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Asymmetry energy and nuclear matter equatloﬂn.gf st’ateaj
What have we Iearnt from experiments at QGJSI *q

A «_.:_. o > - < ) —

Overview of experiments performed at GSI over 20 years with HICs at
relativistic energies.

From low densities (probed via isotopic yields): INDRA, ALADiIN.

To high densities (probed via elliptic flows of particles, meson yields):
FOPI, KaoS, LAND, AsyEOS.

How HICs compare with recent astrophysical findings.

Perspectives: Towards larger densities...
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sub-saturation densities.. 't

~  INDRA@GSI T Sl
° 124,124Xe+112,124,natSn at 50-250 A.MeV
o 197Au+197Au at 40-150 A.MeV
o 12C+197Au/112,1245n at 95-1800 A.MeV
» INDRA-ALADIN Collaboration
* 1999 campaign.

INDRA 4
~ charged particle multidetector
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5N INDR:A

124,124X e+112,124,natSn at 50-250 A.MeV

197Au+197Au at 40-150 A.MeV

12C+197Au/112,1243n at 95-1800 A.MeV

INDRA-ALADIN Collaboration
1999 campaign

peripheral

central
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197Au+197Au @ 80 A.MeV
/=2

F th BI I 0.2 0 0.2 0.4 ygti B,

Arnaud Le Févre - Colloque GANIL 2021 3




124,124 X e+112,124,nat5n at 50-250 A.MeV
197Au+197Au at 40-150 A.MeV

12C+197Au/112.1245n at 95-1800 A.MeV L 12C+197Au @ 1 A.GeV
INDRA-ALADIN Collaboration 197Au+197Au @ 80 A.MeV i‘:

1999 campaign 7=

peripheral

Focus on target spectator
fragmentation of 112/124Sn bombarded
with 12C @ 300, 600A MeV

central
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A. Le Févre et al., PRL 94, 162701 (2005

NS ‘DN@@@S 1999 Campaign Siins <o S

» [soscaling = a common phenomenon to many different types of
HIC’s (features of statistical evaporation and multifragmentation

models)
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A. Le Févre et al., PRL 94, 162701 (2005

» [soscaling = a common phenomenon to many different types of
HIC’s (features of statistical evaporation and multifragmentation
models)

» 2 different projectile and/or target isotopes: (1) = 112Sn, (2) =
12481 different targets.

w yield ratios scaling like (macrocanonical assumption)

R21(N,Z) = Y2(N,Z)/Y1(N,Z) = C.exp(aN + BZ)
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A. Le Fevr etal., PRL 94, 162701 (2005
» [soscaling = a common phenomenon to many different types of
HIC’s (features of statistical evaporation and multifragmentation
models)
» 2 different projectile and/or target isotopes: (1) = 112Sn, (2) =
12481 different targets.
w yield ratios scaling like (macrocanonical assumption)
R21(N,Z) = Y2(N,Z)/Y1(N,Z) = C.exp(aN + BZ)
» S(N)=R21(N,Z) / exp(BZ)
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» [soscaling = a common phenomenon to many different types of

HIC’s (features of statistical evaporation and multifragmentation

models)

» 2 different projectile and/or target isotopes: (1) = 112Sn, (2) =

124Sn different targets.

w yield ratios scaling like (macrocanonical assumption)
R21(N,Z) = Y2(N,Z)/Y1(N,Z) = C.exp(aN + BZ)

» S(N)=R21(N,Z) / exp(BZ)

baT = Apn = 4y (Z1/A1)2 - (Z2/A2)?)
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INDRA-ALADIN data
Target spectator decay 12C + 112.1248n
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» [soscaling = a common phenomenon to many different types of
HIC’s (features of statistical evaporation and multifragmentation
models)

» 2 different projectile and/or target isotopes: (1) = 112Sn, (2) =
12481 different targets.

w yield ratios scaling like (macrocanonical assumption)
R21(N,Z) = Y2(N,Z)/Y1(N,Z) = C.exp(aN + BZ)

» S(N)=R21(N,Z) / exp(BZ)

ol =Apn =4y (Z1I/A1)? - (Z2/A2)?)

