
pattern, a sinosoidal pattern of intensity versus position is 
obtained (see lower part of figure)—the hallmark fringe 
pattern of an interferometer. 

One of the unique features of atom interferometers is 
that atoms are composite particles with internal states 
whose lifetimes allow the atom to exist for some time in a 
superposition state. When laser light is used to create such 
superpositions, it may impart different momenta to the 
two states4 so that they travel in different directions— 
thus, the spectroscopic interaction with the laser is a de 
facto beam splitter. Two recent atom interferometers have 
been based on this idea, employing either a suitable spatial 
array5 or temporal pulse sequence6 of such interactions to 
separate and recombine the atoms. In these interferom
eters, the fringes are observed as an oscillation of the final 
state of the atom that depends on the differential phase 
accumulated between the two paths. 

These light-based devices have already demonstrated 
an important application of atom interferometers: the 
measurement of inertial effects such as rotation, accelera
tion, and gravity. The predicted Sagnac rotation was ob
served in Ref. 5, and sensitivity to gravitational accelera
tion at the 3x10-6 level was demonstrated in Ref. 6. Another 
area of application will be fundamental physics: tests of 
quantum mechanics such as the Aharonov-Casher effect,7 

measurement of the equality of proton and electron charges, 
and a precise measurement of the momentum of a photon. 
Interferometers for atoms, and also for molecules, will 
offer more accurate ways to measure intrinsic properties 
of these particles, like their polarizability. They will also 
open up new areas of study, such as measurements of the 
index of refraction of a gas for a particle beam that passes 
through it. 

The future of atom interferometers looks bright. Atom 
beam sources are inexpensive and intense relative to other 
particle beams/sources (e.g., neutrons, electrons), several 
techniques have now been demonstrated to make inter
ferometers for them, and the atoms that may be used in 
them come with a wide range of parameters such as 
polarizability, mass, and magnetic moment. This assures 
the applicability of these instruments to a wide range of 
measurements of both fundamental and practical interest. 
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ELECTROMAGNETICALLY 
INDUCED T R A N S P A R E N C Y 
B Y S . E . H A R R I S , S T A N F O R D U N I V E R S I T Y 

For about 15 years, the atomic physics community has 
been aware of a phenomena that is termed population 
trapping.1 When two lasers with frequencies that couple 

T R A N S M I S S I O N V S . P R O B E L A S E R D E T U N I N G F O R (a) 

23=O A N D (b) 23 = 1.3 C M - 1 . 23 I S T H E R A B I 

F R E Q U E N C Y O F T H E C O U P L I N G L A S E R . 
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two relatively metastable lower states to a common upper 
state are applied to an atom, the population of the atom is 
frozen or trapped in the lower states. As a result of a 
destructive quantum mechanical interference, the com
mon upper state is empty, and (in steady state) the contri
bution of the atom to the susceptibility is zero. It is there
fore possible to render an opaque media transparent at 
what would otherwise be a strongly absorbing atomic 
transition. 

During the last several months, two experiments2 ,3 that 
show dramatic increases in transparency have been re
ported. Working on an autoionizing transition in Sr vapor 
with an upper state lifetime of 4.4 psec and a transition 
wavelength of 337 nm, K.-J Boller, A. Imamoglu, and S.E. 
Harris applied a coupling laser (570 nm) at a power density 
of 107 W/cm 2 to the vapor. Part (a) of the figure shows 
transmission versus probe frequency without the cou
pling laser applied. Here, the media is optically thick with 
a transmission at line center of exp(-20). Part (b) of the 
figure shows the transmission with the coupling laser 
applied. The transmission at the center is changed from 

exp(-20) to about exp(-1). This increase in transparency 
is not a saturation effect or hole burning effect; in this 
experiment, to within about one part in a thousand, the 
population remains in the ground state of the transition. 

In the second experiment, J.E. Field, K.H. Hahn, and S.E. 
Harris demonstrate sharply increased transparency on 
the collisionally broadened resonance transition of Pb 
vapor at 283 nm. Here the (self broadened) collisional 
linewidth exceeds the lifetime broadening width by a fac
tor of 40. The experiment was chosen due to a fortunate 
coincidence that allowed a 1064 nm coupling laser. With 
this laser present, a transmission increase exceeding 
exp(10) was observed. 

Electromagnetically induced transparency has several 
unusual properties; First, it is non-reciprocal in the sense 
that the emission profile of atoms that are excited to state 
two has a constructive rather than a destructive interfer
ence, and therefore the gain cross section for these atoms 
may be many times greater than the absorption cross 
section of ground state atoms, thereby in principle allow
ing lasing without inversion.4 There is also a constructive 
interference in the third order nonlinear susceptibility. 
One therefore has the possibility of the near ideal situation 
of a doubly resonant susceptibility with zero loss and zero 
contribution to the refractive index.5 , 6 As the Rabi fre
quency of the coupling laser exceeds the inhomogeneous 
linewidth, the media becomes transparent and the square 
of the susceptibility length product increases by many 
orders of magnitude. A first step in the experimental real
ization of these ideas has recently been reported by Hakuta, 
Marmet, and Stoicheff.7 
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