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t we know, what we don’t

Hydro simulations from \/E =[3,7.7,27] GeV
Shen&Schenke, Phys. Rev. C 105, 064905 (2022)

(T, up) extracted from STAR net-(p,,K), net-p, net-K
fluctuations
Alba, et al, Phys. Rev. C 101, 054905 (2020)

Chiral transition from lattice QCD
[WB] Phys. Rev. Lett. 125, 052001 (2020)

Dilepton measurements from
[STAR] 2402.01998 [nucl-ex]
[HADES] Nature Phys. 15, 1040 (2019)
[NA60] Eur.Phys.J.C59:607-623,2009

Statistical Hadronization Model
[HADES] Phys. Rev. C 102, 054903 (2020)

Liquid-gas phase transition location
Elliott, et al, Phys. Rev. C 87, 054622 (2013)

Up estimate Vovchenko, et al, Phys. Rev. Lett. 118, 182301
(2017)

Hints of a QCD critical point
beginning to appeat...


https://arxiv.org/abs/2402.01998

Isospin asymmetry

/Ny
YQ _ — = —
A g
System Z A Yo Data?
040 8 16 0.5 some
Ne-+Ne 10 20 0.5 no
Mg+Mg 12 24 0.5 no
Ca+Ca 20 40 0.5 no
Cu+Cu 29 63 0.46 yes
Ru+Ru 44 96 0.458 some
Ar+Ar 18 40 0.45 no
Xe+Xe 54 128 0.419 yes
Jr+7Zr 40 96 0.417 some
\ Au+tAu 79 198 0.399 yes
, U4-U 92 238 0.387 yes
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A

Isospin-
Asymmetric
Matter (IAM)

YQZOO

Charge fraction of ions

Noronha-Hostler & Yunes, In Prep

Symmetric Nuclear
Matter (SNM)

Yo =025 Heavy-lon

Collisions (HIC)
YQ = [0.38,0.5]

Asymmetric
Nuclear Matter

Pure Neutron Matter
(PNM)

Heavy-lons and Neutron Stars are all on the same phase diagram, but very different Y,
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Optimistic Overview

New things features to look for in dense matter
Constraints from astrophysics

How do we connect the HIC and NS EOS? Symmetry energy discussions
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Features of interest:

sharp crossover
spike up

Mroczek et al,
Phys.Rev.D 110 (2024)

12, 123009

|20d order PT
spike down

nB/nsat

0

Speed of sound from neutron stars

Features to look for in heavy-ion collisions?

Smooth crossover
plateau up

Quarkyonic
matter

15t order PT
plateau down

nB/nsat

Deconfinement, color-

superconducting phases etc
J. Noronha-Hostler UIUC
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2 Measurements: breaking binary

More references onbumpinc; love relation

From various microscopic theories and Bayesian analyses
Tan et al, Phys.Rev.Lett. 128 (2022) 16, 161101 M[M]
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muses Strangeness dominated matter

Example 7" = 0 phase diagram

Symmetric matter Triple point

Light hadrons 0- ii IO-OO
1st-order —50- 5 - -
I-' - L,

1st-order —150- I- | ated—
| —200 - |

‘ Quarks 000 1200 1400 1600

Asymmetric matter  pp [MeV

Strange-
dominated

pq [MeV]

Cruz-Camaho et al, Phys.Rev.D 111 (2025) 9, 004030
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Optimistic Overview

New things features to look for in dense matter

Constraints from astrophysics

How do we connect the HIC and NS EOS? Symmetry energy discussions
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Stages of a binary neutron star (NS) merger

ﬂ
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Cold (inspiral) Hot (merger) Remnant
T ~ 107 MeV '~ 100 MeV SensitivetoM, .

Observations here Not yet measured
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Mass-Radius of Isolated Neutron Stars

NICER collaboration

Neutron stars

NICER:

Observations of
1solated Neutron
Star

» o
D / o
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Heavwier stars probe denser region of the

EOS

Typical neutron star J0740+6620

Miller, arXiv:2105.06979 [astro-ph.HE]; Astrophys.].Lett. 887 (2019) 1, 1.24; 10 km (6.2 miles) 30 km (18.6 miles)
Raaiymakers, arXiv:2105.06981 [astro-ph.HE]; Astrophys.]J.Lett. 887 (2019) 1, L.22

1.4 solar masses 2.17 solar masses
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Existing Mass-radius constraints

From NICER+gravitational waves

2.4_ SN S B I B S B S S S S R S B S I S S S SR . . -
5ol J0740+6620 IL/ML -
- J0740+662 :
2‘0:_ Amsterd -
1.8} I 68% and 95%

L EoS insensitive

2 J0030+0451 IL/ML j confidence
S 16f - :
= | regime shown

1.4+ -

1.2r spectral EoS |

1.0 :

! JO030+0451 Amsterdam
0T8T 0 12 14 16 18 20

R[km]
The posteriors are probablhty dlStt‘lbuthnS not strict error bars

J. Noronha-Hostler UIUC



Equation of State from astrophysics observation?

