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Low beam energy HIC compared to NS merger simulations

Chiral Mean Field Model enables to treat heavy-ion
collisions and NS mergers on the same footing
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A dense and cold core with a hot hadronic corona
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NS mergers and HIC at E_, < 2A GeV probe
the same region in the phase diagram

Can HIC help to constrain the EoS?
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Baryonic matter at 1-2A GeV beam energy

Chemical composition of neutron star matter

Composition of a hot TAN gas A smooth transition from hadrons to quarks
2.00 ] Protons Strange—quark*s
Neutrons =w==s===: N*;
0B = pn +oa = 0.16 fm™3 S Jpmauarks bepper T
1.50_ Fi ]_OO ...... T d T T P T
<
~1.00-
Q. @
Q.
\a
0.50- &
0.00 T CRa "'1’ T T T T
0 25 50 75 100 125 150 175 200 1073 }
T (MeV)
Rapp, Wambach, Adv.Nucl.Phys. 25 (2000) Ps/Po

A. Mukherjee, S. Schramm, J. Steinheimer and V. Dexheimer,

Isospin’? Astron. Astrophys. 608, A110 (2017)
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Evolution of HIC and NS merger

Central cell (3x3x3 fm3) thermodynamic Evolution of the central region in a binary NS
properties from coarse graining UrQMD merger for CMF equation-of-state (see s.1)
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Observables

Elliptic flow of p, d, t from 0.25 to 1.5A GeV

Compressibility (model dependent way) 2> “soft” EoS

UrQMD3.4 P. Hillmann, J. Steinheimer, M. Bleicher, arXiv:1802.01951 = “hard” EoS
Differential elliptic flow v, of n/p

Symmetry energy at supra-normal densities (towards model invariance: tested stability with
different models)

Particle production (below NN production threshold), i.e. K* (Au/C), KO/K*

Compressibility (model dependent way) 2> “soft” EoS

Particle spectra

Transverse momentum distribution of i.e. K% = support in-medium repulsive vector K° potential
~40 MeV

YN, YNN interactions (Y = A, E)
Femtoscopy (AN correlation function, HADES collab., PRC 94 (2016) no.2, 025201)

In-medlum characteristics of par‘Flcles | > [eeneh e
effective masses, spectral functions, decay widths

[0 Compare updated and new models against all available sets
OO0 Apply machine learning methods to determine parameters in the model(s) consistently?
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Electromagnetic correlator in vacuum

McLerran-Toimela formula
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emission will follow a Bose distribution

- Dileptons as thermometer
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Results from HADES at SIS18, GSI -~

Emissivity of matter created in
Au+Au collisions at 1.23A GeV
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Control T, density and pressure by varying
centrality, system size, energy

Measure y* radiation in Au+Au collisions at
0.6 — 0.8A GeV

- Start from comparing spectral distributions
(i,e. @ T=40 MeV, p/py = 1.5-2)
- go for EoS
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Bonus slides
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Triangular flow v;fyge} and EoS at SIS18

UrQMD3.4 P. Hillmann, J. Steinheimer, M. Bleicher, arXiv:1802.01951
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UrQMD predicts high sensitivity of v; to EoS
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Microscopic Description

(normalization: 600<p,<900 MeV/c) (normalization: 700<p,<1000 MeV/c)
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YN, YNN interactions

AN correlation function

p+Nb 3.5 GeV

IIIIIIIIIIIIIII

0o 50 100 150 200
k [MeV/c]

HADES collab., PRC 94 (2016) no.2, 025201
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J. Haidenbauera et al., arXiv:1304.5339v1 [nucl-th]
Ap > Ap

300 T T T T T T T T T

® Sechi-Zorn et al.
o Kadyketal.
o Alexander et al.

200

G (mb)

100

0 1 1 1 1
100 200 300 400 500 600 700 800 900
Prp (MeVic)

The red band shows the chiral EFT results
to NLO, the green band are results to LO
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Dark Photons
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New A1 results
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Phys. Lett. B 731 (2014), pp. 265-271
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