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1. HADES
experimental runs, apparatus, performance

2. Experimental highlights
dilepton radiation, HBT, Coulomb potential, strangeness, 
flow (see Behruz’s talk)

3. Caveats (Devil’s advocate)
world data on pion-, bound and free proton-yields 

4. Perspectives
Au+Au energy scan at 0.8-0.2 A GeV 2024, HADES @SIS100 ..

Outline: 
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1. HADES
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Overview: experimental runs

•Au+Au 𝑠!! = 2.42 GeV, 7.2 bil. evts. (2012)
•Ag+Ag 𝑠!! = 2.55 / 2.42 GeV 15.2 billion events (2019)

Future
runs
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QCD on lattice Effective QCD

Fast detector: 16 kHz Ag+Ag
Large acceptance: full azimuthal and polar angle coverage of Θ = 18° – 85°

π-

Apparatus:
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QCD on lattice Effective QCD

π-

Performance:
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Weak decay topology 
recognition enforced by aNN.

Eur.Phys.J.A 56 (2020) 259.

Au+Au@ 2.4 GeV
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2. Experimental highlights



Dilepton radiation from 
dense baryon matter 
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• First measurement for a heavy system at low √sNN.

• Strong excess (0.15<M<0.7 GeV/c2) above components of 
meson decays at freeze-out and NN-reference. 

• Isolation of excess by subtracting the NN-reference.
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• First measurement for a heavy system at low √sNN.

• Strong excess (0.15<M<0.7 GeV/c2) above components of 
meson decays at freeze-out and NN-reference. 

• Isolation of excess by subtracting the NN-reference.

• Medium radiation: Strong broadening of the ρ due to 
direct ρ-baryon scattering

• Exponentially falling spectrum, 
à extraction of source temperature <Tee> = 72 MeV

• Predicted factor 2 - 3 larger yield in low-mass region near  
first-order phase transition e-Print: 2209.05267 [nucl-th]
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https://arxiv.org/abs/2209.05267
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Ideal observable for energy scan.

https://arxiv.org/abs/2209.05267


Exp. Data
0-10% most central
p
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Indications for charge-sign 
differences reported previously:

E866 R. A. Soltz, M. Baker, J. H. Lee, Nucl. Phys. A 661, 439c (1999)
E877 D. Miskowiec et al., Nucl. Phys. A590, 473c (1995)
NA44 I.G. Bearden et al., Nucl. Phys. A638, 103c (1998)

First time observation of substantial differences!

Identical 𝝅 Intensity Interferometry

Phys.Lett.B 795 (2019) 446-451



Exp. Data
0-10% most central
p

12

Indications for charge-sign 
differences reported previously:

E866 R. A. Soltz, M. Baker, J. H. Lee, Nucl. Phys. A 661, 439c (1999)
E877 D. Miskowiec et al., Nucl. Phys. A590, 473c (1995)
NA44 I.G. Bearden et al., Nucl. Phys. A638, 103c (1998)

First time observation of substantial differences!

Identical 𝝅 Intensity Interferometry

Phys.Lett.B 795 (2019) 446-451

HADES data suggest rather smooth 
trend from high energiesà room for 
structures?
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How does the trend continue at lower energy?
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trend from high energiesà room for 
structures?
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Influence of Coulombpotential on 𝝅 yields 
Eur.Phys.J.A

58 (2022) 9, 166

Take Coulomb interaction via potential into account. 
Difference in extrapolated 4pi yields: 3% for pi- and 8% for pi+ in case of HADES. 

Important to take into account for symmetry energies studies based pions.
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Strangeness
Ph

ys
.L

et
t. 

B
79

3 
(2

01
9)

 4
57

-4
63

Strange particle yields rise stronger than linear with

<Apart> (M ~ <Apart>α) 

à Hierarchy in production threshold 
not reflected in scaling

Scaling with absolute amount of ssbar, not with 
individual hadron states.

Universal <Apart>  dependence 
of strangeness production 

NNàNYK+:    √sNN= 2.55 GeV
NNàNNK+K-: √sNN= 2.86 GeV
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Excitation functions: Centrality
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Excitation functions: Centrality
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Strange particle yields rise stronger than linear with

<Apart> (M ~ <Apart>α) 

à Hierarchy in production threshold 
not reflected in scaling

Scaling with absolute amount of ssbar, not with 
individual hadron states.