- - - - - - - - - - - - - - - - - — — - - - —

Isolated, cold neutrons stars/Inspiral

Build in desired features: particles, phase

JO0740+6620 "ML |
transitions, interactions etc, R 662/0@ |
) 5 ol Al stes qb |
1.0 —m— Astrophysical constraints o lOSI
- Causality | EoS insensitNe
0.8:— : JO030-0451 | M)
: : 5
0.6/ I
0.4} |
[ 1 ] B spechal EoS
02/ EOSI _- = '
| Stab”ity - J0030+0451 As stev dam
L8 | 10 12 | ‘4 | 16 | 18 20
nB(nsat) R[km]
Assign a likelihood to each EOS Nuclear experiments/saturation properties
Posterior « Likelihood X Prior
Independent measurements: o Theory constraints
AU
< = I I ZL(,))
—M R,. j=1
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Modified Gaussian Processes

Building in structure in CS2 o D. Mroczek et al. Phys.Rev.D 110 (20%1) 1%,..123(.)09

Original Gaussian Process approach

R. Essick Phys.Rev.D 101 (2020) 6, 063007 Gaussian Process o

e Model-agnostic approaches are common (benchmark) 0.6-

AN »

— Gaussian processes (GPs): 04!

EoS modeled via: ¢(x) = log(1/ (:S2 — 1), stable and causal
¢~ N, )

Collection of functions, behavior specified by a mean and 1.0
covariance kernel + Structure

Squared-exponential is a common choice:

K , 2/21/”2 ¢ . correlation length 06
se (x,-,xj) s (x,- - xf> o: correlation strength

0.8-

Goal: CGompare long range correlation (benchmark) versus
multi-scale features

J. Noronha-Hostler UIUC 14



Posteriors of Mass, Radius, ¢(n;)

What does current data tell us today? *

3.0

D. Mroczek et al.
Phys.Rev.D 110 (2024)

3.07 12, 123000

2.07

2.0

10 11 12 13 14 15 16 17

R [km]
0 2 4 6 8
posterior x1073

Both a monotonic ¢? and one
with a bump at ngz = [2,3] n,,

Current data is inconclusive, need more
observations! Or new constraints!

J. Noronha-Hostler UIUC
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Constraints from astrophysics

How do we connect the HIC and NS EOS? Symmetry energy discussions
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Heavy-ion collisions (HIC) vs Binary neutron star
(NS) mergers

Neutron Star Mergers (Numerical Relativity) [HADES] Nature Phys. 15 (2019) 10, 1040-1045
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Symmetric nuclear matter vs Pure neutron Matter

“Symmetry Energy”
, [ , ] ] I Symmetric nuclear matter
Meixner et al, 1303.0004 [astro-ph.HE] — NDL EoS
—~ 60 —~ /’tQ — ()
>
L i
\2./ (@5
g 40r ’ 600 . Isospin asymmetryo =1 —=2Y, =0
S

] Q0 - |
e 20 % — YQ — 0.5
e,

s
3 S, =30.4 MeV @GW“G ONLY true for neutrons and protons!
o Or ¢ .
5 S

Nsas - Symmetry energy
-20,

| ! | ! | !
0.1 0.2 0.3 0.4 Epny ESNM
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https://arxiv.org/abs/1303.0064

What about hyperons?

