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EOS : Connecting Nuclei to the Cosmos
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TOV Equations Neutron Star
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Equation of State of nuclear matter
8(pls) = 8SN|\/|(p)O) + S(p)Szi 8 = (pn_ pp)/ (pn+ Pp) = (N'Z)/A

v
PNM: 0=1
Pure Neutron Matter
° Pure neutron matter
*':__:SEI' -
s
“,_:;40
Z 307
20!
5
f-ﬁ 10
vEFT (GP-B)
l:'IIIII.[ZI' {I'I‘i I:ﬂ ]:5

Number density n (ny)

2.0

SNM: 0=0
Symmetric
Nzléclear Matter

h
T

10

Energy per nucleon (MeV)

Symmetric nuclear matter

YEFT (GP-B)
Drischler

0.5 1.0 1.5 2.0
Number density n (1)

Pressure Pysy (MeV/fm3)

102 L

101 L

Neutron star matter

TOV equation

1.0 1.5 2.0 2.5

Number density n (ng)
sym:
hy Y
Symmetry Energy
%-5{} B
20l
e
5
S30 ¢
=
220¢
=
-
“0t
YEFT (GP-B)
%o 0.5 10 15 X

Number density n (ng)

3.C



—

o
M
|

—
<,
|

Pressure (MeV/fm3)

—A

o
=
1

e(p,0)=¢(p,0)+ S(p)o*

Symmetric Matter Constraints

&(p,0=

0)=Egar+Ksar/ (18p) * (p-po)*+-..

"p,=0.16/fm3 !
Ec=-16 MeV

/ Keyr=230£30 MeV

Drischler
Monday

O
o

0.9

1.0 1.9 2.0 2.5
Number Density n (n,)

3.0



Symmetric Matter Constraints
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Symmetric Matter Constraints
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Slope Parameter L [MeV]
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Slope Parameter L [MeV]
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Density Dependence of the Symmetry Energy Constraints?
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Density Dependence of the Symmetry Energy Constraints?
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S(p) (MeV)

Masses and skin data are sensitive to p~0.65p,
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S(p) (MeV)

Decoding the symmetry energy
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Decoding the constraints on the Symmetry Energy

Horowitz et al., JPG 41, 093001 (2014)
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Decoding the constraints on the Symmetry Energy

Horowitz et al., JPG 41, 093001 (2014)
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Nuclear structure, reactions Astro (15) constraints

Symimetric matter

Constraints p (fm H) Psnu {I\-‘[erme) Keaw (MeV) Ref.
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Astronomical constraints

M(®) R (km) A Ref.

LIGO 1.4 190150 [16]
Riley PSR J0030+0451 1347010 “12.711°15 [17]
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Riley PSR JO740+6620 2.07 0 0% b12.391 000 [19]
Miller PSR JO740+6620 2.08 1007 bl3.7 120 [20]




Nuclear structure, reactions Astro (15) constraints

Symimetric matter
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Posteriors of the

parmeterized EOS using
Bayesian analysis of the
constraints + NS model.

68% & 95%
distributions and
agreements with data
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Symmetry term has
large uncertainties at
high densities
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Challenges & Opportunities: Benchmarks for nuclear Theories
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Comparisons with other neutron star EoS
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Simulations with transport models to extract EoS parameters
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A White Paper for the 2023 US Nuclear Physics Long Range Plan
Dense Nuclear Matter Equation of State from Heavy-lon Collisions;
Sorensen et al., arXiv:2301.13253

Contact Agnieszka.sorensen@gmail.com for comments &
suggestions or to become an endorsing author



Conclusion: Comprehensive cold EOS is in sight

In past decade

 QGreat discoveries: GW170817 & NICER.

 Advance to connect experimental constraints for symmetric
matter and asymmetric matter to neutron star.

Near Future
* New neutron star measurements & update of symmetric matter

constraints from 2002 with new results from Hades, BES ...

* Improvement of symmetry energy constraints around 1.5to 3 rho 0O
(FRIB, FRIB400, RIKEN).

* |Improvements/breakthroughs in transport model simulations.

 There will be NEW facility (FRIB400?), NEW experiments and NEW
theories to explore the of neutron star physics with HIC
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