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Dark Matter

Evidence for dark matter appear at scales from the size of galaxies to the
entire Universe

Rotation curves

We know where it is, but not
what it is

Large scale structue




Dark Matter

If dark matter is described by a quantum field theory, there are two
different non-relativistic limits

Fermions, bosons Fer ns. bosons

Large spacing. Large (C.ontinuous)
Particle mechanics occupation number.

Classical field theory
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Nuclear Physics and ultralight dark matter

If dark matter is made from extremely light bosons, its best described
by an oscillating wave

$(t) =

There are interesting astrophysical implications
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Nuclear Physics and ultralight dark matter

If dark matter is made from extremely light bosons,

A/ 2
P(t) = PDM o5 ot O
Mg
and has tiny interactions with matter
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it induces oscillating fundamental constants

ot = a(1+ ¢(t)/A)



Nuclear Physics and ultralight dark matter

Atomic clocks | aser interferometers Cavities
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Nuclear Physics and ultralight dark matter

A future nuclear clock coulld increase the
sensitivity significantly
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Nuclear Physics and ultralight dark matter

Atomic clocks set very strong bounds, but a

229Th clock has the potential to be even better

AFE;; = AEqcp — AEeMm.

A variation in alpha induces a frequency shift
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enhanced by (S(AEEM) — AEEM—
(87
so that
Ka _ aln AEZS - _AEEM ~ 105

dlna ~ AE,

requires calculation of - AEgy. (or AEqcp )
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Nuclear Physics and ultralight dark matter

Fifth force searches are sensitive to nuclear structure, especially when the

* z (spin axis)

Schiff moment S:

1 5 //, ‘\\ S measures the residual
3 2 2 / E asymmetric (pear-shaped)
S — / d’r p(r) |:7' r — 5 (7' > r:| A R part of the charge
\

10 distribution that survives
electronic screening.

An oscillating P-violating dark matter field induces oscillating el. dipole moments

m2
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Requires nuclear wavefunctions ~ 9 Z 0|5 |“ n|VPT|0>



Nuclear Physics and ultralight dark matter

Fifth force searches are sensitive to nuclear structure, especially when pair
exchange of new particles induce very singular potentials

Kaluza-Klein ALP
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Requires accurate proton and neutron density profiles inside the nucleus

AE — / Bro dry (e (re)? pr (ex) Vo (Fe — Tav])
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Nuclear Physics and ultralight dark matter

The understanding of nuclear structure underlies many (most) current and
future directions in searches for ultralight dark matter, e.g.

* Nuclear clocks
« Schiff moment measurements

 Fifth forces
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