. . Yang et al, 2504.18764 [nucl-th]
Symmetry energy expansion with strangeness

Original symmetry energy expansion
considered only protons, neutrons

Original symmetry energy expansion
misses the ground state of nuclear

1ISOSpIn _ matter when hyperons are present
5o =1-—2Yg
asymmetry: :
510- \ Case 1: pg = —1/2 pg
L \ np = 0.99 fm
Gell-Mann-Nishijima formula 205 N

‘\‘ —= g
N\ —— FIT: 1117.24152.2 §2

O—1. - ;(B+S)

Corrected isospin asymmetry

Yang et al,

YS _ 2 YQ 150 2504.18764 [nucl-th] .
—0.4 —().2 0.0 0.2 0.4

J. Noronha-Hostler UIUC 19 (S




Chemical potentials from HIC to NS

Weak / equilibrium

Neutron stars live long enough that weak-interactions are in equilibrium. For neutrons/protons:
n—-p+e +0U, and p+e” - n+v,
that provides constraints on the chemical potentials: 1, = p, + u, (free-streaming neutrinos)

What about hyperons? For A’s they should also be in equilibriumi.e. A - p + e~ + U, so the
chemical potentials imply p, = p, + u,. So p = p,, that implies 113 = 0!

HOWEVER, isospin symmetry occurs for in the basis of g = — 1/24,, (see back-up slide for

derivation) . See Aryal et al, Phys.Rev.D 102 (2020) 7, 076016 and Yang et al, 2504.18764 [nucl-th]

to ~ [50,200] MeV, very tar from 0!

Weak f-equilibrium is NOT isospin symmetric. Thus, symmetry energy expansion to
connect to neutron stars MUST include odd terms (skewness) terms when Y¢ # 0.

J. Noronha-Hostler UIUC 20


https://arxiv.org/abs/2504.18764

Strangeness contribution to SNM
You really CANNOT ignore it

For SNM, Y, # 0.5

041 — Yo

—— YS

_——— YQ —0.5Y5
0.2-
0.0F=—====——————————— = ~

Yang et al, 2504.18764 [nucl-th] oS
000 1050 1100 1150 1200 1250 1300
up [MeV]

Wrong 1sospin
asymmetry

Correct isospin
asymmetry

PNM is meaningless for 0, = 1, then Y = ZYQ

J. Noronha-Hostler UIUC
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NOT isospin symmetric

150
T = s =0 Yang et al, 2504.18764 [nucl-th]
— SNM: 5Q =0
].OO - - 5Q=O.1
— —- bp=-0.1
% Q
= 50;
_E __,.-—-"'"’"#-’
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Strange symmetry energy: Chiral mean field and pQCD

200 —
Case 2: ug—0 Yangetal 2504.18764 [nucl—thl‘..
Esym.2 data points ’.‘l‘
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' L 2
120 \
~ . \
100' \ o \ \ °
v ~ . - \0
E 80° Case 2: g =0 .\,\\'\
— 60- Esym.3 data points ‘ \
mv\
3 —  FIT np: a+bng -~
2[:]53 40_ [ FlT npg.: Cl,—|—b'n,B—|—cn2B
20 1

2 0.4 0.6

ng fm =3

0.8

! | ! I I | T T T T ]

[ ' ! ! | T T T T T T

120 Danhoni et al, 2510.23984 [nucl-th]

100}

o 80| _
= i 5 -
o 60/ — Esym,2, Ms= —Hqgl2 ]
: ’ ~ .
v 40 - — Esym,Zs Hs=0 ]
205‘ — Esym,3, ”s= 0 _f
o ]
2 4 6 8 10 12 14

ng (fm™)

Skewness term a generic feature. At f

equilibrium g = 0, which breaks isospin

symmetry when Y¢ # 0
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https://arxiv.org/abs/2510.23984
https://arxiv.org/abs/2504.18764
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Ignoring strangeness
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Blume, Markert, PPNP 66 (2011)
see also yield ratios for Si+Au Braun-Munzinger, Stachel, Wessels, Xu, PLB 344 (1995)



IGNORE Strange: Symmetry Energy Expansion

Connecting NS to HIC across YQ
Symmetric matter Original symmetry energy expansion from binding energies

(SNM) . _ - Bombaci & Lombardo Phys.Rev.C 44 (1991) 1892-1900
% Y, = 0.5 [sospin asymmetry 0 = 1 — 2Y¥,,
; . @ where 6 = O for SNM and 6 = 1 for PNM

M~ . Il
o E £
n 1 A = S 4 E, 007 + 0(5Y)
\ Np Npg
Asymmetric Yy 5 0.1
matter (ANM) Expand in 0 where odd terms drop due to isospin symmetry

Convert EOS from NS to HIC, expand around n

sat
2 31 _ ]
@ @ g @ "p HIC > Hic\”
w )8 (n ) 162 (n \ e ? °© /.
To varing Yglc
Esym,2(nB) 4 unknowns Yao et al, Phys.Rev.C 109 (2024) 6, 065803
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2020’s Low-energyy/s < 7.7 GeVHICs

