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We wanted to investigate the hypothetical X17 boson on:

a) Neutron Stars

b) Quark Stars (QSs)

using various hadronic Equation of States (EoS’s) with phenomenological or
microscopic origin.

Special attention on two main phenomenological parameters of the X17 boson:
a) The coupling constant g that it has with hadrons or quarks
b) The in-medium effects regulator C

To set realistic constraints with respect to:
a) Causality

b) Various (possible) upper mass limits
c) Dimensionless tidal deformability
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Non-Newtonian Gravity model Weakly Interacting Light Boson (WILB)

G
V(r) = —M (

1+aGe"r/’l) = Vn(r) + Vy(r) * Theories BSM include a number of new
particles, some of which might be light and

o2hc A weakly coupled to ordinary matter.
= e e
ont, He  Such particles affect the EoS’s of nuclear

matter and can shift admissible masses of

A represents the range of the Yukawa force neutron stars to higher values.
mediated by the exchange of a boson with
mass

* Then the internal structure of neutron stars
is modified provided the ratio between
coupling strength and mass squared of a

+ sign refers to scalar(+) and vector(-) boson weakly interacting light boson (WILB)

g is the boson-baryon coupling constant
my, is the baryon mass
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Equation of States (EoS’s) and in-medium scaling

(%)383 2 (hc)a(gz&)2 5, (mgc 2)?2 2 P22 T
& = 2(mvc2)2n,, 2 07 22 (P (mpe™ — mye”)
+ 6K3 (mbc2 mbc) + 2: g4(mbc mbcz)4
+ Z By f 4mk2 [ (hek)? + (m; 2k
(he)’g? (he)d(%2)? (myc?)? .
P o= 2me2)? 121 2(mpc§)2 %_2 2(;10)3\'"“2 '”17‘2)2 (= RMF Theory
+ G_(mbc — mjc 2y 4 T/;‘(mbcz—m;‘,cz)“
Ark? .
i =
3 (2”)3 (hek)? + (m? 2 T
m"‘2 = aXmX +(1 - ax)zm —
S
_ 5/3 53] 513
Eu,l) = 10 Egno|(1+ D + (1= D u
| 3 1
+ —Ang|= - = +x0|P|u?
7 -fi o)) MDI
2 3 (1 2 1
. 38110[2 (5 +x3)1 ]u‘” -
1+28n0[3 - (4 + ) 2] model
i (Ci— SZ)
+ouy [c,-(J,, + 0+ 1T} - T
i=1,2

The energy density and the pressure of the WILB
(M=mg) in neutron star matter are given by:
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According to Brown & Rho, the in-medium modification
follows the linear scaling:

8

We consider that the coupling g varies in the interval
[10-3 - 2.2x10-2] which corresponds (for 17 MeV) to the
interval for g2/mg2 - [3.5x103 - 1.7] GeV?2

my, = mg (1 - c”—”) (MeV)
no

G. E. Brown and M. Rho, "Double decimation and sliding vacua in the nuclear many-body
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Equation of States (EoS’s) for Quark Stars

Color - Flavor Locked (CFL) model for Quark Stars
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Nuclear Models — RMF theory
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Nuclear Models — RMF theory

EoS g & &  mMeV] «k[MeV] 2

AN g g mMeV] «MeV] 1

El +5%  7.61 678 406.6 19.0 -60.0
E2 +5%  8.00 6.76 3914 17.0 -63.3
B +5% 761 808 4519 190 -1033
E3 5%  8.00 7.03 405.6 19.5 -80.0 - (0)
R o, =20% BO <56 800 83 419 B5 B3 a, =30%
E5  +10% 723 727 4519 255 -46.7 *  — Ell +5% 723 833 4822 260 -1500
m*, =626 MeV * _
E6 10% 7.23 7.51 467.0 28.5 -56.7 \' =
E7 :10% 761 7.03 4217 210 600 E2 +10% 647 577 3461 45 33 m=y >47.8 MeV
ES  +10% 7.61 7.03 4217 215 733 EI3 +10% 723 807 4670 230 1233
3.0 ST — 1200 —
B - equilibrium (npe) —= B - equilibrium (npe)
E4
E5 . .
23 2 1000 | q is the mass ratio
E8
4 —— E9 R )
2.0 . T 800 I /é}lvlsllj%fl;lir;u
"5 \ E13 i 1 ‘/ T

