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Axion
Magnetic Resonance

in the lab, the Sun, and the galaxy

Restoring coherence in axion—photon conversion
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Formalism

Axion—photon mixing, coherence, and magnetic resonance.
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Why axions?

01
Strong CP

The QCD axion lets
the CP angle relax.

02
Dark matter

A light field can
behave as cold matter.

03
UV completion

Axion-like particles
arise in broader theories.

This talk: use a photon coupling to make axions visible.

Lab and solar searches need no axion dark matter assumption.
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Convert axions into light

Br Loy = goya E- B
Each segment adds an amplitude.
_________ JayBrL
a Y Aay = MT
If all contributions stay in phase,
< B >

Py o< L2,

Sikivie, PRL 51 (1983) 1415; Raffelt & Stodolsky, PRD 37 (1988) 1237
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Phase mismatch limits coherent growth

N L? extrapolation Same energy, different momenta:
(= 1 2
= m
o =ky — kg~ 2
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phase cancellation

sincz = sinz/x; vacuum, weak mixing.

For |¢|L = 1, a longer magnet no longer gives steady L? growth.
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A rotating field supplies the mismatch

Br(z .
7(2) Circular components carry phases

z .
— Bi(z) x e

Conversion now samples

L )
/ Ay o</ dz eia£r)z
—on/\K\ 0

NB .
One component stays in phase when

0(z) = kz + 0g, B,=0
& 5] = lal.
Each gray disk is a transverse xy plane.

Seong, CS & Yun, Phys. Rev. D 110 (2024) 015018
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https://arxiv.org/abs/2308.10925

Axion magnetic resonance

In the rotating basis, near one resonance:

0 AB gavBT
Hpog >~ i ) Ap =
<AB q- |9\> "

22

The rotation shifts the photon propagation
eigenvalues.

RESONANCE
m2

e
w

P ~ (ga’YBTL)2

—y = 3

Isolated resonance; small conversion

probability.

Restore coherent .2 growth at a selected axion mass.

Seong, CS & Yun, Phys. Rev. D 110 (2024) 015018
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https://arxiv.org/abs/2308.10925

Coherent growth is restored

1014 — analytical: rotating B
—— analytical: constant B
------- numerical
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Seong, CS & Yun, Phys. Rev. D 110 (2024) 015018
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Rotating field
P o L? at resonance.

Constant field
Phase cancellation.
Dotted numerical solution

agrees with the analytic
result.


https://arxiv.org/abs/2308.10925
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Application to
laser experiments

Photon regeneration with resonant magnetic fields.

2 Laser experiments



Lab: light shining through a wall

wall
EEEETEETEEY  EEE >Mvvvvv|:|
laser a3en photon
detector
production regeneration

Two conversions. Restore coherence in both magnets.

Laser photons stop at the wall; axions can pass through.

Van Bibber et al., PRL 59 (1987) 759;
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Experimental Implications

CONTANMENT INNER COIl SLOTS FOR HELIUM PASSAGE
VESSEL AND BUS WORK

Magnets at Relativistic Heavy lon Collider (RHIC), BNL:

LAMINATED
STEEL YOKE

m superconducting dipole magnet ~ 5 T
m 1740 magnets adopted by RHIC

I / m 30-/36-strand SC cable for...
/ ... 80-100/130-180 mm apertures

10.1016/50168-9002(02)01940-X



Experimental Implications

Magnets at Relativistic Heavy lon Collider (RHIC), BNL:
m superconducting dipole magnet ~ 5 T
m 1740 magnets adopted by RHIC

m 30-/36-strand SC cable for...
... 80-100/130-180 mm apertures

m B field rotates 360 degrees in 2.4 meters

designed to control proton spin for polarized proton
colliding

10.1016/50168-9002(02)01940-X



Lab: resonance extends the mass reach
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Seong, CS & Yun, Phys. Rev. D 110 (2024) 015018
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One helical mode

A localized sensitivity gain.

Scan the mass
Vary the rotation rate:
Mares X v/ |K].

