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ltre effect of trstinulatedtt transparency of a mecllr.rn consisting of tvo-leveL molecules

in the grounit state by the passage of a pcnrerful ultrashort pulse of eoherent light t was

theo re t i ca l l yp red i c te t l a r r c l expe r i nen ta l l yobse rvec l l n [1 ,2 ] . f l r l e t ra r rapa rency i sno t

connected vith the wual saturation effect and occurs vhen the light pulse duration is

, .. TZ, vhere l, is the relaxatlon tirne of the polarization of the nedlun, and also
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rhere F ie the amplltutle of the field of the l-iglrt pulee and U ls the dipole matrlx element

of the tra.nsltion. Physically the effect conslsts in the fact that the light pulse looses

energy on the leading front as it.excites the molecules coherentlyS this ener$r le then re-

turned to the pulse on the traiflng'etlge,as a result of the secondary ratliation of the mole-

cul-es. ft is of great interest to lnnestigate rhether a sirnllar effect ls feastble in prin-

ciple in interband absorption in seniconiluctors, vhich produces electron-hole palrs as a

result. We shaU congider optical tra.nsitions usually occurring in gemiconductorsr wlth con-

servatlon of the electron quasimoment,- i (af"""t tra^nsitions). The fonnal clescription of

such tra.nsitlons is slnllar to the clescription of transitions in two-level systems vith an

asyrnnetri c inhomogeneously-b roaalened f tne I I ] .

If, Just as fn [f], ve seek the solution of the equations for the field in the font of

a stationary pulse, 1..€., it is assured that the dependence on z and on t reduces to a single

var iable t  -  (z /v) ,  vhere v is  the veJ-oci ty  of the steady-s la1e pulse (v .  c) ,  then Maxwel l rs

equations and the equations for the matrix elenents of the density operator of the necliun

adrnit of a unique solution, and the expreesion for the velocity takes the foro

where
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n is the lattice part of the refractive index, ur is the frequency of the light puIse,

I
A t r  = - -  ( t t t  -  c1 '  )  -  a r

t
c  -  v  . .

ei and e* are the electron energles in the conduction and valence bands, respectlve\r, a,nd

o! is tfre ilifference betveen the initiaL populations of the 1evel k in the bancls.
K

This solution d.iffers fron the case of a tvo-lerreL systero nith an inhomogeneously-

broadenecl line in the presence of an additional factor under the raclicaL in the expression

for the rreloclty v. fn the case of.greatest interest, when the density of the states in the

ba.nds is proporbional to (6ur - L)'t ' , vith'6u - A << A., and{r^r -A ,r 4/t (A - n:.atn of for-

bidden ba.nil, A.,, - vidth of valence band), the corresponding expression" to",l, a"nd I, becorne

r n u c h s i r a p r e r r a n d l f v e t a k e t h e v a l u e s a ' 1 e V r r = 6 f i ( n o * A ) - L / 2 = 3 x 1 0 - U c g " . " - o ,

r  = 5 x 10-12 secr{ tu -L = 0. I  eV,  andm* = 10-28 g,  then I r  = 1.5 x to- l?  cno-3 arrd.

rz = 3 x to29 "t-3 """-].
Estinates of the quantit ies IIr? rith other noclel state dlensities (e.g., a unifonn

density over the band) yieltl nr.rnerical- values ot trr, of the saloe order of, nagnitutle.

Substituting further the values of I, and I, 1n the expression for the velocity v, ne

get  v  = 1O-1 c/n lcn/secl ,  i .e . ,  therrstat lonaryt tpulse moves n i th a veloc l ty  smal ler  by one

order of magnitude than the velocity of light in the glven naterial. Ihe foregoing analysis

is valid, only if the condition vt > I is satisfletl, as it evlalent\y is in our case vhen

r = 10-12 sec and tr < 1o-[ cn.

We note that for semlconductors tbq relanatlon tine T, ctepenils on the kinetic energy €

of the produced electrons; thus, for exa^mple, if e > hro. (rO - frequency of the optical

phonon), then a strong interaction with the optical phonon leads to a decrease of T�2t so that

light-pulse cluration required to observe ttself-trsngparencytt at a gufficlently large clistance

from the edge of the band ls r < 10-12 sec (vhen e < 6or. and at lov tenperatures, T, t 10-12

s e c ) .

We agsume nolr that a eongtant electrlc field E is applled along the layer of a^n

el-ectron-hole plasrna prottuceil by arrstationarlrtt pulse. Then, accortting to [3], tne spatial

seperatlon of the generateil eLectron-hole pairs should cause the ttself transparencytt effect

to va.nlsh ln fielde satisfltng the relation-

l , c 2 E 2 t 2  
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vhich nakes it possible in principle to tletennlne the m&ss m* far fron the eclgeoof the band.

Tbe fields E required for this pur?ose are not Large (E = 300 V,/crn at nt = lO-tt g and

r = 10-12 sec). At the sa&e time, knoning m*, measurement of the pulse velocity v makes it

possible to determine the natrix elenent of the dipole rcoment u*.
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