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1 he experimental landscape

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

Many ongoing experiments, prototypes and ideas to probe the

axion-photon coupling g,
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The experimental lanc

SCAdpE

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

developed —» new Ideas to probe unexplored regions
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I he experimental landscape

» Experimental program for axion-electron coupling g, Is less
developed —» new Ideas to probe unexplored regions

Old
comagnetometers
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Setup

* We can use collective excitations of anti-ferromagnets to probe

axion-electron coupling g,

gae

 |dea 2D 0.4 eyy.e

0(x,t) = magnon

) Collective excitakion

* How can we describe collective excitations in antiferromagnets?

Ll



Collective excrtations in HEP

» All phases of matter spontaneously break spacetime and internal
symmetries

(Goldstone’s theorem
spontaneously Existence of

— v

broken symmetries modes 7

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

A>a
The complicated | |

ZLepp(r, Om) ~ Z e d' g ~ microphysics
i1s encoded in the

, & gn,ms
4115 \
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Why antiferromagnets?

* First was proposed to use ferromagnets

Hiickle, Zhang, Zurelk — PRE 2020 19051 5744 Miridate et ol — ERODOPE 005 (000
Chigus, Moroi, Nakayama — PRD 2020, 2001.10666; Trickle, Zhang, Zurek — PRD 2022, 2009.13534]
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Why antiferromagnets?

* An optimal class of materials turns out to be anti-ferromagnets

::mcv (a) [1IO]

1

[Esposito, Pavaskar, PRD 2023 — 2210.13516]

For gapless modes

Type A NGB

w(q) = vy q

+  For one magnon emission @max = 4T, ve/vpum (1=ve/Vpu)

»  Multi-magnon processes are allowed

N 0
>‘\.+>v< +... =P
X 0

6 10

% Optimal antiferromagnets totally
absorb T

% Narrow- and broadband channels




Why antiferromagnets?

* An optimal class of materials turns out to be anti-ferromagnets
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[Esposito, Pavaskar, PRD 2023 — 2210.13516]

Pseudo-mediated gapped |
(Q\ = 0.05 QD.\I) magnon S
‘ N

2 3— E | ""'1'0 T 10*# II‘I
Ferromagnets (|-magnon)

Optimal anti-ferrmagnets (NiO) are ideal

11 1 II
103

targets for light dark matter searches
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Magnons EF |

* Antiferromagnets (AF) spontaneously break internal spin

symmetry

e B
i f

(N)= D (=Y8;#0 —P» SO@B)y > S0,

7



s A are iInvariant under fime reversal

Magnons EF |

* Antiferromagnets (AF) spontaneously break internal spin

e
Aatie g0
vy

(N)= D (=Y8;#0 —P» SO@B)y > S0,

symmetry

+ shift of one lattice site
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T
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Magnons EF |

* Antiferromagnets (AF) spontaneously break internal spin

e TR
il e

R

(N)= D (=Y8;#0 —P» SO@B)y > S0,

8 e nariant Under time reversal & ot shilie of one lakilice e

S

HHE St S N

» At low energies, Al are described by an EFT that Is invariant
under SO(3) and not manifestly Lorentz-invariant

7



Magnons tr |

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

ﬂ U Ctu a':| OFSs aroLin d 'th e Vaclllin: as [Esposito, Pavaskar, PRD 2023 — 2210.13516]

- : : b SO(3);. - -
ap(x, 1) = [e’flel(x”””z@z(x’” z] D, RY (6, 0), Z B,) =1
i
1

gl

magnon fields
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Magnons EF |

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

fluctuations around the vacuum as  [Esposito, Pavaskar, PRD 2023 — 2210.1351¢]

A ' ' A SO 3 in A A
nl(x, f) - [eljl 0 (x,)+iJ, 0*(x,1) Z] 3) i R]I . nj(x’ t) : §: (n1)2 — 1
I

: f

magnon fields

= A\l he lowest order |n the derlvative expansion

o % [0,4l0,8, -2 (V,4!) (V)] = % [(0,4)2 = v2(V, 7)Y

* vy from dispersion relations ,
Maghons are gapless

® @) tom nuclear scattering

g 0C C
i 1 8/15



Magnons tr |

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

& [his [s due to the anisotropies, which explicidly break SO(3)
Symmetr’y [PGC, Esposito, Pavaskar, 2411.09761]

OV Htot—H0+ZD ZD (87)°

Spurion analysis

. X

Z . easy axis (direction of magnetization) f/ CD
X

' hard axis (L to ferromagnetic planes)

IR Zow=% + c |l — A

Matched with the parameters of
the microscopic Hamiltonian:

9/15 A=4S%z LD 4 =48 L
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Magnons EF |

Eplicil breaking effects —3p qap

& = ah Vary the gaps placing the NIO sample In an extetiidl
magnetic field

anis

C
dfi - A +uBxhi —» &= 71 (0,71 + uB x Ay — vA(V,;i)}] + &

like \/\/Qr|<ing 5t Tinite density [Nicolis, Piazza, PRL 2013 - 1204.1570]

