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1. Direct detection set-up

‘ mpy = MeV~GeV
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2. Quasi-particles in Superfluid He-4
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3. Deliverables

Previous works mpy, < MeV

Phonon / \

Knapen, S., et al. 2017
Caputo, A., et al. 2019

Baym, G., et al. 2020



3. Deliverables

Our work MeV < mpy, < GeV .
DM scatters helium atom

’ Helium cascade

Helium atoms emit quasi-
particles

Helium cascade

i - Quasi-particles decay/self
' I ' interaction

Quasi-particles



4. New deliverables for DPF21

Power counting:

to determine Wilson coefficients in bottom-up EFT

* Phonon self-interaction
 Roton self-interaction

* Phonon - quasi-particle coupling
* Helium atom - quasi-particle coupling
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5. Phonon self-interaction
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Ephonon = Cs (p T P

P — Oa Ephonon — 0
Power counting

pB)

Low momentum phonon is
an exact Goldstone boson
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5. Phonon self-interaction
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6. Roton ¢@* self-interaction
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EFT: J. Polchinski 1992

6. ROton (p4 Self‘mteraCthn Non-EFT: Landau 1949
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/. Phonon interacts with hard quasi-particles
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Hard quasi-particle exclusive
guantities do not scale with
phonon p, but might contribute A
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Still, need a non-EFT theory to
look for coefficients. Landau:
Statistical Physics I, Impurity
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e | 8. Helium emitting quasi-particles

Quasi-particles
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8. Effective current-current coupling with
undetermined coupling constants

MeCs o 1P*VO + h.c.
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The phonon 7 side of matrix element is known — the
“form factor”S(q, w)
{
If we assume formula works for any quasi-particle,
we can use the whole spectrum of S(q, w)
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Summary:

Various EFT power counting in the
superfluid Helium-4

Thanks for your attention!




