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Facility for Antiproton and Ion Research -  
“The Universe in the Laboratory”



Properties of strongly interacting matter


Formation of hadronic matter


Underlying symmetries


Degrees of freedom: from quarks/gluons to baryons/mesons


Origin of mass



Purpose
…the context

• Initiative from FAIR-motivated group from within various 
collaborations, such as CBM, HADES, PANDA


• Promote the realisation of First Science+ (FS+) at FAIR


• Identify a QCD-inspired physics program with proton beams


• Strengthen collaborations among hadron and heavy-ion communities


• Reach out for new collaborators from both experiment and theory!

QCD
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HADES/PANDA@FAIR-Phase-0: 

“Hadron physics meets heavy-ion physics”

The HADES Spectrometer
High-Acceptance Di-Electron Spectrometer
Versatile detector operating at GSI at SIS18 since 2001 allowing to study both hadron
and heavy-ion physics

• Precision spectroscopy of e+e− pairs and charged hadrons and calorimetry
• Perfect for hyperon structure studies

• pp, heavy ion (e.g. Ag-Ag, Au-Au) and pion induced reactions
• Hyperons are produced and used as probes for in-medium properties

• Acceptance of detector: ∼15-85◦ + extended with a forward detector at lower angles for
pp data @ Tbeam = 4.5 GeV

• Important for detection of hyperon decay products

ΛK0
S analysis by S. Pattnaik (GSI)
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HADES Forward Detector upgrade

 STS/FRPC
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(I) Status analysis p+p 4.5 GeV

o Second generation DST production available (updated alignment and calibrations) 

o Integrated luminosity   

o  reconstructed in  channel – advanced analysis including ECAL ongoing 

o Lambda k+ ~50 mub

ℒ = 6.4 pb−1

18.000 ω e−e+

5

double strangeness inclusive dileptons

Joachim Stroth |  Research Retreat  |  DarmstadtJuly 17–18, 2023

October 2023

Dalitz Decay of Σ0

• Decay not yet observed
• Challenging analysis due to small branching

fraction (< 5×10−3)
• HADES excellent for identifying e+e−

• Need to reject conversion electrons
• Future activities to identify Σ0(1385) and

Λ(1520) via lepton decay channels
• Analysis by J. Rieger (Uppsala University)

mLam_ml

Entries 483491

Mean 1117

Std Dev 13.14

1090 1095 1100 1105 1110 1115 1120 1125 1130 1135 1140
2) in MeV/c-π(p+invM

0
500

1000
1500
2000
2500
3000
3500
4000
4500

2
co

un
ts

 / 
0.

5 
M

eV
/c

mLam_ml

Entries 483491

Mean 1117

Std Dev 13.14

= 17698intS
= 85047intB

S/B = 0.208
mean = 1115.345
sigma = 2.368

Invariant Mass, ML Cut-πp + 

pp@4.5 GeV
preliminary

pp@4.5 GeV
preliminary

Jenny Taylor (GSI) Exclusive Hyperon Reconstruction at HADES Winter Meeting, 2024 13 / 14

Dalitz Decay of Σ0

• Decay not yet observed
• Challenging analysis due to small branching

fraction (< 5×10−3)
• HADES excellent for identifying e+e−

• Need to reject conversion electrons
• Future activities to identify Σ0(1385) and

Λ(1520) via lepton decay channels
• Analysis by J. Rieger (Uppsala University)

mLam_ml

Entries 483491

Mean 1117

Std Dev 13.14

1090 1095 1100 1105 1110 1115 1120 1125 1130 1135 1140
2) in MeV/c-π(p+invM

0
500

1000
1500
2000
2500
3000
3500
4000
4500

2
co

un
ts

 / 
0.

5 
M

eV
/c

mLam_ml

Entries 483491

Mean 1117

Std Dev 13.14

= 17698intS
= 85047intB

S/B = 0.208
mean = 1115.345
sigma = 2.368

Invariant Mass, ML Cut-πp + 

pp@4.5 GeV
preliminary

pp@4.5 GeV
preliminary

Jenny Taylor (GSI) Exclusive Hyperon Reconstruction at HADES Winter Meeting, 2024 13 / 14

The HADES Spectrometer
High-Acceptance Di-Electron Spectrometer
Versatile detector operating at GSI at SIS18 since 2001 allowing to study both hadron
and heavy-ion physics

• Precision spectroscopy of e+e− pairs and charged hadrons and calorimetry
• Perfect for hyperon structure studies

• pp, heavy ion (e.g. Ag-Ag, Au-Au) and pion induced reactions
• Hyperons are produced and used as probes for in-medium properties

• Acceptance of detector: ∼15-85◦ + extended with a forward detector at lower angles for
pp data @ Tbeam = 4.5 GeV

• Important for detection of hyperon decay products

ΛK0
S analysis by S. Pattnaik (GSI)

Jenny Taylor (GSI) Exclusive Hyperon Reconstruction at HADES Winter Meeting, 2024 2 / 14

