  complete.	
  All	
  strange	
  hyperons	
  
and	
  single	
  charmed	
  hyperons	
  are	
  energe@cally	
  accessible	
  in	
  pp	
  collisions	
  at	
  PANDA.	
  	
  

126 PANDA - Strong interaction studies with antiprotons

Channel 1.64 GeV/c Rec. e⌅. ⇤ [µb] Signal
pp⇤ �� 0.11 64 1
pp⇤ pp⇥+⇥� 1.2 · 10�5 ⇥ 10 4.2 · 10�5

Channel 4 GeV/c
pp⇤ �� 0.23 ⇥ 50 1
pp⇤ pp⇥+⇥� < 3 · 10�6 3.5 · 103 < 2.2 · 10�3

pp⇤ �⇤0 5.1 · 10�4 ⇥ 50 2.2 · 10�3

pp⇤ �⇤(1385) < 3 · 10�6 ⇥ 50 < 1.3 · 10�5

pp⇤ ⇤0⇤0 < 3 · 10�6 ⇥ 50 < 1.3 · 10�5

Channel 15 GeV/c
pp⇤ �� 0.14 ⇥ 10 1
pp⇤ pp⇥+⇥� < 1 · 10�6 1 · 103 < 2 · 10�3

pp⇤ �⇤0 2.3 · 10�3 ⇥ 10 1.6 · 10�2

pp⇤ �⇤(1385) 3.3 · 10�5 60 1.4 · 10�3

pp⇤ ⇤0⇤0 3.0 · 10�4 ⇥ 10 2.1 · 10�3

DPM < 1 · 10�6 5 · 104 < .09
Channel 4 GeV/c Rec. e⌅. ⇤ (µb) Signal
pp⇤ ⇥+⇥� 0.19 ⇥ 2 1
pp⇤ ⇤+(1385)⇤�(1385) < 1 · 10�6 ⇥ 60 < 2 · 10�4

Table 4.44: Background for pp⇥ �� and pp⇥ ⇥
+
⇥�. The reconstruction e⌅ciencies give the probability for a

generated background events to be identified as a physics event. The cross sections are taken from refs. [153, 148]
or extrapolated from the latter. The cross sections and branching ratios into the charged decay mode is taken
into account in the signal number which gives the normalised probability for a background reaction event to be
identified as a physics event.

imposing a constraint on this pattern. A channel
which has the same ��⇥+⇥� final state is the

pp⇤ ⇤+(1385)⇤�(1385)

reaction. We therefore consider it as the main
source of background. This channel has one or-
der of magnitude higher cross section. However,
the contamination from the 1 M events generated
and analysed is negligible as can be seen in Ta-
ble 4.44. The low level of remaining background is
also confirmed in the background studies made for
the pp ⇤ ⇥+⇥�⇥0 channel at a somewhat higher
momentum in section 4.2.5 where more background
channels were studied.

4.3.3.3 Simulation Results

This study shows that the benchmark channels
pp ⇤ �� and pp ⇤ ⇥+⇥� can be well recon-
structed in PANDA. There is acceptance over the
full angular range and the whole momentum range
of HESR for the �� channel. The same will most
likely hold true also for the ⇤0 channels due to the
kinematical similarities. There is also full CM ac-
ceptance for the ⇥+⇥� channel at 4 GeV/c, and

most likely over the full momentum range from
threshold.

Acceptance corrections have to be applied to obtain
the final results due to the loss of particles in the
beam pipe direction and the loss of pions below 50
MeV/c. The angular di⌅erential cross section and
the polarisation can be extracted to high precision
after those corrections.
The count rates will be high for the studied chan-
nels. Table 4.45 gives the expected count rates
for the benchmark channels in their charged de-
cay mode channels in PANDA at a luminosity of
2 · 1032cm�2s�1, ranging from a few 10 per second
for the ⇥+⇥� channel up to a thousand per second
for the �� channel.

Momentum [GeV/c] Reaction Rate [s�1]
1.64 pp⇤ �� 580
4 pp⇤ �� 980

pp⇤ ⇥+⇥� 30
15 pp⇤ �� 120

Table 4.45: Estimated count rates into their charged
decay mode for the benchmark channels at a luminosity
of 2 · 1032cm�2s�1

By	
  comparing	
  several	
  reac@ons	
  involving	
  different	
  
quark	
  flavors	
  the	
  OZI	
  rule	
  and	
  its	
  possible	
  
viola@on,	
  can	
  be	
  tested.	
  

In	
  PANDA	
  pp	
  →	
  ΛΛ,	
  ΛΞ,	
  ΛΞ,	
  ΞΞ	
  ,	
  ΣΣ,	
  ΩΩ,	
  ΛcΛc,	
  ΣcΣc,	
  ΩcΩc	
  
can	
  be	
  produced	
  allowing	
  the	
  study	
  of	
  the	
  dependences	
  on	
  spin	
  observables.	
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PANDA Spectrometer 
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The PANDA Collaboration 
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Summary and Outlook 
The HESR at the GSI FAIR facility will deliver p beams of  
unprecedented  quality with momenta up to 15 GeV/c  
(√s ≈ 5.5 GeV).   This will allow PANDA to shed light on many of 
today’s QCD puzzles through measurements in hadron  
spectroscopy and nucleon structure.  
 