PEasy =7 (N - Z)2/A

e % FAIR # ey

A. Le Fevre et al., PRL 94 162701 (2005)
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» [soscaling = a common phenomenon to many different types of

HIC’s (features of statistical evaporation and multifragmentation
models)

» 2 different projectile and/or target isotopes: (1) = 112Sn, (2) =
12481 different targets.

w yield ratios scaling like (macrocanonical assumption)
R21(N,Z) = Y2(N,Z)/Y1(N,Z) = C.exp(aN + BZ)

» S(N)=R21(N,Z) / exp(BZ)

ol =Apn =4y (Z1I/A1)? - (Z2/A2)?)

PEasy =7 (N - Z)2/A

» Experimental results:

e % FAIR # ey

A. Le Fevre et al., PRL 94 162701 (2005)
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» [soscaling = a common phenomenon to many different types of
HIC’s (features of statistical evaporation and multifragmentation
models)
» 2 different projectile and/or target isotopes: (1) = 112Sn, (2) =
12481 different targets.
w yield ratios scaling like (macrocanonical assumption)
R21(N,Z) = Y2(N,Z)/Y1(N,Z) = C.exp(aN + BZ)
» S(N)=R21(N,Z) / exp(BZ)
ol =Apn =4y (Z1I/A1)? - (Z2/A2)?)
PEasy =7 (N - Z)2/A
» Experimental results:
»y =24 MeV for peripheral events: liquid-drop model
standard (Bethe-Weiszaecker, ground state).
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» [soscaling = a common phenomenon to many different types of
HIC’s (features of statistical evaporation and multifragmentation
models)
» 2 different projectile and/or target isotopes: (1) = 112Sn, (2) =
12481 different targets.
w yield ratios scaling like (macrocanonical assumption)
R21(N,Z) = Y2(N,Z)/Y1(N,Z) = C.exp(aN + BZ)
» S(N)=R21(N,Z) / exp(BZ)
ol =Apn =4y (Z1I/A1)? - (Z2/A2)?)
PEasy =7 (N - Z)2/A
» Experimental results:
»y =24 MeV for peripheral events: liquid-drop model
standard (Bethe-Weiszaecker, ground state).
»y <10 MeV for central events: deformed, expanded

clusters?
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» [soscaling = a common phenomenon to many different types of
HIC’s (features of statistical evaporation and multifragmentation
models)
» 2 different projectile and/or target isotopes: (1) = 112Sn, (2) =
12481 different targets.
w yield ratios scaling like (macrocanonical assumption)
R21(N,Z) = Y2(N,Z)/Y1(N,Z) = C.exp(aN + BZ)
» S(N)=R21(N,Z) / exp(BZ)
ol =Apn =4y (Z1I/A1)? - (Z2/A2)?)
PEasy =7 (N - Z)2/A
» Experimental results:
»y =24 MeV for peripheral events: liquid-drop model
standard (Bethe-Weiszaecker, ground state).
»y <10 MeV for central events: deformed, expanded

clusters?

£ l M- See Quentin Fable’s poster
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The S254 experiment (2003)

ALADIN,
Magnet,

C. Sfienti et al., Nucl. Phys. A 749, 83c (2005).
W. Trautmann et al., Int. J. Mod. Phys. E 17, 1838 (2008).

ALAD

TR-MUSIC IV

Is ©t@ meth@d sub- sa”turat nn ies.
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C. Sfienti e al., Phys. Rev. Lett. 102, 152701 (2009).
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Isotopic method: sub-saturation densities

. ALADIN

TNy
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The S254 experiment (2003)

ALADIN,
Magnet,

T]E*MUSﬂQ l‘Yl

TRriggst o — L ToEWall

0 -Detector

C. Sfienti et al., Nucl. Phys. A 749, 83c (2005).
W. Trautmann et al., Int. J. Mod. Phys. E 17, 1838 (2008).
C. Sfienti et al., Phys. Rev. Lett. 102, 152701 (2009). .
0 I e 3 il

Secondary Beams

Neutron rich/poor projectiles: 197 Ay, 124 S (Low Intensities!)