The HADES Spectrometer
High-Acceptance Di-Electron Spectrometer
Versatile detector operating at GSI at SIS18 since 2001 allowing to study both hadron
and heavy-ion physics

• Precision spectroscopy of e+e− pairs and charged hadrons and calorimetry
• Perfect for hyperon structure studies

• pp, heavy ion (e.g. Ag-Ag, Au-Au) and pion induced reactions
• Hyperons are produced and used as probes for in-medium properties

• Acceptance of detector: ∼15-85◦ + extended with a forward detector at lower angles for
pp data @ Tbeam = 4.5 GeV

• Important for detection of hyperon decay products

ΛK0
S analysis by S. Pattnaik (GSI)

Jenny Taylor (GSI) Exclusive Hyperon Reconstruction at HADES Winter Meeting, 2024 2 / 14

Recent p+p studies at T=4.5 GeV

 Strangeness production/baryon spectroscopy

Electromagnetic structure of hyperons

Dilepton spectroscopy

HADES/PANDA@FAIR-Phase-0: 

“Hadron physics meets heavy-ion physics”

S. Pattnaik (G
SI)

J. Rieger (U
ppsala)
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From SIS18 to SIS100
…what could that add in proton physics? 
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CBM@SIS100
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“exclusion windows” can be reduced to zero, in principle

Following “FAIR Operation Modes V8” – needs to be updated!

minimum



From SIS18 to SIS100
…what could that add in proton physics? 
 

• Energy upgrade: 
• From max 4.7 GeV (SIS18) to 29 GeV (SIS100) proton 

energy

• Opening new realm: double+triple strangeness and even 

charm baryons and mesons! 

• Significant increase in production yield of hyperons

2

CBM@SIS100

minimium

10

“exclusion windows” can be reduced to zero, in principle

Following “FAIR Operation Modes V8” – needs to be updated!

minimum



From SIS18 to SIS100
…what could that add in proton physics? 
 

• Energy upgrade: 
• From max 4.7 GeV (SIS18) to 29 GeV (SIS100) proton 

energy

• Opening new realm: double+triple strangeness and even 

charm baryons and mesons! 

• Significant increase in production yield of hyperons

• Intensity upgrade:  
• From max #protons/cycle of 1012 (SIS18) to 2x1013 (SIS100)

• Even during “commissioning” (1010 protons/cycle) and 5 cm 

LH2 target: ~10 pb-1 day-1

2

CBM@SIS100

minimium

10

“exclusion windows” can be reduced to zero, in principle

Following “FAIR Operation Modes V8” – needs to be updated!

minimum



From SIS18 to SIS100
…what could that add in proton physics? 
 

• Energy upgrade: 
• From max 4.7 GeV (SIS18) to 29 GeV (SIS100) proton 

energy

• Opening new realm: double+triple strangeness and even 

charm baryons and mesons! 

• Significant increase in production yield of hyperons

• Intensity upgrade:  
• From max #protons/cycle of 1012 (SIS18) to 2x1013 (SIS100)

• Even during “commissioning” (1010 protons/cycle) and 5 cm 

LH2 target: ~10 pb-1 day-1

• Detector enrichment: 
• Towards high-rate capabilities and free-streaming DAQ’s

2

CBM@SIS100

minimium

10

“exclusion windows” can be reduced to zero, in principle

Following “FAIR Operation Modes V8” – needs to be updated!

minimum



From SIS18 to SIS100
…what could that add in proton physics? 
 

• Energy upgrade: 
• From max 4.7 GeV (SIS18) to 29 GeV (SIS100) proton 

energy

• Opening new realm: double+triple strangeness and even 

charm baryons and mesons! 

• Significant increase in production yield of hyperons

• Intensity upgrade:  
• From max #protons/cycle of 1012 (SIS18) to 2x1013 (SIS100)

• Even during “commissioning” (1010 protons/cycle) and 5 cm 

LH2 target: ~10 pb-1 day-1

• Detector enrichment: 
• Towards high-rate capabilities and free-streaming DAQ’s

• Theory enrichment: 
• Terra incognita: intellectual challenges in this energy regime!

2

CBM@SIS100

minimium

10

“exclusion windows” can be reduced to zero, in principle

Following “FAIR Operation Modes V8” – needs to be updated!

minimum



The process
…activities of last year

• Many preparatory activities ongoing since 2023


• Discussions among physicists from various FAIR collaborations


• Kick-off satellite event at MESON2023 in June 2023 


• Feasibility studies using Monte Carlo simulations


• Presentations at FAIR advisory boards ECE/ECSG and JSC


• This workshop “physics opportunities with proton beams at SIS100”



A comprehensive QCD program!
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• …
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Hyperon Correlations

Femtoscopy studies via correlation function

C(p1, p2) ≡
P (p1, p2)

P (p1) · P (p2)

Need low relative momentum, k < 50 MeV
• Λp potential inferred from correlation

function at HADES in p+Nb @√
SNN = 3.18 GeV [*] (right upper

plot)
• Need further studies in p+p and

p+Ag reactions with HADES
• HADES operates at energy range

close to production threshold which is
beneficial for interaction studies

• Current work by N. Rathod (Warsaw
University of Technology) to extract
p-Λ correlations at HADES (lower
plot)

