
HIC round table discussion



Paolo Russotto on Monday

ASY-EOS

Q1: dependence on transport model?
Q2: dependence on S0 ?



see Legred+, Landry+
PRD 104, 063003 (2021)
PRD 101, 123007 (2020)

model-agnostic prior

Reed Essick at NuSym2022 in Catania

Q3: how to get better constraints at ρ < 1.5 ρ0 ?



Peter Pang yesterday

Huth et al., Nature 606, Fig. 1

contours at 68% and 95% credibility



EFT ->1.5 ρ0

stability cs > 0
causality cs < c
segments

with cs= 0

Mmax≥1.9 Msun

Prior in Huth et al.



see Essick+ PRC 102 (2020) for χEFT breakdown scale:

„NICER observations suggest that the EoS stiffens relative to χEFT predictions 
at or slightly above nuclear saturation density.“  (using radius of PSR J0030 + 0451)



EFT ->1.5 ρ0

stability cs > 0
causality cs < c
segments

with cs= 0

Mmax≥1.9 Msun





Q4: is the prior too soft?



Huth+ (Extended Data and Supplementary Tables)

adopted: χEFT up to 1.5 nsat, 

R1.4 = 12.01 +0.78 -0.77 km (95%)

12.56 +1.07 –1.01 χEFT up to 1.0 nsat

Q5: how reliable is χEFT above 1.0 nsat ?



χEFT and HIC

EFT predictions

pure neutron
matter

constraint deduced from
ASY-EOS and FOPI data

ρ0

Huth et al., 
Nature 606, 276 

Extended Data
Fig. 4

Q6: can HIC be useful?



HIC Relativistic energies

• Wealth of new high statistic data (HADES, Star, Spirit, AsyEOS ..) allow 
for multi-differential analysis and model comparisons.  And much 
more to come (see future session, directly afterwards).

• How do we extract the most precise conclusions out of the data? 
1. Systematic model to data comparison
2. Systematic uncertainties vs. Statistical errors
3. New observables



1. Systematic model to data comparison

• Bench mark observables, now and then



20 years ago: EOS for symmetric matter derived from subthreshold K+ production

K+ azimuthal angular distributions in semi-central collisions

C. Fuchs, Prog.Part.Nucl.Phys.56:1-103,2006 

K+ yields: data from KaoS and FOPI 

The models included momentum dependent interactions, in-medium cross section.
Important: Benchmark observables, reference measurements, excitation functions



Experiment:  C. Sturm et al., (KaoS Collaboration)  Phys. Rev. Lett. 86 (2001) 39

Theory: RQMD  Ch. Fuchs et al., Phys. Rev. Lett. 86 (2001) 1974
IQMD Ch. Hartnack, J. Aichelin, J. Phys. G 28 (2002) 1649

20 years ago: EOS for symmetric matter derived from subthreshold K+ production

Upcoming HADES measurements of Au+Au and C+C collisions from 0.2 – 0.8 GeV will dramatically
improve the data situation and provide stronger constraints on the EOS of symmetric matter.

reference measurements, 
excitation functions
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Proton and light nuclei vs. transport @ 𝑠!! = 2.42 GeV



1. Systematic model to data comparison

• Bench mark observables (multi-messenger era)
• Yields and rapidity distributions of most abundant hadrons. 
Need to be published early (Manpower).

• Comparison on differential observable, how to keep an overview?
• Bayesian analysis, machine learning etc.?
• Standardized list of model ingredients and parameters.
• ..

• Constraints more related to exp. observables than EOS 
(avoid systematic bias and ”doppelgängers”)



2. Systematic uncertainties vs. Statistical errors

• Systematic uncertainty estimation:
• Precise statements how the estimation was done.
• Steps towards unification between various experiments.
• Common collision system (C+C?) measurements as references and 

benchmark for comparison between different experiments?



3. New observables

• Neutron flow at higher energies?
• …


