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Sub-MeV masses = collective excitations

GaAs
Inverse momentum transfer becoming comparable to interatomic spacing: 07 ? !
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Need to consider collective excitations instead of individual nuclear recoils E20 1 N\ yod
Challenge: requires detectors with energy thresholds < 100 meV 10—\ e
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Some examples
. honons in crystals, superfluid He [ \
g s, SHp Phonons
* avalanche gains in molecular magnets Acoustic: Goldstone bosons, linear dispersion relation,
e electron systems with ultralow bandgaps coherent motion of unit cell
* magnons . . . "y .
\ / Optical: ~ gapped, relative motion within unit cell
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1) DM-optical phonon scattering 2) Multi-phonon scattering
[PC, Melia, Rajendran 1905.05574] [Campbell-Deem, PC, Lin, Melia, Knapen 1911.03482]
Scattering rate suppressed for DM that couples Single acoustic mode requires very low energy threshold.
equally to protons and neutrons. 2-phonon processes can be relevant for low masses.
“coupling-to-mass” effect
DM ov
—928 | ! Si acoustic (w > 10 meV)
Nlal . \(\\/ 10 e:O i Si acoustic (w > 1 meV)
\\\ S~a ky \ /500 : ——- Si optical (wro = 60 meV)
\\ \ 0/) |l —-= Helium multiphonon
\\ 10_31 T ‘\‘ ‘|‘
— k \
3 contact ’ A
© e N
- N —34 N,
%D DM DM £
g © 10797
E \/
(%] \\\ s k
! G\} 1 10—40 _
10_21401; 103 —2 —1 0 \ .
0 10 10 10 ks (WDM limits,
|q| [keV] stellar cooling)
anharmonic 1043 — - —— ——
ARC CENTRE OF EXCELLENCE FOR 103 104 10° 106
my [eV]

PARTICLE PHYSICSY

Peter Cox - Centre Workshop 2020



ARC CENTRE OF EXCELLENCE FOR

J |

PARTICLE PHYSICS

NATIONAL PARTNER ORGCANISATIONS:

. :
= ) R ‘ _ 2 % A
THE UNIVERSITY Australian IS W
Australian Government

THE UNIVERSITY OF THE UNIVERSITY OF

SYDNEY  Xlstkati

Natlonal THE UNIVERSITY OF
Australian Research Council OfA D E LA I D E University MELBOURNE

DST

A\ ANSTO

INTERNATIONAL PARTNER ORGANISATIONS:

(6] The
I N F N o University
= NP Of
LNGS L2l Q) @ Sheffield.
2 g UNIVERSITEIT
= L VAN AMSTERDAM



