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Space-time Interferometry

Output Ports

Mirrors

X

// Beam-Splitters
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Raman Transitions
Two photon transition

Principle Split
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Rabli Oscillations
Effectively 2 state osclillations

1! | 0 | Rabi/ 2

olitter mirror




Atom Interferometry

> pulse

! pulse

> pulse

> L
mirrors and beamsplitters are lasers




Sources of Relative Phase

= "path 1! " Path 2
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3 Sources

Propagation Phase
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Slowly changing potentials

For optical transitions and Rb

' x=vI T! 1 mm

V(X) = Vo + V' x(t) + V" x4(t)
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Slowly changing potentials

For optical transitions and Rb

' x=vI T! 1 mm

V(X) = Vo + V' x(t) + V" x4(t)
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/ Vx) | ForcedArea
Interferometers are accelerometers
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Quickly changing potentials

ConsiderYukawa potential
V(X) = Vo exp(! x/!)

/ For! x! ! measures potential ¢erences

AV Vo! mal

EV X . .
) . Insensitive to momentum imparted
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Sub-gravitational Forces

Many fifth forces

Moduli
Extra Dimensions

The Cosmological Constant

Parameterization of new force

GyMm
V(r) =" Nr exp(! r/#)
! Strength relative to gravity

A Range (i.e. Compton wavelength)




Short Distance Gravity Experiments
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Axion mediated Scalar Forces

10° GeV 10 GeV
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Barbieri, Romanino, Strumia
hep-ph/9605368




The OGyroscopeO Configuration

Launch vertically but shine lasers horizontally
Separation in transverse direction

Measures the force in las@direction




Experimental Set-up

First measure OnullO




Experimental Set-up
Interferometer set horizontally displaced test mass

Move test mass in and out and measure gravity
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Measurement Strategy
Construct diferentials

" N = " Near ! !

'NuII 'Far- INuII

N F «— Measurements

n pred. ||c;red.F

RNE | .
Newtonian Predictions

Want to choosexn xg to maximize sensitivity
X | 1 /3 Xg I 3\




Precision

| | paT*
Dimensions of experiment

p! AT al Gy!w! 10 ®m/s® T ~0.1c

Signal Size Resolution
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Precision
| | paT*

Dimensions of experiment
ol A’ al Gy!w! 10 ®mis® T ~01s

Signal Size Resolution
11107 11 10 !

Natoms! 106 Nbunches! 106

Ultimate Resolution
/1110 °




Limits on Resolution
Newtonian Prediction

Limits on source mass geometry
VI max(1l+ O(x/L )) Planar Geometry

Position varies on a bunch-to-bunch level
Systematic Stochastic

VIV 1 107 Y w0
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Backgrounds

OMinimize, Characterize, Measure, SubtractO

Coriolis force

Casimir Force at 10 microns

Uncontrolled gravitational sources
are not a major problem




Probable Limits

Existing Limits




Equivalence Principle

New forces often violate EP

Way of distinguishing from background

NeutralAtoms parameterized:
FlU 1>+ 1, Z(A" Z)

Composition dependent force

aN(!Z+!A!Z)+(!Z_!A!Z)O

| 1 Z/A Proton fraction of nucleus




Multiple Isotopic Species

Perform diferential measurements

Different Isotopes in same laser trap
a;! ay" (|1| '2)

Want to maximize inertial dérences
1%
1"~ U

e ! 25% 1MW ! 50%



Backgrounds

Newtonian prediction easier

Coriolis I1s reduced

Uncontrolled gravitational sources
are not a problem

easler environment to find

casimir IS easier
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Improvements

Consider the phase

NAtom

Can©Omake signal bigger
Big cost to make taller drop towers

Number of bunches
sets length of experiment




Large Momentumiransfer

2
! ' " .a;l-
|\IAto m N Bunc h

changing the frequency to walk up momentum

Ak ! 10°k

2 orders of magnitude
iImprovement

on long ranged forces»

2

no gain on
short ranged forces

| X ~ 10 cm




Improvements
kaT?4

L o

Could do more atoms...

1 (a + [2n)Naem

1

Resolution goes asAtom




Improvements
. kaT?

L o

Could do more atoms...

1+ [2n)Naem

. 1
Resolution goes as, 2 _

P (L)Nren 4+ (2N ren

Resolution goes aN
known as HeisenbgrStatistics

10° Gain!

Atom




Other experiments

Equivalence Principle
Hogan, Kasevich

Precision GR
Dimopoulos, Graham, Hogan, Kasevich

gr-qc/0610047

Gravity Waves
Dimopoulos, Graham, Hogan, Kasevich, Rajendran

Electric Neutrality ofAtoms
Arvanitaki, Dimopoulos, Geraci, Hogan, Kasevich

Dark Enegy Probe???




Atom Interferometry

New method for searching for
beyond the SM physics

Many possibilities for
future iImprovements

Need creativity for new
methods of searching




