
White paper 
  

“Hadron Physics at GSI and FAIR: 
Prospects for the Next Decade” 

(Tentative title) 



The white paper should …
• Motivate a viable hadron-physics program.


• Emphasise on the overarching aspects in NP+HP+HI physics.


• Connect state-of-the-art theory with FAIR experiments.


• Address perspectives for the “Early/First Science” phase(s) at FAIR. 


• Focus on topics exploiting pion/proton/deuteron SIS18/100 beams. 


• Demonstrate the feasibility on few key channels.


• Concentrate on FAIR’s common facilities, e.g. HADES, CBM, …


• Highlight the competitiveness/complementary w.r.t. other international 
facilities, e.g. JPARC, JLAB, CERN, …



A comprehensive QCD program at GSI/FAIR!
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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)

Jenny Taylor (GSI) Exclusive Hyperon Reconstruction at HADES Winter Meeting, 2024 10 / 14

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 +
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20
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➥ challenge: rare probe (in particular at few GeV collision energy)



A roadmap towards a QCD program at FAIR!
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Hadron Physics at GSI and FAIR: Prospects for the Next Decade 

Executive summary

1. Introduction (J. Messchendorp, F. Nerling, C. Roberts) - 4 pages 
2. Exploiting hadronic beams (T. Galatyuk, J. Messchendorp, F. Nerling) - 6 pages 
3. Tools and Techniques (V. Crede, A. Szczepaniak) - 10 pages 
4. Hadron-hadron interactions (C. Blume, C. Hanhart) - 20 pages

5. Composition of hadrons (C. Fischer, P. Salabura) - 20 pages

6. Exotic hadrons (N. Brambilla, S. Dobbs) - 10 pages 
7. Hadrons and dileptons as probes of strongly interacting matter (J. Aichelin, E. Bratkovskaya, M. Lorenz) - 20 pages

8. Connections & input to astro(particle) physics (K. Kampert, T. Saito) - 10 pages

9. Experimental facilities & requirements  (J. Ritman, C. Sturm) - 10 pages 
10. Summary and conclusions (J. Messchendorp, F. Nerling) - 4 pages

• Eds: Frank Nerling & J.M.

• Target volume:    ~120 pages 
• Target audience: peer-reviewed (PPNP), scientific review boards 
• Target format:     uniformly formulated text, no individual contributions 
• Target deadline:  Spring 2025

83 contributors



White paper, collaborative tools
• Overleaf: 

• https://www.overleaf.com/project/66140e0765cd108e2b9f6365

• File “contributors+emails.txt” (see overleaf) contains overview of 

convenors+contributors for each chapter


• Email-lists: 

• Global list: QCDatFAIR@gsi.de 


• Separate lists for each chapter: QCDatFAIR_ChapX@gsi.de


• Indico event manager: 

• On request available via GSI

https://www.overleaf.com/project/66140e0765cd108e2b9f6365
mailto:QCDatFAIR@gsi.de
mailto:QCDatFAIR_ChapX@gsi.de


QCD@FAIR workshop at GSI

Monday,  
November 11

Tuesday,  
November 12

Wednesday,  
November 13

Thursday,  
November 14

Morning Travel to GSI

Open plenary II

+


Status reports 
convenors

Open plenary III

Open plenary IV 

+


Summary working 
group meetings

Afternoon Open plenary I
 Parallel working 
group meetings I

Seminar C. Hanhart

+


Parallel working 
group meetings II

Visit FAIR-site &

Departure GSI

https://indico.gsi.de/event/20301/overview

https://indico.gsi.de/event/20301/overview


Closed sessions
• Status reports convenors (Tuesday morning) 
• Where are we with the organisation/write-up of chapter?


• Parallel working groups I (Tuesday afternoon) 

• Organised by convenors of each chapter


• Parallel working groups II (Wednesday afternoon) 
• Cont’d, combine chapters, “special” sessions, …


• Summary reports convenors (Thursday morning) 
• What have we concluded from the working group meetings?



White paper 
  

Chapter 1+2 

“Introduction”  
+  

“Exploiting hadron beams” 

Contributors:  E. Bratkovskaya, T. Galatyuk, M. Lorenz, J. Messchendorp, F. Nerling, C. Roberts, P. Salabura
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Figure 1: Process-independent e↵ective charge, ↵̂(r)/⇡, calculated at all length-scales using results
from non-perturbative continuum and lattice analyses of QCD’s gauge sector [9] and plotted in units
of the proton charge radius [10]. Existing data on the process-dependent charge ↵g1 – see Refs. [11–
37]. The QCD charge is weak at short distances (asymptotic freedom) and saturates to a finite
value at long range, opening a conformal window and providing for a stable infrared completion of
the theory. (Figure courtesy of D. Binosi.)