[*] Phys. Rev. C 94, 025201 (2016)
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Hyperons electromagnetic decays Y→Λγ* and Y→Λγ.  electromagnetic Transition Form Factors (eTFF)

 eTFF are sensitive probes oh hyperon internal structure

Space-like region |Q2|>0 is inaccessible for excited hyperons (as target or beam)

Time-like high |Q2| is probed by electron-positron annihilation (BaBar, CLEO_C, 

BESIII)

Time-like low |Q2| available via Dalitz decays in HADES, sensitivity to Vector 

Meson (//) – Vector Dominance Model  → pion/kaon cloud contributions

Thermal dilepton measurements

Tetyana Galatyuk  |   pp physics at SIS100  |  Krakow l21 June, 2023

• Decisive parameters for data quality:

- interaction rates (IR) and signal-to-combinatorial background ratio 
('/)*): effective signal size: '+,, ~ ,- × '/)*

• Mid-rapidity, low-Oℓℓ, low-PT coverage (acceptance correction)

• Isolation of thermal radiation by subtraction of measured decay 
cocktail, “Resonance continuum”, Drell-Yan, > ̅> (A:A)

à Measure ℓ + ℓ −
production in pp and pA collisions

in Beam Energy Scan 

• Inclusive production cross section of R/, S, S1, T, U, V and Z2
• Mass and polarization of Drell-Yan process

• “Resonance continuum” (ℓ + ℓ −
from multi-pion process)

*+ = <!/ + <!0 +
Se

ck
[C

BM
], 

20
15

➥ challenge: rare probe (in particular at few GeV collision energy)



Objectives
…of this workshop

• Bring together experts from both theory and experiment


• Form a community connecting the common interest 
among theory and experiment!


• Identify promising topics as a basis for a proton-driven 
physics program


• Evaluate its complementarity with programs at other 
facilities


• Prepare towards a white-paper

Hadron spectroscopy

Heavy-ion dynamics Hadron production

“p100”“p100”
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Purpose of this workshop is to bring
together experts working in the field of
proton induced interactions, and to explore
possibilities for exciting physics at the
SIS100 accelerator at FAIR.

This workshop is a follow-up of a kick-off
event that was held in June 2023
connected to the MESON2023 conference. For further details including an executive summary and
slides that were presented, we refer to  https://indico.gsi.de/event/17693. 

Based on the outcome of the kick-off workshop, we identified the following topics we would wish to
further explore to formulate an inspiring physics program:

Open- and hidden-charm production in elementary reactions
Charm content of the proton 
Emergent hadron mass and QCD trace anomaly studies
Gravitational form factors and gluonic mass radius of the proton 
Hyperon production, spectroscopy and structure 
Hyperon-baryon interactions via femtoscopy and partial-wave analysis
Hadronic production mechanisms as reference for nuclear modification factors
Search and line-shape measurements of exotic forms of baryonic-like matter 

The overarching aim of this workshop is to identify synergies among the various theoretical and
experimental endeavors that leverage complementary techniques and methodologies with the
aspiration to nurture a thriving, collaborative community. 

Confirmed speakers:

Jorg Aichelin - Paris
Vadim Baru - Bochum
Mikhail Bashkanov - York
Markus Bleicher - Frankfurt
Elena Bratkovskaya - Frankfurt
Nora Brambilla - Munich
Izabela Ciepal - Cracow
Sean Dobbs - Tallahassee
Raffaele Del Grande - Munich
Oleg Denisov - Torino
Gernot Eichmann - Graz
Evgeny Epelbaum - Bochum
Christian Fischer - Giessen
Piotr Gasik - Darmstadt
Felix Hekhorn - Jyvaskyla
Christoph Hanhart - Julich
Peter Hurck - Glasgow
Robert Kaminski - Kraków
Stefan Leupold - Uppsala
Rafal Maciula - Rzeszow
Maxim Mai - Bonn
Bryan McKinnon - Glasgow
Mikhail Mikhasenko - Bochum
Yuhei Morino - KEK, Tsukuba
Andreas Nogga - Julich
Maria Pena - Lisbon
Allesandro Pilloni - Catania
Szymon Puławski - Chorzów
Takehiko Saito - Wako/RIKEN
Joachim Stroth - Frankfurt/GSI
Antoni Szczurek - Cracow
Jenny Taylor - Darmstadt
Laura Tolos - Barcelona
Richard Tyson - Newport News
Daniel Winney - Bonn
Gyuri Wolf - Budapest
Hanna Zbroszczyk - Warsaw

Workshop participation will be in presence only, no ZOOM link will be provided.

This workshop is receiving support from

Netzwerke 2021, an initiative of the Ministry of Culture and Science of the State of Northrhine
Westphalia.
Helmholtz research academy Hessen, HFHF
EMMI - Extreme Matter Institute, GSI
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