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The excitation by a near-resonance external field of a quantum system from the ground state into a band of 
closely spaced levels is considered. The total populationp,(w,,E) of the levels in the band is investigated as a 
function of the frequency w, and amplitude E of the exciting field when this field is adiabatically slowly 
switched on. There are three main features that distinguish the adiabatic from the instantaneous mode of 
application of the field. 1) The appearance of inversion in the level population: p, > 1/2. Under certain 
conditions the band populationp, is close to unity, while the ground level is almost completely empty. 2) The 
o, dependence exhibits at certain frequencies sharp jumps, which allow the system to be excited with a high 
degree of selectivity. 3) If the number of levels in the band N 23, then the Rabi oscillations (i.e., the 
oscillations of the populationp, as a function of the time) can, as E is increased, attenuate coherently, i.e. with 
neglect of all the relaxation processes. In the process the populationp, tends to unity. 

PACS numbers: 42.50. + q 

1. INTRODUCTION 

There exists  a certain inconsistency between the 
theoretical and experimental papers on the excitation 
of quantum systems by resonance radiation. The 
majority of the theoretical papers a r e  devoted to the 
solution of problems in which the radiation intensity 
r i ses  instantaneously a t  ze ro  time from ze ro  to the 
final value. At the same time, in experimental invest- 
igations performed with the aid of high-power pulsed 
lasers .  the laser-pulse r i s e  time is such that the prob- 
lem i s  more adequately posed a s  that of excitation under 
conditions when the radiation i s  switched on adiabati- 
cally slowly. The f i r s t  papers on the adiabatic excita- 
tion'-' have already shown that interesting qualitative 
effects, absent under conditions of instantaneous excita- 
tion, occur in this case.  In the present paper we con- 
sider  multilevel quantum systems,  i. e . ,  sys tems that 
a r e  more complicated and, consequently, c loser  to 
reality than those considered in Refs. 1-8, and inves- 
tigate for  them the three most striking characterist ics  
of adiabatic excitation: 1) the appearance of level-pop- 
ulation inversion; 2) the very cri t ical  dependence of the 
total population p, of the excited levels on the radiation 
frequency w, ( w s u p e r s e l e c t i v i t y ~ ) ;  3) the coherent de- 
cay of the p, oscillations (i. e . ,  of the Rabi oscillations) 
with time toward the p, = 1 level. 

superselectivity in the cases  of weak and stropg radia- 
tion fields respectively. In Sec. 5 we consider the ex- 
citation of the system under conditions of part ial  adia- 
baticity, when transitions between the quasistationary 
s ta tes  and the Rabi oscillations due to these transi- 
tions a r e  possible. Section 6 contains a discussion, 
examples, and numerical est imates.  

2. NUMBERING RULE 

The system in question has  a ground steady state with 
energy E,  and a band of N higher-lying steady states 
with energies En (n = 1,2, . . . , N ) .  (A system of this 
type i s  considered in Ref. 10 for  the case  in which the 
field is switched on instantaneously.) The system is ex- 
cited by an external field E = E(t)cosw,t such that for  
a l l  n 

where w, = (En - E,)/A i s  the resonant 0 - n transition 
frequency and go, = w ,  - w, is the detuning of the exter- 
nal-field ( laser)  frequency w, from the frequency w,. 

We seek the wave function I I) (t)) in the form 

In considering further the function p,(w,), we have in where the In) a r e  the steady-state wave function without 
mind the following experimental setup: The system i s  the t ime factor  and n = 0, 1, . . . , N .  
excited by radiation having a fixed frequency w, and an Substituting (2) into the Schrijdinger equation and 
intensity I( t)  that r i s e s  adiabatically from ze ro  to some averaging over the period of the field we ob- 
value I,; the total population p, of the excited levels is tain equations for the slow state vector ibn}: 
measured when I(t) attains the value I,; the experiment 
i s  then repeated with another frequency w,. This i s  

db" how the p,(w,) dependence ar i ses .  i h -  =Z H.,b,, 
dt  ."-" 

