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PANDA Program: 2 GeV – 5.5 GeV 

I: Hadron spectroscopy 
 light mesons, baryons, charmonium, open charm, 
 QCD exotics: glueballs, hybrid states, X,Y,Z-states,… 

  
II: Electromagnetic processes 

 time like form factors, transition distribution 
 amplitudes, TMDs, … 

 
III:Hadronic interactions:  

 Hyperons, Hypernuclei,  
 In medium-effects 

 
PANDA physics workshop in Uppsala, June 8 – 12, 2015  



LEAR PANDA 

Physics performance report: arXiv:0903.3905v1
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Detector Requirements from Physics Case 

High luminosity and hadronic cross 
sections 
 
High rate capability, 2 · 107 s-1 interactions  
 
High data rate 
 
High degree of radiation resistance 

 
Cross section for electromagnetic 
Processes 
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4π acceptance 
 
Momentum resolution: 1% 

central tracker in magnetic field 
 
Photon detection: 1 MeV - 10 GeV 

high dynamic range 
good energy resolution  

 
Particle identification: γ, e, µ, π, K, p 

Cherenkov detector 
time of flight, dE/dx, muon counter 

 
Displaced vertex info 

cτ = 317 µm for D± 

γβ ≈ 2 
 

Detector Requirements from Physics Case 
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PANDA Detector 
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Antiproton annihilations: gluon rich environment 

Associated, access to all  
quantum numbers (exotic)  

Resonant, high statistics,  
extremely good precision 
in mass and width 

antiproton probe unique 
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Comparision with other techniques 



9 Frank Maas – KhuK 2015 

Reaction to Heuer-Review 



PANDA Internal scrutiny process 

10 

•  Detector, Resources, Manpower, Science re-assessed, sharpened and 
day-one experiments defined (started in 2014) 

•  Equipment for day-one experiments 
•  TDRs for Magnets, EMC, STT, MVD, Cluster-Jet Target, Muon System  

approved (covering 71% of full cost of setup) 
•  Three TDRs to be submitted in the upcoming months: F-TOF, F-Tracker 

(reduced setup) and LumiDet,   later the Bar-DIRC will be submitted  
•  IT development – 2-3 years before start of operation: 

Detector-Controls, DAQ  

•  Further components for future optimised operation 
•  Full PID setup: Barrel-ToF, Disc-DIRC, FRICH  
•  Higher resolution tracking: complete GEM Tracker, complete F-Tracker 
•  Pellet Target 
•  Higher rate DAQ 

 
Frank Maas – KhuK 2015 



PANDA Day-One Science 2021-22 

Inti Lehmann, C18, 14, Experiments, 12/2015 11 
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•  Science re-assessed, sharpened and day-one experiments defined 
•  Physics Workshop Uppsala 
•  EMMI Rapid Reaction Taskforce 

•  Key experiments (initial cond.) 
•  Scan of narrow resonances 

X(3872) and newly discovered narrow states  
and study of radiative decays 

•  Formation experiment  
of Z-resonances  
(using a deuterium target?)  

•  Additional day-one  
measurements 

•  Time-like form factors 
•  Excited hyperons, Λ-Λbar 
•  Precision charmonium  

spectroscopy e.g. χc1,2 

•  Delta – Delta content of Deuteron 
•  Requirements:  Target, Tracking and Calorimetry 
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PANDA physics workshop, Uppsala, June, 2015  

PANDA physics working groups 

After Heuer review: Competitiveness of PANDA physics in 2025 questioned 
 
Confront PANDA physics with other running and future experiments: 
LHCb, ATLAS, CMS, COMPASS, Jlab, BES-III, BELLE-II, J-PARC, ALICE 
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EMMI “rapid reaction task force” 

Glueballs and hybrids:  
“… Indeed PANDA complements and extends other experimental programmes ....  
... the rates at PANDA will be high (107 candidate events per day) … “ 
 
Open Charm: 
“… High precision measurements of the width are needed to scrutinize this picture.  
PANDA … go down to about 100 keV by means of a threshold scan in p-bar p of  
No other experiment can be that precise.” 
 
Light baryons: 
… Larger rates are foreseen with PANDA; which is expected …  to search for  
doubly-strange baryons… 

GSI October 12-14, 2015 
 
Experts from international spectroscopy  
Community: BaBar, LHCb, BES, Belle,  
COMPASS, Jlab, Spring-8,  ELSA, Theory 
hep-ph: arXiv:1511.09353 
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GSI October 12-14, 2015 
 
Experts from international spectroscopy  
Community: BaBar, LHCb, BES, Belle,  
COMPASS, Jlab, Spring-8,  ELSA, Theory 
hep-ph: arXiv:1511.09353 

EMMI “rapid reaction task force” 

Charmonium like systems: 
 
… One of the most important tasks is to map out the pattern of XYZ states…  
Angular momentum barrier effects … difficult to observe such states in B-meson  
decays. … have to await the running of PANDA … for the start of 
PANDA data taking, signfiicant numbers of X(3872), Y (4260) and Z+(3900) 
are expected already in year one. Cross-sections are in the order of nanobarn, 
compared to e+e- collisions … rare decays of the X(3872) are an opportunity for  
PANDA … the enormous statistics provided by 104 X(3872)'s produced per day,  
even at the start … the quest for the pattern of XYZ states can be addressed 
by finding partners to the presently observed states and measuring their 
radiative transitions … 
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I. Spectroscopy 

PANDA physics workshop in Uppsala, June 8 – 12, 2015  
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Energy scans 
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Energy scans 
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Energy scans 
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Energy scans 
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II. Electromagnetic Processes 

Alaa Dbeyssi PANDA physics workshop in Uppsala, June 8 – 12, 2015  
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(Virtual) photon in intermediate state 



F1(q2) 

Electromagnetic Form factors of the Nucleon 

Form Factor real 
 
cross section (Rosenbluth) 
no single spin observables 
double spin observables 

Form Factor complex 
 
cross section (angular Distr.) 
single spin observables (Py) 
double spin observables 

unphysical region 

connected by dispersion relations 
Frank Maas – KhuK 2015 
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Electromagnetic processes in PANDA 
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III. Hyperons, Hypernuclei, 
In-medium effects 

Karin Schöning (Uppsala) 
Alicia Sanchez (HI Mainz) 

PANDA physics workshop in Uppsala, June 8 – 12, 2015  
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Generalized Distribution Amplitudes (GDAs) 
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Hypernuclei 

Fully simulated based on available Ge-Detectors 
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PANDA: Excellent Physics-Opportunity 

FAIR will be the main national laboratory for strong interaction 
Studies at all length scales: PANDA-experiment 1 of 4 Pillars 
 
Antiproton beams for spectroscopy: X,Y,Z-factory, open charm, 
light mesons, baryons,  glue-balls, hybrids, … 
precision studies with large data samples, measurement of  
width and cross section 
 
Explore electromagnetic probe in antiproton annihilation: 
many channels and reactions studied in detailed simulations, 
so far all accessible and measurable with high precision 
 
Study of hyperon spectrum and hypernuclei with  
strangeness S=2 


