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Axions

" Axions are light bosons introduced to solve the “strong CP problem™
= Plausible candidates for dark matter
" Phenomenology: expected to be rich, but nothing observed yet.

" (oupling to photons (via EM fields). We can probe new phenomenology with
available data of cooling NSs!
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Axion potential
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Axion potential
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More possibilities considered in

the literature
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Axion “sourcing”
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But... such shift of the axion field causes several problems, if axions couple to

photons!

[6] R. Balkin, J. Serra, K. Springmann, and A. Weiler, The QCD axion at finite density, Journal of High Energy Physics 2020, 221 (2020)



Coupling to photons

Modified induction equation:

oB

. —V X [Wv X (e"B)+ fg|V x ("B)| x B — ga,yca,e”B}

| | |

ohmic dissipation Hall drift Axion dynamo!!
(conversion of axion
potential energy in -

mag. energy)
[7] L. Visinelli, Axion-Electromagnetic Waves, Modern Physics Letters A 28, 1350162 (2013)



Phenomenology in NS5s

Magnetic field evolution due to dynamo (not

/ really a direct observable)

Two effects to look for:

Joule heating rate: warms up the star and
increases the redshifted thermal luminosity L’Y

J2
Qs =

Oe

[8] Vigano D., Garcia-Garcia A., Pons J. A., Dehman C., Graber V., 2021, Comput. Phys. Commun., 265, 108001



Magnetic dynamo
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Magnetic dynamo
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Magnetic dynamo
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Available NS data
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[9] E. Anzuini, A. Melatos, C. Dehman, D. Vigano and J. A. Pons, 2022, Thermal luminosity degeneracy of magnetized neutron stars with
and without hyperon cores, Monthly Notices of the Royal Astronomical Society, (arXiv:2205.14793).




Solutions

" Bounds on the axion parameter space. For crust-confined
fields g, a < 107'°... but in the core g, a ~ 1077 !!!
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[6] R. Balkin, J. Serra, K. Springmann, and A. Weiler, The QCD axion at finite density, Journal of High Energy Physics 2020, 221 (2020)




Solutions

" Bounds on the axion parameter space. For crust-confined
fields g, a < 10~'°. But in the core g, a ~ 107°!!!

" Additional terms in Maxwell equations?

" NSs do not source axions with fi ~ m, or axions do not couple
with photons (or neither of theﬁ’l!)



Conclusions and outlook

" To kill the axion dynamo:

(1) axion field confined to the core
a

o

(i1) NSs do not source axions with T

(i11)) No coupling to photons

. . a
" Are there standard ways to “source” axions? Yes, and with — < 1!

a

" s it the same for other light bosons?

" Reverse engineering: to prevent the axion-dynamo, we can place
constraints on dense matter EoS




THANK YOU!

Filippo Anzuini

Email: filippo.anzuini@monash.edu

filippo.anzuini@gmail.com (better this one!)
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Modiftied Maxwell’s equations

V- (E = goyaB) = dmp.

O(E — goyaB) 47re"J

V x [e”(B + ggyaE)| = v y

V- (B+gevaE)=0

5 19(B + ggaE
V x [e"(E — ggvaB)| = . ( 8757 )

[7] L. Visinelli, Axion-Electromagnetic Waves, Modern Physics Letters A 28, 1350162 (2013)



“Standard” axion-Maxwell Egs.

V- (E —gayaB) = 4mp,

| J
c Ot C

V X {e”(B + gavaE)} =

V-B=0

10B

VX(GVE): Eat .

[10] Y. Kim, D. Kim, J. Jeong, J. Kim, Y. C. Shin, and Y. K. Semertzidis, Physics of the Dark Universe 26, 100362 (2019)



“Standard” axion-Maxwell Egs.

At firstorderin Jav E =~ Eqj+E, = Eg + ganyl

B%B0+Ba:B0+gmB1

.

V- (Eq — gayaBp) =0
a(Ea . gafyaBO)

V X [e”(Ba -+ gmaEO)] = -y

V-B, =0

y 1 0B,
VX(e Ea):—g 875

[10] Y. Kim, D. Kim, J. Jeong, J. Kim, Y. C. Shin, and Y. K. Semertzidis, Physics of the Dark Universe 26, 100362 (2019)




“Standard” axion-Maxwell Egs.

1 82(Ea — gaaBy)
2 Ot?

5’(an)
ot

+ 9oy V[Va - Bo] + g%v «

|

The solution is

Ea X Gay CLB()



“Standard” axion-Maxwell Egs.
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Core fields
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[9] E. Anzuini, A. Melatos, C. Dehman, D. Vigano and J. A. Pons, 2022, Thermal luminosity degeneracy of magnetized neutron stars with
and without hyperon cores, Monthly Notices of the Royal Astronomical Society, (arXiv:2205.14793).




Magneto-thermal evolution

" Heat diffusion equation

oT
CVGUE + V- (eZVF) — GQU(QJ — Q)

* Magnetic induction equation

0B c? 5 c
EZ—VX[ VX(GB)—|—

'V x (e B)] x B}

4o, dmen,

[11] Pons J. A., Vigano D., 2019, Living Reviews in Computational Astrophysics, 5, 3
[8] Vigano D., Garcia-Garcia A., Pons J. A., Dehman C., Graber V., 2021, Comput. Phys. Commun., 265, 108001




Other magnetic topologies
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Mass-Radius relation
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