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QCD axion
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Experimental landscape

» Many ongoing experiments, prototypes and ideas to probe the
axion-photon coupling g,
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Experimental landscape

Many ongoing experiments, prototypes and ideas to probe the
axion-photon coupling g,
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Experimental landscape

» Experimental program for axion-electron coupling g, Is less

developed —» new Ideas to probe unexplored regions
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Experimental landscape

» Experimental program for axion-electron coupling g, Is less

developed —» new Ideas to probe unexplored regions

104
105

v i - B ae L
’ ‘ J o dipoietoce) | A 7 5 0 ua ey’“‘;/se

10-8 . a

107 — ¢ :ZZ)KIZZ?
10710 (

10 n i

gﬁ 10-12

™ 10—13

10714

10~15

10—16

10—17

10718

10719

10—20

Almosk

unconskrained

window for

~ (0.1 = 10) meV

Mg [eV] For similar mass ranges see also
[Chigusa et al. — PRD 2020, 2001.10666,
Mitridate et al. — PRD 2020, 2005.10256,
Berlin et al. — JHEP 2024, 2312.11601]

2 20 A9 D AT A6 4D AR A AL AY A0 9
NMENENVENENVENVENVENVENVENVEIVEIVIENVER RN

—~ —~ — — - - —~ —~ — —~ — — ~ > —

Ly



Antiferromagnets

* We can use collective excrtations of (anti-)ferromagnets to

probe dark matter with spin-dependent interactions.
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Antiferromagnets

* We can use collective excrtations of (anti-)ferromagnets to
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Antiferromagnets

* We can use collective excrtations of (anti-)ferromagnets to

probe dark matter with spin-dependent interactions.

gae — 1
= ldea ga > I'm aﬂa 1 ok 0(x, t) = magnon

e

Collective excitakion

dh



Antiferromagnets

* We can use collective excrtations of (anti-)ferromagnets to

probe dark matter with spin-dependent interactions.
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Collective excitakion

* How can we describe collective excitations in antiferromagnets?
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Collective excitations a la HEP

» All phases of matter spontaneously break spacetime and internal
symmetries

(Goldstone’s theorem
spontaneously Existence of

v v

broken symmetries modes 7
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Collective excitations a la HEP

» All phases of matter spontaneously break spacetime and internal
symmetries

(Goldstone’s theorem
spontaneously Existence of

v v

broken symmetries modes 7

& L0 clicioles Inie syslem can e described By AR EREGE
Goldstones, organized in a derivative expansion
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Magnons EFT

* Similarly to the non-linear ¢ model, we can parametrize the

ﬂ U C_tu a':| CSs daroLin d 'th e Vaclllin: as [Esposito, Pavaskar, PRD 2023 — 2210.13516]
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Magnons EFT

* Similarly to the non-linear ¢ model, we can parametrize the

fluctuations around the vacuum as  [Esposito, Pavaskar, PRD 2023 — 2210135 1¢]

- : : b SO@3);, . .
nl(x, t) - [elflel(x,t)+lJ292(X,t) Z] 3) i R]I . nj(x, t) : 2 (n1)2 =
L g ,
magnon fields

» At the lowest order In the derivative expansion, the most general
L agrangian density invariant under the internal SO(3)

Lo == oo, ~ (Vi) (Vi) | = [0 - vi(ViY]
Lo K__

\ vy from dispersion relations
¢y from nuclear scattering
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Magnons EFT

» [he phenomenology of NIO Is, however, richer than this. Specifically,
'ts magnon modes actually present a small but non-zero gap.
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Magnons EFT

» [he phenomenology of NIO Is, however, richer than this. Specifically,
'ts magnon modes actually present a small but non-zero gap.

i
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pseudo-Goldstones
(like zs with massive quarks)

gapless
Goldstone

£ Ilge 9ip depends on

< Crystalline structure (anisotropies A)

< External magnetic fields B A = A(/I, B)
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Magnons EFT




Magnons EFT

—~ (i)

B [PGC, Esposito, Pavaskar, 2411.11971]

— conservation of energy

m, = Wy (p = mava)

T



Magnons EFT

A

[PGC, Esposito, Pavaskar, 2411.11971]

conservation of energy

A4, B) = m, (1 —myv2vy)

a

Different points to match energy conservation!
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Magnons EFT

B [PGC, Esposito, Pavaskar, 2411.11971]
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Magnons full EFT

o For Sma” magnetic ﬂe|ds’ |e B < Bs.f.’ then [PGC, Esposito, Pavaskar, 2411.09761, 2411.11971]

(1) = [exp (iSGH“) 2]]

e % [(éa — uBe®0”)* — v (V6*)* = 22.(0%)* — 24,6°6"°6°0" + O (6*)

ab=1"
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Magnons full EFT

o For Sma” magnetic ﬂeldS, |e B < Bs.f.’ then [PGC, Esposito, Pavaskar, 2411.09761, 2411.11971]

(1) = [exp (iSaﬁa) 2]1

e — % [(éa — uBe®0”)* — v (V6*)* = 22.(0%)* — 24,6°6"°6°0" + O (6*)

ab=1"
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meV QCD axion DM absorption with NiO
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meV QCD axion DM absorption with NiO

NR |Im|"t i SeleCtiQﬂ Of ‘the mgh‘t dof [PGC, Esposito, Pavaskar, 2411.11971]

s(@) spin density
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meV QCD axion DM absorption with NiO

NR |Im|'t o Selectior] Of ‘the ﬂgh‘t dof [PGC, Esposito, Pavaskar, 2411.11971]

s(@) spin density

& e in density IS easily. complted as the SO INecthes
@it o ine ERl
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meV QCD axion DM absorption with NiO
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meV QCD axion DM absorption with NiO
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meV QCD axion DM absorption with NiO

4

. /
axion DM backgrouna

Directional system Efficient strategy to discriminate
between signal and background ~300 % directionality
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Observables?
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* How to enhance this tiny signal?

* SQUID?
% Magnetic Haloscope!?
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Thank you for the attenktion!