New STAR data, new interpretations

Do quark-gluons d.o.f. matter? Flexible potentials — phase transitions

Build phase transitions into hadron transport

S S L S
- "QCD-like" phase transitions: :
200 1
I (T(co), nio), N, Mr) A S )
- —— (50, 3.0, 2.70, 3.22) - Sorensen :
175F —— ( 50, 3.0, 2.85, 3.12) Phys.Rev.C 104 (202 y
” ( 50, 4.0, 3.90, 4.08) 1) 3, 034904
S150F —— (100, 3.0, 2.50, 3.32) ]
§ — (100, 4.0, 3.60, 4.28) ~
=15k T (125, 4.0, 3.60, 4.28) N + A
b=
o _
§ | nuclear phase transition:
= 1901 (T,  n®)
é‘ L — 18 0.375)
3 75:— > Y
50} Hadrons q
grr L " 5
{ ) 25+ -
Maiss (GeV) y F d
0.35 0./ ] 1.4 T R I R AN N
Time: -2.4 fm Wmmm}um||||‘|||||||||}u S \ 4 5

baryon number density ng [ng]

J. Noronha-Hostler UIUC 25



pressure [MeV fm™]

250

200

150

100

N
S

Peakin c¢? at nge"k = [2,3] n., for HIC

T=0
symmetric nuclear matter

Olunychenko et al,

Phys.Rev.(C 108
(2023) 3, 034908

ot TG 3

.......
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-------- SMASH prior
—— SMASH posterior
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Eizp [GeV/nucleon]

38

10

Systematic Hydro studies still needed


https://inspirehep.net/authors/1258769

How do low-energy heavy-ion collisions at 7 = 0 connect to neutron stars?
Symmetry energy expansion

Given neutron star equation of state — convert to HIC and can constrain by 0 < (:S2 < Il and
saturation properties.

N3t 1.2 Remove acausal/unstable solutions
1__ G — e —
Q 1 TN
_ = 40 :’ |
0 6__ §35 '
dhad 30 <
— (no = | | | ~ Phys.Rev.C 109 (2024) 6, 065803
0.4—  constraint) \ S
- — — — — < 50
_ S e —— _ L —1000 /A @
0-2 - o ,_,__,__--:’_ A e — EE —150 \/ TR\ '
O —_ _‘ T— = = { 53; —200 1 . ,
R — el "A" ¢ — e— — ) e— 0 — = ~ ‘ | _
ng — .. 77, 250 | | | | |
— —— | | | | 1000 < | |
_020111111111111111111111111 _
| 1 2 3 4 5 6 S =l (©
ML T - I
Phys.Rev.C 109 (2024) 6, 065803 Ng/ Nyt S o = | \ | X
&
30 35 20 60 100  -250 0 200 —-200 300 800
Esym[MeV] Lsym[MeV] Ksym[MeV] JsymlMeV]

J. Noronha-Hostler UIUC



T GWIQ08Ta~F 1]

AAAAAAAAAAAAAAAAAAAAAAA

Take extremes of the EOS band
derived for heavy-ion collisions,
run in hadron transport, and
compare to heavy-ion collision flow
data

J. Noronha-Hostler UIUC

proton dv,/dy' (y'=0)

proton v, (y=0)

Ultra heavy neutrons
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pressure [MeV/fim’]

100 ¢

Ultra heavy neutron star EOS works HIC

[—
-

--------------------------

Yao et al, Phys.Rev.C 109 (2024) 6, 065803 -

€0S2 min
€0s3 max _
YEFT Drischler et al. 68% CI o

Oliinychenko ef al. 68%, 95% CI -

Danielewicz et al.
1 l 1 | 1 1 l 1 | 1 1

2 3 4 )
baryon density np/ng,
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But, this does NOT match hadron only transport models

But, this is NOT the end of the story..
Strangeness symmetry energy expansion
Redo with hydrodynamics

Properly include quarks

Bayesian analysis BOTH with NS and HIC +
symmetry energy coefficients

Momentum dependence potentials

A lot of unused HIC data still...



uture:
hydrodynamics studies

ooooooooooooooooooooo



Heavy-ion Collision Framework

From initial to final state

Transport
coefficients

Example of  /syn ~ 10 GeV collision

09¢c 0.9c
-»> Z

2102
y

Initial State Hydrodynamics =~ Hadron gas Freeze-out

T~0MeV, ng~ng, T ~ 200MeV  ug* ~ 300 MeV Trp ~ 140MeV, pup~ 200MeV

Data obtained here

“Archeology”