Below in Sec. 2 we describe the system under invest- 
Ed," 

igation, and introduce a certain principle fo r  numbering H, ,=-h6o , ,  H,,=H,, = --= hf,. 
2 

i t s  quasi-energy and quasistationary states.  This prin- 
ciple is not just a notation convention; i t  goes deeply in- Here don is the dipole moment of the 1 0) -In) t ransi-  
t o  the physics of the matter  and enables us  to simplify tion. The phases of the states In) have been chosen 
greatly the computations in the case of a multilevel such that the quantities dm a r e  r ea l  and negative; there-  
system. In Secs. 3 and 4 we consider the inversion of fore, the field broadenings f, >O. 
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Using the eigenvalues and the eigenvectors {a:} of 
the matrix Hnm, which satisfy the equation 

2 H,,,,,a,,~a=~aana 1, . . . , N ) ,  (5) 
m=o 

we construct the quasistationary states: 

The quantities C" a r e  the quasi-energies of the sys-  
tem. "-I3 In order  to avoid confusing the quasista- 
tionary and the steady states,  we denote the quasi- 
stationary states by Greek and the steady states by 
Latin let ters .  

Let us  introduce for  the quasistationary states a num- 
bering independent from that of the steady states; spec- 
ifically, let us  number the quasistationary states in 
ascending order of their quasi-energies: 

The proposed numbering of the quasi-energies has the 
following physical justification. The slow variation of 
the intensity o r  frequency of the external field will be 
accompanied by the variation of the quasi-energies ca 
in time. But the inequalities (7) will be satisfied a t  al l  
moments of time, since the quasiterms c U ( t )  do not, 
generally speaking, intersect. 

The adoption of the numbering rule (7) significantly 
facilitates the calculations in the case of a strong field 
(see Secs. 4 and 5 below), but complicates them somewhat 
in the case of a weak field, since a special treatment 
is now required for  the determination of the number Q, 

of the quasistationary state into which a given steady 
state with number n goes over when the field is switched 
on. But this is easy to do, since the quasi-energies 
Can in a weak field a r e  can = -E6wn. Thus, to deter-  
mine an in accordance with the numbering rule (7), we 
must arrange the detunings 60, in descending order.  
Then an will be equal t o  the number of t e r m s  preceding 
6w,. 

F o r  the system in question w,,, >wn and 6wn,, <6wn 
(n =O, l ,  2, . . . , N - 1). Therefore, for  example, the 
number Q, of the quasistationary state I QJ into which 
the ground steady state goes over when the field is 
switched-on is equal t o  

ao=O for ~t<or,  

We see  that by appropriately choosing the l a se r  f re -  
quency w, we can make the system go over from the 
ground steady state 10) into and of the N + 1 quasista- 
tionary states. This possibility, which is of para-  
mount importance to us ,  is due to the fulfillment of the 
adiabatic theorem for  the quasistationary states.  ''*I7 

As a result  of the stepwise variation of the number Q, 

a s  a function of w, [see (8)], the population pn of the 
steady state In), regarded a s  a function of w,, will have 
discontinuities a t  the points where the l a se r  frequency 
w, coincides with any of the resonance frequencies w,, 

since 

and the coefficients a:, and a:,+' a r e ,  generally speak- 
ing, different. Below we show that a discontinuity does 
not occur only in a two-level ( N = l )  system fo r  which 
the equality 1 a! 12 = 1 a: 12 is accidentally fulfilled a t  w, 
= W1. 

3. WEAK FIELD 

Let the maximum E ( t )  value, equal to Em,, be smal l  
in the sense that the field broadenings fn  a r e  st i l l  smal l  
compared to  the level spacing in the excited band even 
when E ( t )  = Em,. Then the resonances 10) - In) with 
different n a r e  actually independent, and the function 
PB(wI), where 

N 

p e ( G ) , ) = ~ - p o ( ( t ) , ) = E  P ~ , ( ( ~ J J ) ~  

n-l 

is a se t  of narrow peaks corresponding to the excitation 
of the individual levels ( 1 2 ) .  

