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Fig. 2.  Light-pulse atom interferometer diagram (left) and configuration illustration of atom 

interferometer acceleration measurements relative to a retro-reflecting mechanical 
accelerometer (right). 
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Figure 3.  Illustration of atom interferometer 

accelerometer as atomic acceleration reference. 
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Figure 4.  Atomic acceleration reference for LISA spacecraft accelerometer using atom 

interferometer (AI). 
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Atom Interferometer (AI) – Introduction!
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Atom Interferometers – Salient Features and Benefits!

!"

! +

! +
!"

!"

! +

B field 

coils

Laser-cooled Cs atom 
cloud at µK [Berman 1996] 

Atoms are stable clocks 
[Jefferts, 2011] 

 atom-wave interferometer 
[Kasevich 1991] 

Freefall  test mass Displacement Detection Atomic system stability 

NIST  
atomic clock 

+ + 

¥! Use totally freefall atomic particles as ideal test masses 
,  identical atomic particles are collected, cooled, and set in free fall in vacuum with no external 
perturbation other than gravity/inertial forces; laser-cooling and trapping are used to produce the atomic 
test masses at ! K and nK; no cryogenics and no mechanical moving parts. 

¥! Matter-wave interference for displacement measurements 
 displacement measurements through interaction of lasers and atoms, pm/Hz1/2 when in space; laser 

control and manipulation of atoms with opto-atomic optics.  

¥! Intrinsic high stability of atomic system 
 use the very same atoms and measurement schemes as those for the most precise atomic clocks, 

allowing high measurement stabilities. 

¥! Enable orders of magnitude sensitivity gain when in space 
 microgravity environment in space offers long interrogation times with atoms, resulting orders of 

magnitude higher sensitivity compared terrestrial operations [Yu 2002]. 

Atomic beam!

fringes!

! /2 pulse! !  pulse!

! /2 pulse!
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Concept of Drag-free Atomic Referenced DRS!
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Note: ideally, the displacement jitters of the mirrors are completely cancelled out, therefore, reducing 

the spacecraft “accelerometer” drag-free requirements.!
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“Acceleration-integrating” Displacement Measurement!

!xa =
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where !x
a
 is the ÒintegratedÓ atomic proof mass displacement due to an 

acceleration a. With >EM$T($0*3$0$./01+$,+1'647'*$'-$MJJ$T,03=$01 $
3)1.605+(+*&$,+1'647'*$50*$B+$,+05/+3. 
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Notional Strain Readout Sensitivity Spectrum Using AI !
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Local Gravity Field Disturbance Reduction!
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Notional Strain Readout Sensitivity Spectrum Using AI !
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Key points of using atomic reference: 
¥! Free fall atoms are naturally drag-free  

¥! Measurements relative to the spacecraft accelerometers 

¥! Maintain LISA mission concept and science objectives 

¥! Reduced self-gradient effect 

¥! Reduced spacecraft thermal sensitivity 
¥! Reduced magnetic field sensitivity 

¥! No charge effect 

¥! No pressure noise (vacuum required for reducing 
collisional loss) 

¥! No micro thruster noise 

¥! Risk reduction and cost savings 

Towards Ideal Disturbance Reduction System!
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Major Noise Sources!
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Critical Technologies and Risk!
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Summary Points of the RFI Input!
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