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Motivations

o
o

@ One-to-one correspondence
between the nuclear EoS and static
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@ Studying EoS at high densities is
challenging.

‘ , ‘ @ Progress in NS observation:
s Rlam) GW170817 (LVC), M-R
(NICER-XMM)

J.M Lattimer. Annu. Rev. Nucl. Part.
Sci. 2012. 62:485-515

— Aim to study the combined implications of these measurements on the
nucleonic EoS using meta-modeling techniques by performing Bayesian
analysis.
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Meta-modeling of the EoS

* Nuclear matter energy per nucleon (n = np + n,, 6 = (n, — np)/n):

e(n,d) = es(n) + 52e,-v(n)
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* Taylor expansions (x = %"sfr)
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€iv = Esym + Lsme + EI'(sme2 + aCDsme3 + azsymx4 + ..
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* Nuclear matter energy per nucleon (n = np + n,, 6 = (n, — np)/n):
e(n, 0) = eis(n) + 6%, (n)

* Taylor expansions (x = %"sfr)

1 1 1
€is = Esat + EKsatX2 + ?Qsatx3 + Ezsatx4 + ...

1 1 1
€iv = Esym + Lsme + EI'(sme2 + aCDsme3 + azsymx4 + ..

* In meta-modeling:

|e(n,0) = tre(n, ) + v(n, ).
See Margueron et al. Phys. Rev. C 2018, 97:025806
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Why meta-modeling?

@ All purely nucleonic models can be nicely reproduced with the metamodel by
truncating the expansion at order 4.
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Why meta-modeling?

@ All purely nucleonic models can be nicely reproduced with the metamodel by
truncating the expansion at order 4.

@ No correlation is assumed a priori among the empirical parameters.

@ Metamodel, complemented by surface and curvature parameters ({og, bs,
0oc, f}) in CLDM, allows making a unified treatment of the crust.

— Deviations between observations and metamodel predictions will signal the
failure of the nucleonic approximation, and therefore reveal the presence of
deconfined matter at high density.
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Bayesian analysis

Posterior

P({X}Ie) = N Ppror({X}) ] | Pexl{X})
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Bayesian analysis

Posterior

P({X}Ie) = N Ppror({X}) ] | Pexl{X})

Prior

@ Bulk parameters {X}:

Parameters Min Max
Eoat (MeV) 17 15
nsat (fm™3) 0.15 0.17
Keat (MeV) 190 270
Qsat (MeV) -1000 1000
Zsat (MeV) -3000 3000
Esym (MeV) 26 38
Lsym (MeV) 10 80
Ksym (MeV) -400 200
Qsym (MeV) | -2000 | 2000
Zoym (MeV) | -5000 | 5000

My 0.6 08
AmZ,./m 0.0 0.2

b 1 10

Margueron et al. Phys. Rev. C 2018,
97:025806
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Bayesian analysis

Posterior

P({X}le) = N Porior({X}) [ [ P(cxl{X})

Prior

@ Bulk parameters {X}:

Parametore T Wi Viox @ Surface and curvature

Eoat (MeV) a7 15 .

nsat (fm™3) 0.15 0.17 parameters:

Keat (MeV 190 270

O EMevg -1000 | 1000 {oo, bs, ooc, B}

Zeat (Mev) | -3000 | 3000

Eeym (MeV 26 38 ;

i gMZV; 20 ot Fit to AME2016 mass

Keym (MeV) | -400 | 200 .

stm EMZV; -2000 | 2000 table: .

Zoym (MeV 5000 | 5000 _

ym;*_,te ) 0.6 0.8 PAME({X}) =e X X372

AmZ,./m 0.0 0.2

b ! 10 Huang et al. Chin. Phys. C

Margueron et al. Phys. Rev. C 2018, 2017, 41, 03000
97:025806
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Constraints from nuclear physics and astrophysical
observations

1. Chiral EFT calculation:

Drischler et al. Phys. Rev. C 2016, 93, 054314.
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Constraints from nuclear physics and astrophysical

observations
2. GW170817 by LVC:

A S

1. Chiral EFT calculation:
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Drischler et al. Phys. Rev. C 2016, 93, 054314.
Abbott et al. Phys. Rev. X 2019, 9(1):011001.
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Constraints from nuclear physics and astrophysical
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1. Chiral EFT calculation:
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Drischler et al. Phys. Rev. C 2016, 93, 054314.

3. PSR 034840432 mass: M= 2.01 £ 0.04 Mg

Antoniadis et al. Science 2013, 340.
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Constraints from nuclear physics and astrophysical

observations
2. GW170817 by LVC:

A S

1. Chiral EFT calculation:
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Drischler et al. Phys. Rev. C 2016, 93, 054314.

Abbott et al. Phys. Rev. X 2019, 9(1):011001.
3. PSR 034840432 mass: M= 2.01 £ 0.04 Mg
Antoniadis et al. Science 2013, 340.
4. PSR J0030+0451 (NICER, 2019) & J0740+6620 (NICER+XMM, 2021) mass and radius measurement
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Miller et al, Astrophys. J. Lett. 2019. 887, L24; Miller et al 2021, arXiv:2105.06979
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Results

© Prior

@ LD: EFT calculation

© HD+LVC: (causality, stability, esym > 0)+ NS mass + LVC
@ AIl: EFT calculation + HD + LVC + NICER

See Dinh Thi, H.; Mondal, C.; Gulminelli, F. Universe 2021, 7, 373.
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Equation of State

50% CI
90% Cl

6053t
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— Good agreement with GW170817.
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M-R relation
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— Good agreement with NICER measurements.
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Crustal properties

Crust-core transition
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Crust thickness
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— Crust properties are mostly constrained by YEFT calculation.

1.4
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Radius and Tidal deformability

Radius
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Ri4 = 12787930 km. (Miller et al. 2021: Ry, = 12.45 + 0.65 km )
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Empirical EoS parameters

Isoscalar parameters Isovector parameters
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@ YEFT: most effective in low-order isovector parameters (Egsym, Loym).

@ Astro: most effective in high-order parameters (Qsat, Ksym: Qsym)-
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Correlation between observables and parameters
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Conclusions

@ Low-density nuclear physics data constrains the crustal properties, while
astrophysical data constrains the global NS properties.
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Conclusions

@ Low-density nuclear physics data constrains the crustal properties, while
astrophysical data constrains the global NS properties.

@ The nucleonic hypothesis is consistent with all current data.

@ We need more stringent constraints from the observations to conclusively
establish (reject) the presence of exotic degrees of freedom in high-density

matter.
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