
of the probe beam suddenly increased by 10 
orders of maenitude. 

Coupled States Clear the 
~arkness and Quiet the Light 
I t  may seem odd to think of a cloud of gas or 
a block of glass as a quagmire, but to a photon 
that's not a bad approximation. Once a light 
ray penetrates any material, it may be slowed, 
bent, or scattered as it struggles to get through. 
Worst of all, for optical devices, some pho- 
tons may get bogged down entirely and be 
absorbed into the material. But in experiments 
reported over the past 2 years, researchers have 
found ways of using light itself, along with 
other forms ofradiation, to clear a path through 
this morass. These results, which could have 
widespread practical applications, are so star- 

a lower one, it gives off a photon of light at a 
wavelength exactly matching the energy dif- 
ference between the two rungs. When an 
incoming photon has just the right energy to 
boost an electron to a higher level, the oppo- 
site happens, and the photon is absorbed. 

Ordinarily, an electron that has absorbed 
a photon has only one route to a higher en- 
ergy state. As long ago as 1961, though, in- 
vestigators realized that closely spaced rungs 
can compete for an electron from a lower 
level. And when that happens, Ugo Fano of 
the University of Chicago discovered, the 

The green laser had exactly the right en- 
ergy to bridge the gap between an intermedi- 
ate and an upper energy level among elec- 
trons in the strontium vapor. The ultraviolet 
light ordinarily boosts an electron from the 
lowest level directly to the highest, bypassing 
the intermediate state. But when the green 
"coupling" laser was turned on, the interme- 
diate and upper levels were yoked together, 
creating two competing paths from the lower 
to the upper state. The resulting interference 
allowed ultraviolet photons that would nor- 
mally have been absorbed by the vapor to sail 
through. 

Harris hesitates to make any claims about 
the technological promise of this "induced 
transparency"-"so much of what we do ends 
up as a laboratory curiosity," he warns. But 
his demonstration has already inspired other - . - 

tling ;hat they have already begun to , workers who hope to boost the effi- 
open up a broad new field of research. E ciency of lasers. Conventional lasers, 
Two weeks aeo. for exam~le. 70 re- g after all. face a constant battle aeainst 
searchers gatKe;ed in crested Butte, I 
Colorado, to discuss the topic at ameet- 
ing called "Atomic Coherence and In- 
terference in Quantum Optics." 

Perhaps the most dramatic dem- 
onstration of the new strategy came 
last year from Stephen Harris and his 
co-workers Atac Imamoglu and Klaus 
Boller at Stanford Universitv. who , , 
used a laser of one wavelength to open 
a window for light of another wave- 
length through an ordinarily opaque - 
material. Other researchers are using Quantu 
similar principles to boost the effici- 
ency of lasers, beaming microwaves into the 
lasing medium in order to reduce the chances 
that a laser's photons will be reabsorbed before 
they shoot out in the laser beam. And while 
workers dream up still other ways to harness 
this ability to control absorption, others are 
turning the strategy on its head and using it to 
control the optical "static" that interferes with 
many precision measurements. 

The heart of the strategy is to use a pre- 
cisely tuned laser or microwave beam to link 
together different energy states occupied by 
electrons in an optical material. The results 
are so-called phase-controlled materials, 
which have optical properties so different 
from those of ordinary materials that theorist 
Marlan Scully of Texas A&M University and 
the Max Planck Institute for Quantum Op- 
tics calls them "in a verv real sense. a new 
state of matter." 

That seems a fair claim when you con- 
sider that Scully and his colleagues are tink- 
ering with a basic feature of materials, their 
quantum-mechanical structure. One way to 
picture that structure is as a kind of energy 
ladder, each rung representing a permissible 
energy level for the material's electrons. 
When an electron falls from a higher rung to 

$ absorption. The coherent ligG of a 
laser is generated as excited atoms in 

a a lasing material decay into a ground 0 2 state, releasing a cascade of photons. 
p The trouble is that at the same time, 
8 other atoms still in the ground state 
5 absorb photons as fast as they are emit- 
9 ted. The only way to get anything out 

of the material has been to create a 
"population inversion"-pump in 
enough energy to produce more at- - oms in the excited state than in the 