B—=D¢
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Magnons EF |

Eplicil breaking effects —3p qap

& = ah Vary the gaps placing the NIO sample In an extetiidl
magnetic field

C
0f > 0 +uBxXhi —p L= ?1 (0,72 + uB x i)? — v2(V,)?] + Lo
like Working 5t Tinite density [Nicolis, Piazza, PRL 2013 - 1204.1570]

o do the coset construction, we have to identity the background

—» minimize the Hamiltonian [PGC Esposito, Pavaskar, 2411.09761]
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Magnons EF |

Eplicil breaking effects —3p qap

& = ah Vary the gaps placing the NIO sample In an extetiidl
magnetic field

anis

C
0 — Ol +uBxn —p L = ?1 (0,71 + uB x Ay — vA(V,;i)}] + &

like Working 5t Tinite density [Nicolis, Piazza, PRL 2013 - 1204.1570]

» o do the coset construction, we have to identify the background

—» minimize the Hamiltonian [PGC Esposito, Pavaskar, 2411.09761] (R,)

C
H — 71 |((u?B? — 22 )i2 + 24,43

stat., homog.

n.+n,+n,=1
10/15



Magnons EF |

Eplicil breaking effects —3p qap

& = ah Vary the gaps placing the NIO sample In an extetiidl
magnetic field

anis

C
0 — Ol +uBxn —p L = ?1 (0,71 + uB x Ay — vA(V,;i)}] + &

like Working 5t Tinite density [Nicolis, Piazza, PRL 2013 - 1204.1570]

» o do the coset construction, we have to identify the background

—» minimize the Hamiltonian [PGC Esposito, Pavaskar, 2411.09761] (R,)

stat., homog.

C1 D D
4 =" 1 + 2/ 7 : : |
i ¢

1°B5<2) = uB%
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Magnons EF |

Eplicil breaking effects —3p qap

& = ah Vary the gaps placing the NIO sample In an extetiidl
magnetic field

anis

C
0 — Ol +uBxn —p L = ?1 (0,71 + uB x Ay — vA(V,;i)}] + &

like Working 5t Tinite density [Nicolis, Piazza, PRL 2013 - 1204.1570]

» o do the coset construction, we have to identify the background

—» minimize the Hamiltonian [PGc Esposito, Pavaskar, 2411.09761] (R,)

(&
H = 71 [(u?B? — 21)7? + 24,72

stat., homog.

uB2>2) =u*B%, ™

0/15 phase Eransiktion



Magnons EF |

* For small magnetic fields, 1.e. B < B, ¢, then  [PGc Esposito, Pavaskar, 241109761

computing the spectrum of ZLgpr one finds two modes:

A

\/ i (q) = u*B*+ A, + 24, + vjq*

KB L
> q i\/ Au*B* (A, + 24, + vyq*) + A}

w.(q =0) ‘B:O ~ meV

| 1/15



Magnons EF T (quantization)

Ferr CONtains one temporal derivative of the magnon field
gEFT ) — ﬂBeabeaeb

—% not possible to diagonalize &' by a local field redefinition

[Esposito, Geoffray, Melia, PRD 2020 — 2006.05429]

* |ntroduce overl dp functions [Chehung, Helset, Parra-Martinez, JHEP 2022 — 21 11.03045]

[Hui , Kourkoulou, Nicolis, Podo, et al., JHEP 2023 — 2312.08440]

(0]6%x, 1) |a = +,q) o &
Lab@ls <O | ea(x, t) | a—f q> — e—ia)at+iq-x chxl(q) Za o 561
thsiatat ,\_/g a a
states conil ‘\/
like a tetrad

[idle



ey OCD ax

with NiO

g it T selection of the rig

5115

on DM absol

’Tt d . O,f, [PGC, Esposito, Pavaskar, 241 1.1 1971]

Htion




ey OCD axdon DM absorpins
with NIO

* NRIimit + selection of the right d.o.f.  rec esposto Pasiar 241111971

c -
g o e d,a eyyse G (eJr —e ) > Va-s

d
2m m

e (4

= lhie pin density Is easily computed as the SO Noether
giricmt In the EF
S — ¢, [(@ﬁ X ﬁ)l + u(B - i) ﬁ1] = ¢ [51“(9“ — ,uBe“be) — 5139“(€“b6’b + yBé’“) +

1-magnon / /‘

2-Magnons

Gae
—Zm—p[(wqa wkﬁ) o4 q,o

+ QMBZq,aZk,ﬂ] :




ey OCD axon DM absorptic®
with NIO

1Kg year exposure

XENONNT (Solar axions)

White dwarf

| . . Truncated Maxwell-Boltzmann
) = dyfiimw+ v. ) IT(v) with dispersion
Al '&/ Vg = 230 km/s

14/15



ey OCD axon DM absorptic®
with NIO

7773.5_|....|...1||||;V|||||||||||||||

Ve = COSQIL +singy

Efficient strategy to discriminate
between signal and background ~300 % directionality

15/15



vElra sources oﬂf breakung s&ram @ff@.&&s?
o Extra modes to take into &ﬂﬁOMV\E?
e Observables (ﬁ&VLhQS, wavemgund.es)?

Thank jc;»u, ﬂfcw %he a&&em&mm..



