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Ultralight scalar dark matter

e Ultralight DM acts as a background field (high occupation number)

e Can cause small oscillations in Standard Model parameters
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Observing DM with atomic sensors

DM coupling causes time-varying atomic energy levels:
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Measurement strategies
o Differential acceleration (EP tests)

e "Clock gradiometer” (GW detector)
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Light Pulse Atom Interferometry

Height

e Long duration

a a e Large wavepacket separation
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10 meter scale atomic fountain
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Interference at long interrogation time
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Gradiometer configuration
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Two-photon vs. single photon transitions

2-photon transitions 1-photon transitions
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Two-photon laser frequency noise

. l N
Consider a laser frequency
error jw that varies at the
GW frequency
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(and even harder with LMT)
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Differential atomic clock

Excited state phase evolution:

Agb ~ WA (QL/C)
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Differential atomic clock

Excited state phase evolution:

Agb ~ WA (QL/C)
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Differential atomic clock

Excited state phase evolution:

Aqb ~ WA (QL/C)

Two ways for phase to vary:

0w A Dark matter

0L = hlL  Gravitational wave

Time

Each interferometer measures

0 the change over time T
0 X1 X2 L
Position Laser noise is common-mode

suppressed in the gradiometer
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Large momentum transfer demonstration
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Kovachy et al., Nature 2015
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Gradiometer Demonstration (Rb)
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LMT using single photon transitions

Example LMT beamsplitter (N = 3)

e Sequential single photon transitions

o Alternating directions
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GW Sensitivity

10-18_H| B 39 - -
- L =4 x 107 meters |
- 104 rad/vHz

1079 F -
- 2££T<<1In
, 2TQ < 300 s

10720}

—~

ha

= -

s 1072'F
© ,
J _
w

10722 |

10723 |

—_— . —— . — ! — . ———— . — —
0.001 0.010 0.100 1 10 100 1000
Frequency [HZz]

MAGIS: Midband Atomic Gravitational Wave Interferometric Sensor
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Scalar dark matter sensitivity

GW detector is simultaneously sensitive to scalar dark matter
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Single photon atom interferometry

Sr gradiometer demonstration experiment

Proof of concept experiment (in progress at Stanford)
* New 10-meter tower with Sr atoms
« Al on the the clock transition

« Compare two Sr interferometers
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Proposal: 100 meter detector at Fermilab

Injector roton Beam ar Decay Pig o Newtrino MINERvA
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Neutrino Beam Line for MINERvVA and MINOS Experiments

e MINOS, MINERVA and NOVA experiments
use the NuMI beam

e 100 meter access shaft

e Atom DM detector (small scale project)
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NuMI Shaft
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NuMI Gradiometer Proposal

NuMI shaft
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Proposed Detector Sensitivity
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100-meter detector:
Initial: 100 fk, 1e6/s flux
Upgrade: 1000 hk, 1e8/s flux

AI-TB: km baseline

| AI-SB: Space GW detector
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Time

Resonant Detection Mode
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Optimized sensitivity near 1 Hz

Includes constraints on total
pulses and source lifetime
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Resonant interferometer sequences for
enhanced, narrow band response

L =4 x 107 meters
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Graham, et al,, PRD 94, 104022 (2016)




Differential Acceleration — EP tests

e Scalar field varies in space

e Force points in the direction of the local gradient in the field:

F' « g+/ppm cos(mpmt)

Force is oscillatory and equivalence-principle violating

Example: Coupling to
electron mass

Vector coupling (e.qg., B-L) ‘
has similar phenomenology  )// i) |
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