New approaches to
atom Interferometry

Keep the quantum state alive!

Holger Mueller, UC Berkeley
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The Era of precision uncertainty
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Interferometers

AUsing matter to manipulate light AUsing light to manipulate matte
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Fig. 2. Tidal gravity measurement. (A) Tidal gravity variation as a function of time. (B)
Comparison between the gravity residual and the water-level variation in the San Francisco Bay.
The gravity residual is the difference between the measurements and the solid-earth tide model.
The water-level variation is measured by the observatory of National Oceanic and Atmospheric

‘Gr'avity anomaly (mGal)
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Fig. 3. Earthquake seismic waves detected in Berkeley. The atomic gravimeter measures the
vertical acceleration of the seismic waves with an update rate of 0.13 Hz. The seismic signal is

X. Wu, et. al.Science Advanca319
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Sensitive to hypothetical particles beyond the standard model



L imitations: free -fall time
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It takes at leaspX,/"O ~ 15 minutes for
locally-generated gravity to dominate In
an experiment!

Longer coherence

. A E.g., gravitational harmonic oscillator
times

Minimum time scale on which quantum
aspects of gravity can be expected to be

noticeable
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Longer coherences
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Probing gravity by holding atoms for 20 secondsl et al., Science366, /45749 (2019)
Minute-scale gravimetry using a coherent atomic spatial superposifibanda et al.Nature
Physics 20, 1234 (2024)



http://science.sciencemag.org/cgi/content/full/366/6466/745?ijkey=1R4yQozWh9Sns&keytype=ref&siteid=sci
https://www.nature.com/articles/s41567-024-02518-9
https://www.nature.com/articles/s41567-024-02518-9
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But what about system

Optical lattice
Test case: measuring the gravity of a small mass aser
BN Cavity mirror

O Light shift '._.:.

O Lattice imperfections

O Toggle mass nearby ( n) and far -away ( T0). %Eéc_;;en
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€ 6 X as sensiliti ve
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Feynman, 1957: what Is a superposition
of space -times?
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Spatial superposition of mass =>
superposition of gravitational
fields.

Surprisingly te
and revival of atomic interference
fringes
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Laser phase plate In cryo -
electron microscopy
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Extract all the information that is carried on the electron beam




Single-particle cryo -EM is growing quickly, as we

Know very well é
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equally well very soon!

Koning et al., Ann. Anatom . (2018);
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What 0s so hard about

O Radiation damage
O ~10 e-/A 2 significantly alter structure
O ~100 e-/A2 cause bubbles, etc.

=> Very low SNR <0.1

O Need to average 10,000s of particles,100s -
1,000s should suffice

O Tomography extremely difficult

Raw Image example




(Vol ta) phase ontras
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Laser Ph!se Plate (LPP)

e 1 \
A Phase shift through ponderomotive

potential

A No charging
A No radiation damage
A Well-controlled
| A Need 75 kW focused to 8 em for 300
Q;\ -v
» keV beam

éebut needed relay opti cs
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Single-particle cryo -EM with the LPP

Rubisc 20S proteasome

Laser off Laser on

Thanks to

CarterTurnbaughet al.,Rev. Scientific

Instrum. 92, 053005 (2021)