Trento:
CCAKE: Pala et al, 31
SMASH:



4d EOS of heavy-ions T, ny, ng, 1

! Lattice QCD
Lattice 0.5 '/ MeV zsofgféaélf Fl‘tlea;,—lat] .
it 75 u=3.0T ——
3 g R
=92 ——
0.3 ’ IIII i - 10T
I = |. ——
UEm I II:I: zzzz = x ﬁ =0T
- T u =0 |—-—|
0.2 £m= | -
£ 3 7 ******************* xXETTTT
0.1 T =
0
N 50 100 150 200 250 300 350 400 450 500
ws Ho T [MeV]
Reasonable estimates: pig/upg ~ 1/3 B RtR NSt iR le Lines are ideal hadron

UL Tl S with large fluctuations! resonance gas (HRG)

| NoronhaHostler UIUG Data bars come from lattice QCD


https://arxiv.org/abs/2504.01881

Equations of motion for out-of-equilibrium pieces f

Equations NOT unique: Derived from enforcing only positive entropy production

Almaalol, Dore, JNH Phys.Rev.D 111 (2025) 1, 014020

A
F "
T T T . 2 1
T i+ 7 = 2nott + Z—0 By d v V</"nc’]/> + _néﬂ Vl/)},lq
v 2 2, g\l 2
V=10
¢ 2 - _ | n ., C q 2 1 JZ q
. | qu,n5/ qu, 0 qu/ qq’ [1 qq’ qu, qq’ : 7[/“/ qq’
qu,ng, + nf]‘ = — qu,V”aq, + 5 0 %, ﬂqc{nc/;q' 5 Y VAT 5 V”‘yo 5 Y vV 7t > Vyyl
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SELEEE  Does this actually work? Analytical checks

Causality With viscosity, at finite densities
+ 1r — - : - T r - T ™ T T T T ' ' y T
stabil ity o o) ] 125f m]  15f
con St ral ntS Semi-analytical : : '
i 10.0 Ingles et al, gy

CCAKE 7 .
- 2503.20021 [nucl-th] ]

- 1.0

2
1.3 &
| I | l\
0.00
j 1.2
| £ —0.05
g 1.1
_ gk —0.107¢
_ 1.0
-0.5¢ W
0 2 4
r [fm] r [fm] r [fm]

J. Noronna-Hostier UIUL Many.types of checks exist, this is just one example


https://arxiv.org/abs/2503.20021

Coming soon: CCAKE 2.0

3+1D simulations with BSQ diffusion, on CPUs/GPUs, genrqlized

7.3 F=3.10fm/c I Pala et al, To appear soon ] : .
’ 5.0 X i . |

2.5 . X 1

@)

i Q.

0.0F 4 i - 15

N - ‘g.

—2.5} : {3
—>-0F NO diffusion i |
~75F | | - | | | | o
7.5F7t=3.10 fm/c - )
5.0} o . -

2.5F o i 19

E ¥ S

-

— 0.0 . - 12

> 2

_25 - - - g
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—50F -
—7.5[ | \ \ \ | 1 | \ \ ]

Pala, Kaur Virk, Almaalol, Danhoni, Yao, Long, Serenone, Salinas San Martin, Yared,
PlumbNeraabankomier, tNUElearConfectionery: Multi-stage simulation framework for modeling relativistic heavy-ion collisions,” To appear soon



CCAKE 2.0: Cartesian vs Hyperbolic coordinates?

. . rtesian: ¢, = 1 = 0.42
AMPT+CCAKE 2.0: 3+1D simulations Cartesian: £ jmic, Nuopm =0
Hyperbolic: 7y = 1fm/c,N,, . = 0.62
.ater contributions added as sources
100 - Au+Au 0-5% : Eartesti)a? O 1 Cartesian
Jsww = 7.7 GeV * S;’ES ole 0.014 - M O Hyperbolic
. - . . 0.3=pr=3
80 0-012 Preliminary <05
0.010- ©
< 007 - Currently just with energy and
-~ A~ 0.008- .
2 l > momentum, checking out-of-
40 - o 0.006 - il : :
Preliminary equilibrium contributions
0.004 -+ 0
20 - Au+Au 0-5% O
0.002 - Vswy = 7.7 GeV
0 L]
| | | | | 0.000__ | 2 |
—4 —2 0 2 4 > 3 4 5
n Pala, Kaur Virk, Almaalol, Danhoni, Yao, Long, Serenone, Salinas San Martin, Yared, Harmonic n

Plumberg, Gardim, JNH, "NuclearConfectionery: Multi-stage simulation framework for modeling relativistic heavy-ion collisions,” To appear soon
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Summary and Outlook

* Strangeness:

» MUST include strangeness in the symmetry energy expansion o; = 1 —2Y, + ¥

® 1 2
Bumps in ¢

 Astrophysics providing hints of large bump, must be considered in HIC,
otherwise we’ll get misleading results!