Let  us  consider one of such peaks, say,  the n = 1 
peak. To  begin with, we shall completely ignore the 
effect of the other levels, i. e . ,  we shall consider a 
two-level ( N = l )  system. The quasi-energies C" and 
the eigenvectors a: in this case a r e  easily found from 
Eq. (5): 

Here and below the f i r s t  exponent corresponds to the 
upper sign. When the system i s  in the quasistationary 
s ta tes  Q = 0 and 1 the populations pl of the excited n = 1 
level a r e  respectively 

These curves a r e  shown dashed in the upper part  of 
Fig. l a .  As  the field is adiabatically switched on, the 
system goes over from the ground steady state into the 
quasistationary state with the number Q,; in this case,  
according to the numbering rule [see (8)], a, = 0 when 
6w1<0 and ~ , = l  when 60, >O. As  a result ,  we obtain 

The par t s  of the curves (10a) and ( lob) that make up 
together the curve (11) a r e  represented in Fig. l a  by 
the continuous curve. Notice that (11) has a kink (a 
derivative discontinuity) a t  the exact-resonance point 
6wl = 0  (see Fig. la ) .  F o r  comparison, we a lso  show 
in Fig. l a  the time-averaged population p Y t  of the 
upper level (the dotted curve) a s  computed in standard 
fashion in the case when the field is instantaneously 
switched on: 

inst- 
p ,  - 2 f , 2 1 ( 6 0 , 2 + 4 f , 2 ) .  (12) 
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tersection of the curves,  where w, = w, + bw,. Hence 
we can easily s ee  how the discontinuity a t  w, = w, ap- 
pears  in the pe(w,) dependence. We have 

FIG. 1 .  Two-level sys tem (pe=pI). The dashed curves  show 
the populations of the quasistat ionary s ta tes  ff = 0 and a = 1. 

In the lower par t  the dashed curves  coincide with the continuous 
curve. The continuous and dotted curves  a r e  respectively plots 
of the population pe of the  excitable levels  v s  the field frequency 
w l  when the field i s  switched on adiabatically and instantaneous- 
ly. Theupper f igure shows thep, whenall  the o ther  leve lsexcept  
the ff = 0 and ff = 1 ones a r e  completely neglected. The lower 
figure shows t h e p ,  when the effect of the other  levels  is  taken 
into account with the aid of perturbation theory; 6ws i s  the 
Stark resonance-frequency shift due to this effect. The field 
broadening f =bas. For  c la r i ty ,  the discontinuity points in the 
dependence pe(wl) in the bottom figure have been joined by a 
vertical segment. 

Notice that even in the case  of the two-level system a 
higher selectivity i s  achieved when the field i s  adia- 
batically switched on than when i t  is instantaneously 
switched on, a fact which s tems from two characteris-  
tics of the dependence (11). F i r s t ,  the curve (11) is 
narrower than (12): i t s  width (at  half-maximum) i s  
smal ler  by a factor  of a; second, the presence of 
the kink a t  the point 60, = O  in (11) in a sense also in- 
c reases  the selectivity. 

Let us  now consider how the pe(w,) dependence will 
change when the effect of the other levels is taken into 
account. Since the external field is weak, al l  the r e -  
maining states of the upper band (except the ( 1) state)  
a r e  practically not excited: p, << 1, since f, <<6w,, 
n = 2,3 ,  . . . , N. It i s  c lear  that the shape of the curves 
(10) will not change in this case. The only difference 
will be a Stark shift of the transition frequency: in- 
stead of w,, we should use in (10) the frequency 

Notice that bw, >O, since a l l  the bw,<O. The Stark 
shift will, a s  shown in Fig. l b ,  lead to some general 
shift of the curves (10). At the same time the number 
of the quasistationary state into which the system goes 
over a s  the field i s  switched on is given a s  before by the 
expression (8). Therefore the transition from one 
curve to the other, when w, is varied, occurs a s  before 
a t  the point where w, = w,, and not a t  the point of in- 

where dw, = w, - w,. The jump 

is equal t o  

Notice that in a weak field Ape cx E 0. Discontinui- 
t ies  of this type make i t  possible for  quantum systems 
to  be excited with a very high selectivity (see Ref. 9). 

