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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 

Frank Maas – Erice 2015 
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Detector Requirements from Physics Case 

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 
 

Frank Maas – Erice 2015 
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PANDA Detector 

Frank Maas – Erice 2015 
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FAIR Facility Darmstadt 

GSI today 

FAIR 

- antiprotons 
- rare isotopes 
- heavy ion beams 
- plasma physics 

PANDA Experiment 

Frank Maas – Erice 2015 
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Particle Identification in PANDA 

Frank Maas – Erice 2015 
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I. Spectroscopy 

Frank Maas – Erice 2015 

PANDA physics workshop in Uppsala, June 8 – 12, 2015  
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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 
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Energy scan of HESR-storage ring 
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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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Energy scans 
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Energy scans 
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Energy scans 



21 Frank Maas – Erice 2015 

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 

Frank Maas – Erice 2015 

Alaa Dbeyssi PANDA physics workshop in Uppsala, June 8 – 12, 2015  
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(Virtual) photon in intermediate state 
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Wide selection of structure functions acessible 

Extended feasibility studies in simulations based on present PANDA design 
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Energy scans 
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Energy scans 



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 
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Energy scans 
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Electro magnetic form factors in the time like regime in PANDA 
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Energy scans 
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Energy scans 
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Energy scans 
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Transition Distribution Amplitudes (TMDs) 
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Transition Distribution Amplitudes (TMDs) 
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Transition Distribution Amplitudes (TMDs) 

PANDA Collaboration (B.P. Singh et al.) Eur.Phys.J. A51 (2015) 8, 107  
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Transition Distribution Amplitudes (TMDs) 
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Generalized Distribution Amplitudes (GDAs) 
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Generalized Distribution Amplitudes (GDAs) 
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Drell-Yan Process 
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Generalized Distribution Amplitudes (GDAs) 

Torino group, Marco Maggiora 
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Electromagnetic processes in PANDA 
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III. Hyperons, Hypernuclei, 
In-medium effects 

Frank Maas – Erice 2015 

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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Generalized Distribution Amplitudes (GDAs) 
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Generalized Distribution Amplitudes (GDAs) 
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Spin observables in hyperon production 
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Spin observables in hyperon production 
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Spin observables in hyperon production 
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Spin observables in hyperon production 
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Hypernuclei 

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

Frank Maas – Erice 2015 

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 
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Backup Slides 
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Backup Slides 
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Backup Slides 

Frank Maas – Erice 2015 
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Backup Slides 

Frank Maas – Erice 2015 
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R. Hofstadter (1956), Proton Electromagnetic Form Factor 



Electromagnetic Form Factor (QED) 

Dirac Pauli 

 
hadronic vector current: two form factors (2 s + 1) 

internal structure of hadron ground state 
Dirac 

F1p(q2=0) = 1 
F1n(q2=0) = 0 

Pauli 
F2p(q2=0) = 1 
F2n(q2=0) = 1 

vector current of quarks 

GE = F1 + F2 
GM = F1 + τ F2 

matrix element 

all hadronic structure and strong interaction in form factors, 
but subject to electromagnetic (QED) radiative corrections 



GE = F1 + F2 
GM = F1 + τ F2 

at threshold: GE = GM 
two approaches:  

 
assume GE/GM  

extract GE and GM 
 

Integrated (Total) Cross Section: 

Cross Section (pbar annihilation) 
(Angular Distribution)  

Effective FF 

- Need Luminosity  Measurement 
- not on Resonance 



τ 

e,µ 

Cross Section (pbar annihilation) 
(total cross section)  



Cross section (q2 > 0) 

Adone e+e-: 25, 69 ev. 
ELPAR pp: 34 ev. 
DM1,2 e+e-: 63, 172 ev. 
  |GE|/|GM| = 0.34 
PS170 pp: 3667 ev. 
  |GE|/|GM| ≈ 1 
E760 pp: 29 ev. 
E835 pp: 206 ev. 
 
 
CLEO e+e-: 14 ev. 
BES e+e-: higher stat 
BaBar e+e-: high stat 

All data: Measure integrated cross section 
new BABAR-Analysis: arxiv:1302.0055v1  



EM form factor (q2 > 0) 

Adone e+e-: 25, 69 ev. 
ELPAR pp: 34 ev. 
DM1,2 e+e-: 63, 172 ev. 
  |GE|/|GM| = 0.34 
PS170 pp: 3667 ev. 
  |GE|/|GM| ≈ 1 
E760 pp: 29 ev. 
E835 pp: 206 ev. 
 
 
CLEO e+e-: 14 ev. 
BES e+e-: higher stat 
BaBar e+e-: high stat 

All data: Measure integrated cross section 

assume:  GE = GM, or F = (σ)0.5  
new BABAR-Analysis: arxiv:1302.0055v1  



EM form factor (q2 > 0)  

E.A.Kuraev, A.Dbeyssib, E. Tomasi-Gustafsson, Procedia Computer Science 00 (2012) 1–7 



complementary approach to ff at and below threshold 
interference terms (F1F2) in cross section 



Target Asymmetry and Polarisation Transfer 

G. I. Gakh, E. Tomasi-Gustafsson, A. Dbeyssi, A. G. Gakh, Phys. Rev. C 86, 025204 (2012) 

transversely polarised  
Target in PANDA 



Imaginary Part of Time Like FF 
single spin target asymmetry  

transversely polarised  
Target in PANDA 



Generalized Parton Distributions and  
Transition Distribution Amplitudes (scattering) 

K. Semenov-Tian-Shansky, Universite de Liege 



Generalized Parton Distributions and  
Transition Distribution Amplitudes (annihilation) 

K. Semenov-Tian-Shansky, Universite de Liege 



Generalized Parton Distributions and  
Transition Distribution Amplitudes (annihilation) 

K. Semenov-Tian-Shansky, Universite de Liege 



Transition Distribution Amplitudes 
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Energy scans 



74 Frank Maas – Jlab Users Group Meeting 



75 Frank Maas – Jlab Users Group Meeting 




