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Hot neutron stars ~ Hot equation of state

Hot equation of state

Protoneutron stars

o Shortly after neutron stars born
o Trapped neutrinos
@ Protons + Neutrons + Leptons

o Isentropic EOSs

T (MeV) Y, S (ks)
0-50 001-04 0-10
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Hot neutron stars ~ Hot equation of state

Hot equation of state

@ Heat up by mass accretion due to a companion (Neutron stars merger)
@ Protons + Neutrons + Leptons
@ Isothermal/Isentropic EOSs

T (MeV) Y; S (kp)
0- 100 0.01-0.6 0-100
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Hot neutron stars Momentum dependent interaction model

Momentum dependent interaction model

The energy of asymmetric nuclear matter is given by the relation

5("%: "p,T) = 51?in(nn7T) + Slfin(nva) + Vint(nnanp:T)a (1)
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Hot neutron stars Momentum dependent interaction model

Momentum dependent interaction model

The energy of asymmetric nuclear matter is given by the relation
5("%: "p,T) = 51?in(nn7T) + Slfin(nva) + Vint(nnanp:T)a (1)

o kinetic part: &y (nn, T) + &L (np, T)

@ interaction part: Vint(nn,np,T)

P.S. Koliogiannis (AUTh) Thermal properties of hot and dense matter



Hot neutron stars Momentum dependent interaction model

Momentum dependent interaction model

° 51?1“ (n”H T) + g}fin (nP7 T)

- Bk h2E?
gkin(n‘rvT) _Q/W%fT(nTakaT)v
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Hot neutron stars Momentum dependent interaction model

Momentum dependent interaction model

° 51?1“ (n”H T) + g}fin (nP7 T)

. Ph 2R
Ein(nr, T) = Q/W%ff(nT,k,T), ()

where the Fermi-Dirac distribution is

er(ne, k,T) — uT(nT,T))} -t ’

fr(ne, k,T) = [1+exp( T

®3)
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Hot neutron stars Momentum dependent interaction model

Momentum dependent interaction model

° 517:1“ (n”H T) + g}fin (nP7 T)

- Bk h2E?
Ein(n-, T) = Q/W%ff(nT,k,T), (2)
where the Fermi-Dirac distribution is
T T7k7T - M7 T7T -t
fq—(n-,—,k7T)= [1+exp(€ (7’L )T 1S (7’L )):| ’ (3)

with nucleon density and single particle energy evaluated through

n —2/ﬂf(n k,T), and e-(n kT)—ﬁ+U(n k,T) (4)
e =2 [ Guypdrnn kD), andec(ne k. T) = 8 4 Urlne, b, T).
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Hot neutron stars Momentum dependent interaction model

Momentum dependent interaction model

® Vint (nn, 1p, T)

Mnt(nn7np7T) - VA + VB + VC7 (5)
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Hot neutron stars Momentum dependent interaction model

Momentum dependent interaction model

® Vint (nn, 1p, T)

Vint (n, np, T) = Va + Vg + Ve, (5)

where
V= gan [3- (G+a0) 1|02 (©)
o e
vc_uz{ (g g) + 19 (g1 ). ®)

@ n, denotes the saturation density and u = n/n,
o [ =1—2Y, is the asymmetry parameter and Y}, is the proton fraction

e [A, B, B',C;] are the parameters for SNM, [z, z3, Z;] are the parameters for ANM
-1

2
o T =2[ gk, N) fr(ne, b, T) with g(k, A) = [1 (%) }
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Hot neutron stars Momentum dependent interaction model

Momentum dependent interaction model

—— SNM e Data for SNM
400f ---- pNM 4 Data for PNM
c
Q 300F
_
©
Q
o]
Q_200*
>
(o]
5]
c 1001
I
oF

1 Properties of NM  MDI+APR1  Units
/ L 77696 MeV
1 Qsym 223.061 MeV
Keym 0.016 MeV
] FEeym 31.071  MeV
Qs -25.687 MeV
K 220.671 MeV
] my/ms 0.822

| | | | | | | | |
0.0 01 02 03 04 05 06 0.7 08 09 1.0

Nuclear matter density (fm~3)
o MDI + data from Akmal et al'
@ 1 Cold EOS + 10 hot EOSs based on various temperatures in the range [1,60] MeV
+ nine hot EOSs based on various lepton fractions and entropies per baryon in the
ranges [0.2,0.4] and [1, 3] kg, respectively.