~rn opticians. Edward Fry (left) and Marlan Scully. ground state. 
But that strategy takes a bite out 

electron may end up going nowhere. Fano of a laser's efficiency. Worse, creating a popu- 
studied a set of three energy levels in helium lation inversion in x-ray and other very high 
atoms: a resting, "ground state" and two nar- frequency lasers is a Sisyphean task, because 
rowly spaced higher levels. You might expect highly energized atoms slip quickly back into 
that light at the right wavelength would be the ground state. To overcome these draw- 
able to boost an electron to either of the backs. ~hvsicists have dreamed since the mid- 
higher levels. In fact, Fano discovered, the 
difference between the two enerw levels is so -, 
small that the two possible transitions inter- 
fere with each other. In effect. the electron is 
paralyzed by the choice, and light at a wave- 
length that-by the normal rules of phys- 
ics-should be absorbed by the helium passes 
straight on through. As Harris puts it, ''Two 
paths to the same thing cancel." 

Shining through. Such interferences are 
a rare thing in nature. But in the years since 
Fano discovered the phenomenon, lasers and 
other technical advances have opened the 
way to creating what Harris calls a "manmade 
Fano interference." That's what Harris and 
his colleagues did last year, building on work 
done in the 1970s by groups at the Universi- 
ties of Pisa and Rochester. Strontium vapor, 
for example, ordinarily absorbs a particular 
wavelength of ultraviolet light from a probe 
laser, but when the Stanford workers beamed 
a green laser into the vapor, the transmission 

,. , 
1960s of creating a laser that could work with- 
out a population inversion. In 1989 Scully 
and Shi-Yao Zhu of the University of New 
Mexico suggested that coupled states might 
be the key. Scully, who credits earlier theo- 
retical work by Harris with "pushing us in 
this direction," explains that he and Zhu en- 
visioned a different system from Harris': In- 
stead of coupling two excited states, they 
proposed to link two different ground states 
with a microwave field. The effect on absom- 
tion, they surmised, wouldbe the same. Again, 
photons could be absorbed by two competing 
transitions--between the coupled ground 
levels and a higher state. The resulting inter- 
ference would prevent absorption, giving pho- 
tons free passage out of the lasing material. 
As a result, said Scully and Zhu, the laser 
could make do with a much smaller energy 
input than usual-far less than would be 
needed to create a population inversion. 

The notion (proposed independently by 
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Russian physicist Olga Kocharovskaya of the devices, sharply loweimg the noise level. As induced transparency, lasers without 
Gorky Institute of Applied Physics) ran The rewards for doing so would be espe- inversion, correlated-emission lasers, and 
counter to laser orthodoxy, and it met some cially high in interferometry, a technique for other phenomena move from the realm of 
initial resistance, as mathematical physicist fine-&em-mmthatrehmthereh- theory into the laboratory, Scully has been 
Brian DeFacio of the University of Missouri tive p b  of two laser beams. When the emmuraged to envision new uses for materi- 
recalls. "My first thought was the idea was beams are sent a h g  separate p a b  &a a l s d  coupled states. Wothii is so practi- 
crazy. My second thought was to , d B a good &my," he exults. dne future 
and find where it was wrong." Some d ts he envisions for these materials, which he 

d m- refers to as p b t l i u m ,  is in optical devices 

t that rely on high refraaive indexes. 
$1 Phasemiwm. Materials with a high re- . .3 

>' >/* 

Q.active index are 'sticky,* from ld t ' s  point 
, 2% d view light slows when it enters the me- 

&&, and it is sharply bent-refracted-as 

L-- . Fr- .. k&3oth properties have technological ap- 
- . .  7@d-Hi-refraaion l m c o u l d  boost: the 

-lying power of optical microscopes. And -?%! t ? d  a hi&-refractive index gas that could slow 
. ... -i; . e 
, .,- &&nu& open the way to a new generation 
!S This solution, recently detno'hstrated by &electron accelerators in which lasers would - 

Michael P. Win- and John I, of &e provide the impetus. Such accelerators are a 
r Joint Institute for La-ry Astmphy&s Eong way from being realized, in part -use 

(JILA) in Boulder and Peter T d e t  of thre &$it waves travel much too fast for eleceons - University of Hambuqg, relies on a -am- to a& dong their crests. Notes Narducci, 
meshmica1 twiae L~nking two energy levels Tight outraces the electrons it is intended ta 

