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Space-time Interferometry

Mirrors

Beam-Splitters

Output Ports
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Time is a big lever-arm in area

∆x ! 1 m
c! = 108 m

ALi go ! 107 m2

AAI ! 108 m2



Raman  Transitions
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Rabi Oscillations
Effectively 2 state oscillations
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mirrors and beamsplitters are lasers
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Sources of Relative Phase

3 Sources

Propagation Phase

Separation Phase

Laser Phase

O1 O2

Path 1
Path 2

!" = " Path 1 ! " Path 2



Slowly changing potentials 
For optical transitions and Rb
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Slowly changing potentials 
For optical transitions and Rb

! x = v! T ! 1 mm

ct

V (x)

x

!" ! ! V ! T

V(x) = V0 + V ! x(t) + V !! x2(t)

! V ! V !! x

Interferometers are accelerometers
for V !! ! x / V ! ! 1

! ForceáArea

!" ! paT2



Quickly changing potentials 

Consider  Yukawa potential

! x ! !For measures potential differences

V (x) = V0 exp(! x/ ! )

!" ! V0 T V0 ! m a !

Insensitive to momentum impartedx
V(x)

ct
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Sub-gravitational Forces
Many fifth forces

Extra Dimensions

Moduli

The Cosmological Constant

! V (r ) = "
GN M m

r
exp(! r / #)

Parameterization of new force

!
λ

Strength relative to gravity
Range (i.e. Compton wavelength)



Short Distance Gravity Experiments

D.J. Kapner, et.al.,hep-ph/0611184.



Axion mediated Scalar Forces

Barbieri, Romanino, Strumia
hep-ph/9605368
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Figure 1: estimates of the axion force strength relative to gravity for dN = 10! 25 eácm. Also shown
is the presently excluded region.

By means of NDA, it is immediate to get the contribut ions to dN and gaNN induced by dQCD
q .

It is

dN [dQCD
q ] ! e

gs

(4! )2 "dQCD
q #, (10a)
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f a
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where "ááá#denotes a weighted sum, with coe" cients of order unity, over the up and down quarks.
From (10a), since "dQCD

q #! "2QA dQCD
q #, we have
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f a
. (11)

It should be clear, however, that a relat ion like (11) holds, within the limits of NDA, for any
operator, or combinat ion of operators, of the type On! , involving quarks and gluons only,

gaNN [On! ] !
dN [On! ]
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! 2
!

f a
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A di#erent relat ion holds between gaNN and dN generated by the standard quark EDMs dq, since

dN [dq] ! "dq# (13a)
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The ÒGyroscopeÓ Configuration

Launch vertically but shine lasers horizontally

Measures the force in laserÕs direction

x

Separation in transverse direction
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Experimental Set-up
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Experimental Set-up
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Interferometer set horizontally displaced test mass

Move test mass in and out and measure gravity

! Nul l! Near! Far
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Measurement Strategy
Construct differentials

Want to choose xN xF to maximize sensitivity
xF ! 3λxN ! ! / 3
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Newtonian Predictions

Measurements
RN F !

!" N = " Near ! " Nul l !" F = " Far ! " Nul l



Precision
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Signal Size Resolution

Dimensions of experiment
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Precision

! ! 102 ! ! ! 10! 1

Signal Size Resolution

Nat oms ! 106 Nbunches ! 106

! ! /! ! 10! 9

Ultimate Resolution

Dimensions of experiment

a ! GN ! w ! 10! 6m/s2
T ∼ 0.1 sp ! Å! 1

! ! paT2



Limits on Resolution
Newtonian Prediction

V(x)

x

! x ! 1µm

Position varies on a bunch-to-bunch level

! V/V ! 10−6 ! V
!

Nb V
" 10! 9

Systematic Stochastic

Limits on source mass geometry
V ! m ax (1 + O(x/L )) Planar Geometry



Backgrounds

Casimir Force at 10 microns

Coriolis force

Uncontrolled gravitational sources
are not a major problem

ÒMinimize, Characterize, Measure, SubtractÓ



Probable Limits
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Equivalence Principle
New forces often violate EP

Way of distinguishing from background

Neutral Atoms parameterized:

! ! Z/ A Proton fraction of nucleus

a ∼ (! Z + ! A ! Z ) + (! Z − ! A ! Z )"

F ! ! Z Z + ! A ! Z (A " Z)

Composition dependent force



Multiple Isotopic Species

Perform differential measurements

Different Isotopes in same laser trap

Want to maximize inertial differences

! "Li ∼ 7%

! "Rb ! 1%

! "He ! 25% ! "H ! 50%

a1 ! a2 " (! 1 ! ! 2)



Backgrounds

Casimir is easier

Coriolis is reduced

Uncontrolled gravitational sources
are not a problem

easier environment to find

Newtonian prediction easier



Outline

Atom Interferometry

Fifth Force Experiments

Deviations in Newtonian Gravity

Equivalence Principle Violating Forces

Outlook



Number of bunches 
 sets length of experiment

CanÕt make signal bigger

Big cost to make taller drop towers

Improvements
Consider the phase
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Large Momentum Transfer
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|2! 1s

2p
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changing the frequency to walk up momentum

∆k ! 102k

2 orders of magnitude 
improvement

on long ranged forces

no gain on 
short ranged forces

! x ∼ 10 cm
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"
NBunc h



Could do more atoms... 
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Could do more atoms... 

Improvements
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kaT2

"
NA to m
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NBunc h

|! ! " (|1! + |2! )N A to m

Resolution goes asN ! 1
2

A t om

|ψ! " (|1! )N A to m + (|2! )N A to m

Resolution goes asN ! 1
A t om

103 Gain!

known as Heisenberg Statistics



Other experiments

Precision GR
Dimopoulos, Graham, Hogan, Kasevich
gr-qc/0610047

Gravity Waves
Dimopoulos, Graham, Hogan, Kasevich, Rajendran

Electric Neutrality of Atoms
Arvanitaki, Dimopoulos, Geraci, Hogan, Kasevich

Equivalence Principle
Hogan, Kasevich

Dark Energy Probe???



Atom Interferometry

New method for searching for
beyond the SM physics

Many possibilities for 
future improvements

Need creativity for new
methods of searching