E; . = 600A MeV( =~ 1000 pps)
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Isotopic method: sub-saturation densities

Under submission

IQVID-FRIGA (SM) - y
0.5

® ALADIN data

asy=

Widths of mass distributions:

even larger sensitivity
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Isotopic method: sub-saturation densities

Under submission

IQVD-FRIGA (SM) - v, =
0.5 b<

® ALADIN data

Widths of mass distributions:
even larger sensitivity

A\ probed densities are strongly

related to the cluster size:
1197 Au

<p>/pP

SN FAIR ﬁHELMHOLTZ
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ALADIN - sensitivity to the asymmetry energy
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Isotopic method: sub-saturation densities

Under submission

IQMD-FRIGA (SM) - y asy™

ALADIN - sensitivity to the asymmetry energy

< 9
o "“ 1974,
= minimisation of)(2(7) on UA(Z) s
within 4 intervals of Z < various
density intervals probed
= highest expectancies of E;,(p)

r cluster -

o

< 97y, oD
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Under submlsswn Mﬂ

» Neutron rich systems are the most
sensitive for this type of analysis
» ALADIN (0.4-0.8 po) %
» [ =542 +42MeV = 30
N
>
2]
@
L

= 0.52 £0.06

» Results are compatible with the & .
most precise nuclear structure A
findings, with a similar accuracy. 20 3

» }/asy

ALADIN (this work)

AsyEOS
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Fan
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Tamii & Zhang
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Elliptic flow method: high densities
FOPI and the i Ln@:@mpressubullt\y Ko

rom

Ist results at GSI with KaoS data;:

| |
- = —-—1- IQMD, Hartnack et al. _
O N Soft ® Data |
N N
2 ‘r s \i L |
~ B \\\\ > 7
S~a i
+ 2 L TSI
(V4 Hard
- RQMD, Fuchs et al
0 ] ] ] ]

1.0 1.5
Ey.. (GeV)

Data: C. Sturm et al., PRL 86 (2001) 39
IQMD: C. Hartnack et al.,
PRL96:012302,2006

————
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A Elliptic flow method: high densities
) FOPI and the incompressibility Ko

Ist results at GSI with KaoS data: FOPI 1990°-2000° campaigns
AutAu @ 95 - 1500 A MeV

| ! |
g 6 ——- IGMD, Hartnack et al. _
O ~ Soft ® Data]
N N
e N .
L \\\\ )

\\\\ i
+ 2 et T IE L
(V4 Hard

""" RAMD, Fuchs et al
0 ] ] ] ]

1.0 1.5
E,... (GeV)

Data: C. Sturm et al., PRL 86 (2001) 39 lenoid
IQMD: C. Hartnack et al., SolenoidMagnet
PRL96:012302,2006
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FOPI :

V, Elliptic flow

Squeeze-out

y

Reaction plane

0.04 _
?C\I

0.00 :

[ IQMD-HM IQMD-HM \‘I\

- A IQMD-SM IQMD-SM
[] FOPI
-0.04 = | | | | . | | ]
-0.5 0.0 0.5 -0.5 0.0 0.5
yo y0
E=I F'\IR @ neimnovrs A. Le Fevre et al., NPA 945 (2016) 112-133

| ASSOCIATION

~ Elliptic flow method: high densities
and the i incompressibility Ko

Ko =
380 MeV (‘stiff’)
200 MeV (‘soft’)

With momentum
dependant interaction:
compulsory

Arnaud Le Févre - Colloque GANIL 2021 9
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e Elliptic flow method: high densities o

WAY  FOPI and the incompressibility Ko
V, Elliptic flow ' Complete shape of va(yo):
Squeeze-outy a new observable:

Von = |V20| 7 |V22|,
from fit
va(Yyo) = V20 + V22 . Y02

Reaction plane

Z  Au+Au 1.2A GeV 0.25<b;<0.45 protons imEE——_—_—
T | T | T T | T | T | L=

Ko =
380 MeV (‘stiff’)

0.00 —#
[ IQMD-HM IQMD-HM \I\ 200 MeV (‘soft)
I A IQMD-SM I IQMD-SM

With momentum
[ FOPI dependant interaction:
|

-0.04 = | ! | ! | = | . . | -~ compulsory
-0.5 0.0 0.5 -0.5 0.0 0.5

yo y0
E=I F'\IR @ neLmnovrs A. Le Fevre et al., NPA 945 (2016) 112-133
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Elliptic flow method: high densities
FOPI and the incompressibility Ko

&
>

0.30
<> Van(Ebeam) varies by a factor 0.25
%1.6, >> measured uncertainty
(¥11) 0.20
-» clearly favors a 'soft' EOS.

0.15

0.10

0.05

=% FAR
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0.25<b0<0.45 up>0.4

[ | [ | [ | [ | [ [ |
N O 5 ]
0 5 —
@ .
} |

_____ | S SO S
B i i ? -
: 1 2
[l HM .
Au+Au ISM  —
protons ] FOPI -
T R D T SR B

04 06 08 10 1.2 14 1.6
beam energy (A.GeV)

A. Le Fevre et al., NPA 945 (2016) 112—-133
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77

=» V2n(Ebeam) varies by a factor
%1.6, >> measured uncertainty

(»1.1)

= clearly favors a 'soft' EOS.

