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hadrons: structure and dynamics

nuclear and quark matter

nuclear astrophysics and 
exotic nuclei

atomic physics, plasma physics, 
applications

PANDA

APPA

NUSTAR

CBM

Facility for Antiproton and Ion Research
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High-Energy Storage Ring for Antiprotons HESR

1011 stored antiprotons

momentum range 1.5 to 15 GeV/c

internal targets:
cluster jet and pellet (𝑝̅𝑝)
foils (𝑝̅𝐴)

luminosity at peak intensity:  
L =  2·1032 cm-2s-1

(Phase One: L =  1·1031 cm-2s-1)
δp/p < 2∙10-4 (stochastic cooling)
interaction rate 2·107 s-1

luminosity for highest resolution: 
L =  2·1031 cm-2s-1

dp/p < 4∙10-5 (electron cooling) 
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Proton-Antiproton Annihilations at Darmstadt
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Proton-Antiproton Annihilations at Darmstadt
DAY ONE
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Detector Features

!ANDA is a modular multi-purpose device:
• Excellent forward acceptance and resolution
• (Moderate) backward acceptance
• Wide dynamic range: particle momenta from 0.1 to 8 GeV/c
• Momentum measurements in magnetic fields (Dp/p » 1%)
• Particle ID in wide momentum range (e±, µ±, p±, K±, p, …)
• Electromagnetic calorimeter:   g, p0, h ...  (e±)
• High-resolution vertex detection: D±, D0 / Ks, Λ, Σ, Ω ... 
• High interaction rate beyond   2·107 s-1

• Intelligent trigger design for parallel data acquisition at high rates 
and small branching fractions

PANDA Technical Status, 

http://www-panda.gsi.de/
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Physics Objectives

Confinement of q in hadrons

Generation of mass

Structure of hadrons from q

Exotic bound states of q

Matter-antimatter (a)symmetries

nucleon
structure

strange
hadrons

charming and 
exotic hadrons

hadrons in
nuclei
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Nucleon Structure
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Timelike electromagnetic formfactors via lepton pair production
(arXiv:1606:01118)

Transition distribution amplitudes (TDAs) through mesonproduction
(arXiv:1409:0865) talk by Stefan Diehl on Tuesday

Generalized distribution amplitudes (GDAs) by  timelike Compton scattering
and hard exclusiveprocesses

Generalized parton distributions (GPDs) via antiproton scattering

Transverse parton distribution functions inDrell-Yan
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Nucleon Structure
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GDAs:

GeVs 5.4=
prediction for

P. Kroll, A. Schäfer, EPJ
A 26, 89-98 (2005)

GPD

GPD

GPDs:

S. V. Goloskokov, P.
Kroll, O. Teryaev,
arXiv:2008.13594v1
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Nucleon Structure

Timelike electromagnetic formfactors 𝝁-

𝝁+

𝑝̅𝑝 → 𝑒!𝑒" @ 1.5 GeV/𝑐: ∼220/day
𝑝̅𝑝 → 𝑒!𝑒" @ 3.3 GeV/𝑐:   ∼10/day
𝑝̅𝑝 → 𝜇!𝜇" @ 1.5 GeV/𝑐: ∼170/day

Access to unphysical region of formfactors 𝑝̅𝑝 → 𝑒!𝑒" 𝜋#
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Hadron Spectroscopy

KTB, Light Cone 2021

!ANDA:
• Tuned to 

charmonium.
• High-resolution 

spectroscopy 
through resonance 
energy scans in 
formation.

• Line shapes, widths
and masses.

• Branching ratios.



Hadron Spectroscopy: Lineshape of X(3872)
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Hadron Spectroscopy: Lineshape of X(3872)

Nov 29, 2021



Hadron Spectroscopy: Hyperon Factory
EPJA57, 184 (2021) arXiv:2101.11877

!ANDA:
• Rich set of polarization

observables
• Double- and triple-strange  

baryons (e.g. excitation  
spectrum of 𝝣 and 𝝮 states)

J. Pütz, A. Gillitzer
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Hypernuclei
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!ANDA …
• is a unique facility featuring a broad physics program employing an7protons.
• is therefore complementary to running and future  experiments.
• enlists modern detector technologies.

The experimental program at !ANDA …
• covers aspects of nuclear, hadron and par7cle physics across the transi7on 

from elementary nucleons to elementary quarks.
• puts precision spectroscopy alongside high discovery poten7al.

Summary

PANDA physics book,
arXiv.org/pdf/0903.3905

also: NPA 948 (2016) 93
Phase 1: arXiv:2101.11877





Thank you, stay healthy and safe!

© R.  Schuber t ,  JLU;  EMC mount ing
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