
IMPROVED SETUP

Matter Wave Interferometer

ÅLight pulse to kick atoms (matter wave)

- Beamsplitters: 50% probability (ñ/́2 pulseò)

-Mirrors: 100% probability (ñṕulseò)

ÅSingle atom interference between paths

ÅPhase difference depends on action

LIGHT PULSE ATOM INTERFEROMETRY

Advantages

ÅPhoton number enhancement

Reduces laser power requirements

ÅMode structure enforces laser phase

Reduces wavefrontdistortions

ÅWell-defined beam waist

Gouyphase systematic controlled
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CAVITY-BASED 
ATOM INTERFEROMETER
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Atoms
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Optical Interferometer

ÅLight beam split along two arms

Å Interference between arms reveals 

accumulated phase difference
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IMPLEMENTATION

ÅTrap Cs atoms in cavity 

mode(s)

ÅPerform interferometry

ÅMeasure output

Fundamental 2nd Order 3rd Order

N~108

~1.2mm
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Measure acceleration by scanning phase shift
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Interferometer output
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Å Colder atoms 

Ą Raman-sideband-cooling: ~ 100Ës nK

-) Narrower velocity spread

-) More spatially confined

ÅVibration isolation

Ą 2nd stack of vibration isolation + active feedback

-) Indistinguishable from desired signal

-) dominant noise source

ÅAtom Launch 

Ą upward moving lattice

-) Longer pulse separation time T

-) Measured phase θὯɇᴆὥὝ

PROBING LIGHT SCALAR FIELDS
MOTIVATION

ÅAcceleration of Cs atoms 

with/without macroscopic test 

mass (Al sphere)

ÅLight atoms strongly reduce 

screening

RESULTS

ascalar-field = (ī0.7 Ñ3.7) µm/s2

Å95% confidence range shows no anomalous acceleration to

better than 1 part in 106

ÅLarge parameter space excluded, including range of chameleon 

theories reproducing observed cosmic acceleration (dark energy)

R

ÅSample fringes measuring acceleration

ÅὯ-reversal allows systematics cancellation

ÅKick atoms up (down) with wavevector

Ὧ Ὧ Ú ḳ Ὧ

ÅAbout 8 hours of data:

Test Mass 

Position

ÅAccelerated cosmological expansion presents a

natural energy scale ~ meV.

ÅSuggests ~meVparticles may exist. Simplest is scalar boson.

ÅLeads to large forces ruled out by ófifth forceô searches

ÅVarious screening mechanismscan explain lack of detection

Åe.g. ïchameleon

ÅCandidate light particles include the axion, chameleon, 

symmetron, galileon.

ÅIdea: Use low mass of atoms in ultra high vacuum to drastically 

reduce screening, enabling stricter tests of these theories.
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Cesium 

Atoms

1- ùncertainty in fitted g0:

107.9vs 0.88

Corresponds to sensitivity of

550vs 4.5 

Factor of120 improvement!
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Å Larger Tungsten source mass + High Order Bragg Diffraction 

Ą sensitive to gravitational attraction between atoms and source mass

Å Probing Attractive Optical Forces from Blackbody Radiation

What́ s next?
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~60 min

EXPERIMENTAL SETUP

Self-potential Coupling to local 
density
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