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AXIONS

® AXIONS WERE ORIGINALLY INTRODUCED TO SOLVE THE STRONG-CP PROBLEM [1]

® PI.AUSIBLE CANDIDATES FOR DARK MATTER
® KXPECTED TO HAVE RICH PHENOMENOLOGY, BUT NOTHING OBSERVED YET

® BOOST AXION PHENOMENOLOGY WITH ELECTRODYNAMICS IN DENSE MATTER

[1] R. D. PEccer anp H. R. Quinn, CP CONSERVATION IN THE PRESENCE OF PSEUDOPARTICLES, PHYS. REv. LETT. 38, 1440 (1977) 2



NSs

® STRONG MAGNETIC FIELDS
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CP-vioLATING cOUPLINGS IN NSs

ALP EQUATION OF MOTION [2]

ot (ma)a=20E-B— > (Gaj(is) + 9ai (107°0;))

477 |
j=p,n

GM1A EoS [3] + WEAK INITIAL MAGNETIC FIELDS

a+ (mg)?a = —Ganps

2] I. G. IrRasTORZA AND J. REDONDO, PROGRESS IN PARTICLE AND NUCLEAR PHYSICS 102, 89 (2018)
3] Gusakov M. E., HAENSEL P., KanTor E. M., 2014, MONTHLY NOTICES OF THE ROYAL ASTRONOMICAL SOCIETY, 439, 318




CP-vioLATING couPLINGS IN NSs
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|4] C. A.J. O'HaARE AND E. ViTAGLIANO, PHYS. REV. D 102, 115026 (2020) 5
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Al.Ps IN NSs
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ONE ORDER OF MAGNITUDE SMALLER THAN LAB CONSTRAINTS!
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AXION ELECTRODYNAMICS

MODIFIED INDUCTION EQUATION | 5]:

0B
ot

=V x [nV x (€"B) + fu[V x (¢"B)] x B — go,cac’B

/ | \

OHMIC DISSIPATION HALL DRIFT DYNAMO

[5] L. ViSINELLI, AXION-ELECTROMAGNETIC WAVES, MODERN PHySICS LETTERS A 28, 1350162 (2013)
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E.STIMATED ENERGY BUDGET FOR THE DYNAMO
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DENSITY CORRECTIONS TO AXION POTENTIAL

::ﬂ-f a r S Icrit
a(r) ~
1 Tcri — MM \T"—Tecri .
__7Tfaj r L 6 ( t) T > Tcrlt .
FINITE DENSITY CORRECTIONS ONTUN
Via)~ |1 P Vo(a)
(SEVERAL POSSIBILITIES IN THE LITERATURE) m= f =

6] A. Hook AnND J. Huang, JourNAL oF HicH ENERGY PHYSICS 2018, 36 (2018)

7| R. BALKIN, J. SERRA, K. SPRINGMANN, AND A. WEILER, JOURNAL OF HicH ENERGY PHYSICS 2020, 221 (2020)



MAGNETO-THERMAL EVOLUTION

By [G] x 10 t =1.00 x 10° [yr] T [K] x 10 B, [G] x 10" t = 2.00 x 10" [yr] T [K] x 105 By [G] x 10" t = 4.00 x 10% [yr] Ti [K] x 108
35.6 0.73 943 0.57 1035 0.50
0.65 .52 0.45

0.57 0.48 0.40

0.49 0.43 0.36

~35.6 0.41 —94.3 0.39 —103.5 0.31
B, [G] x 10" t = 1.00 x 10* [yr] Ty [K] x 105 By [G] x 10%2 t=2.00 x 10" [yr] T, [K] x 105 B, [G] x 102 t = 4.00 x 10* [yr] T; [K] x 10°
35.8 0.73  116.5 0.82  1759.3 1.34
0.65 0.76 1.20

0.57 0.70 1.05

0.49 0.63 0.91

~35.4 0.41 —199.9 0.57 —2308.0 0.76

|8] F. ANzumnt, J. A. Pons, A. GOMEZ-BANON, P. D. Lasky, F. BiancHINI, AND A. MELATOS. MAGNETIC DYNAMO CAUSED BY AXIONS IN NEUTRON STARS,
2022, ARXIV:2211.10863 10



()BSERVABLE EFFECT
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|8] F. ANzuint, J. A. Pons, A. GOMEZ-BARON, P. D. Lasky, F. Biancaini, AND A. MELATOS. MAGNETIC DYNAMO CAUSED BY AXIONS IN NEUTRON STARS,
2022, ARXIV:2211.10863 11



COOLING WITHOUT AXIONS
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AND WITHOUT HYPERON CORES, MNRAS, 515, 3014 (2022)
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(CONCLUSION

® AXION ELECTRODYNAMICS IN DENSE MATTER CAN BE USED TO CONSTRAIN AXION
COUPLINGS AND TO TEST PROPOSED MODELS

® BouNDS ON AXION-NUCLEON CP-VIOLATING COUPLINGS
OUTLOOK
® LXTENSION TO CP-CONSERVING COUPLINGS

® M AGNETO-THERMAL SIMULATIONS FOR WDs

13



THANK YOU'!

Image Credit: NASA'S GODDARD SPACE FLIGHT CENTER/CHRIS SMITH/USRA/GESTAR



Al .Ps N WDs
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OCD AXION IN NSs
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4] C. A. J. O'HARE AND E. VITAGLIANO, CORNERING THE AXION WITH CP-VIOLATING INTERACTIONS, PHYS. REV. D 102, 115026 (2020)



AXION-MAXWELL EOS.

