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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
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Strange baryons:
Spectroscopy
Polarisation

Timelike formfactors:
Low and high E, 
e and µ pairs

Generalized parton
distributions:
Orbital angular momentum

Drell Yan process:
Transverse structure,
valence anti-quarks

Hypernuclear physics:
Double Λ hypernuclei
Hyperon interaction

Hadrons in nuclei:
Charm and strangeness
in the medium

New narrow XYZ:
Search for partner 
states

Production of
exotic QCD states:
Glueballs & hybrids

Bound
States of 
Strong 

Interaction

HI collisions
comparing QGP
to elementary

reactions

Astro physics:
Strange n-stars

HEP: underlying
elementary processesHEP: interference

of coupled channels

Nuclear physics:
Hypernuclear
spectroscopy

Nuclear Physics
Strangeness

Spectroscopy Nucleon Structure

PANDA Objectives

HI collisions: Connecting to 
Quark Gluon Plasma 
“crossing over” through 
baryon resonances
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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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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
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PANDA	Detector
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FAIR Facility Darmstadt
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Particle	Identification	in	PANDA
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I. Spectroscopy
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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

HESR:	average	luminosity	1170	nb-1/d	(MSV0-3,	no	RESR)

• PANDA:	estimate	of	cross	section:	
s(pbar p  -> X(3872)) = 100nb i.e. 1.17x105 X(3872) produced per day
X(3872) -> J/yr0 ->e+e-/µ+µ- p+p- only: 
statistics:			~120	reconstructed	events	per	day	(full	simulation)
with	RESR:	factor	10	more
precise	measurement	of	width/line	shape	by	energy	scan	~100keV,	
decisive	for	4	quark	states

• BELLE II:
estimated	statistics:	1500	events	in	4	years

• BES III:
statistics:	~20	events	in	4	weeks	

PANDA: ~120	X(3872)/day,	820	Y(4260)/day,	180	Z(3900)/day

PANDA	is	a	X,Y,Z	factory
high	statistics	X,Y,Z	data	sample PANDA Release Note 

RN-QCD-2016-002, QWG 2016
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Energy scans
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Energy scans
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Update by
Klaus Götzen
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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

Higher spin 
Glueballs only
accessible with PANDA 
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Energy scans
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II. Electromagnetic Processes

Alaa Dbeyssi
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(Virtual) photon in intermediate state

Extended feasibility studies in simulations based on present PANDA design
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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



33

EPJ A Highlight
COVER EPJA October issue (2016)
“Feasibility studies of time-like proton 
electromagnetic form factors at 
PANDA at FAIR”
Corresponding author: 
D. Khaneft (PhD-Student HIM)
A. Dbeyssi (Helmholtz-Postdoc HIM)

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

Frank Maas – 668. WE-Heräus



37

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

Karin Schöning (Uppsala)
Alicia Sanchez (HI Mainz)
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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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Spin observables in hyperon production
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Hypernuclei

Fully simulated based on available Ge-Detectors
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Time Line
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Particle	Identification	in	PANDA
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Johann Messchendorp/Karin Schönning: Physics coordinators
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PANDA Phase 0
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g* e+,µ+

e-,µ-

Phase	0:	BEMC@MAMI

p p’

g* p0

g* e+,µ+

e-,µ-

• Magnetic	Moment	of	D(1232)-Resonance	by
§ e	p	->	e	p	p0	g
§ Additional	calorimeter	for	p0 and	g detect.
§ Virtual	photon	flux	higher	in	e-production
§ S11-Resonance

• Electron-Muon-Universality	(Proton	Radius	Puzzle)
§ e	p	->	e	p	l+l- below/above	µ+µ- pair	threshold
§ Additional	calorimeter	for	forward	angles

• Multi-p0-Production
§ e	p	->	e	p	p0	p0	etc.
§ Unknown	transition	amplitudes,	calibration	and	

commissioning	of	calorimeter

p p’

g* p0
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g* e+,µ+

e-,µ-

p p’

g* p0

g* e+,µ+

e-,µ-

p p’

g* p0
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Phase	0:	at	MAMI
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Phase	0:	BEMC@MAMI

• A1: 3 Magnetic Spectrometer setup
• Momentum Resolution: Dp/p < 10-4 in each spectrometer
• Conincident detection of three charged particles.
• MAMI: 180 MeV – 1.6 GeV electron accelerator

A1-3 Spectrometer Setup

PANDA BEMC

Frank Maas – 668. WE-Heräus



63

PANDA	pre-series	and	prototype	detectors	for	
STS1/2

– HADES	measures	the	dileptons &	mesons
– PANDA	Straw	Trackers	for	the	baryon	(Q<7˚)

76 cm

PANDA	Phase	0	Experiments	with	HADES	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
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65

Backup Slides
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Key-Experiments of the phase 1

Concentration on unique and forefront physics topics
• Precise measurement of the line shape of narrow XYZ-states, e.g. X(3872) 

(only possible in proton–antiproton, counting experiment,  clarification of the 
nature of the states)

• Resonant formation of the negative and uncharged partners of the Z-States 
(only possible in proton–antiproton, clarification of the nature of the states)

• (Parasitic) production of multi-strangeness baryons
(unexplored, new territory, „Strangeness-Factory“)

• Parasitic production of high spin charmonia (only possible in proton–antiproton)
light mesons, baryons and production of hybrids und glueballs

• Measurement of the electromagnetic form factors of the proton in the time-like 
domain with electrons and muons in the final state

XYZ-, hyperon factory 
Frank Maas – 668. WE-Heräus