The other qualitative characterist ic  of the excitation 
in the case  when the field i s  adiabatically switched on- 
the occurrence of inversion (p, >Po)-can a lso  be seen 
from (13) and Fig. l b .  The inversion i s  maximal a t  the 
frequency w, = w, + 0, where i t  i s  given by the expres- 
sion (14): 

F o r  the sake of clarity, let u s  briefly discuss the 
case  in which the upper band consists of two levels 
(i. e . ,  in which N =  2). In th is  case  the secular  equa- 
tion following from (5) is cubic, which allows u s  to 
find analytic expressions f o r  E" and at with the aid of 
the Cardan formula. We do not give these expressions, 
in view of their  unwieldiness. Instead, we show in 
Fig. 2 the plots of 

constructed with the aid of the exact  solution for  the 
case do, =4d0,. Since the dipole moments en ter  into a l l  
the formulas only in the combination d,E, the transi- 
tion to a grea ter  dm i s ,  in a sense ,  a transition to a 
higher field intensity. Therefore the evolution of the 
individual peaks of @,(w,) a s  Em, increases  is a lso  
c lear  from Fig. 2. If Em, is not yet too high, and the 
cri ter ion 

(where A = w, - w, is the band width) fo r  a weak field is 
fulfilled, then, the jumps Ap, occurring near the reso- 
nance frequencies w, and w, decrease in our case  a s  

FIG. 2 .  A three-level sys tem (pe=p,+p2; N = 2 )  in a weak 
field. The level  diagram i s  shown on the r ight .  The dipole 
moment  do2=4dol. The total f ieldbroadening f '=f f+f :=$A', 
where  A=w2-w,. T h e  notation i s  the  s a m e  a s  in Fig. 1 .  
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Em, increases,  but then the widths of the corresponding 
peaks increase (see Fig. 2). Notice that even in a weak 
field the magnitude Ape of the jump near the frequency 
w, will be close to unity when the field Em, is such that 
bw, >> f,. This condition i s  consistent with the criterion 
for a weak field if the dipole moments of the transitions 
differ greatly from each other, i. e. , if do, >>do,. 

4. STRONG FIELD 

Let us  consider the case of a strong field, when 

where f 2 =  f:+ f g + . .  . + f i  and A=(E,-E,)/Eis the 
band width. Let us f i r s t  write out the expressions for 
the quasi-energies & O p N  and the eigenvectors {a:*N) with 
the minimum (a = 0) and maximum ( a  = N) quasi-ener- 
gies. In the broad frequency range where (6w1,, ( 
<< f '/A we have from Eq. (5) the expressions 

an (N + 1)-level system possesses, besides these two 
quasistationary states,  N -  1 other such states with 
numbers a = l , .  .. , N - 1 .  

In the case of an arbitrary N a  2, it  i s  impossible to 
obtain lucid analytic expressions for the a = 1 , 2 , .  . . , 
N - 1 states. Nevertheless, we can prove the follow- 
ing two important assertions in their general form: 1) 
All these states a re ,  in the case of strong fields, i. e . ,  
when the condition (15) is fulfilled, inverse states (in 
the sense that pe=  1 ,  p,=O); 2) their quasi-energies ca 
( a = l r 2  ,..., N - l ) a r e c l o s e t o z e r o ( i . e . ,  IzaI<<f).  
These assertions a r e  valid in the case of detunings 
1 bw, 1 =A, particularly in the frequency region W, < w, 
< w,, where the excitation of the states in question oc- 
cu r s  [see (8)]. Indeed, in the case when Ibw, 1 = A, the 
diagonal te rms in H, (4) (-A), turn out to be small  com- 
pared to the off-diagonal t e rms  (-f); therefore, in the 
f i r s t  approximation the secular equation that follows 
from (5) assumes the form 