ALPS-II-like projection from
the original study.
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https://arxiv.org/abs/2308.10925

Scanning Different Axion Masses
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Scanning Different Axion Masses
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Application to
axion helioscopes

Resonant conversion of the solar axion spectrum.

3 Axion helioscopes



One resonance, two ways to scan

2
9- B m,
. 2w
0 = df/dz magnetic-field rotation rate
Laser experiments Axion helioscopes
Photon energy w fixed Photon energy w varied
Magnetic rotation 0 varied Magnetic rotation 0 fixed
Tune the field to scan my,. The Sun supplies the energy range.

Seong, CS & Yun, JHEP 03 (2025) 071
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https://arxiv.org/abs/2408.11103

Solar axions scan the resonance
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107

Seong, CS & Yun, JHEP 03 (2025) 071

03

Application to axion helioscopes

...... Numerical

N 1/ :

4 6 8
w [keV]

10

The Sun supplies a broad keV
axion spectrum.

A helioscope converts it into
X-rays.
Fix 0; resonance selects
2
e
res — A
2|6|

Plot: conversion probability x
incident flux.
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https://arxiv.org/abs/2408.11103

Solar: reach toward higher
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Seong, CS & Yun, JHEP 03 (2025) 071

03 Application to axion helioscopes

masses

Dashed: constant field
Solid: helical field
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https://arxiv.org/abs/2408.11103
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Application to
DM in galaxies

A coherent axion dark matter background supplies a periodic drive.

4 DM in galaxies
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Propagation in an axion DM background

Y m%/Zw —iA[)l\[(Z> 0 Y
i0; || = |iApm(z)  m2/2w gy B/2| |y
a 0 gnB/2  m?/2w| | a

[PDM
AI)XI(Z> ) gcw p2 COS(maLZ + 900)

Yao, Bi, Yin & Huang (2026), arXiv:2601.02115
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Resonance Condition

2 2
m, — 1m
Agy = a2w T =nmyr
pn) (L) ~ gy BL 2J2 gcw\/PDM/2
a—y — 9 n My

FIRST RESONANCE

Mer = 10722 eV, w=50keV =— m,~3.16x10""eV
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- CS, Si-Yu Wu, Seokhoon Yun, to appear
Enhancement in M82 e

tha;

WITHOUT RESONANCE FIRST RESONANCE
2 2
B Ay L BL\? Vi 2
PO (1) = (=2 sin2< i ) Pél_)w(L)N(g‘” ) Jay v/ PDM/
ay 2 2 2MalL
L =50pc

M82 benchmark

B=10uG, w=50keV, go=10""2GeV"' ppy=1GeVem?

mar, = 107226V, Mg = 3.16 x 10726V

PO <38x10712 — PU ~56x107"  ~ 15x
a—y — ©° a—y — 7
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Dark matter induced AMR

P(2), w=50keV, L=63.9pc
Gay = 10712 Gev™!, B=1mGs
Man=32x10"%eV, my=m3 /2E)
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—— No modulation (A =0, three-state)
== Besseln=1only (g-k)
T T T T
1072 107! 10° 10"

z(pc)

L = coherence length
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Dark matter coherence

Pyay (x1079)

1:)((,0)7 A = 1407
m2 .
Ma,L = 3750y (fixed)

Resonance and side lobes

L =639pc
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Including decoherence

Two effects enter our propagation calculation:

04

01

Magnetic
domains

Field directions change
between magnetic domains.

Application to DM in galaxies

02

Dark matter
velocity dispersion

A spread of velocities limits
the background coherence.
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04

Pla=y)

/

M82 B profile; 50 keV; modulated versus A=0
All four curves: same 49 B domains + random xy directions
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Application to DM in galaxies

Distance (kpc)
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Takeaways

()1 Mismatch destroys coherence AgyL 21

02 Restore phase matching plasma // cavity // H(t,x)

A) AMR - Lab search Laser LSTW experiments

B) AMR - Solar axion Axion helioscope

) AMR - Axion DM galaxy X-ray
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