T"A. Akmal, V. R. Pandharipande, and D. G. Ravenhall, Phys. Rev. C 58, 1804 (1998).
2 M. Piarulli, . Bombaci, D. Logoteta, A. Lovato, and R. B. Wiringa, Phys. Rev. C 101, 045801 (2020).
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Hot neutron stars Momentum dependent interaction model

Momentum dependent interaction model

—— SNM e Data for SNM
400f ---- pNM 4 Data for PNM
c
Q 300F
_
©
Q
o]
Q_200*
>
(o]
5]
c 1001
I
oF

1 Properties of NM  MDI+APR1  Units
/ L 77696 MeV
1 Qsym 223.061 MeV
Keym 0.016 MeV
] FEeym 31.071  MeV
Qs -25.687 MeV
K 220.671 MeV
] my/ms 0.822

| | | | | | | | |
0.0 01 02 03 04 05 06 0.7 08 09 1.0

Nuclear matter density (fm~3)

o reproduces with high accuracy the properties of SNM

@ reproduces correctly the microscopic calculations of the Chiral model and the results
of state-of-the-art calculations of Akmal et al*

o predicts Max at least higher than the observed ones

T"A. Akmal, V. R. Pandharipande, and D. G. Ravenhall, Phys. Rev. C 58, 1804 (1998).
2 M. Piarulli, I. Bombaci, D. Logoteta, A. Lovato, and R. B. Wiringa, Phys. Rev. C 101, 045801 (2020).
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Hot neutron stars ~ Thermodynamics of hot neutron star matter

Bulk thermodynamic quantities

@ Helmholtz free energy

F(n,T,I) = E(n,T,I) —TS(n,T,I), (9)
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Hot neutron stars ~ Thermodynamics of hot neutron star matter

Bulk thermodynamic quantities

@ Helmholtz free energy

F(TL,T,I):E(n,T,I)*TS(TL,T,I), (9)
o Entropy density
3
e T0) = =g [ Gz Lo fo (1= F) (1= )], (10)
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Hot neutron stars ~ Thermodynamics of hot neutron star matter

Bulk thermodynamic quantities

@ Helmholtz free energy
Fn,T7,1)=EMn,T,1) —TS(n,T,I),

o Entropy density

(9)

d*k
sr(n, T, 1) = —g/ Gy U fr 4 (L= ) In1 = )] (10)
@ Pressure and chemical potentials
_ 8£ 20(E/n)

P="% an ’ (11)

S,N; S,N;

OF o0&

i = N, = 71 (12)

S,V,Njz; S\ Vinjsi
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Hot neutron stars ~ Thermodynamics of hot neutron star matter

Bulk thermodynamic quantities

Pressure and chemical potentials are connected with the free energy as

a(f/n) - OF _of

_OF o
P==%v =" on © MT N, ons - (13)

T,N; T,N; T,V,Nj+, T, Vinj2;
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Hot neutron stars ~ Thermodynamics of hot neutron star matter

Bulk thermodynamic quantities

Pressure and chemical potentials are connected with the free energy as

oF 20 (f/n) OF af
P —_ — LA P = T = —_-— 5 ]_
v " on » TN, on. (13)
T,N; T,N; T,V,Nj; T,Vinjs;
The entropy per particle is given through the relation
__0(f/n) _ _OF
S(n,T) = ——5% =—a7 (14)
V,N; n
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Hot neutron stars ~ Thermodynamics of hot neutron star matter