0.009GeV, i.e., 1% of the proton mass. Looking back now at Eq. (1), the proton mass scale is
conspicuously absent. These remarks highlight three of the most fundamental open questions in
science: what is confinement; how does the mass of the proton emerge; and are these two phenomena
– confinement and emergence of the proton mass – connected.

Related to the proton, there is what might seem to be a simpler system; namely, the JPC = 0�+

(pseudoscalar) ⇡-meson (pion), seeded by one light valence quark and one light valence antiquark
partner, e.g., ⇡+ = u+ d̄. Without the pion, nuclei could not form [42]. Moreover, to e↵ect binding
in all known nuclei, the pion must much lighter than the proton. Empirically, m⇡ = 0.14GeV⇡ 1

7 mp

– the ⇡-meson has a µ-lepton-like mass [10]. A conundrum is immediately apparent; namely, how
is it that, in the same theory, a two-particle and a three-particle system can have such widely
di↵ering masses; especially when the mass of the ⇢-meson, a pion-related J

PC = 1�� two valence
body system, satisfies m⇢/mp ⇡ 4

5? Evidently, any attempt to describe how the large proton mass
emerges in Nature must also explain why the pion remains unnaturally light. The key to solving
this puzzle lies in explaining the dichotomous character of the pion, viz. its dual status as both
QCD bound state and Nature’s most fundamental Nambu-Goldstone boson [43–45].

The basic questions posed by Nature to a theory of strong interactions are now plain. What
is the origin of the nuclear-physics mass scale, mp, that characterises all visible matter; whatever
it is, why is the pion seemingly oblivious; and how is the underlying mechanism or phenomenon
expressed in measurable quantities? Given the number and diverse character of hadrons, one can be
certain that the expressions are manifold; indeed, often system specific. This is fortunate because
it means that model predictions and putative explanations drawn more directly from QCD can be
tested against a huge array of experimentally accessible observables. Nothing need therefore remain
speculation when facilities exist that can test such predictions. Principal goals for theory today are
to elucidate all observable consequences of putative answers to the basic questions posed by Nature,
and their numerous corollaries, and highlight paths to measuring them; and a primary challenge to
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Figure 2: An illustrative sketch of the roadmap for hadron physics activities at GSI and FAIR. The initial
program phase indicated by GSI/FAIR Phase-0 will exploit pion and proton beams delivered by SIS18. The
two program phases marked by FAIR will exploit SIS100 providing proton and antiproton beams increasing
significantly the hadron-mass reach. The three categories of boxes, distinguished by green, blue, and red,
symbolize the three research domains to be tackled. The size of each box reflects its respective contribution
to the overarching program.

intensities (>106/spill). The initial state will be characterized by a “simple” state involving spin-
and baryon-less (Goldstone) pions exciting directly the target nucleons. This will enable precision
baryon spectroscopy studies well within the third-resonance regime and with the opening of various
final-states including baryons and mesons in the strangeness |S| = 1 domain. The reactions will be
governed by two- and three-body final states, thereby, small enough to allow a rigorous partial-wave
analysis. The excellent dilepton and baryon spectroscopy capabilities enables a physics program
in which one can perform precision medium studies, thereby providing valuable input to the over-
all understanding of many-body dynamics in heavy-ion reactions, and to access electromagnetic
(transition) form-factors of, e.g., light baryons and |S| = 1 hyperons. Hence, as illustrated by the
left-bottom panel in Fig. 2, during this phase the hadron-physics program will highlight on compo-
sition studies of hadrons and on providing reference input to many-body systems such as available
in heavy-ion reactions.

2.3.3 Hadron beams with SIS100

After the anticipated availability of SIS100 (expected around 2028), one will have the opportunity to
capitalize on high-energy proton or deuteron beam reactions, significantly extending our exploration
of the field of hadron physics. The maximum beam energy for protons will be 29 GeV with intensities
of up to 2.5⇥1013 protons/cycle. Taking a fixed proton-target experiment, the maximum center-
of-mass energy in the proton-proton system will reach about 7.6 GeV, thereby, su�cient energy to
produce baryonic matter with open strangeness |S| = 1, 2, 3, open-charm |C| = 1, and with hidden
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