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NEUTRON STARS INANUTSHELL

Neutron Star
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WPIR-Bonn Pulsar Group

CRUST-- Horowitz, Pérez-Garcia PRC (2004)

*Onion structure: crust (crystal phases) + fluid n,p
core with neutron, protons and other hadrons.
Possible quark deconfinement transition.

*High compactness M/R~0.1 and B field B~10">

Gauss (magnetars).

sPeriods: ms to 10 s. Very regular.

*M<2M sun, R<15 km.

*Milli-second pulsars (P=few ms) ™
are recycled spun-up pulsars
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NS STRUCTURE DEFORMED BY B FIELD
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STELLAR STRUCTURE

Stellar mass and pressure radial profiles (right) for the NS with M =
1.56Moe and R = 13.93 km and mass density and magnetic field strength radial
profiles (left). We have used a polytropic EoS with I' = 2.207,K = 1.5¢2

n PuXT 5 P
B(n) = B + Bo(1 — e 7)) E(P)_(K) A

with Bs and BO the value of the magnetic field at the surface and in the center of
the star..n0O is the baryonic number density at saturation.
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ALP FIELDS INSIDE THE NS: coupling to fields

F,F" = _4E B

Go (pseudoscalar coupling)
2, — Jra — (J(Fy,Gp) = ‘
Ua +m,a = 4 Q Q(Fo, Go) Fy (scalar coupling)

Minimal coupling with gravity Go = _lpwﬁlw —FE-B
and electromagnetic source 4 CP-odd
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ALP FIELDS INSIDE THE NEUTRON STAR

Free case

?82 e @aga + £10,a + £20pa + mPa = gNO,GO)

gef f¢0

Boundary condition R.R,

Tsurface =

a(0,60) = ao, \/R2 sin29+R§c0829?

spatially damped oscillator

a(Tsurfaces 9) = @sph(Tsurface) O2aspn(r) + ;(4 + /(1) = N (r)0raspn (1) + m2e*agpn(r) = 0.
a(r,0) = a(r, ™) = aspn(r).

different regimes in the a(r, 0) solution, are determined by the value of the quantity

A(r) = i(i + U/ () = N (1) — 4m2e )
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ALP FIELDS INSIDE THE NEUTRON STAR

A(r) = 7 (

+ /(1) = N (r))? — 4m2eMT)

W =
= |

The overdamped regime (A > 0) near the stellar core indicates strong metric-
induced damping, where spacetime curvature due to baryonic density minimizes
axion effects. This mimics a screening mechanism. For “heavy” axions, the mass
term 4 m204() dominates, shrinking the overdamped region and allowing
underdamped oscillations (A < 0) to develop closer to the stellar core
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ALP FIELDS INSIDE THE NS: free case
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ALP field distribution with a mass m, = 1071%V g, = 10~ 1*GeV ~1within the

interior of the star, presented in an axial cross-section along the polar diameter.
The star has a mass

Mspn = 1.56 MO and a radius R = 13.93 km. The total axion mass was taken to be

0.01% of the total baryonic mass here.



ALP FIELDS INSIDE THE NS: E.B coupling

_52 i —89(1 + £10ra + £30pa + mPa = g.gE.B

F pelk
B = B(p) k chiral magnetohydrodynamics
2
¢ elle
E = 1B + 5 W
4’.71'0' c ZWQJFL?(J . 2m20h?2c? i
Chiral Magnetic Effect Chiral Vortical
L-R imbalance Effect

The combination of strong magnetic fields and chiral asymmetry in particle interactions
can lead to a separation of electric charge or axial currents

1 1
f(r,0) T=kir, &)
= oy B(r)? 4+ aaB(r) cos(x).

O2a(r,0) + oza(r,0) + &1 (r,0)0,a(r, 0) + (1, 0)0ga(r, 0) + m2a(r, )
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PS-ALP FIELDS INSIDE THE NEUTRON
STAR
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Meridional slice of the star (left) corresponds to an axion (dm) field density of pg,
=1 x 10'2g cm=3, whereas the right column corresponds to a lower density of
Pam = 1 X 1073gcm=3

Weuse m, =101V g, =1014Gel/ !




S-ALP FIELDS INSIDE THE NS: coupling to E*-B°
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1 chiral magnetohydrodynamics
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We note that for the dominant term, there is an asymmetry factor depending on
cos 20. We can derive an expression for this asymmetry by comparing the values
of B1 along the z-direction and the equatorial direction. 5

2 __ dB(r)

c (B(r) .

Fol0 = 5] — Fol9 = 0] Sum = — 5773




ALP FIELDS INSIDE THE NS: Scalar ALP
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AXION RESONANT CONVERSION
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ALP parameter space
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