Bulk thermodynamic quantities

Pressure and chemical potentials are connected with the free energy as

oF 20 (f/n) OF af
P=—— =n"—r = = , 1
oV ™ » M oN, i (13)
T,N; T,N; T,V,Nj; T,Vinjs;
The entropy per particle is given through the relation
a(f/n) OF
T)=— == 14
Sn,T) = - =45 o (14)
V,N; n
The chemical potentials take the form
) R L LOR R
fin = 5 vay,| o M Tt gyl o RSy =g
Yy, T n,T n,T n,T
(15)
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Hot neutron stars ~ Thermodynamics of hot neutron star matter

Bulk thermodynamic quantities

The free energy F(n,T,I) and the internal energy E(n,T,I) can be expressed by the
following parabolic approximations

F(n,T,1) = F(n,T,I = 0) 4+ I’ Foym(n, T), (16a)
E(n,T,I) = E(n,T,1 =0) + I*Esym(n,T), (16b)
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Hot neutron stars ~ Thermodynamics of hot neutron star matter

Bulk thermodynamic quantities

The free energy F(n,T,I) and the internal energy E(n,T,I) can be expressed by the
following parabolic approximations

F(n,T,1) = F(n,T,I = 0) 4+ I’ Foym(n, T), (16a)
E(n,T,I) = E(n,T,1 =0) + I*Esym(n,T), (16b)

The key quantity of Eq. (15) can be obtained by using Eq. (16a) as

o= pn — pp = 4(1 = 2Y) Faym(n, T). (17)
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Hot neutron stars ~ Thermodynamics of hot neutron star matter

Bulk thermodynamic quantities

The free energy F(n,T,I) and the internal energy E(n,T,I) can be expressed by the
following parabolic approximations

F(n,T,1) = F(n,T,I = 0) 4+ I’ Foym(n, T), (16a)
E(n,T,I) = E(n,T,1 =0) + I*Esym(n,T), (16b)

The key quantity of Eq. (15) can be obtained by using Eq. (16a) as
fi = pn — pp = 4(1 = 2Yp) Foym (n, T). (17)

It is intuitive to assume, based mainly on Egs. (16a) and (16b), that the entropy must
also exhibit a quadratic dependence on asymmetry parameter I, that is according to the
parabolic law

S(n,T,I) = S(n,T,1 = 0) + I*Seym(n, T), (18)

In general: Qsym = Q(n,T,I =1) — Q(n,T,I =0), where @ = F,E,S
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Hot neutron stars ~ Thermodynamics of hot neutron star matter

Leptons contribution

B decay and electron capture would take place simultaneously as

n—p+e +v, and p+e —n+ .. (19)
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Hot neutron stars ~ Thermodynamics of hot neutron star matter

Leptons contribution

B decay and electron capture would take place simultaneously as
n—p+e +v, and p+e —n+ .. (19)

» Isentropic process
en—+p+e+r.

» Isothermal process

en+p-+e
@ fin = Hp + fe O fin + Hue = fip + He
o Y, =Y,(n) eY,=Y.and V=Y. +Y,,

key relation

fio = pn — pp = 4(1 = 2Yp) Faym(n, T)
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Hot neutron stars ~ Thermodynamics of hot neutron star matter

Leptons contribution

B decay and electron capture would take place simultaneously as

n—p+e +v, and p+e —n+ .. (19)
» Isothermal process » Isentropic process
en+p+e en+p+e+ e
@ fin = Hp + fe O fin + Hue = fip + He
o Y, =Y,(n) oY, =Y.and V1 =Y. +Y,,

key relation

fio = pn — pp = 4(1 = 2Yp) Faym(n, T)

e In isentropic case we consider that: Y, = 2/3Y; + 0.05 within 3% accuracy >

3 T. Takatsuka, PThPh 95, 901-912 (1996).
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Hot neutron stars ~ Thermodynamics of hot neutron star matter

Leptons contribution

The energy density and pressure of leptons are calculated through the following formulas

d3k h2k2c2 2.4
fil, T) = (2721')3 / 1/;*21926 2+ Tglf ’ (20)
1+ exp {— i w}
37, 1.2
P, 1) = 220 / ark (21)
3 ( h2k202 + mict