Equation (17) possesses, besides the two quasi-energies 
&o,N = rRf corresponding to the states (16), an (N - 1)- 
tuple root ca =0,  = 1 , 2 ,  . . . , N - 1. In the next order 
in ~ / f  this degeneracy is lifted, and a l l  the quasi-en- 
ergies turn out to be of the order of A. The structure 
of the corresponding states is clear from (5): the n-th 
row in (5) has the form 

Since 

The criterion (15) for a strong field guarantees the 
smallness of this ratio. Thus, a t  << 1,  which com- 
pletes the proof of the two assert ions about the states 

with (Y = 1 , 2 ,  . . . , N - 1. Below we shall call these 
states inverse states. 

In the case when the upper band consists of two levels 
(i. e .  , when N =  2), we have a single inverse (a = 1) 
state. Its quasi-energy &' and eigenvector a'= (a',, a:, 
4) a r e  equal in a fairly broad range of detunings 
1 6~1.2 1 <<f '/A to 

A c c  ~ r d i n g  to (8), the system goes over into one of the 
inverse states if the laser  frequency l ies in the inter- 
val w, < w, < w,. Outside this interval the states (16) 
with 3 = O  and N a r e  excited. Thus, the p,(w,) depen- 
dence for an arbitrary (N+ 1)-level level-band system 
has,  in the case of a strong field, a universal shape, 
which i s  shown in Fig. 3. 

Notice also that it is precisely the proved fact ( i .e .  , 
that a t  << 1, a = 1 , 2 ,  . . . , N - 1) which indicates that in- 
verse  states cannot be significantly excited when the 
field i s  instantaneously switched on. Indeed, in this 
case the fraction Cu of a given quasistationary state 
with number 3 in the solution is equal to C a  = (a$*, 
i. e .  , ( Ca l2 << 1. Therefore, no differences will be 
observed between the two-level (N= 1) and multilevel 
(N '- 2) cases when a strong field satisfying the condi- 
tion (15) i s  switched on instantaneously: in the case 
when the field i s  switched on instantaneously pe(w,) a l -  
ways has the shape of the dotted curve in Fig. 3. The 
spike of the p,(w,) curve in the region w, < w, <a , ,  
which a r i s e s  despite the fact that the field broadening 
"covers" this interval [see (15)], i s  a c lear  manifesta- 
tion of the superselectivity that obtains in the case when 
the external field i s  switched on adiabatically. Notice 
that the jumps Ape that occur a t  the frequencies w, = w, 
and w, = w, a re ,  in the present case,  not small ,  but 
close to Ap, =$. In the frequency range w, < w, < w ,  we 
have a completely empty ground state and, a s  a result  
total population inversion: Po = 0, pe=  1. 

5. TRANSITIONS BETWEEN THE QUASISTATIONARY 
STATES 

Thus far  we have considered the case in which the 
field is switched on infinitely slowly, when only one 

FIG. 3 .  Multilevel system ( p e = p 1 + p 2 + .  . . +PN;N' 2) in a 
s t rong  field. The pe(wl) plot i s  fo r  a three-level  sys tem 
(N=2;d0i=doz)withf2=f~+f~=12.5~2. F o r a l l N ~ 2 s y s t e m s  
of the type under consideration t h e  functionpe(wr) has quali- 
tatively the  s a m e  shape a s  the  function plotted in this  f igure.  
The notation i s  the s a m e  a s  in F igs .  1 and 2 .  
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of the coefficients in the expansion 

is nonzero: 1 CUD] = 1. In the general case  there can oc- 
cur  transitions between the quasistationary s ta tes ,  and 
the Cu can be nonzero for  a l l  a. Substituting the ex- 
pansion (19) into the Schriidinger equation, we obtain 
the usual system of equations for  the coefficients Ca: 

T o  find out whether transitions can occur between the 
adiabatic s tates ( a )  and (a),  we must compare the 
characteristic time tf of variation of T " ~  with the f re-  
quency - &'I/A. Let the quasi-energies of the sys-  
tem under investigation be such that, for  al l  substan- 
t ial  field intensities 

(we a r e  considering the evolution of the system from the 
ground state). Thus, the adiabaticity condition has the 
form 

The time tf i s  the characteristic time of variation of 
E(t)  when the field broadening f,(t)=) 6wn I. In the ma- 
jority of cases,  tt coincides with the characteristic 
laser-pulse r i se  time. 