=15 = o) < 600

= —
— E3
1.0} 400 1 D &
--- E6
--- E7
E8
PSR J1614-2230 — EI0
[0 PSR J0348+0432 Ell
[0 PSR J0740+6620 --- EI2
B PSR J0952-0607 e E3
8 10 12 14 16 18 0.5 0.6 0.7 0.8 0.9 1.0
R (km) g

Vlasios Petousis (IEAP - CTU) 8



Nuclear Models — MDI model

» Solid curves correspond to the 3 initial E0S’s without the X17 boson ik adlelalel b lellaiciae galle Bl ey lpln s Al

« Dashed and dash-dotted curves correspond to the EoS’s with the X17 boson for g = 0.011 and g = 0.022

« All combinations resulting Max mass < 2 Solar Masses and in a good agreement with LIGO/VIRGO data
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Nuclear Models — MDI model

+ The ”shark-fin” shaded region arises from the constraints that the non-violation of causality implies on the C,4

+ The peaks corresponding to the pair of values for each one of the 3 set E0S’s (g = 0.022 and C = C,,,ax)

is the slope parameter of nuclear symmetry energy
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Nuclear Models — MDI model

Region constraints and non-violation of causality: Causality constraints for g and C for three EoS’s:

»  Shaded thin inclined curves represent regions for 3 set EoS’s
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Color Flavor Locked (CFL) model - Quark Stars
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Color Flavor Locked (CFL) model - Quark Stars

« The ”shark-fin” shaded region arises from the constraints that the non-violation of causality implies on the Cpa«

» The peaks corresponding to the pair of values for each one of the 3 set E0S’s (g = 0.022 and C = C,;,ax)
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Color Flavor Locked (CFL) model - Quark Stars

Causality constraints for g and C for three EoS’s
* Possible mass limits:

1.8 Solar Masses (CFL13 Soft)

2.2 Solar Masses (CFL2 Medium)

2.4 Solar Masses (CFL10 Stiff)

0.025 0.025 0.025
(a) CFL13 «  C=0.05325, g=00105 CFL2 .+ C=0.0608, g=0.0189 (©) CFL10 C=0079, g=0.0102
+  C=0.04581,g=0012 C=0.06948, g=0.017
0.020 0.020 \ 0.020 L -
%
>
.
0.015 0.015 \_, 0.015 %
00 00 -7; g, 60 7;
2 A 2
N\
0.010 0.010 S 0.010 S
o A [o% A
- AN -
3 3
. .
0.005 0.005 = B 0.005 < %
o %) (@) %,
) %, > (3
@
0.000 0.000 A A ' ' : 0.000
0.000 0.025 0.050 0075 0.100 0.125 0.150 0.000 0.025 0.050 0.075 0.100 0125 0.150 0.000 0.025 0050 0.075 0.100 0125 0.150
in-medium regulator C in-medium regulator C in-medium regulator C

Vlasios Petousis (IEAP - CTU) 14



Concluding Remarks (MDI model)
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Specific range for the X17 boson in the MDI model
is shown with blue vertical line among constraints
from different experiments.

The square blue dot indicate the constraints on the
X17 boson settled by the experiment of low-energy
n - 208Pp scattering (number 10).

The extrapolation of our settled constraints to other
masses indicated by the blue-shaded band.




Concluding Remarks

+ We payed attention on two main phenomenological parameters of the hypothetical X17 boson:

a) the coupling constant g of its interaction with hadrons or quarks
b) the in-medium effects through a regulator C

« Extensive analysis concerning the contribution on the total energy density and pressure of combat objects.

* We suggested that it’'s possible to provide constraints on these parameters, with respect to causality,
various possible upper mass limits and dimensionless tidal deformability.

+ We found that stiffer is the EoS (hadronic or quark), the more indiscernible are the effects on the properties
of compact objects.

+ The effectiveness of the X17 boson in compact objects properties, is more sensitive on the coupling g than
the regulator C

+ The effects of the hypothetical X17 boson, are more pronounced, in the case of QSs, concerning all the
bulk properties.

» It will be possible from both terrestrial and astrophysical observations, to make the best possible estimate
of the properties concerning the WILB particles.
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