1 + exp

\/52k202+m1254*l"1
T
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Hot neutron stars ~ Thermodynamics of hot neutron star matter

Equation of state

Total energy density

gt(naTaI) :gb(n’T7I)+Z€l(n7T7])a (22)
!

where
E(n, T,Y,) = nkpa +nTSpa. (23)
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Equa

Total

where

tion of state

energy density

Hot neutron stars ~ Thermodynamics of hot neutron star matter

gt(?’L,T,.I) :é'b(n,TJ)—i-Z&(n,T,I), (22)
!

E(n, T,Y,) = nkpa +nTSpa. (23)

v

Total pressure

where

Pi(n,T,1) = Py(n, T, 1)+ > _ Pi(n,T,1), (24)

2 aFPA(’I’L, Ta YP)

Pb(nv T7 YP) =n on

(25)

A,

P.S. Koliogiannis (AUTh)
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Hot neutron stars  Free energy and proton fraction

and proton fraction

@ key quantity for the calculation of proton fraction

@ Thermal effects are more pronounced at low densities while at high densities there is
a tendency for convergence
F _ 2 ag 2 2 ag 4

o L (n,T)=ao+ (a1 + azt?) n+ asn™ + ast’in(n) + (ast® + a7t®) /n

600

500

400

300

200

F/A (MeV)

100

—100

—200

T oo 600 prrrmrrmrrrr T ——r e
— T=0MeVv T =20 MeV (a) —— T=0MeV T =20 MeV (b)
— T=1MeV T =30 MeV E 500L —— T=1Mev T = 30 MeV E
— T=2MeV T =40 MeV — T=2MeV T =40 MeV
— T=5MeV T =50 MeV — T=5MeV T =50 MeV
—— T=10MeV —— T=60MeV | 400F — T=10MeV —— T=60MeV |
T =15 MeV T=15MeV
E S 300 E
[}
i Z 200F E
<
E w 100f¢ E
E oF E
E -100F E
Pure Neutron Matter p [Symmetric Nuclear Matter}
1 1 1 1 1 _ Ll 1 I I I I I I I 1
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 200%646.2"0.370.405 0.6 0.7 0.8 0.9 1.0

Baryon density (fm~3)

Baryon density (fm~3)

4 JJ. Lu et al, Phys. Rev. C 100, 054335 (2019).
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Hot neutron stars  Free energy and proton fraction

and proton fraction

@ It is related not only to the specific structure of a neutron star but also to some
dynamical processes, including mainly the cooling of the star through various forms
of the dURCA process

@ While in the low density region the proton fraction is very sensitive to the
temperature, in the high density region thermal effects are very mild. This is a direct
consequence of the similar sensitivity of the free energy per particle to temperature

0.30

0.251 oo B

o

N

=}
T

Proton fraction
e
w
T

0.10 T =0 MeV T =20 MeVv
-=-- T=1MeV T =30 MeV
--=- T=2MeV T =40 MeV
---- T=5MeV T =50 MeV
--=- T =10 MeV --=- T =60 MeV
T =15 MeV

0,00 g 55" 6.3 04" 0.5 06 07 08 06 L0
Baryon density (fm~3)
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Results and discussion Equation of state, adiabatic index and speed of sound

Equation of state, adiabatic index and speed of sound

» Isothermal Equations of state » Isentropic Equations of state
rr————— ; gOOETTTT ™
—— T=0MeV T =20 MeV — S$=0 Y =03,5=2 K
600F ~ T=1Mev T =30 MeV E - Y =02,5=1 Y,=03,5=3
T=2Mev T = 40 Mev 700F . y-02,5=2 Yvi=04,5=1 £t
f;"‘ T=5MeV T =50 MeV r:‘.‘ ---- Y;=02,5=3 Y =04,5=2 ,/ /:’l
I 500F T =10 MeV ---- T =60 MeV 3 I 600F ---- ,=03,5=1 Y =04,5=3 s E|
E T =15 MeV E
Z Z so0f E
> 400} E >
[} [}
= = 400F E
o 300 T
5 5 300F E
200F E
] & 200F 3
a a
1001 ] 100F E
07 L L L L L L L L L L g 07 L L L L L L L L L L g
01702703704705706 07 08 09 1.0 01702703704705706 07 08 05 10
Baryon Density (fm~3) Baryon Density (fm~3)