* Need to understand HIC (assumptions, limitations, system differences) before
applying to astrophysical data

* Questions still remain on hydrodynamics vs transport at these energies

* CMB at FAIR in Germany is being built to study the regime between heavy-ions
and neutron stars — scans of Z/A
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Isospin symmetric chemical potentials

See Aryal et al, Phys.Rev.D 102 (2020) 7, 076016 and Yang et al, 2504.18764 [nucl-th]
In terms of B, () and S, the first law of thermodynamics is given by

dE = updB + pgdQ + psdS + ..., (17)

where E in the internal energy and we define the chemical potentials

= (25) = (20) = (as) 2
"= \0B ) "= \0Q) ps HTN0S ) pg

We can also write the first law in terms of B, I, and S, by using the the Gell-Mann—Nishijima formula @ =

1 1
dE = up dB + (dIz+—dB—|——dS)+ gdS+ ...
LB HQ > > 7 (19

= 9 dB + PP dr, + pPPds + ..,

where we now define

(IS) _ 8_E (BS) _ OF (BI) _ OF
g ‘(aB>Iz,S’ £ ‘(612)3,3’ 4 = (55 pr. 20)

The chemical potentials in the (B, I,,S) basis can be related to up, us and pg by inspecting Eq. ):

IS 1 BS BI 1
) = pp + S HQ; ui”?) = po, pg = ps + 5 HQ (21)
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https://arxiv.org/abs/2504.18764

Breakdown of lattice QCD (Taylor series)

Back-up EOS 103 L9 O°95 f,m_gv,?s _ 005 f_g
57 ‘
* Table=lattice QCD Table
. 2
* Low T (below freeze-out) can be replaced with 107 g
HRG (see Joaquin Greta’s talk from MUSES) i}f;ff
. . . . i i
* Will reproduce with alternative expansion ERUY: Tanh
scheme, this will certainly help! o i Conformal
;
100 ;
g / Conformal
W e 240 MeV/fm® < £ < 270 MeV /fm? |
10 10 10 10
pp [fm™]

Plumberg et al, Phys.Rev.C 111 (2023) 4, 044905
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Next Steps: extending to finite temperatures

Finite 7' expansion in pressure

New finite T expansion can reproduce

. 103
the equation of state up to

T =100 [MeV] at the percent level.

“E Mroczek, Yao
1 Os 1 0% i) et al 2404.01658 [astro-ph.HE]
7)) — | 2 3 4 > 2
pL, ) =pr_o- S T 1< 4 c 372 T° + O(T™) 5 10
1=0i r=0,i 2 Yo=0.4, T [MeV]
- m—— T = 0, RMF

op = T =100, RMF
Recall entropy is § = — —— T = 100, expansion O(T?2)

oT
T = 100, expansion O(T3)
. . 1
Comparlsons tO various models underway, 101()0() 1200 1400 1600 1800 2000
extraction of these entropy derivatives as well!

i
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https://arxiv.org/abs/2404.01658

. 4 .
Yields across — and the neutron star equation of state

A -ttt : —t—t
Mroczek, Yao et al, 2404.01658 [astro-ph.HE] Repurposing isobars 2000 | . -
: Nana, Salinas san Martin,
T [MeV] : JNH 2411.03705 [nucl-th] -
o0 1500 | -
low-dens. EoS Q -
How do we get this information? % 1000 ]
Thermal models from heavy-ion 000 1 } A % >
collisions and varying Y, 0 ; " i
Proof—o\f/—Ermczlgl)e (f;ro\lln RHIC 04 05
s = e Yo

000 045 040  0.35

'Nana, Salinas san Martin,

2 - JNH 2411.03705 [nucl-th]

vvvvvvvvvvv

2z - —0.18310-128 . 105
2 [ _
D —t+
0.5 0.0 05
aS/nB(T, nBa YQ) . 1 aSHIC(T, nB9 YQ) + 1 105 82(§§;B) - -
oT np oT 5 l =
- o 0.1 0.2 0.3
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