Universal <Apart>  dependence 
of strangeness production 

NNàNYK+:    √sNN= 2.55 GeV
NNàNNK+K-: √sNN= 2.86 GeV

EOS properties based on strangeness assume fast 
formation of hadrons relative to the in-medium 
propagation time. 

How does the trend continue at lower energy?
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3. Caveats (Devil’s Advocat)



19Eur.Phys.J.A 56 (2020) 259.

Pion yields  @ 𝑠!! = 2.42 GeV

LaLa

(scaled from 2A GeV)

Discrepancy between HADES and 
FOPI data (factor ≈ 1.35).
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FOPI and HADES data:

Very similar shape of pt spectra, 
factor ≈ 1.35). 

Large overshoot of 
transport models.
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Pion yields  @ 𝑠!! = 2.42 GeV

LaLa

(scaled from 2A GeV)

Discrepancy between HADES and 
FOPI data (factor ≈ 1.35).

A closer look at the 
FOPI and HADES data:

Very similar shape of pt spectra, 
factor ≈ 1.35). 

What about protons?

Large overshoot of 
transport models.
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FOPI
CDCFO

PI
He

lit
ro

n

Ø Comparison of HADES 1.23A 
GeV Au+Au 0-5% results to FOPI 1.20A 
GeV C4 (≈ 0-6%) results

Ø FOPI "Mid-Rapidity" 
spectrum actually ycm ∈ [0, 0.072] vs. 
HADES ycm ∈ [-0.05, 0.05]

Ø Almost perfect agreement in the 
high transverse momentum region 
covered by CDC of FOPI and some 
tension in the low transverse momentum 
region covered by Helitron of FOPI

Ø dN/dy distributions agree with
≲ 10% differences

Ø Overall fair agreement between 
HADES and FOPI data → Not 30%+ 
difference like for Pions

Proton yields and spectra @ 𝑠!! = 2.42 GeV

private communication W.Reisdorf
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Proton and light nuclei vs. transport @ 𝑠!! = 2.42 GeV

To much baryons stopped and 
emitted around mid-rapidity in 
transport for 0-10% most central 
events.

PRELIMINARYp d

t 3He
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Proton and light nuclei vs. transport @ 𝑠!! = 2.42 GeV

To much baryons stopped and 
emitted around mid-rapidity in 
transport for 0-10% most central 
events.
More direct observable:
Number of charged tracks in HADES

Similar picture and conclusion.

PRELIMINARYp d

t 3He
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Proton and light nuclei vs. transport @ 𝑠!! = 2.42 GeV

Similar conclusion as FOPI.
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Proton and light nuclei vs. transport @ 𝑠!! = 2.42 GeV
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4. Perspectives



Proposals for beam time at SIS18: 2021 - 2025

30

Done 2022,
YN and YY interaction

Short-range
correlations.

Scheduled 2024!
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HADES energy scan 2024

System Energy
(A GeV)

Requested shifts DAQ rate 
(kHz)

Estimated 
#events

Au+Au 0.8 30 10 3×10!

Au+Au 0.6 30 10 3×10!

Au+Au 0.4 9 10 1×10!

Au+Au 0.2 9 10 1×10!

C+C 0.8 6 30 2×10!

C+C 0.6 6 30 2×10!

o Beam intensity (flat top) 1.2×10! Au ions/s, 3×10! C ions/s
o 1.5% interaction length gold target

o 2% interaction length carbon target
o Count rate estimate includes 0.66 (lifetime) x 0.56 (duty cycle)

Estimated count rates and requested beam time based solely on 
experimental results and known spectrometer performance
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HADES energy scan 2024

System Energy
(A GeV)

Requested shifts DAQ rate 
(kHz)

Estimated 
#events

Au+Au 0.8 30 10 3×10!

Au+Au 0.6 30 10 3×10!

Au+Au 0.4 9 10 1×10!

Au+Au 0.2 9 10 1×10!

C+C 0.8 6 30 2×10!