FAIR #

v,,(0.8)
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Elliptic flow method: high densities
" FOPI and the i incompressi

.

1.2}

0.6

S i L}
_§ b I %_
[T B
0 HM
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5 0 0 5
— § —
I
- i I I -
[ s .k s
H
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A. Le Fevre et al., NPA 945 (2016) 112—-133
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Elliptic flow method: high densities

FOPI and the incompressibility Ko

Ko as from FOPI flow data
IOMD — > K, = 190 = 30 MeV
[A. Le Févre et al., NPA945(2016)112-133]
UrQMD — > K, = 220 =40 MeV
[Y. Wang et al., PLB-778(2018)207-212]

SN FA'R ﬁHELMHOLTZ
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E/A (MeV)

HM/SM/FOPI

- I T T T | T T T T | / T

v

A

: FOPI
. constraint

1 2
GMR/, FI)/ P, FOPIdensity rlange

constraint

A. Le Fevre et al., NPA 945 (2016) 112—-133
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Elliptic fl'g'mtce) high densities

p=Ball

{l
Start

detector

ASY-EOS

KRATTA

CHIMERA

> 400A MeV Au+Au, 9%6Zr+Zr, 9%Ru+Ru at GSI (2011)

LAND

.49‘ FAIR ﬁHELMHOLTZ

fdls - Rubach 855"
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asy-hard
v=1.5

asy-soft
v=0.5

HELMHOLTZ
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PPy
parametrisation for Easy used in the UrQMD model:

Eqy

Ekm _

asy

— EpOt

asy

2MeV( Ly + 12Mev (L

Po

(,

v=0.75+0.10

asy-hard
v=1.5

!
04 05

P/A

)2/3
Po

systematic errors corrected: y = 0.72 £ 0.19
- slope parameter depending on E|,,(p,) assumption:

Eym(py) = 34MeV = L = 72 = 13MeV,
Eym(py) = 31MeV = L = 63 = 11MeV

0.6

(Gev/c)

o
~

il
% f \

}.’ '.‘ o

\
T

F 2L

e

| P. Russotto et al., PRC (2017) /
|
//;
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How HICs at GSI comi

;' ,. i 1 Il-fg
fe,wmth recent as cyphysma\l fmdrmfgfsr

N A5 L e
Synthesis at high densities
ALl QR = v T SNM — skm T
S BHF AV, .+3-BF ) - —— SklLya
------ var AV, 4+3-BF —— DBHF
40 F—— nL3 100 """ varAV,, + dv +
S RECELES DD-TW < ——]
@ —— ChPT D | e DD-TW
= 20 |—— Skhard ) R DD-pd
5 — / - —— ChPT
= ’ >
T o w90 1
‘ 4 P. Russotto et al. FOPI-LAND
_______ A Lo ke -t | PLB 267 (2010) | data
¢ revre elal., P. Russotto et al.,
200 L, (NPA(2016) £ | PRC 94 (2017)
0 05 1 15 2 25 3 00 05 1 15 2 25 3
P/Pq p/py

equation of state of symmetric nuclear matter (SNM)

asymmetry energy
can be constrained by the systematic study of comparison of the flow of
neutrons, protons and charged particles
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How HICs at GSI compare with recent as“ti‘% hyfs'}

Ad

72
SWIFT NEUTRON STAR
COLLISION V. 2
ANIMATION: DANA BERRY
PRODUCED BY E-RICA DREZEK
B 1 I 1 1 I 1 1 I I I 1 I I 1 I 1 1 I I i
s 102 F =
l = C ]
How can we combine FOPI, AsyEOS and ; - ]
ALADIN results § - -
to deduce the pressure in a neutron star? ; - -
Z
. Have (P2"(Ky) + P, (L))8 Sl i
6 =0.9(5 % protons + degenerate e™) % C -
. i 2 R mmmm FOPI A. Le Fevre et al., NPA (2016) -
::aass flor;n :fig%satag172po E i mmmm Danielewicz et al., Science (2002) |
-/Po Drischler et al., PRL (2019)
o KO as fI’Om FOPI ﬂOW data 100 [N R N TN (NN MR N N NN SN S S NN S S N

