


Dark Matter

Spans over wide range of masses — Need

Accounts for almost 85 % of mass variety of detection techniques

* Primordial black hole

Observed > | mergers

i * Gamma rays from
annihilation

* CMB polarization rotation
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* Conversion in magnetic * Multi-tonne liquid

) 30- field noble elements
* Light shini th h I * Bubble chambers
R (%1000 LY) Ignt snining througn walls * Cryogenic

* Nuclear spin precession

* Mechanical sensors calorimeters

* CCDs




Sub-GeV Dark matter

* S8emiconductors
*
M ~ keV- GeV =—= E~ meV - keV Narrow-gap
materials
* Organic crystals
Condensed matter systems provide an ideal platform =——— * Superconductors

Collective excitations in condensed matter systems ~ O(meV). Ideal for the O(keV) dark matter.

E.g. Phonons in solids, superfluid helium. Magnons in anti-ferromagnets (This work)
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Effective field theory

But many-body physics is hard ...... Multiple scales in the problem !!
EFT ??
Anti-ferromagnets spontaneously break a host of spacetime and internal symmetries —» gapless degrees of

freedom (magnons).

C C
Ly = 5 (0x")? = S (0x")* + ...

Straightforward to include higher dim. Operators, explicit symmetry breaking terms within a well defined power
counting scheme.



Why anti-ferromagnets ?

Better reach for spin-dependent interactions.

L > £(q) Spy -6ps (magnons) , f(q) Spy.V8p (phonons)

Two Type-I goldstone in anti-ferromagnets : w ~ ¢ &

Max. w ~ 4 Ey(1-y) ; y=c/v optimal ¢ ~0.5v

Single Type-II goldstone in ferromagnets : w ~ &2
2m

Max.w~4Ex ; x=m/ M, m~O(Mel)
(1+x)?

Allows multi-magnon emission in anti—ferromagnets.
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Put everything together...
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Matching

Butc, needs to be determined — Use a matching procedure

“UV” theory = Heisenberg model H=> Jy5.5; ‘

]

Neutron scattering Cross-section

EFT Heisenberg model
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R ——————— X 2 X (ng,+3+3) 8(hwe. ¥ ho) S(cF q—7){ug+vi+2uquqcos p - T},

a ~0.lqor
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Cross-Section

Compute the DM-electron cross section o..

For NiO, ¢ ~ v and therefore has the best mass
reach (O(keV)) for single magnon.

Two magnon rates have O(keV) reach for all
cases.
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Backup

Better reach for spin-dependent interactions.

L > £(q) Spy -6ps (magnons) , f(q) Spy.V8p (phonons)

Two Type-I goldstone in anti-ferromagnets : w ~ ¢ &

Max. w ~ E; optimal ¢ ~v

Single Type-II goldstone in ferromagnets : w ~ &2
2m

Max.w<<E ; m~O(MeV)

Allows multi-magnon emission in anti—ferromagnets.
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“Light” Dark Matter
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® ‘Typical magnon energies ~ 1-100 meV
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Start with some well-motivated UV models ; Interactions mediated by a scalar or vector ;

Magnetic dipole DM —— Efﬂ'd' = i—wpriﬁa“ Y+ gV, erte
v

Pseudo-mediated DM —— | L} = gy¢ V) + gediey’e