1 has opposite effects on ahoption and emis- &te." One solution would be to beam 
sim For elecaons trying to climb Into or out tfie bxr inzo a tenuous but highly refractive 
sfa pair of linkd state, the coupling sets up medium, which would put the brakes on the 

m a l k t ~  acktmxive in-ethat blocks them- li& w k h t  scattering the electrons. 
-6 a la- sitisk-gnd hence p r e w n ~ ~ t i o n .  From &K &m raises a new problem, how- 

ser - mj. w m a m  bwIhdrs the point of view of electrons b y i n g o u t  of ever: Mattrfala with a vwy high index of an intermediate state t6 tW upper w, the 
fight-absorbing transitioilk blocked. bked states into a lower state, though, the refraction normalty &c& a lot of light- 

interference is consttuctive; whenever the ar$ abaption is atrathema to both mi- 
of part-- d d t i & s  her, he says, he electrons spontaneously decay, emitting ran- scopes aad lasers. But by coupling two g d  
became satisfied that the & m ~ y  was K a b  dom photons, they do so in synchrony. As scatesor upper levels inagas, Scully proposed 
lutely correct." theoretical physicist Lorem Narducci of last October in Erussels at a Solmy confer- 

And now the first ghmmdnp of eqmi- Dtexel Universityputs it: T h e  [mu&gJ field ence on quantum optics, absorption can be 
mental confirmation are amaring. Last f m  the two formerly mdepdm states to ruled the desirable high refkction 
spring, Herbert Waltherand Wo&pglmge dktoeach&-tohaveknow~ofeach remains. The resalting 
of the Max Planck Imthte fm Qbt t tm  other," so that their behavior -is cindated phaseonium EDUld serve 
Optics created an inversionless ntb-belbm That opened the possigilityofwrrelating as a microscope Klens" or 
maser-+ device that works on the same* the noise in the two sqame lam beams. Bg a tight-reradii medium 
ciple as a laser but &enere* r n ~ w a ~  in- coupI'mg rhe,upper lev- in a laser accefetazar. a stead of visibk light. With ahmptiog sup- els teqmdble fag tpaa : Scully says he is curre~dy 
p d  by a beam of low-energy rnicnswa~es, ikxpncles of lq$t Il b ;{ carrying on re$eas& In &is 

$ the maser generated a coherent micmmwe . helium-awn latter area with Texw 
8 beam horn a veq spwe popCaationd ex- Winters, Hall; d$@d A W s  Edwpvd Fry at tbe 

dted atoms. And in an qmimmt a-ed Toschek e n e d  *:& 
for publicadgh in.- C- a 

It mag be a while behe  
~ a n d ~ d s r a r t s t n a k -  
irrg pllawmium tenses, bur 

fi- dri. gmmd b m sopMthd@h=.ln  phomns in loskstq linhns f~l t  &dly, &awxmdlad lases fief$ yitdded laser activity withow a this Kcorrelated enis- upper energy states, lectromagg d h a v e a l r e a d y h a d a  
population Wersion. sfon laser," sggs Mar- in very practical impact. At one 

T h e ~ O t ~ l Q h t h r p r i m i s o d y  ducci,"thetwobeams taserbmms. timg, he cornbid theore-ti- 
m e  of the vexing Behavim of optical mate- may still be messy, but caltvorkinquantum~ 
risk Another is Kmisen-&e d m  fluc- tBeyl are m q i n  the same way.* Inan inter- with ran&ing and qpkultu~al research in 
tuations in wavelength, intensity, and feruKnetet,,thismfrmr-imagenoiseweuldan- New Mexico, NOW, he says, "the enetirJ I 
"phase," or timing, that taint even the purest celaut, h i r y T t b 9  iswmmmt's sensitivity. used u, put inro cattle, I'm now putting. inm 
source oflight. But several Iabomtories have Qne endeavor thar might benefit Erom this optical apaimenta. We're work- 
now f d  that here, too, the strategy of little wick, HaM and his colleagues venture, is h g  like nitzy atl phaseonium*" 
yoking together separate energy levels odfm the detection af gravitational waves, subtle -Neal Singer 
hope. Several recent experiments suggest be vabktes in m i m e  that might reveal them- 
suchlinkagaeanmardd~photon-emit- mlve6asminutedlsplacementsalongcme;um ~ ~ ~ ~ s a & n c e ~ t o r ~ ~ ~ n t v e r -  
ting transitions in lasm and other optical dm inrerferomewcr. dty of fA&roEs st U v ,  




