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Exotic Baryons in Hot Neutron Stars

Introduction

m We use a relativistic model within the mean-field
approximation with density-dependent coupling to study the
evolution of neutron stars

m The model is adjusted by the DDME2 parameterization
m The model is investigated at a fixed entropy to determine:

m the nuclear EoS

m particle distribution in the stellar matter
m temperature profile

m velocity of sound in the stellar matter

m and the macroscopic structure of the star

Issifu A., Marquez K. D., Pelicer M. R., Menezes D. P., Mon.
Not. Roy. Astron. Soc., 522, 3263 (2023), arXiv:2302.04364
[nucl-th]. b
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The Model
The model for the study is given by,

LrMF = Ly + LA + Lmesons + £lept0ns~ (1)
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The Model
The model for the study is given by,

LrMF = Ly + LA + Lmesons + £lept0ns~ (1)

The Lagrangian for the ,» =1/2* baryon octet

Ly = Z b [f’Y”f’u — 7% (gubwo + gopPo + gpblabpos) — (mb - gab‘70>:|'¢1b7 (2)
beH

and the Rarita-Schwinger—type Lagrangian for the J =3/2*
baryons

La = Z P [’Y“if’u —7° (guwdwo + &pal3dpos) — (my — gadﬁo)]¢du- (3)
den

The mesonic part is given by

1 1 1 1 =
Emesons = *5'77(270'(2) + Emﬁ,wg -+ §m§>¢% —+ Em’%pg?’ (4)[%:_?5‘2
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Finally, the free leptons are described by
ﬁleptons = Z/‘ZL (i’Y‘LaM - mL)wL- (5)
L
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Finally, the free leptons are described by

ﬁleptons = Z/‘ZL (i’Y‘LaM - mL)wL- (5)
L
The meson couplings are adjusted by the expression
' o 14 bi(n+di)?
gi(ng) = glb(nO)alm7 (6)
where i = (o, ¢, andw), With n = ng/ny and
gob(ne) = gin(no) exp [—ap(n —1)] , (7)

here, ny = 0.152fm—3.
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Finally, the free leptons are described by

ﬁleptons = Z"ZL (i’Y‘LaM - mL)wL- (5)
L
The meson couplings are adjusted by the expression
1+ bi(n + d;)?
i = gi T3 6
gin(ng) = giv(no)a 15 o1+ d)? (6)
where i = (o, ¢, andw), With n = ng/ny and

gob(ne) = gin(no) exp [—ap(n —1)] , (7)

here, ny = 0.152fm~3. The effective chemical potentials
Bp = Hb — BuwbwWo — Epblbpos — ggpPo — X" (8)
By = Hd — BuwbWo — EpdPo3lzd — X, (9)

where ¥ is the rearrangement term

08wb 08pb g 08ob
= ) / — - 7 b+ d|. 10
§ o wonp + o, po3l3pNp + o, bonp ang oong + (10)
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Also,
a3k k d3k
Py, = — —[f fo—], = ——Ep [f} fp— 11
b %/(27r)3Eb[b++b], &b %/(27r)3 b[for + fo-], (11)

where v, =2 and

1
- 1t expl(Ep F pj)/T]

fox (k) (12)

This expression also holds for a-resonances and leptons by » < (4, 1),
with degeneracies of -, =4 and ,, =2 or 4, =1 for neutrinos
respectively.
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Also,
a3k k d3k
Py, = — —[f fo—], = ——Ep [f} fp— 11
b %/(27r)3Eb[b++b], &b %/(27r)3 b[for + fo-], (11)

where v, =2 and

1
- 1t expl(Ep F pj)/T]

fox (k) (12)

This expression also holds for a-resonances and leptons by » < (4, 1),
with degeneracies of -, =4 and ,, =2 or 4, =1 for neutrinos
respectively. The meson contributions are

m? m? m? m? m2 m2 m> m?2

o 2 w 2 ¢ 2 p 2 o 2 w 2 ¢ 2 p 2
Em= —o05+—wy+—0¢5+—0p Pm=——05+—"wij+—o5+—=p03-
m 5 0T 5 W0 TP T, Poss m 5 0T W0 T TP T, P03