Number density n [ngat]

(= F_\IR # veLmnoLtz S. Huth, PT.H. Pang et al., arXiv:2107.06229 (2021)[nucl-th]
.
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How HICs at GSI compare with recent as“ti‘% hyfs'}

Ad

72
SWIFT NEUTRON STAR
COLLISION V. 2
ANIMATION: DANA BERRY
PRODUCED BY E-RICA DREZEK
B 1 I 1 1 I 1 1 I I I 1 I I 1 I 1 1 I I i
s 102 F =
l = C ]
How can we combine FOPI, AsyEOS and ; - ]
ALADIN results § - -
to deduce the pressure in a neutron star? ; - -
Z
. Have (P2"(Ky) + P, (L))8 Sl i
6 =0.9(5 % protons + degenerate e™) % C -
. i 2 R mmmm FOPI A. Le Fevre et al., NPA (2016) -
::aass flor;n :fig%satag172po E i mmmm Danielewicz et al., Science (2002) |
-/Po Drischler et al., PRL (2019)
o KO as fI’Om FOPI ﬂOW data 100 [N R N TN (NN MR N N NN SN S S NN S S N

Number density n [ngat]

(= F_\IR # veLmnoLtz S. Huth, PT.H. Pang et al., arXiv:2107.06229 (2021)[nucl-th]
.
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How HICs at GSI com

SWIFT NEUTRON STAR
COLLISION V.2

ANIMATION: DANA BERRY
310-441-1735

PRODUCED BY ERICA DREZEK

How can we combine FOPI, AsyEOS and
ALADIN results
to deduce the pressure in a neutron star?

. Have (Psy m(KO) + asy(L))é
0 =0.9(5 %protons + degenerate e”)
« L as fromAsyEOS at 1-2po
» L as from ALADIN at 0.7po
* Ko as from FOPI flow data
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How HICs at GSI co

Combining astronomical multlmessengers and HIC’s within the same bayesian
analysis to constrain the neutron star matter EoS:

rAwuth recent astroy

Constraining Neutron-Star Matter with Microscopic and Macroscopic Collisions
Sabrina Huth, Peter T. H. Pang, Ingo Tews, Tim Dietrich, Arnaud Le Févre, Achim Schwenk, Wolfgang Trautmann,
Kshitij Agarwal, Mattia Bulla, Michael W. Coughlin, and Chris Van Den Broeck - arXiv:2107.06229 (2021)[nucl-th]

« HIC » = FOPI+AsyEOS+AGS - « Astro » = GW, NICER (pulsar X-ray hot spots)

(A) Chiral effective field theory: (B) Multi-messenger astrophysics:
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(C) HIC experiments: (D) HIC and Astro combined:
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Kshitij Agarwal, Mattia Bulla, Michael W. Coughlin, and Chris Van Den Broeck - arXiv:2107.06229 (2021)[nucl-th]
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Combining astronomical multimessengers and HIC’s within the same bayesian
analysis to constrain the neutron star matter EoS:

physis

Constraining Neutron-Star Matter with Microscopic and Macroscopic Collisions
Sabrina Huth, Peter T. H. Pang, Ingo Tews, Tim Dietrich, Arnaud Le Févre, Achim Schwenk, Wolfgang Trautmann,
Kshitij Agarwal, Mattia Bulla, Michael W. Coughlin, and Chris Van Den Broeck - arXiv:2107.06229 (2021)[nucl-th]

« » = FOPI+AsyEOS+AGS - « Astro » = GW, NICER (pulsar X-ray hot spots)
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Constraining Neutron-Star Matter with Microscopic and Macroscopic Collisions
Sabrina Huth, Peter T. H. Pang, Ingo Tews, Tim Dietrich, Arnaud Le Févre, Achim Schwenk, Wolfgang Trautmann,
Kshitij Agarwal, Mattia Bulla, Michael W. Coughlin, and Chris Van Den Broeck - arXiv:2107.06229 (2021)[nucl-th]

« HIC » = FOPI+AsyEOS+AGS - « Astro » = GW, NICER (pulsar X-ray hot spots)

(A) Chiral effective field theory: (B) Multi-messenger astrophysics:
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How HICs at GSI compare with recent astrophysical ’f_i\'hdin

Combining astronomical multimessengers and HIC’s within the same bayesian
analysis to constrain the neutron star matter EoS:

