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Possibility of (direct or indirect) detection
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‘Knowns’ about DM in the Milky Way

dark matter halo

bulge
Sul disk

Milky Way
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“Traditional’ Direct Detection

spin-independent WIMP-nucleon interactions
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(still ‘high’ mass in the DM landscape)



“Traditional’ Direct Detection

é spin-independent WIMP-nucleon interactions
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dramatic loss of sensitivity at low mass ’

(still ‘high’ mass in the DM landscape)
Very active field! See e.g. Alexander et al 1608.08632



Atomic clock achievements
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Measuring at ¢ = 0: phase shifts in atomic clocks

Ramsey sequence e.g-Weinberg QM. Sec 6.8
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measurement of the phase difference e'*'*
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Measuring at ¢ = 0: phase shifts in atomic clocks

Ramsey seqguence e.g.Weinberg QM. Sec 6.8
b= ) I
tl 7N < tl ?

after ‘adjusting the device: Ps = cos[Aw T'/2]?
w/ szw—(EQ—El)
OP =0 ®»r  Wnax = AE

measurement of the phase difference e'*'*

will be sensitive to anything of the form H; = E{**° + V/
provided oV; # 0 (analogy with MSW if useful)



DM-atom interaction during Ramsey sequence

Ramsey sequence
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DM-atom interaction during Ramsey sequence

Ramsey sequence
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DM-atom interaction during Ramsey sequence

Ramsey sequence
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Born: (P, p' |Hint| P,p) = (27)36®) (P' —P) T (p',P’, p, P)
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effective vertices: only those for which f1(0) — f2(0) # 0
Spin dependent couplings! e.g. (e |ev"ysele) = (0,2 1)



Main results Alonso, DB,Wolf 1810.00889
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F(0)1 — f(0)2

We probe spin-dependent interactions

— —

Se Uy s Se Sy s -
average effect

derk IR the relative velocity contains a coherent part

_ o the DM spin is in principle arbitrary

b disk : : :

e —e O(1/v N) suppression (independent scatterings)

s iy but detectable as ‘noise’ N, ~ 108
[~cm,t~s
final remark

one needs to make sure that the effect is
not confused with atomic physics/backgrounds
(e.g. use daily modulation, system comparison...)



Wmax = AE +dpm =  absolute shift

O(Fo — F
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absolute shifts! by — By
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Q:Are atomic clocks the best way to measure
differences in absolute energies of levels of
different spin?

Aw <107 "Pw ~ 107 x 10GHz ~ 10~° Hz



Atomic magnhetometers basics
Hiny = _75 ' X
Nat ~ 1022

\3He1/2> ? same with

olarized sample
P P 129y,



DM-atom interaction in co-magnetometers

Na,t ~/ 1022

same with
129Xe

w =76 =7 (B =T (f(o)l — f(0)2)>

Modified Larmor frequencies
Can be also understood as a phase difference
Co-magnetometer: eliminates B

Aw § 10_9 Hz Brown et al. 2010



New effects of the ultra-light domain

M Candidate should be a cold gravitating medium

@ Production mechanism and viable cosmology

@ Motivation from fundamental physics
]

Possibility of (direct or indirect) detection

axiverse, string theory, strong CP

SUSY

Particle DM

problem, SUSY

Asvmmetnc DM SIDM

Axion — like particles”

/

QCD axion

vMSM

I I I I S/ I

l/

/

/|

I ! I ! S/ I

10~24 [eV] 10710 1076 [eV]

/

107°

™

0.1

MACHOS, BHs, ...



‘Coherent’ effects of ULDM in the MW

Virialized collection of waves
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The ultra-light domain: interaction with atoms
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these are now ‘oscillating’ backgrounds!
Graham et al 1709.07852

for generic couplings this means the
oscillation of fundamental constants’

e.g. (m+ gqbeegg(t))ée

different effect in different atoms: can be searched for in clocks!

Arvanitaki et al 1405.29205
+ Stadnik and Flambaum 16 + Hess et al 16 + Derevianko and Pospelov 13



Estimates: three examples
Graham et al 1709.07852

axionic DM Alonso, DB, Wolf 1810.00889
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Estimates: three examples

Alonso, DB, Wolf 1810.00889
complex scalar DM

Ling = —Gn/de (nyHy5n) (iXJf@MX +h.c.)
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. . . . . Al , DB,Wolf 1810.00889
fermionic DM with light mediator
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Precise (quantum) devices perfect for small momentum
transfer (typical of low mass DM)

B Standard operation of atomic clocks/magnetometers
yields new bounds on some DM-5M couplings

B New possibilities to explore!



More complete cosmology framework for some models

Other operators (e.g. momentum dependent couplings)

when f(0); — f(0)2 # 0 (optical/nuclear clocks?)
Neutrinos! (CnB seems out of reach) Alonso, DB, Wolf 1810.00889

Devices close to beams for large fluxes of small m particles!

Other precise devices...atom interferometry?