V- (E — goyaB) = dmp,

O(E — gayaB) 47T6”J

V x [e"(B + ggraE)| = -y - —

V- (B+ geyaE) =0

1 9(B + ggaE)
C Ot |

[5] L. VisINELLI, AXION-ELECTROMAGNETIC WAVES, MODERN PHysICS LETTERS A 28, 1350162 (2013)

V x " (E — ggyvaB)| =

17



AXION ELECTRODYNAMICS

MODIFIED INDUCTION EQUATION | 5]:

0B
ot

'

0B B

N\
N\

8t T, dyn

[5] L. ViSINELLI, AXION-ELECTROMAGNETIC WAVES, MODERN PHySICS LETTERS A 28, 1350162 (2013)

= —V X -nV X (e"B)+ fg|V x (e"B)| x B — gmcae”B-

18



PHENOMENOLOGY

By [G] x 10 t =5.00 x 10° [yr] T [K] x 10° B, [G] x 1022 t =2.00 x 10° [yr] T [K] x 105 By [G] x 10" t =5.00 x 10° [yr] T [K] x 108
498.0 —1.46 5563 —1.17  612.3 —1.05
1.21 0.97 0.91

0.95 0.77 0.77

0.70 0.57 0.63

—498.0 0.45  —556.3 0.36 —612.3 0.49
B, [G] x 10%2 t =5.00 x 10% [yr] T[K] x 105 By [G] x 10" t = 2.00 x 10° [yr] T (K] x 105 By [G] x 1012 t =5.00 x 10° [yr] T, [K] x 10°
497.1 146 580.0 121 50226 —3.55
1.20 0.97 2.82

0.94 0.74 2.09

0.68 0.50 1.35

—498.7 0.41  —544.9 0.26 —3347.9 0.62

|8] F. ANzumnt, J. A. Pons, A. GOMEZ-BANON, P. D. Lasky, F. BiancHINI, AND A. MELATOS. MAGNETIC DYNAMO CAUSED BY AXIONS IN NEUTRON STARS,
2022, ARXIV:2211.10863 19



()BSERVABLE EFFECT
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|8] F. ANzumnt, J. A. Pons, A. GOMEZ-BANON, P. D. Lasky, F. BiancHINI, AND A. MELATOS. MAGNETIC DYNAMO CAUSED BY AXIONS IN NEUTRON STARS,
2022, ARXIV:2211.10863 20
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COOLING WITHOUT AXIONS
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|9] F.ANzUuINI,A.MELATOS,C.DEHMAN,D. VIGANO, AND J. A. PONS, THERMAL LUMINOSITY DEGENERACY OF MAGNETIZED NEUTRON STARS WITH

AND WITHOUT HYPERON CORES, MNRAS, 515, 3014 (2022)
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“STANDARD  AXION-MAXWELL EOS.

V- (E — gsyaB) = 4mp,

' 1 O0(E —guyaB)  4mwe”
V x ["(B + goyaE)| = ! : J
V-B=20
10B
"E) = .
vV x (e"E) c Ot

[10] Y. Kim, D. Kiv, J. Jrong, J. Kim, Y. C. SHIN, aAND Y. K. SEMERTZIDIS, PHYSICS OF THE DARK UNIVERSE 26, 100362 (2019)



“STANDARD  AXION-MAXWELL EOS.

E~ Ey+ E, = Eg + goy By

B ~ BO Ba — B() gafyBl

v

V - (Ea = gmaBo) — ()

a(Ea . ga’yaBO)
c Ot

V X% [e”(Ba + gafyan)] —

V-B, =0

1 0B,

V x (e"E,) = -y

[10] Y. Kim, D. Kiv, J. Jrong, J. Kim, Y. C. SHIN, aAND Y. K. SEMERTZIDIS, PHYSICS OF THE DARK UNIVERSE 26, 100362 (2019)
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“STANDARD  AXION-MAXWELL EOS.

2 .
VQEG — 10 (Ea gmaBo) | gaWV[Va : B()] gaﬂyv X a(aEO)

c? Ot? C ot

Ea X Ga~ CLBQ

[10] Y. Kim, D. Kiv, J. Jrong, J. Kim, Y. C. SHIN, aAND Y. K. SEMERTZIDIS, PHYSICS OF THE DARK UNIVERSE 26, 100362 (2019)
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“STANDARD  AXION-MAXWELL EOS.
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|8] F. ANzumnt, J. A. Pons, A. GOMEZ-BANON, P. D. Lasky, F. BiancHINI, AND A. MELATOS. MAGNETIC DYNAMO CAUSED BY AXIONS IN NEUTRON STARS,

2022, ARXIV:2211.10863
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MAGNETO-THERMAL EVOLUTION

HEAT DIFFUSION EQUATION

0T
cye” o -V - (ezyF) — €2V(QJ — Ql/)

MAGNETIC INDUCTION EQUATION

0B - Cf C '
= — "B) "B)| x B
ot v -47706V < (" B) dmen, vV x (e"B)] x _

260



NS EQUATION OF STATE

M (M)
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[3] Gusakov M. E., HAENSEL P., KanTor E. M., 2014, MONTHLY NOTICES OF THE ROYAL ASTRONOMICAL SOCIETY, 439, 318



