MAGIS-100 at Fermilab:

A Matter-wave Atomic Gradiometer with
Sensitivities to Dark Matter

Sam Hindley, University of Liverpool
on behalf of the MAGIS Collaboration

UNIVERSITY OF

NZOSRND)
VA
LIVERPOOL @&z

‘
* F . /iﬁ\‘\ UNIVERSITY OF %ﬁ
II \‘E\VL&;?/ Ll

STANFORD CAMBRIDGE




Overview

e Science goals

e MAGIS-100 & AION experiments
e Scalar dark matter detection

e UK involvement

e Future development plans
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Science Case

1022 eV 102 eV = 4 16— eV i 1072 eV
108 Hz 10~% Hz 1 Hz 10* Hz 10% Hz 1012 Hz

<«—torsion balances —>
Eot-Wash

+«—FLE&M —>

DM Radio

<—atom interferometry—> <«———NMR——
MAGIS/AION CASPEr

<« atomic magnetometers —>
Romalis and Trahms groups



Science Case

1022 eV 102 eV 10—~ eV 1670 eV i 1072 eV
DM mass:
1078 Hz 10~% Hz 1 Hz 10* Hz 10% Hz 1012 Hz

<—atom interferometry —>

MAGIS/AION
e “Ultralight” dark matter e 100 metre device applies state-of-the-art
candidates are wavelike at this atom interferometry techniques at new
energy length scales for detection
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MAGIS-100 at Fermilab

e Currently in construction in MINOS
access shaft
O Baseline of 100 m

e 3 strontium atom sources
O Multiple configurations

e Sensitivity rises with longer
interrogation times
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MAGIS & AION

e Networked atom interferometers for fundamental physics
e Operate two detectors in tandem to achieve greater
sensitivity
o MAGIS in the US, AION in the UK
e Networked operation provides nhon-common background

mode rejection
o Improves confidence in any observation

e [International collaboration serves as testbed for 1 km scale
terrestrial detector and future satellite-based detectors
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International Network

For more details on AION see
https://arxiv.orq/pdf/1911.11755.pdf
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https://arxiv.org/pdf/1911.11755.pdf

MAGIS-100 Concept

e Default config: two 50-metre
atom drop chambers with
100-metre laser baseline

e Common-mode background
rejection reduces laser noise
sources

e Same configuration can be used
for GW search
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Ultralight Dark Matter Sensitivity

Ultralight DM acts as a coherent, wavelike background field (e.g., mass ~101> eV)

Example for scalar DM field:

. i ] \/ = de LV
£ —=f 58;1¢a'l qﬁ — §m3)¢2 — 47TGN¢ |:d7ncme€€ s ZF’L“/F/ ] + ...
i e.g.,
l DM scalar field e
6(t:3) = docosmo(t—v-3)+ A+ O (M) g0 x ppar oM
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Ultralight Dark Matter Sensitivity

DM coupling causes time-varying atomic energy levels:

2. hE
‘ Dark matter "( >

coupling

t DM induced
oscillation

Time =———

Effect of varying energy levels modifies phase response

&4 UNIVERSITY OF

sam.hinjlzvglii:S:Ziol.ac.uk m.; LIVERPOOL 1 1




Ultralight Dark Matter Search

log+lfe/Hz]

e Coupling to DM causes periodic
variations in fundamental

properties proportional to m_,,
o Electron mass, fine structure constant

e Possible dark matter signal visible
at integration time {,  ~ 1 year
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UK Involvement - Detection

e Hardware - Detection System
o Present at all output ports Raman ,_ase,*
o In-vacuum hardware, mirror CcCD2
ccpl F=1." —
mounts ,

e Software - Image Studies
o Diffusion studies, laser effects,
mock data challenge

o See L HaWkinS, MAGIS'100 Mirror%
at Fermilab, poster session -

F=
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Future Plans

e Signals improve with longer
integration times and projected
developments in atom
technology

e Testbed for 1 km detector with
scope for sensitivity to
gravitational waves

AION: An Atom Interferometer Observatory and Network, L.
Badurina et al, 2020
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Summary

e Unique sensitivity to wavelike scalar DM

o Fluctuations in atomic constants detectable

by atom interferometry
e MAGIS geometry reduces systematics

o 100 m baseline - improved sensitivity

o Networked with future UK experiment

e UK collaborators working on detection

e Pathfinder for larger detectors
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Backups
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Clock Gradiometry I —
e Differential atomic clock has two
ensembles referenced by one laser e N
e Phase response of both clouds is - MM o
identical in absence of new physics e mw:: i_zL
and reducible backgrounds T
e Large Momentum Transfer (LMT)
pulses coherently enhance sLpt 1,
differential clock signal: LMW%MW 1,
A¢ ~ 2nwy (L/c) e ‘
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