Present status of PANDA: 
•  Several systems head for TDR submission 
•  Preparation for construction MoU 
•  Physics and detector topics 

Timeline of PANDA: 
•  Many TDRs complete by end 2013 
•  Start of construction in 2015 
•  Mounting at FAIR in 2018/2019 ? 
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Backup 



X(2175) 
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The	
  X(2175)	
  [or	
  φ(2170)	
  on	
  PDG]	
  was	
  first	
  observed	
  by	
  BABAR	
  in	
  the	
  process	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  and	
  iden@fied	
  as	
  a	
  1−−state,	
  M	
  =	
  (2.175±0.010±0.015)	
  
GeV,	
  Γ	
  =	
  (58±16±20)	
  MeV.	
  Then	
  was	
  confirmed	
  by	
  BES	
  in	
  the	
  decay	
  	
  
with	
  M	
  =	
  (2.186±0.010±0.006)	
  GeV	
  and	
  Γ	
  =	
  (65±25±17)	
  MeV.	
  	
  

e+e� ! �(1020)f0(980)

We	
  performed	
  a	
  preliminary	
  	
  study	
  for	
  this	
  channel	
  looking	
  to	
  the	
  following	
  
reac@on:	
  
	
  	
  

p̄p ! X(2175) +X with	
  X	
  being	
  a	
  π0	
  or	
  π+π−	
  

�⇡+⇡�,�⇡0⇡0

assuming	
  different	
  hypotheses	
  for	
  the	
  signal	
  cross-­‐sec@on	
  and	
  the	
  decay	
  
B.R.	
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Light meson spectroscopy 
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Assuming	
  cross	
  sec@ons	
  of	
  about	
  10	
  nb	
  for	
  glueball/hybrid	
  candidates	
  important	
  
topics	
  of	
  the	
  PANDA	
  light	
  hadron	
  spectroscopy	
  program	
  can	
  be	
  addressed:	
  
•  with	
  an	
  integrated	
  luminosity	
  of	
  about	
  2	
  pb-­‐1	
  /channel;	
  
•  for	
  new	
  resonances,	
  which	
  do	
  not	
  require	
  a	
  Par@al	
  Wave	
  Analysis,	
  results	
  can	
  

be	
  obtained	
  with	
  data	
  samples	
  of	
  0.1	
  pb-­‐1.	
  	
  

Two	
  data	
  samples	
  of	
  2	
  pb-­‐1	
  recorded	
  in	
  the	
  low	
  and	
  high	
  energy	
  region,	
  will	
  allow	
  
to	
  start	
  first	
  spin-­‐parity	
  analyses	
  for	
  spectroscopy.	
  	
  
These	
  corresponds	
  to	
  	
  5	
  days	
  with	
  a	
  Luminosity	
  of	
  1031	
  cm-­‐2	
  s-­‐1	
  that	
  is	
  foreseen	
  for	
  
the	
  PANDA	
  Day-­‐1.	
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Nucleon Structure Using  
Electromagnetic Processes 

•  The electromagnetic form factors of the proton in the time-like region 
can be extracted from the cross section for the process:  

                                              pp → e+e- 

–  Moduli of form factors using angular distribution 
–  Extend q2 range 
–  Improve accuracy of measurement 

•  Hard Scattering Processes (pp → γγ) 
 (test of factorization) 

•  Transverse parton distribution functions in Drell-Yan production. 
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Form Factors in PANDA 
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The	
  PANDA	
  experiment	
  will	
  determine	
  the	
  moduli	
  of	
  the	
  proton	
  form	
  factors	
  in	
  
the	
  @me-­‐like	
  region	
  by	
  measuring	
  the	
  angular	
  distribu@on	
  of	
  the	
  process	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
         pp → e+e- 

in	
  a	
  q2	
  range	
  from	
  5	
  (GeV/c)2	
  up	
  to	
  14	
  (GeV/c)2	
  .	
  A	
  determina@on	
  of	
  the	
  form	
  
factor	
  up	
  to	
  a	
  q2	
  of	
  22	
  (GeV/c)2	
  will	
  be	
  possible	
  by	
  measuring	
  the	
  total	
  cross	
  
sec@on.	
  	
  

( ) ( ) ( )
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
−++= *22

2
*22

222

* cos1
4

cos1
2cos

θθ
πα

θ
σ

E
p

M G
s
m

G
xs
c

d
d 



Projected PANDA R and |GM| Measurements 
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Hypernuclear Physics 

Hypernuclei, systems where one (or more) nucleon is replaced by one 
(or more) hyperon(s) (Y), allow access to a whole set of nuclear states  
containing an extra degree of freedom: strangeness. 
•  Probe of nuclear structure and its possible modifications due to the 

hyperon. 
•  Test and define shell model parameters. 
•  Description in term of quantum field theories and EFT. 
•  Study of the YN and YY forces (single and double hypernuclei). 
•  Weak decays (Λ→πN suppressed, but ΛN→NN and ΛΛ→NN 

allowed ⇒ four-baryon weak interaction) 
•  Hyperatoms  
•  Experimentally: in 50 years of study 35 single, 6 double hypernuclei 

established 
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Ξ- capture:  
Ξ- p → ΛΛ + 28 MeV 
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3.  
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Production of Double Hypernuclei 

Ξ-(dss) p(uud) → Λ(uds) Λ(uds) 
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PANDA Target 
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Micro Vertex Detector 
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Straw Tube Tracker 
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Forward GEM Tracker 
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Forward Tracking 
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PANDA DIRC Detectors 
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Scintillator Tile Hodoscope 
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Electromagnetic Calorimeters 

D.Be&oni	
   PANDA	
  at	
  FAIR	
   55	
  



Muon Detection System 
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PANDA Data Acquisition 
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