(13)
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The associated equations of motion are:!

m? 500 = chrbnb"!‘zgadnd:
me,wo Zgwb”b+zgwdndv

mido = ngm"m
b

m2pos = 8obMblab + D BpaNalsa-

b d

The baryon density is given by

d3k
np = 'Yb/ W [fb+ - fbfl

and the scalar density

d3k mj}
i =0 [ oy o )

Dutra M., et al.,

2014, Phys. Rev. C, 90, 055203

(14)
(15)
(16)

(17)
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meson(i) | m;(MeV) aj b; <i d; &gin(no)
- 550.1238 | 1.3881 | 1.0943 | 1.7057 | 0.4421 | 10.5396
w 783 1.3892 | 0.9240 | 1.4620 | 0.4775 | 13.0189
o 763 0.5647 — — — 7.3672

Table: DDME2 parameters.

b Xwb Xob Xpb Xob
A 0.714 | 0.650 0 -0.808
30 1 0.735 0 -0.404
¥, 5t 1 0735 | 05 | -0.404
==, =0 0.571 | 0.476 0 -0.606
A, A% At AT | 1285 | 1.283 1 0

Table: The ratio of the baryon coupling to the corresponding nucleon
coupling for hyperons and As (xi, = gin/gin)-

2| alazissis G. A., et al., 2005, Phys. Rev. C, 71, 024312

3Lopes L. L., etal., 2022
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The effective masses are

My 4 = Mb.d — 8ob,d00- (20)
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The effective masses are

My 4 = Mb.d — 8ob,d00- (20)

Total energy and pressure are;

g =¢€p+em+eq+eL, Pg = Py + Pm + Pg + PL + Pr. (21)

adtter.
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The effective masses are

My g = Mb.d = 8ab,d00- (20)

Total energy and pressure are;

eg =¢ep+em+eg+er Pg = Py + Pm + Py + P+ Pr. (21)

For thermodynamic consistency and energy-momentum
conservation

Pr = nBZr. (22)

The free-energy density 7z = ¢ — Ts, and the entropy density®

_¢es+t Pg — >, Ny — D g dNd (23)
- .

adtter.

4Typel S., et al., 2022, Eur. Phys. J. A, 58, 221
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The relevant conditions are; °
m [-equilibrium;
pb = kg — q (k1 — pur)-
m charge neutrality;
np + ng+ +2np++ + na+ — (ng— + n=— +npy—) = ne + ny.
m lepton number conservation;
Y=Y+ Y, With v, = (0 + n,)/08.

m baryon conservation;

ng = E nj.

i=b,A
The B-equilibrium follows the direct Urca processes

By —>By+1+ve and By+1— By + ve. (24)

C attteee
ay3l-

5Baym G., et al., 2018, Rept. Prog. Phys., 81, 056902
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Results

Particle abundances for neutrino trapped matter

The particle fraction is given by,

Y = n—, i = different particles in the system. (25)
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Results

Particle abundances for neutrino trapped matter

The particle fraction is given by,

n:
Y; = —, i = different particles in the system. (25)

10°

Sing=2, Y.,.=02

ng/ng

Baryon asymmetry in the system

nnp — np
= — = . 26
n = N ( )12/20
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Neutrino transparent matter
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The EoSs
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The EoSs
2000 N 2000
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m Increasing entropy density softens the EoS
m Adding new degrees of freedom to the stellar matter softens

the EoS significantly

m At T =0 the star catalyzes, reduces in size, pressure in its core
increases, and the EoS becomes stiff

R
UFSC
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Temperature Profile
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Temperature Profile
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Temperature Profile
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Temperature Profile
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star gets heated and expands due to neutrino diffusion
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Temperature Profile
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m First stage: S/ng =1, Y, .= 0.4, here, the star is getting heated,
expanding, and receiving external shocks to explode

m Second stage: S/ng =2, Y, . =02, deleptonization stage, the
star gets heated and expands due to neutrino diffusion

m Third Stage: S/ng =2, Y,. =0, the star is maximally heated,
neutrino-transparent
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The Mass—Radius Diagram

We assume spherically symmetric fluid and solve the standard TOV

equations,
dP(r) M(r) 4 4nr3P(r)
G = e+ PN (21)
M (r) = 4nr?e(r), (28)

dr
imposing all the necessary equilibrium conditions.