P.S. Koliogiannis (AUTh) Thermal properties of hot and dense matter




Results and discussion Equation of state, adiabatic index and speed of sound

Equation of state, adiabatic index and speed of sound

» Mass-radius diagram for isothermal equations of state

e T ~ 15 MeV — transition from non-homogeneous to homogeneous matter °

o Employ the MDI4+APR1 equation of state for the core and the L5220 for the low
density region

Nonrotating Maximally rotating
3.5 T T T T T T T T T T 4.0 T T T T T T T T T
— T=0MeV - T=10MeV T = 40 MeVv — T=0MeV - T=10MeV T = 40 Mev
-==- T=1MeV T =15 MeV T =50 MeV 3.5F T=1MeV T =15 MeV T =50 MeV ]
—~30F - T=2Mev T=20MeV ---- T=60MeV 1T =TT - T=2Mev T=20MeV ---- T=60MeV
© - T=5MeV T =30 Mev © - T=5MeV T =30 Mev
= = 300 1
" 251 7 0
)] 0
© @© 2.5
= 2.0 =
© \‘ © 2.0
c \ c
ol5 i o
= | D15
© ! ©
£ 10f ‘ h 1 %
S L i e ] S
© : T 10
—_ voN. T —
(O] 050 PSR J1614-2230 (G] PSR J1614-2230
. PSR J0348+0432 0.5 PSR J0348+0432
W PSR J0740+6620 B PSR J0740+6620
L L L L L L L ] S e e e L L L L L L L
0'08 10 12 14 16 18 20 22 24 26 28 30 32 34 00 12 14 16 18 20 22 24 26 28 30 32 34
Equatorial Radius (km) Equatorial Radius (km)

5 H. Shen et al, Nuc. Phys. A 637, 435-450 (1998).
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Results and discussion ~ Equation of state, adiabatic index and speed of sound

Equation of state, adiabatic index and speed of sound

» Mass-radius diagram for isentropic equations of state

Top panel: Nonrotating and Bottom panel: Maximally rotating
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Equation of state, adiabatic index and speed of sound

Results and discussion

Equation of state, adiabatic index and speed of sound
» Speed of sound

» Adiabatic index
r_n oP (26) cs _ |OP 27)
P on|g c o€
3.5 12
11 Causality
3.0 1.0
X ! 0.9
(] [
° i 0.8
Sasii /o
o o 07
5 U/ Yo
5 20/ 1 Zos
T
0.4
< — S$=0 Y =03,5=2 _ _
1.5 - Y;=02,5=1 Y,=03,5=3 0.3 Y/:°-3'5:2
- Y;=02,5=2 Y =04,5=1 %i=035=3
- Y;=02,5=3 Y,=04,5=2 0.2 :/:g-:r::;
Lok ‘ ‘ Y,=03,5=1 Y,=04,5= 0.1 Y:;0:4:S;3
. L L
01 02 03 04 0506 07 08 09 10 11 0061636304 05 06 07 08 006 1.0 1.1
Baryon density (fm~3)

Baryon density (fm~3)
o MDI model prevents the EOS from reaching the causality point.
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Results and discussion Sequences of constant baryon mass on rotating neutron stars

Sequences of constant baryon mass on rotating neutron stars

@ Sequences of constant baryon mass are a very useful way to study thermal effects on
the evolution, as well as on the instability conditions of hot neutron stars

@ Using isothermal EQSs, we have constructed a sequence related to the cooling of a
neutron star

@ The quantities under consideration are the Kepler frequency, the central baryon
density, and the temperature of each EOS