C+C 0.6 6 30 2×10!

o Beam intensity (flat top) 1.2×10! Au ions/s, 3×10! C ions/s
o 1.5% interaction length gold target

o 2% interaction length carbon target
o Count rate estimate includes 0.66 (lifetime) x 0.56 (duty cycle)

Estimated count rates and requested beam time based solely on 
experimental results and known spectrometer performance

3 weeks instead
of 4 weeks.
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Probing similar density and temperature profiles like merging neutron stars 

Phys.Rev.D 107 (2023) 4, 043034



34

Multi messenger: new observables not accessible by previous experiments
dileptons, higher o. flow c., strangeness, e-b-e-fluctuations

+systematic comparison to previously measured ones
pion, proton and light nuclei yields and spectra, lower order flow c.

HADES energy scan 2024
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HADES @ SIS 100

• HADES and CBM will be operated at the SIS100

• Angular coverage of both detectors complementary, very important for 
measuring pion, kaon, proton (..) 4pi yields at energies below 4 A GeV!
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HADES @ SIS 100

• HADES and CBM will be operated at the SIS100

• Angular coverage of both detectors complementary, very important for 
measuring pion, kaon, proton (..) 4pi yields at energies below 4 A GeV! 

Systematic uncertainties vs. statistical errors!
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Summary 

Dilepton radiation: temperature measurement and sensitive to rapid changes in the EOS.
HBT: extracted radii follow trend from SPS and LHC. 
Strangeness: universal Apart scaling with number of ssbar quarks.

Pion and proton yields: discrepancy on pions between HADES and FOPI, 
agreement on protons, 
to much baryons stopped and emitted around mid-rapidity in 0-10% 
most active events in transport codes for beam energies 1-2 A GeV.

Perspectives: HADES Au+Au energy scan at 0.8, 0.6, 0.4 and 0.2 A GeV 2024:
new observables and systematic comparison to previous measurements.
HADES @SIS100 important for beam energies below 4 A GeV.
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Exp. Data
0-10% most central
p

EM Formfactors of baryonic resonances
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F(q2)

q2=(Mee)2>0

Δ+

p

g*

p+p(1.25 GeV) à p+p+e-+e+

Good agreement with model of Ramahlo & Pehna
if pion cloud is taken into account

Phys. Rev. C
95 (2017) no.6 065205



Consequences of the created system?
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THERMUS V3.0

Figures from W. Weise

Can we connect this to an observable?
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Weak decay topology recognition with neural networks 
M

A
  S. Sp

ies, PhD
 F. K

ornas, Phys.Lett. B
793 (2019) 457-463

Results in several parameters 

Which
 ca

n be fe
d 

into an
 ANN
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Weak decay topology recognition with neural networks 
M

A
  S. Sp

ies, PhD
 F. K

ornas, Phys.Lett. B
793 (2019) 457-463

ANN in combination with pre-selection 
on topology parameters improves 
performance à reduction of uncertainty 
for 4π yield extraction.

Results in several parameters 

Which
 ca

n be fe
d 

into an
 ANN



47
D. Cebra, INT Workshop 22-84W: Dense Nuclear Matter Equation of State 2022
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Φ-AntiKaon Interplay in HIC 

à No indication for sequential K+K- freeze-out from K- spectrum  if corrected for feed-down.

Phys.Lett. B
778 (2018) 403-407

84 MeV

104 MeV

“cold” K- from φ

Increased in HIC at low √sNN:
à 25% of K- result from Φ decays!

Φ feed-down can explain lower inverse slope 
parameter of K- spectrum (Teff = 84 ± 6 MeV) in 
comparison to the one of K+(Teff = 104 ± 1 MeV) 
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M. Lorenz et al. PoS BORMIO2010 (2010) 038
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Φ-AntiKaon Interplay in Cold Matter

à Suppression of K- relative to K+

à Similar suppression for ϕ like for K-

Phys.Rev.Lett. 123 (2019) 2, 022002



Virtual Photon Radiation from 
Dense Baryon Matter 
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• First measurement for a heavy system at low √sNN.

• Strong excess (0.15<M<0.7 GeV/c2) above components of 
meson decays at freeze-out and NN-reference. 

• Isolation of excess by subtracting the NN-reference.

• Medium radiation: Strong broadening of the ρ due to 
direct ρ-baryon scattering

• Exponentially falling spectrum, 
à extraction of temperature <Tee> = 72 MeV

• Thermal rates folded over coarse-grained transport 
medium evolution works at low energies

• Supports baryon-driven medium effects at SPS, RHIC 
(LHC)!
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• Onset of medium radiation in Ar+KCl collisions