16 /20
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The Mass—Radius Diagram

We assume spherically symmetric fluid and solve the standard TOV

equations,6
dP(r) _ M(r) 4 4nr3P(r)
o 7—[e(r)+P(r)]W (27)
dl\gﬁr) = 47r?e(r), (28)

imposing all the necessary equilibrium conditions.

2.5

0.5 S/ng=1, Y e=0.4, solid lines
S/ing=2,Y,,=0.2, dash-dot lines
10 12 14 16 18
R[km]

6Oppenheimer J. R., Volkoff G. M., 1939, Phys. Rev., 55;:374
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The Mass—Radius Diagram

We assume spherically symmetric fluid and solve the standard TOV

equations,6
dP(r) _ M(r) 4 4nr3P(r)
o 7—[e(r)+P(r)]W (27)
dl\gﬁr) = 47r?e(r), (28)

imposing all the necessary equilibrium conditions.

2.5 psr — N 2.51pg 4 TEQ N
= — NH | T — NH
| PSRT0 PSRG740% 6820 1
2.0{ PSRI0740% — NHA 2.0 \ Sa N —— NHA
Y \‘\\- N\
S1s WO, "5 1.51 PSR J0030+0451 SN,
< 1.5] PSR J0030+0451 Y s NN
— AN — NN
N N\, N ¥
10 \\_\% . 1.0 o]
o =S 05 T=0, solid lines
0.5 S/ng=1, Y., e=0.4, solid lines :
S/ing=2,Y,,=0.2, dash-dot lines Sing =2, Yy, = 0, dash-dot ines
0.0 Bl bt}
10 12 14 16 18 10 12 14 16 18
RIkm] RIkm] UFSC

6Oppenheimer J. R., Volkoff G. M., 1939, Phys. Rev., 55;:374
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Sound velocity

m The velocity of sound through the stellar matter can be
calculated through the expression ¢ = dP/de.
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Sound velocity

m The velocity of sound through the stellar matter can be
calculated through the expression ¢ = dP/de.
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Sound velocity

m The velocity of sound through the stellar matter can be
calculated through the expression ¢ = dP/de.
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Sound velocity

m The velocity of sound through the stellar matter can be
calculated through the expression ¢ = dP/de.

0.2 S/ing=2,Y.,e=0.2, solid lines y
S/ng=1, Y, = 0.4, dash-dot lines T=0, solid lines
0.0 0.0 S/ng=2, Y, =0, dash-dot lines
0 2 4 6 8 10 0 2 4 6 8 10
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m For exactly conformal
matter 2 =1/3

m Causality requires that 2 <1
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Sound velocity

m The velocity of sound through the stellar matter can be
calculated through the expression ¢ = dP/de.

0 2 4 6 8 10
ng/no

m For exactly conformal
matter 2 =1/3

m Causality requires that 2 <1

T=0, solid lines
S/ng=2, Y, =0, dash-dot lines

0 2 4 6 8 10
ng/ng

m For hadronic matter 2 > 1/3

&

m For thermodynamic stabilitys:
250 UFSC
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Summary

m The particle population depends sensitively on $/ng

m Adding new particles to the stellar matter softens the EoS,
reduces T profile and &2

m Increasing S/nz leads to an increase in R, T and 2

m In the neutrino-transparent region, the stellar radii decrease
froms=2to T=0

UFSC
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Thank You!
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