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Kinematics of DM detection process
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Figure 8 (a) Classical picture of the ground state of a simple ferromagnet; all spins are parallel.
(b) A possible excitation; one spin is reversed. (c) The low-lying elementary excitations are spin

waves. The ends of the spin vectors precess on the surfaces of cones, with successive spins ad-
vanced in phase by a constant angle.
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Figurc 9 A spin wave on a line of spins. (a) The spins viewed in perspective. (b) Spins viewed
from above, showing one wavclength. The wave is drawn through the ends of the spin vectors. 10/ 24
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Matching between QFT and QM operators
Assume axion-electron coupling
1 _
Ling = E(fha)w’y”%w

Non-relativistic electron field in Dirac representa-

tion

dS —ipx
Y(v) D/Wipzmzaﬁ,suﬁ,se e,

e~ <\/2mexs>
o\ o )7

with xs = (1,0)7 or (0,1)7

Va d3p 1 t o
Ling D 2fa / (27T)3 Zaﬁ,saﬁ,s’XsUXs’-

Definition of spin operator

g L[ dp i P
S(QFT) = 5 (27T)3 Zaﬁ,saﬁ,s’XsCTXs'-

Can explicitly check S satisfies canonical commu-

tation relations for spin operators in QM
[Starm)s Slqer)) = i€ Siarr)-
In ferromagnet, we substitute
Sqrr) = > S,
¢
and obtain
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Cosmological bound for hidden photon DM
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FIG. 3. Limits on dark photon dark matter from: Neg (purple); - and y-type distortions (resonant and t correspond

to teal and yellow, respectively); the depletion of dark matter at the level of 10% (resonant and non-resonant correspond to
blue and green, respectively), as in Eq. (12); energy deposition during the cosmic dark ages (pink solid) and enhancements in
the integrated optical depth produced by resonant conversions (pink dotted), as in Eq. (19); and heating of the IGM around the
epoch of helium i (resonant and esonant correspond to brown and red, respectively), as in Eq. (20). Existing
i i to AN.g during BBN and recombination [11], spectral distortions [11], the depletion
of dark matter [L1], stellar cooling [47-49], and the Ly-a forest [61], are shown in grey for comparison. Dashed black lines denote
astrophysical bounds derived from thermod ium of gravitationally collapsed objects: the Milky Way [29] (labeled
‘Dubovsky et al’) and the ultra-faint dwarf galaxy Leo T [30] (labeled ‘Wadekar et al')*. The mean plasma frequem,y today is
shown for reference with a vertical line, along with the redshift of the plasma, frequen
the upper axis. We include alongside this publication an ancillary file outlining the strongest constraint, for cach dark photon
mass in order to case reproduction of our bounds.
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Comparison of results for axion
QUAX experiment also works as axion haloscope using axion-cavity mode coupling

axion-magnon conversion axion-cavity mode conversion
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Comparison
» Probes different couplings: axion-electron and axion-photon
» Comparison between results with and without YIG helpful for axion model discrimination
» Larger coupling to electron than to photon, better sensitivity with magnons
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Comparison of results for hidden photon

hidden photon-magnon conversion

hidden photon-cavity conversion
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