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Atom Drop Tower
• 25-foot deep, 8-foot diameter pit in the lab.

• Acceleration sensitivity scales as

• 9-meter continuous aluminum vacuum tube

• Three-layer mu-metal magnetic shield.
   → All materials inside are non-magnetic

• Bias magnetic field provided by segmented 
  solenoid wound directly on vacuum tube

Atom drop tower.  9-metter vacuum system,
magnetic shield, and support structure shown.

Evaporatively Cooled Atom Source

Evaporatively cooled atom source required to enforce 
tight control over kinematic degrees of freedom.

• 2D MOT loading a 3D MOT
   → Expected flux:  >10   atoms/s

• Evaporative cooling in a TOP trap
   → Launch goal:  >10  atoms/shot

• Main quadrupole coils generate
  300 Gauss/cm fields and 15 kW heat
   → 200 psi water cooling system

• Large aperature detection chamber
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Atom Interferometry
•  2-photon atom-light interactions (Bragg transistions) 
    coherently couple

•  Beamsplitter-Mirror-Beamsplitter sequence:

•  Recoil leads to spatial separation of atomic wavepackets.

•  Total phase difference encodes the motion of the atom
    compared to the laser wavefronts[2]:

Testing General Relativity

Relativistically correct space-time diagram.  
The speed of light is greatly exaggerated.

Coordinate acceleratransitiotion with general relativistic corrections:

Parameterized Post-Newtonian (PPN) metric:
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• Both GR effects show up at ~10   g
• Unique scaling can be used to pick out specific terms.
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Exploring Technology Applicable 
to Future Sensors

Extremely Long Drop 
Times:

Sensitivity scales favorably with T

Space-based missions can have 
T >10 s or perhaps 100 s.

Tight control of launch kinematics
needed to reduce systematics 

Ballistic expansion of the cloud 
requires temperatures below the 
limits of laser cooling.

Large Momentum Transfer 
(LMT) Atom Optics:

Interferometer area can be increased
by transfering more momentum to 
the atom at each interaction.

Sensitivity increases as keff=Nhk
where N is the number of photons

Optical lattice manipulations[4] can 
increase       by 10 or maybe 100 
over current technology (N = 2).

Evaporatively Cooled 
Atom Source:

               , pre-BEC

Colder cloud results in better
control of initial position, velocity

More atoms participate in highly
velocity-selective atom optics.

Avoids collisional phase shifts of 
BECs

Differential Accelerometer Sensitivity

•  ~10 m vacuum system allows for T = 1.34s interogation time.

•  Both species are manipulated with the same laser 
    →  Laser phase noise cancels common-mode

•  ~10   atoms/shot,  ~10    shots/s

(After ~1 month of averaging)

Goal Sensitivity:

L=10 m tall vacuum system allows for an 
interrogation time of T=1.34 s.
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Differential Systematics controlled <10    g    [3]-15

•  Systematics: magnetic fields, gravity inhomogeneities, 
 Coriolis force, proof-mass overlap, ...

Here we report on the progress of our experiment to test the Equivalence Principle (EP) using atom interferometry.  
We are developing a dual-species atomic fountain gravimeter for    Rb and    Rb with an expected differential 
sensitivity of 10    g.  Systematic errors have been thoroughly modeled and appear controllable at or below this 
level for an EP test.  In addition, the apparatus is sensitive enough to begin measuring novel general relativistic 
effects that have never been measured in a laboratory environment[1].  Some of the advanced atom interferometer 
techniques that we are developing can also be applied to next generation inertial sensors, potentially improving 
sensitivities by orders of magnitude.
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• Sensitivity is proportional to momentum
 transferred (        )
  
• Multi-order Bragg transitions
   → 24       has been demonstrated [5]

• Optical lattice manipulations
   → Wavepackets can be dragged and
  held apart in a periodic potential

• Hybrid schemes (Bragg + Lattice)
  → Improved transfer efficiency
  → 12      has been demonstrated

Large Momentum Transfer Beamsplitters

Simulation of a hybrid LMT beamsplitter consisting of an 
initial 6      Bragg π/2 pulse followed by a lattice acceleration.


