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The elephant in the core

outer envelopes (e 7)

ﬁﬁﬁﬁﬁﬁﬁ < (0.3-0.5) km Nuclei lattice within e- gas

_——— —

JPERONG , 7
."-.Q.U ARKgS 9

po ~ 2.67 x 10'*g cm ™3

Lattimer & Prakas, Phys. Rep. 621, 2016
Caplan & Horowitz, PRL 121, 2018



The elephant in the core

outer envelopes (e 7)

(0.3-0.5) km
ZnER _CRUST "
==~ \
7~ 20 S
K3a gTER Cog, e, Pasta phases
@
0 P e “ O? (a) Gnocchi (b) Spaggtti
_ oo - *‘JS X :
- ‘\ N N E R “““'\ (—1)\ Xy
o™ ¢cORg /7 &R
- yPERONG o @
T gcoNDENg 5
1\,001# DENg 9
“ QUARKS
Q\QQ‘..‘ i

&

po ~ 2.67 x 10'*g cm ™3

Lattimer & Prakas, Phys. Rep. 621, 2016
Caplan & Horowitz, PRL 121, 2018



The elephant in the core

outer envelopes (e 7)
(0.3-0.5) km

—

Y NNE RN
Q it
‘F))QJQ ¢c ORE
‘ ‘{?ERONSQ";"
" QUARKS o
Q)\ po X
~
&
3

0o ~ 2.67 x 10*g cm™

constraints at
supranuclear density

Nucleonic matter in
B— equilibrium

Lattimer & Prakas, Phys. Rep. 621, 2016
Caplan & Horowitz, PRL 121, 2018



The elephant in the core

outer envelopes (e 7)
(0.3-0.5) km

—

———— —

" ‘{PERONS?"..-
'.‘. ’ﬁ’CONDEN‘S‘.?,"‘

po ~ 2.67 x 10'*g cm ™3

constraints at
supranuclear density

O Phase transitions

O Hyperons/mesons

n+e —>2X 41,
(udd) (dds)

O Quark deconfinement

Lattimer & Prakas, Phys. Rep. 621, 2016
Caplan & Horowitz, PRL 121, 2018



From macro to micro

Microscopic properties, the Equation of State, reflect into macroscopic
stellar observables

radius Love numbers
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The Love number

Tidal interactions leave the footprint of the NS structure on the GW
signal

Hinderer, The Astrop. J. 677, 2008; Binnington & Poisson Phys. Rev. D 80, 2009
Damour & Nagar, Phys. Rev. D 80, 2009

Deformation properties encoded within the Love numbers

v | | v

2
star’s Qij = —ko R55?-/ i = )\gij external
quadrupole 3 tidal field

O A\ depends on the EoS only for a given compactness My / RNs

O )\ enters within the gravitational waveform



Where do we look for Love?

Tidal effects add linearly to the GW phase h(f) = ANetlbre (£)+dr(f)]
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The observables: GWs

Measurements of the Love Numbers from GWi170817

LVC, Phys. Rev. Lett. 121, 2018
LVC, Phys. Rev. X 9, 011001, 2019
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Ranking the EoS

Hierarchical Bayesian test which rank different EoS given GW binary NS
observation(s)

O Degree of belief that 2 NS of a binary obey a particular EoS

b b
Z(DyEOS):/ dp<1>/ dp'® P(M,n, A|D)

f » GW measured
x P(pM|EoS) P(pP|EoS), ~ chirp, Love.
O Relative odds of two EoS given the data
. Z(D|EoSq) n events 1 & Z(Dy|EoSy)
Bz — 82 — H
Z(D|EoS,) 1 Z(Dy[Eos,)
O Kass-Raftery ranking logg B% < —2 EoS 1 disfavored

—2 < loglo B% < —1 EoS 1 strongly disfavored



The road to the EoS
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GW170817

Bayes factor normalised to the EoS with the largest evidence (WFF2)

||||||||||||||||||||||||||||||

gnh3 |
H4 | O The evidence against other EoS is weak

sqm3 | beside GNH3 and H4
wii2

wifl | Decisive evidence against MS1 and MS1b

O Stiffest EoS of the catalogue

mslb
msl f
mpal |
ap4r

ap3 | Doing better with more help?

|
|
|
|
|
|
|
|
|
|
I
I
sly 1 |
|
|
|
|
|
|
|
|
|
|
|

-6 -0 -15 -1.0 -0.8 0.0

log; o B&IFFB



GW170817

Bayes factor normalised to the EoS with the largest evidence (WFF2)
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Stacking at design

Bayes factor as a function of # of events detected by HLV at design [20 observations
within 60 < dy,/Mpc < 210 |

O The case of the stiff EoS: ALF2
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EoS with stiffness different from ALF2 are immediately ruled out

After ~ 10 events EoS with stiffness similar to ALF2 are ruled out



Stacking at design |

O The case of the soft EoS: APR4
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O Challenging to discriminate among EoS with similar stiffness

O Even multiple detections are not enough to discriminate models built with different
methods and particle content



The message from ET

O Let’s see again the case of the soft EoS: APR4
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The message from ET

O Let’s see again the case of the soft EoS: APR4
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