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Maximise FAIR potential for Hadron Physics
- Enriching FAIR2028 and preparing the path to HESR
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From SIS18

boosting the understanding of

non-perturbative QCD
by combining pion beams with HADES Figure 61: Schematic overview of the 33.5m long pion beam facility [1394, 1395].
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* Outstanding spectrometer (toroid) > [ B « Outstanding spectrometer (dipole)

e Excellent tracking & PID capabilities sl s L * Excellent tracking & PID capabilities
* Additional photon detection g\ . ¢ = * High-rate capabilities
W~ assegdl * Excellent forward-angular coverage
| * Designed for various SIS18 beams [uais S| ° Designed for various SIS18 beams
including pion and proton beams! | ' d including proton beams!
=> Study exclusive hadronic final states : => Study exclusive hadronic final states
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=> Study exclusive hadronic final states
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Heavy-ion beam physics, example

1/N, dN*=5/dM__ [(GeV ¢2)7]

- Di-lepton spectrum: Heavy-ion Dynamics
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Pion-beam physics, example

[PLB861, 139267 (2025), PRC102, 024001 (2020),
arXiv:2309.13357,PRC111, 024908 (2025]
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- Di-lepton spectrum: Hadron Structure
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Physics with pion beam
* The pion-nucleon system elementary in
hadron, nuclear, and heavy-ion physics

* ‘Simple’ initial state with spin-zero boson;
'Simple’ final states, 2/3-bodies

* \'s coverage and scan up to ~2 GeV
* Access to many observables

* Precision studies combining hadron
dynamics and electromagnetic structure

* HADES committed to near-future mp & A
studies (“m—QCD” program)

The physics case with the pion beam facility .
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of resonances boosing the understanding o
non-perturbative QCD
by combining pion beams with HADES
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HFHF From SIS18 to SIS100 — Hadron physics et -
from pions to protons
Energy upgrade:

* From max 4.7 GeV (S1S18) to 29 GeV (SIS100)
proton energy: \(syy ) = 3.5 GeV — 7.6 GeV

* Opening new realm: double & triple strangeness and
even charm baryons and mesons!

* Significant increase in production yield of hyperons

SIS100

UNILAC

Intensity upgrade: FRS
* From max protons/s of 10" (S1S18) to 1073 (S1S100) P
* Even during “commissioning” (108 protons/s)

' >
M )
'

with 5 cm LH2 target (Interaction rate: 1 MHz - >100 MHz) | HESR ! HADES
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Energy upgrade:
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proton energy: \(syy ) = 3.5 GeV — 7.6 GeV

* Opening new realm: double & triple strangeness and
even charm baryons and mesons!

* Significant increase in production yield of hyperons
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SIS100

UNILAC

Intensity upgrade: FRSE.
* From max protons/s of 10" (SI1S18) to 103 (SIS100) 0 "8’
* Even during “commissioning” (108 protons/s) — ¢ =
with 5 cm LH2 target (Interaction rate: 1 MHz - >100 MHz) ! HESR! Ries
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Theory enrichment: . P e
* “Terra incognita”: attention refocussed for this energy regime, probes «
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structure spectroscopy
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High intensity
Versatile detectors
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Production
mechanisms
. ’\ l of hadrons

Reference Few-body ' Hadron
measurements interactions , : production
for p+A,A+A Heavy-ion —
dynamics

Microscopic study of
hadron-hadron interactions
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HFHF A comprehensive QCD program at GSI/FAIR
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* Versatile detectors 0— el
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HFHF A comprehensive QCD program at GSI/FAIR = =5
- |S| = 2,3 hyperon dynamics at CBM/SIS100 - %‘Jﬁﬁ{fﬁ"ﬁfi
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M =1672.7 MeV/c* o=2.1MeV/c

|S| = 2,3 hyperon dynamics at CBM at SIS100: K&ELEid P
N S/B=17.5 S/m: 90.3 S =8623 ‘ I S/B=9.18 slﬁ: 10.5S= 122

* Y* composition: spectroscopy & structure [ AT O SAK

» Excited =*,Q* spectroscopy
» Unconventional states, e.g. =(1620,1690)
» Line-shape measurements

* Experimental studies... L intonsity _ e ol Al -
e LHCb - _ I+ AK- [rsatile detector, 1.3 1.4 1.5 1.65 1.7 1.75
y e.g —p —> ] lp K ph-rate capabil minv ATE- [GEV/CZ] mmv {AK'} [GEV/CZ]

Belle, e.g. =" —» n™*="n"

GlueX, e.g. yp—K* K0 + AK
ALICE, e.g. femtoscopy K N

1

CBM FastSim Performance
pp— K'K'K'Qn

F  CBM FastSim Performance
£ pp—=pK'K'E

Acceptance
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FiTdq]
A3 AT

OO NC O]

= 3
)

k=]
7%
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CBM, e.g. pp—pK*K*+="1/... »ody

ictions

Rl WA LI Wl e

for p+A,A+A Heavy-ion
dynamics

25 30
P [GeVic]

beam

. Taylor, Few-Body Syst. 67:17 (2026]]




HFHF

Helmholtz Forschungsakademie Hessen fiir FAIR

_—

|S| = 2,3 hyperon dynamics at CBM at SIS100:

* Y* composition: spectroscopy & structure

» Excited =*,Q* spectroscopy

» Unconventional states, e.g. =(1620,1690)

» Line-shape measurements

* Experimental studies...
°* LHCb, e.g. =, — JY + AK~
Belle,eg. == n""="n*
GlueX, e.g. yp—K* K™ + AK

ALICE, e.g. femtoscopy K N

CBM, e.g. pp—pK*K*+="1m"/...

* Additional opportunities...

* Strong phase studies via n/A FSI (input to CPV)
* Low-energy scattering params in AA, 22 FSI

via dispersion and femtoscopy

- |S| = 2

A comprehensive QCD program at GSI/FAIR
, hyeron dyna‘c__:s t CBM/SIS100

/ —— — - -

nposition of hadrons

Hadron
spectroscopy

dronic beams at
SIS18/100

range and charm
gh intensity

Irsatile detectors
ph-rate capabilities

source p

@raction
N

yody ks ~ Hadron
ictions production

Microscopic study of
hadron-hadron interactions
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Production
mechanisms
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HFHF A selection of feasibility studies =
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' M(AA) [GeV/c?] /(V‘Iteractlon Producfion
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- cf. [Z.-H. Zhang, F.-K. Guo Phys. Lett. B 863 (2025) 139387] — ,

Hadron

Reference T Y / ;
interactions : production

measurements

v’ Electromagnetic & weak transition form factors
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Physics results — after com;
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v’ Scattering parameters from short-range correlations
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