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What is Dark Matter?

We have many ideas, but no clue...
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Strategy: look everywhere we can!

This talk: scalar dark matter with mgy < 10 eV



DM Production

Misalignment mechanism:

V(¢) =zm3¢’
H>mg: ¢ frozen \

H<my: ¢ oscillates

Can account for DM density today

¢(t) = ¢po cos(myt) coherent field

1
Ppom = gmj,cbé



Coupling to Standard Model

Expect leading coupling via lowest dimension SM operators:

d=2: HH “Higgs portal”
d=4: F?
Uy

Focus on Higgs portal:

Lint = —bPHIH — Lep?H'H e<1

forbid by Z, symmetry

“Z> Higgs portal”

This talk: new DM signals



Forcels From DM
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Constraints

Star cooling:

1 11 —1
NN — NN¢p¢p = ]7510 GeV

[Olive, Pospelov, 2008]

Nucleosynthesis:

1
A(mp—mp) ;<¢2>

1 m 2
= — <107 GeV_l( y )
f 10=° eV

[Stadnik,Flambaum (2015)]



Constraints

|_superradiance

10-18 10~12 106 10° 106
mg [eV]

[T.T. Yu]



Blowing in the Wind

Focus on experiments that average over DM oscillations

Coherence time:

)\dB Mg —1
tcoherence ~ —— ~ 1072 sec (_)
\% eV

Experiments with shorter time resolution see a constant dark
matter wind

[Fukuda, Matsumoto, Yanagida (2019)]



Dark Forces

Maximum possible force given by incident momentum:

Fmax —_ pDM V2 x Area

R 2
= 10~1% Newtons (—)
cm

Remakably, this can be saturated!



Dark Forces

¢ propagation in matter:
1 _ nn

Lorf=——@0°NN = Am?=—
2 2 2 2
I<matt ¢ —Am¢<0

= ¢ exponentially suppressed in matter

1

m
—>10"" GeV~! ( ¢) “DM Meissner effect’
f eV

For complete reflection, target must be larger than skin depth

1 1 R \?
R > —>10'% Gev! (—)
kmatt f cm




Dark Forces

R > 1/Kmatt
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Detecting the DM Wind

e Force has constant magnitude and direction
In galactic reference frame

g C

e Force « area = violates equivalence principle

e When force is maximal, matter shields DM wind ﬁ

Need sensitive force measurements with minimal shielding

Satellite equivalence principle tests!



MICROSCOPE




MICROSCOPE
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MICROSCOPE I
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Future Prospects

e Reducing shielding improves sensitivity
Optimize satellite experiments (add windows?)

Eot-Wash above ground?

16al ~ 1071° m/s?
M=~D5g(g
R~0.8cm

e Take advantage of DM shadow from earth?

e Make friends with experimentalists!