Let us note another interesting characterist ic  of the 
case in which the field i s  switched on adiabatically: 
the Rabi oscillations, which a r i s e  upon the violation of 
the adiabaticity condition (21) for  one o r  several  (but 
not al l!)  transitions, can attenuate a s  a result  of the 
increase of the field intensity even in the absence of a l l  
the relaxation processes.  

It can be shown that this property i s  characteristic of 
al l  multilevel systems of the type in question if N 2  3.  
Let us illustrate this property in the particular case of 
a four-level (N=3) system, for  which 6w,=w, - w,=O, 
and, thus, the adiabaticity condition (21) fo r  the 0 - 2 
transition i s  clearly not fulfilled. But if the adiabaticity 
condition (21) i s  fulfilled for  the remaining transitions 
0-  1 and 0 -3, it follows from the system (20) that 
CD= C3 =0, C' = C' = 1 / a .  In the case 

- 
.fI=fz=f3=f/)i3 and E,-E,=E,-E,=A/2 

we obtain from (5) and (6) the quasistationary states 
1 cu = 1) and I a = 2) and their quasi-energies &' and E', 
with E' = -&'. Substituting these quantities into (19), 
we find ( $  (t)), whence we find 

FIG. 4 .  The time dependence ofp, for the four-level system 
depicted on the right. The dipole moments doi =do2=do3=d. 
The external-field frequency w~ =wp The field amplitude E ( t )  
increases linearly in time. Plotted along the t axis is the 
ratio ~ ( t ) r l / E h .  This parameter attains the value 1 over a 
period of time equal to t f ,  which has the meaning of the char- 
acteristic switching-on time of the field. The plot is for the 
case inwhicht,= 100 A-'= 50)6w,1-~= 50 16w31-'; the detuning 
6w2= 0 [see the adiabaticity condition (21)l. 

and f = f ( t ) .  The p,(t) oscillation amplitude, which is 
equal to (a:)', tends to ze ro  when f ( t )  r i s e s  above A. 
The curve p,(t) i s  shown in Fig. 4. Let us  emphasize 
again the difference between the present effect and the 
usual (relaxational) attenuation of the Rabi oscillations. 
In the lat ter  case  the oscillations usually decay to some 
level p < l ;  for  a two-level system p=$. The decay of 
the Rabi oscillations to the level $= 1 (see Fig. 4)  on 
account of relaxation o r  a s  a result  of an inhomogeneous 
broadening i s  impossible. 

6. DISCUSSION 

Since in rea l  experiments the time tf <.o, al l  the dis- 
continuities in the function p,(w,) disappear. This, 
however, does not imply the disappearance of the su- 
perselectivity, since the very strong frequency de- 
pendence of p,(w,) in the vicinity of the transition 
frequencies w, is preserved. Indeed, according to 
(21), the adiabaticity condition i s  violated only in the 
case of detunings 1 6w, ( smal ler  than t;'. Therefore, 
instead of discontinuities a t  the frequencies w,, we ob- 
tain smooth curves with transition-region widths of the 
o rde r  of ti'. The derivative dp,/dw,, which deter- 
mines the spectral  selectivity, is of the order  of tf a t  
W, = w,. It can be made arbitrari ly large by increasing 

tf . 
Let us  also emphasize that the maximum selectivity 

equal to dpJdw, = t, in the case when the field is 
switched on adiabatically, does not depend on the radia- 
tion intensity I. This differs qualitatively from the 
excitation under conditions when the field is instantan- 
eously switched on, in which case the selectivity is 
bounded by the magnitude of the field broadeningf; i t  
inevitably decreases  with increasing intensity I, since 
f 

