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Dark Matter at AION

This is a review of the workshop on Dark Matter with
Quantum Sensors from March 6th at Kings College. ..

. with the Tocus on AION.
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What is the DM scale”

What do we know about the scale of DM?



What is the DM scale”

What do we know about the scale of DM?

dwarf galaxies

For Fermions, the Pauli exclusion principle
provides a lower limit
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What is the DM scale”

For bosons there 1s no such lower limit.

Dark bosons can be arbitrary light, but for a mass of
mg SJ 10_25 eV

the de Broglie wavelength is larger than a few hundred
kpc and galaxy-size structures don't form.



What is the DM scale”

For bosons there Is no such lower limit.

There Is however a scale that Is particularly motivated:
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Ultralight Dark Matter

For bosons there Is no such lower limit.

There Is however a scale that Is particularly motivated:
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Ultralight Dark Matter

Missing satellite problem

rotation curve of dwarf spiral DDO47
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What is the DM scale”

For very light scalar fields, the occupation number is very
high and the field can be treated classically.

QFT
Large spacing. Large (continuous)
Particle mechanics occupation number.

Classical field theory
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Ultralight Dark Matter

For very light scalar tields, the occupation number is
very high and the field can be treated classically.

Dark Matter relic density from misalignment:

i+3H(t)a+moa =0

H(t) > m, H(t) < m,

Solution a(t) = const. harm. oscillator: a(t) = ag cos(mgt)

\/ \/‘_’
early universe: Hubble friction late universe: oscillations
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Cosmological implications

Mass is fixed by halo size m, < 107%% GeV

Y
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Cosmological implications

Mass is fixed by halo size

Amplitude is fixed by the dark
matter energy density

Pa —

m, < 107%% GeV
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Cosmological implications

Mass is fixed by halo size me < 107%% GeV
Amplitude is fixed by the dark L 55 o, GeV

: Pa — Mg = PDM — 0.3 3
matter energy density 2 cm
The angular frequency is determined W~
by the rest mass. 'a/ o s 10-3

. o A W02 /2

Small corrections from the kinetic energy = Ma? / ~107°

16



Cosmological implications

Mass is fixed by halo size me < 107%% GeV
Amplitude is fixed by the dark L, 50 o, GeV

: Pa — Mg = PDM — 0.3 3
matter energy density 2 cm
The angular frequency is determined W~ T
by the rest mass. 'a/ o s 10-3

. L A W% /2

Small corrections from the kinetic energy Tw ~ mmv / ~107°
Coherence time is set by the L lm 4 (MHz)
frequency spread O Aw mgv? Ma
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Cosmological implications

Experimental consequences:

A W% /2
_wva/ ~ 107°
W Mg,

Resonant detection possible with @ ~ 10°  periods.

The linewidth is characteristic for ultralight dark matter.

Annual modulations provide a smoking gun signal.
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Cosmological constraints

Axions behave as Dark Energy before they begin to
osclllate
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Cosmological constraints
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Ultralight Dark Matter

Scalar Dark Matter Pseudoscalar Dark Vector Dark Matter
S — RO Matter (Axion) (Hidden Photon)
_ oHa - a ~ € Ly
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Ultralight Dark Matter

.
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Scalar Dark Matter

€ Atomic spectroscopy (clocks)
AE = hv
0(v4/v,) x cos(my) 102 eV <m, <106 eV
g

slide from Y. Stadnik o3



Scalar Dark Matter

€ Atomic spectroscopy (clocks)
AE = hv
B(vilv,) x cos(myf) 1025 eV <m, <106 eV
g

—
Laser interferometry (cavities)
v
0P o o(vL) « cos(m,t) 1020 eV <m._ <1015 eV
——\S | (VL) (my ¢
«— | —

slide from Y. Stadnik
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Scalar Dark Matter

€ Atomic spectroscopy (clocks)
AE = hv
B(vilv,) x cos(myt) 1023 eV < m, <106 eV
g
—

Laser interferometry (cavities)
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Scalar Dark Matter

€ Atomic spectroscopy (clocks)
AE = hv
B(vilv,) x cos(myt) 1023 eV < m, <106 eV
g
—
Laser interferometry (cavities)
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F(t) < p,sin(m,t) 102 eV <m, <10"° eV
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suppressed by small momenta
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Scalar Dark Matter

€ Atomic spectroscopy (clocks)
AE = hv
S(vilv) = cos(myf) 102 eV < m, <105 eV
g
—/

Laser interferometry (cavities)

0@ x d(vL) = cos(m,t) 100 eV <m, <10 eV

I:I—%

7 Atom interferometry
102 eV <m, <10"° eV
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Scalar Dark Matter

By comparing 2 spatially separated atom interferometers phase
differences can be measured.
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Scalar Dark Matter

By comparing 2 spatially separated atom interferometers phase

differences can be measured.
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Scalar Dark Matter

~10
_1sk Clock/clock (fifth force) Atom interferometry
;—\ . (DM, projected)
>\ --------------
8 < —20 ------------ /// '
— MICROSCOPE (DM) .~ _sel ,o**" ..
o]
o o ~, v
— 2= i Eot—Wash (lab)
~25F \
| Clock/cavity (DM)
Clock/clock (DM) MICROSCOPE (space)
30—
20 -15 —-10
My
lo —
glo(e\/)

slide from Y. Stadnik 1



Vector Boson Dark Matter
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Cosmic Microwave Background Spectrum
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EDGES vs. Theory
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Conclusions

Ultralight bosons represent a well-motivated Dark
Matter candidate.

Atom interferometer provide new tools to search for
ultralight dark matter.

Ditferent Atom interferometer running in parallel can
provide world-leading limits in a mass region hard to
probe by clocks.
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Misalignment Mechanism

. 1
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