Constraining Neutron-Star Matter with Microscopic and Macroscopic Collisions
Sabrina Huth, Peter T. H. Pang, Ingo Tews, Tim Dietrich, Arnaud Le Févre, Achim Schwenk, Wolfgang Trautmann,
Kshitij Agarwal, Mattia Bulla, Michael W. Coughlin, and Chris Van Den Broeck - arXiv:2107.06229 (2021)[nucl-th]

« » = FOPI+AsyEOS+AGS - « Astro » = GW, NICER (pulsar X-ray hot spots)

» HIC constraints prefer higher pressures, similar to NICER,
overall remarkable consistency with chiral EFT and astro constraints!

« Up to 1.5po , HIC’s constrain the neutron star EoS with a similar accuracy as
Astro most recent findings, favouring a somehow stiffer EoS.

* Above 1.5po, Astro measurements are still more accurate, and drive the NS
EoS, though with lower statistics.

* Most significant densities for constraining NS radii:
« forl.4M, : p = 1.6p,
« for2M,:p =2 —2.5p,

« HIC's can enhance its contribution at larger densities by 2 ways : probe higher
densities (higher incident energies), improve the accuracy of Easy constraint.
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* Heavy-ion collisions are a powerful tool to determine the nuclear matter EoS, including the asymmetry energy. SIS18
energies allowed to probe a broad range of densities.
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energies allowed to probe a broad range of densities.

Heavy-ion collisions are a powerful tool to determine the nuclear matter EoS, including the asymmetry energy. SIS18

* Isotope yields inform on the low density behavior of E.sy, whereas elliptic flows provide the sensitivity up to around

3pp-
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Heavy-ion collisions are a powerful tool to determine the nuclear matter EoS, including the asymmetry energy. SIS18
energies allowed to probe a broad range of densities.

* Isotope yields inform on the low density behavior of E.sy, whereas elliptic flows provide the sensitivity up to around
3pp-
« Kaon yields and pion yield ratios provide an interesting sensitivity on Ko and L, near their production threshold.
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* Isotope yields inform on the low density behavior of E.sy, whereas elliptic flows provide the sensitivity up to around

3pp-

« Kaon yields and pion yield ratios provide an interesting sensitivity on Ko and L, near their production threshold.

* Concerning pion and kaon yield ratios: still some efforts needed to reconcile transport models, seen the many effects

involved.
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Heavy-ion collisions are a powerful tool to determme the nuclear matter EoS, 1nclud1ng the asymmetry energy. SIS18
energies allowed to probe a broad range of densities.

* Isotope yields inform on the low density behavior of E.sy, whereas elliptic flows provide the sensitivity up to around
3pp-
« Kaon yields and pion yield ratios provide an interesting sensitivity on Ko and L, near their production threshold.

* Concerning pion and kaon yield ratios: still some efforts needed to reconcile transport models, seen the many effects
involved.

* Combining FOPI, AsyEOS and ALADIN results allows to predict a density dependance of the pressure in a neutron star,
from ~ 0.5p, to ~ 2p, , with a challenging accuracy (though improvable), compatible with recent astrophysical
measurements deduced from multimessengers. A future AsyEOS experiment is planned at GSI at higher incident energy

| to further constrain the asymmetry energy up to = 3p,,.
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* Heavy-ion collisions are a powerful tool to determine the nuclear matter EoS, including the asymmetry energy. SIS18

energies allowed to probe a broad range of densities.

Tk

* Isotope yields inform on the low density behavior of E.sy, whereas elliptic flows provide the sensitivity up to around
3pp-
« Kaon yields and pion yield ratios provide an interesting sensitivity on Ko and L, near their production threshold.

* Concerning pion and kaon yield ratios: still some efforts needed to reconcile transport models, seen the many effects
involved.

* Combining FOPI, AsyEOS and ALADIN results allows to predict a density dependance of the pressure in a neutron star,
from ~ 0.5p, to ~ 2p, , with a challenging accuracy (though improvable), compatible with recent astrophysical
measurements deduced from multimessengers. A future AsyEOS experiment is planned at GSI at higher incident energy

| to further constrain the asymmetry energy up to = 3p,,.

« Beyond 3 —4p, (FAIR, NICA), new observables needed to constrain SNM and NS EoS. A new generation of relativistic

transport models must arise, benchmarked e.g. with data taken at SIS18 at the highest available beam energies (FOPI,
HADES).
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