As  applied to  the optical region, the appearance of in- 
version in the level population was f i r s t  noted in Refs. 
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1 and 2; the population jumps and other characteristics 
of the system a s  functions of the frequency were first  
considered3' in Ref. 5. In Refs. 9 and 14 and in the 
present paper it is shown, in particular, that the fea- 
tures found in Refs. 1-8 a re  characteristic not only for  
the systems considered there, but have a universal 
character, and can be observed in a broad range of 
frequencies. Furthermore, in the present paper we 
have found and investigated another (i. e . ,  a third) 
characteristic that occurs in the case when the field is 
switched on adiabatically: the coherent attenuation of the 
Rabi oscillations in a system with four o r  more levels 
(see Sec. 5). This attenuation can be readily investi- 
gated in experiment. 

For  typical pulsed lasers  the adiabaticity condition 
(21) is usually fulfilled very easily. As an example, 
let us consider the 61S,-63~1 transition (A = 7911 A)  in a 
Ba atom located in a B = 2  kG magnetic field. The Zee- 
man splitting of the upper 63P1 state attains in this case 
a value of the order of A = 0.3 cm'l. To observe signifi- 
cant jumps Ap,, we must have f =A, a value which is 
attained even in fields of intensity 1 ~ 2 0 0  kW/cm2. The 
adiabaticity condition tf >> ~ ' l = 0 .  1 nsec is fulfilled for 
pulses in the nanosecond range. The lifetime of the up- 
per 6'P1 state is of the order of 300 nsec, which is 
sufficient for observation. 

Observation of the superselectivity of the adiabatic 
excitation and the resulting inversion is ,  naturally, 
possible for other systems. To observe them, i t  is 
only necessary for the radiation to induce at least two 
resonance transitions from some level. This condi- 
tion is easily satisfied when the band is made up of 
fine- o r  hyperfine-structure components in atoms, 
o r  of rotational-vibrational levels in molecules. 

All the considered effects a re  coherent in the sense 
that they were computed without allowance for the re-  
laxation processes. Therefore, in order for them to 
be observed, it i s  necessary that the excitation time be 
short compared to the phase-relaxation time Ti, a s  
well a s  to the radiation-coherence time AW;'. As in the 
case of the observation of other coherence effects (such 
a s  self-induced transparency, photon echo, etc. 18), 
these conditions can be satisfied by working with gases 
a t  low pressures ( p  S 1 Torr),  and with molecular o r  
atomic beams. 

The authors thank the participants in I. I. Sobel'man's 
seminar for a discussion. 

"we u s e  the te rm LBuperselectivity," s ince  the c r i t i ca l  depen- 
dence of p, on w l  allows quantum sys tems  to b e  excited with 

a significantly higher selectivity than in the c a s e  when a 
f ield of the s a m e  intensity i s  switched on instantaneously 
(See in this connection Ref. 9 . ) 

 he problem of the classif icat ion of the quasistat ionary 
s t a t e s  and the corresponding numbering of their  quasi-ener- 
g i e s  i s  not quite t r ivial .  Another numbering scheme i s  us- 
ually used ( s e e ,  for example,  Refs. 1 ,  4 ,  and 14) : the num- 
b e r  of quasistat ionary s ta te  coincides with a number of that 
s teady s t a t e  that the quasistat ionary s ta te  goes over into when 
the  field i s  switched on. But this  scheme has a se r ious  dis- 
advantage: A s  the frequency is  var ied ,  the quasi-energies 

g o  through discontinuities, to which no measurements  in 
the  s ta te  of the  sys tem correspond ( s e e ,  for  example,  Ref. 
15). By using the  numbering r u l e  (7) ,  we a s s u m e  that the 
s e t  of levels  does not p o s s e s s  any hidden symmetry  that  
m a k e s  the intersect ion of the quas i te rms  possible ( see  in 
this  connection Ref. 16). 

3 ' ~ l s o  considered in Ref. 5 ,  bes ides  the  jumps,  is  the ap- 
pearance of inversion,  this  phenomenon being cal led t h e r e  
"self-induced adiabatic inversion. " 
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