P.S. Koliogiannis (AUTh)
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Results and discussion Sequences of constant baryon mass on rotating neutron stars

ces of constant baryon mass on rotating neutron stars

o f(T)=ao+ aiT? + azexplasT] (Hz)
o For T'> 30 MeV: f(n§) = —473.144 + 2057.271n  (Hz)

1400 ‘ ‘ ‘ 1400
(a) ® My=16M, (b)
* My;=18My
1200} M= 20 M 1200
My = 2.2 Mg N
I .
= 1000} g = 1000} . d
> *
(@] (6] = *
& 800[ ] S soof . ]
>3 3
o 2 .
9 600 1 @ 600 omev ]
Y Y =
f - —
[} Q Temperature
g_ 400} ] g_ 00} ]
60 MeV

™ g .

200} ] 200f ]

O Il L L L L Il Il o L L L L L
0 TTIoTTT20 30 a0 50 60 03 0.4 0.5 0.6 0.7
Temperature (MeV) Central baryon density (fm~3)
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Results and discussion Moment of inertia, kerr parameter and ratio T/W on rotating neutron stars

Moment of inertia, kerr parameter and ratio T/W on rotating neutron stars

@ The dimensionless moment of inertia provides an important constraint for the
interior structure of neutron stars

@ The increase of temperature/entropy per baryon, except for some specific cases
(T'<2MeV/Y; =0.2,0.3 and S = 1), leads to lesser compact objects than the
cold EOS

0.6 T T T 0.6 T T T T
— T=0Mev T =20 Mev — s=0 Y,=03,5=2
---- T=1MeV T =30 MeV —--- Y,=02,5=1 Y,=03,5=3
0.5F --—- T=2Mev T =40 Mev E Y=04,5=1 E
---- T=5MeV T =50 MeV - Y,=02,5=3 Y=04,5=2
“--- T=10MeV ---- T =60 MeV Y,=03,5=1 Y =04,5=3

T =15 MeV

0.00 0.05 O.‘IO O.‘15 0.‘20 0.25 0.30 0.00 0.05 OA‘IO O.‘15 O.‘20 0.25 0.30
Compactness Compactness
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Moment of inertia, kerr parameter and ratio T/W on rotating neutron stars

o K =cJ/(GM?)

@ 0.24 < Bmax <0.32 = 0.66 < Ky <0.76

128 1o omev T =20 MeV (a) 120, Mgr = 1.40 Mo Mgr = 2.20 Mo, (b)
118 — T=1Mev T =30 MeV 1.1F ¢ Mg =200M, 5 Mg =230M,
- T=2MeV T = 40 MeV Kerr bound
1.0F --— T=5MeV T =50 MeV 1.0
---- T=10MeV ---- T =60 MeV
< 0.9 _ < 0.9
o T =15 MeV ]

Neutron stars bound

005565 ""T0 15 20 25 30 R TV - R VI RV
Gravitational Mass (Mg) Temperature (MeV)

6 PS. Koliogiannis and Ch.C. Moustakidis, Phys. Rev. C 101, 015805 (2020).
7 K.S. Thorne, ApJ 191, 507-520 (1974).
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Moment of inertia, kerr parameter and ratio T/W on rotating neutron stars
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@ Kn.s. and Kp.u. cannot be exceeded as the temperature in neutron stars increasing

@ The gravitational collapse of a hot, uniformly rotating neutron star, cannot lead to a
maximally rotating Kerr black hole
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Moment of inertia, kerr parameter and ratio T/W on rotating neutron stars

n stars

o Instabilities driven by gravitational radiation would set in at T/W ~ 0.08 for models

with Mg, = 1.4 Mg ®

o For sufficiently compact neutron stars the non-axisymmetric instability will set in
before the mass-shedding limit is reached
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8 S.M. Morsink et al, ApJ 510, 854-861 (1999).
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Hot rapidly rotating remnant

o Hot, rapidly rotating remnant: at least 7' > 30 MeV for isothermal EOSs, S =1
and Y; = 0.2 for isentropic ones

e B2 < 0.19 and B2, < 0.27
o K% =0.42 and Ki%¢, = 0.68
o (T/W)E =0.05 and (T/W)e, =0.127
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Hot rapidly rotating remnant

