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What is the effect of this coupling to matter in strong gravity environments?
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With the boundary conditions,

PO)y=P,, m0)=0, v(0) =1, @0 =¢, @0 =0 a0 =a, a(0)=0.
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Additionally, outside of the star, € = P = 0, and therefore only V contributes at the exterior of the star We chose the central density™*

as typical of a neutron star (N5), namely, p. =~ 1 X 101 gm/c?.

*N.B. This must be supplemented with an equation of state to determine the central pressure. We chose a polytropic as usual in NS.
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In this figure, we use the following values for the parameters:
g=0.01, £=1, m,>my;=10"eV — R=11.4km.
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. 4D EFTs emerging from string compactification couple the axion and dilaton — two scalar fields.

- A natural screening mechanism due to the kinetic coupling of the dilaton and axion.

- We have numerically demonstrated the existence of a screening mechanism but not enough to help with the experimental bound

when & ~ O(1).

. Screening is enhanced as we make & larger, as predicted in the adiabatic approximation. [P. Brax, , C. Burgess and F. Quevedo, 2023]

. Further studies of multiple scalars interacting through two-derivative sigrma-model couplings.
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Gompact ofyects

They are the endpoint of stellar evolution and an astrophysical laboratory. Different mechanisms support them against gravitational

collapse:
- White dwarls: supported by the degeneracy pressure of electrons.
- Neutron stars (NS): interaction between nucleons.

.- Black holes: completely collapsed, gravitational singularity.

More information on radii and masses available for NS:

- Original massive star containing 8-25 Mgbefore supernova explosion.

» Theoretically, remnant NS compresses 1.4M g into a 10 — 15km sphere.

- Experimentally, (Satellite mission NICER) measured PSR JOO30 + 0451 radius:

12.71 £ 1.19 km
13.02 = 1.24 km
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COMPAET
STAR PHYSICS

Jurgen Schaffner-Bielich

[J. Schaffner-Bielich , 2020]

[Riley, T. E.etal, 2019]
[Miller, M. C. et al , 2019]



We consider a plecewise polytropic equation of state:

P(IO) — Kipri, [F. Douchin and P. Haensel,, 2001]

where p is the rest-mass density, K; are some constants and I '; adiabatic indices. In addition, p; = 10'*7g/cm? and Py = 1010 /cm?,
such that for each region of the piecewise density

Pic1 SP =P

The energy density € of this adiabatic 1deal gas follows the first law of thermodynamics
€ 1
P P

K. elp- I.
e={+a)p+——>p', with a = i) 1 —K.pli .
I =1 Pi-1 =1

which implies by continuity,
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We can write variapbles in the JF, particularly pressure and density as

P=A%0DP and €= A*%7)é.

Defining u(r) = m(r)/r, the independent Einstein equations are given by
2

r / /
i’ + p = 4aGri(A%e — V) — Z(l —2u)(p” + Woa?),

. 8aGr(A*P+V)+2u 1

2 2.2
” + Woa <),
(1= 270 2 |
7 N2 U 1 2u’ 8 GA4P v/ 1 / :
A O O A N ] ) 4 22+ Wa?),
2 T4 20 -2 2r U 1 2u (I=2p) 2

And additionally, the Tolman-Oppenheimer-Volkoir (TOV) equation

4nGrAAP + V) + u
r(1 — 2u)

P'=—(+P)

r , /
4(¢2+W2a2)+g(p’
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In this figure, we use the following values for the parameters:
=001, =1, m,=10"0%V and my,;=10"eV — R=11.4km.
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Nenerceal solutions

W,
1e-151 a” + 7o’ + 27 (1 = 27)9'a’ = 7(Va + Ua) 0" + (2/ @ — WWy(1 — 2m/r)@'? + 8ngA*e = 0
I |
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Evolution of the axio-dilaton system. The equations are satisiied along the whole radial coordinate.
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CrLO/Mmernotoqy,

Phenomenological values would require & > 10° which requires < 10° Gev [P, Brax, , C. Burgess and F. Quevedo, 2023,

SN1987A

Stellar BHs &+

Q"
QQ

surds ajoy >poerg

70 19 4B AT A6 A5 A 43 42
107 407 107 407 400 107 407 407 A0 2O \0 \0 \0 \0 \0 \0 \0 \0 \0

[P.A. Zyla et al. (Particle Data Group), 2020]
mg [eV] y P
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Consider the tollowing potential for the axion field:

V _l 2 M2 _ 2 d U _l 2M2 _ 2
(a) = > Hout S(a—ay)” an (a) = > Hin L(a—a_)e(r),

where UiouM, = My ) = M MpW(@). Extremizing the effective potential with respect to the axion field

d(V(a) + Ua))

0,
da

tUrns out into the axion solution

0 0
oty + pine(r) a_

peur + Mizne(r )

a(r) =

The adiabatic limit inside the source implies, in particular, m,, R >> 1, that is, the Compton wavelength is way smaller than the star’s
radius.

The axion profile adiabatically follows the minimum of the local potential
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