
Example ProposalAtom InterferometersDallin S. Durfee, Johnny Lumpkins, Billy Bud SmithWe will be writing our paper on atom interferometers. Atom interferometers utilize the wave propertiesof atoms to make pre
ision measurements. They are very similar to opti
al interferometers like the onethat Mi
helson and Morley used to sear
h for the ether wind, but utilize the mass and internal stru
ture ofthe atom as well as the extremely short de Broglie wavelengths possible with atoms to make more pre
isemeasurements or types of measurements not possible with opti
al interferometers.In an atom interferometer ea
h atom's quantum wave is split in half. The two halves of the wave traveldi�erent paths and then are dire
ted ba
k toward ea
h other and are re
ombined. When the waves arere
ombined they 
an add 
onstru
tively or destru
tively. Whether they add 
onstru
tively or not dependson the di�eren
e in the phase of the two beams. This phase is determined by things su
h as the relativelengths of the two paths, the gravitational potential of the two paths, et
. By dete
ting the interferen
epattern you 
an obtain information about the relative phase of the two beams.We will dis
uss the basi
s of how atom interferometers are made as well as appli
ations of atom interfer-ometers. We will 
onsider the sour
e of atoms (in
luding 
oherent, laser-
ooled, and thermal sour
es), howthe atoms waves are split and re
ombined (in
luding laser manipulation te
hniques and the use of physi
algratings).Sour
es- P. R. Berman, ed., Atom Interferometry, A
ademi
 Press, 1997.This book 
ontains a large number of arti
les on various aspe
ts of atom interferometry.- C. W. Oates, F. Bondu, R. W. Fox, and L. Hollberg, �A diode-laser opti
al frequen
y standard based onlaser-
ooled Ca atoms: Sub-kilohertz spe
tros
opy by opti
al shelving dete
tion,� The European Phys-i
al Journal D 7, pp. 449-460, 1999, http://www.edps
ien
es.org/arti
les/epjd/abs/1990/10/d8271/d8271.html.This arti
le 
ontains a long and detailed des
ription of an atomi
 
lo
k based on a Ramsey-Bordéinterferometer s
heme.- M. Kasevi
h and S. Chu, �Atomi
 interferometry using stimulated Raman transitions,� Physi
al ReviewLetters 67, pp. 181-184, 1991, http://prl.aps.org.This arti
le des
ribes an interferometer in whi
h laser beams are used to split, dire
t, and re
ombinethe two halves of the atomi
 wave fun
tion.



Example OutlineAtom InterferometersDallin S. Durfee, Johnny Lumpkins, Billy Bud SmithI. Introdu
tion1. How an opti
al interferometer worksa. Splitting and re
ombining the beamb. Constru
tive and destru
tive interferen
e2. Example: Dete
ting mirror movement with a laser interferometera. How does output relate to mirror positionb. Why is the measurement so sensitive?3. Atom interferometrya. Atoms are also wavesb. Plan
k's relation
. Compare wavelength of thermal atoms to visible lightd. Compare properties of atoms to properties of lightII. Making an atom interferometer1. Sour
es of atomsa. In
oherent atomsi. Compare to opti
al interferometry with a light bulbii. Thermal beamsiii. Advantages and disadvantages of thermal beamsiv. Laser-
ooled atomsv. Advantages and disadvantages of laser-
ooled atomsb. Coherent atomsi. Compare to laser interferometryii. Bose-Einstein 
ondensates (BEC)iii. Advantages and disadvantages of BEC2. Splitting, dire
ting, and re
ombining the beamsa. Laser beamsb. Gratings
. Waveguidesd. Comparison of advantages and disadvantages3. Dete
ting the outputa. Fluores
en
e dete
tionb. Hot-wire dete
tors
. Absorption imagingIII. Use of atom interferometers1. Overview2. Atom interferometer rotation sensorsa. Uses of a super-pre
ise gyrob. Sagna
 e�e
t
. Sensitivity and stability limits 1



Example Outlined. Comparison with other sensorsIV. Con
lusions1. Sensitive measurements due to short de Broglie wavelength2. Many ways to 
reate one3. Many uses, rotation sensors one example
Sour
es- P. R. Berman, ed., Atom Interferometry, A
ademi
 Press, 1997.This book 
ontains a large number of arti
les on various aspe
ts of atom interferometry.- C. W. Oates, F. Bondu, R. W. Fox, and L. Hollberg, �A diode-laser opti
al frequen
y standard based onlaser-
ooled Ca atoms: Sub-kilohertz spe
tros
opy by opti
al shelving dete
tion,� The European Phys-i
al Journal D 7, pp. 449-460, 1999, http://www.edps
ien
es.org/arti
les/epjd/abs/1990/10/d8271/d8271.html.This arti
le 
ontains a long and detailed des
ription of an atomi
 
lo
k based on a Ramsey-Bordéinterferometer s
heme.- M. Kasevi
h and S. Chu, �Atomi
 interferometry using stimulated Raman transitions,� Physi
al ReviewLetters 67, pp. 181-184, 1991, http://prl.aps.org.This arti
le des
ribes an interferometer in whi
h laser beams are used to split, dire
t, and re
ombinethe two halves of the atomi
 wave fun
tion.- T. L. Gustavson, P. Bouyer, and M. A. Kasevi
h, �Pre
ision rotation measurements with an atom inter-ferometer gyros
ope,� Physi
al Review Letters 78, pp. 2046-2049, 1997, http://prl.aps.org.This arti
le des
ribes a devi
e whi
h measures rotation using an atom interferometer. This devi
euses a thermal e�usive oven and lasers to split and re
ombine the waves.- J. F. Clauser, �Ultra-high sensitivity a

elerometers and gyros
opes using neutral atom matter-wave in-terferometry,� Physi
a B+C 151, p. 262, 1988.This early arti
le explores the possibility of making a

elerometers and gyros
opes with atom inter-ferometers.- A. Lenef, T. D. Hammond, E. T. Smith, M. S. Chapman, R. A. Rubenstein, and D. E. Prit
hard, �Rotationsensing with an atom interferometer,� Physi
al Review Letters 78, p. 760, 1997, http://prl.aps.org.This paper des
ribes an atom interferometer whi
h measures rotation. This interferometer uses asupersoni
 thermally generated beam and di�ra
tion gratings.- A. Peters, K. Y. Chung, and S. Chu, �High-pre
ision gravity measurements using atom interferometry,�Metrologia 38, p. 25, 2001. http://www.iop.org/EJ/abstra
t/0026-1394/31/1/4.This arti
le des
ribes the measurement of gravity and a

eleration with atom interferometers. Thedevi
e uses lasers to split and re
ombine the wave.2



Example Outline- Y. Shin, M. Saba, T. A. Pasquini, W. Ketterle, D. E. Prit
hard, and A. E. Leanhardt, �Atom interferometrywith Bose-Einstein 
ondensates in a double-well potential,� Physi
al Review Letters 92, p. 050405,2004, http://prl.aps.org.This arti
le des
ribes the interferen
e of two Bose 
ondensates held in the fo
us of two overlappinglaser beam and then split in half by moving the two beams. They indu
ed a phase shift byapplying AC Stark shifts.- D. S. Durfee, Y. K. Shaham, M. A. Kasevi
h, �Long-term stability of an area-reversible atom-interferometerSagna
 gyros
ope,� arXiv:quant-ph/0510215, 2005.This paper by a parti
ularly handsome group of experimenters des
ribes an interferometer based ona thermal beam split and re
ombined using lasers. The paper dis
usses some of the limits anddi�
ulties of atom interferometers.
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