Hot rapidly rotating remnant

o Hot, rapidly rotating remnant: at least 7' > 30 MeV for isothermal EOSs, S =1
and Y; = 0.2 for isentropic ones

e B2 < 0.19 and B2, < 0.27
o K% =0.42 and Ki%¢, = 0.68
o (T/W)E =0.05 and (T/W)e, =0.127

Isothermal EOS

In isothermal case it creates a lesser compact star than the cold EOS, with lower values
of maximum gravitational mass and frequency, and highly stable toward the dynamical
instabilities
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Hot rapidly rotating remnant

Hot rapidly rotating remnant

o Hot, rapidly rotating remnant: at least 7' > 30 MeV for isothermal EOSs, S =1
and Y; = 0.2 for isentropic ones

e B0 < 0.19 and B¢, < 0.27
o K% =0.42 and Ki%¢, = 0.68
o (T/W)E =0.05 and (T/W)e, =0.127

Isothermal EOS

In isothermal case it creates a lesser compact star than the cold EOS, with lower values
of maximum gravitational mass and frequency, and highly stable toward the dynamical
instabilities

Isentropic EOS

| \

In isentropic case it creates an object comparable to the one of cold EOS, and unstable
toward the dynamical instabilities
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Conclusions

Concluding remarks

» Baryon Mass

The dominant quantity that manifests the thermal effects in neutron stars, is the baryon
mass

Supramassive limit: In the cold case the baryon mass is 3.085 M while for a hot one at
T =30 MeV is 2.427 Mg and at S =1 is 3.05 Mg

Merger components (assuming equal masses of components): ~ 1.5425 Mg,

~ 1.2135 Mg, and ~ 1.525 M baryon masses respectively

GW170817 — 2.7 Mg remnant GW190425 — 3.7 Mg remnant
v Cold EOS x Cold EOS
X Isothermal EOS x |sothermal EOS
v’ Isentropic EOS X Isentropic EOS

Rotation

@ Uniform rotation

o Differential rotation?
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Conclusions

Concluding remarks

A very recent event, the GW190814, had one of the components with mass ~ 2.6 M. It
is believed to be either the lightest black hole or the most massive neutron star.

However, an approach in Ref.

Most et. al, MNRAS 499, L82-1L86 (2020) suggests that

this star was rapidly spinning with K in the range [0.49, 0.68]
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Conclusions

Concluding remarks

MDI+APR1 EOS

This approach coincide with the supramassive limit of the MDI+APR1 EQOS, both in cold
catalysed matter and isentropic one with S =1 and Y; = 0.2.
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Conclusions

Concluding remarks

@ As the entropy per baryon and temperature (until 7= 15 MeV) increases for
isentropic and isothermal EOSs respectively, moment of inertia decreases leading to
lower values of torques that the neutron star needs in order to change its rate of
rotation than the cold case.

@ The endpoint from kerr parameter is that thermal support cannot lead a star to
collapse into a maximally rotating Kerr black hole. On the other hand, it is
fascinating the effect on the star. Although in the cold case, after ~ 1 Mg, kerr
parameter is stabilized at a constant value, when temperature is added, kerr
parameter becomes an increasing function of the gravitational mass leading to a
maximum value.

@ Instabilities driven by gravitational radiation never occur in a hot, rapidly rotating
neutron star.

o For temperatures T' > 30 MeV, a linear relation holds on between Kepler frequency
and central baryon density, leading to a universal behavior and description for the
central baryon density at the mass-shedding limit. This relation defines the allowed
region on both the central baryon density and Kepler frequency, for a rotating hot
neutron star at its mass-shedding limit.
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Conclusions

Concluding remarks

Future work...
o Rotating configurations based on differential laws

@ The threshold mass and the hot, rapidly rotating remnant
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Conclusions

Thank you for your attention!
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