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Effect of extra resonances in the Rydberg-to-Rydberg Raman migration
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It is shown that in thd Al|=2, resonant Raman migration of the population between Rydberg states of
comparable principal quantum numbers 1, the coupling of the resonant intermediate state to a lower-lying
one acts as a suppressor of the migration due to the shift splitting of the resonant state.
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[. INTRODUCTION =5 transition. To describe the generalized coupling scheme
of Fig. 1, we make standard approximations, namely the
When an atom in a high-lying Rydberg state with definiterotating-wave and rectangular pulse approximations that al-
angular momentum interacts with intense enough laser fieldpw us to transform the Schdinger equation to the Laplace
Raman migrations of the population can occur to other highdomain ¢—s).
lying states, but of different angular momenid. However, We denote the high-Rydberg states joyj), wheren
those Raman migrations will be shown in this paper to be=40 and the angular quantum number is equaljtol2t |1)
suppressed in some cases due to the intermediate-state Starid |2) stand for the statefn,|,m)=|7,3,2 and |n,l,m)
shift from resonance. To be more specific, we consider a|7,5,2), respectively, while the lower-lying statés,|,m)
hydrogen atom prepared in thediftate(Fig. 1). We subject =|5,2,2) and |n,l,m)=|5,4,2) are denoted by3) and |4),
the atom to the interaction with the laser field of linear po-respectively. By the selection rules, all states of interest have
larization and frequency equal to the atomic transition frethe same magnetic quantum number equal to 2. (gt
guency between the states of the principal quantum numbegsand for the matrix element of the interaction Hamiltonian
40 and 7. What we could expect in such a case is an effectiveve use the units in which=1) between state$) and|j’).
Raman transition through the intermediate stafetd the  The corresponding matrix element between stéjés (j’
high-lying Rydberg states of the angular-momentum quan=1,2) and|n,j) is denoted bW, jn. The last one scales as
tum number equal to 4. As will be shown, however, such an~32[3], so forn of an order of 40, we can safely replace
Raman migration does not occur that is related to the preshis matrix element by some representative one, namely that
ence of the low-lying states of principal quantum numbersfor n=40 (Vj,'jnsvj,‘j‘me*'ﬁntzvj,’jeflAnt)_ Finally,
n=5 of large dipole matrix elements with the staterof D, .., stands for the Raman coupling through the con-
=7. The coupling between these states results in their Stadinuum between two high-Rydberg states of the same
shift in the presence of the laser figld]. So the # state  angular-momentum quantum number. We do not include Ra-
becomes pushed from the resonance with trebstte caus- man couplings between two high-lying states of different
ing the suppression of the expectéd:g Raman migration. angular momenta because of their negligible role. We take
However, when we choose the laser frequency in a way com-
pensating the Stark shift of thef 7state, the 48-7f reso-
nance will be supported giving rise to tde~g Raman mi- CONTINUUM
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Let the hydrogen atom be initially in the higm,|,m) — -
=|40,2,2 Rydberg stateFig. 1). We allow this atom to =40 EE —%— o —
interact with the laser field of linear polarization along the 2
axis and frequency comparable to that of the40— 7 tran-
sition. However, we do not assume perfect resonance for
purposes that will become clear later on. Under these as-
sumptions, a transition is possible to thel,m)=|7,3,2)
state and then to high-Rydberg states aronsrc40 of the
angular-momentum quantum number equal to 4. From the
latter states, the population can be moved to [thé,m)
=17,5,2) state and then again to the high-lying states, but of n=5
the angular-momentum quantum number higher by one.
However, the above coupling path is perturbed by the pres-
ence of thgn,I,m)=15,2,2) and|n,I,m)=(5,4,2) states, be- FIG. 1. Rydberg-atom photoionization from the 40d state with
cause the laser frequency that ensures the transitied0  the possible transitions to states of principal quantum numbers 7
—7 is accidentally in near-resonance with the7 ton and 5.
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FIG. 2. Population vs laser intensity in the first quasicontinuum 3
(W,), and atomic continuum for the laser frequency equal to the g 0.04 4
n=40—7 transition frequency. Practically no population migrates -
to the second quasicontinuum. 0021
0 T T T d
advantage of the fact tha, ;. scales asr(n’) ~¥?[4], so 10° o° 1o 10" 1072
for a highn, we also replace this coupling by that far INTENSITY (Wicm?)

=Nn'=40 (Djn/ jn=Djsojae”'“n An)'=Dje7 a7 A1), _— o :
We also assume the equidistant Bixon-Jortner structure for FIG: 3. Same as in Fig. 2, ignoring te=7—5 couplings
these statef5], so the energy difference between the initial (213~ #14=224=0).

state and that of the principal quantum number equat to

simply readsA,=(n—40)A, whereA is the frequency dif- biy=—iV¥be2nt—D; >, by,e @20t (5)
ference between the states 40 andn=41. The time- n’

dependent Schdinger amplitude for the stai@ is denoted
by b; and that for the statm,j) by bj, . With this approxi-

: o ! : b= —iV b e 20t —iVib,e2nt—D, >, by, A Ant,
mation, the Schrdinger equation for these amplitudes takes 2n 1271 2272 2% 2n

the form (6)
by=—i1Q5b;, ) ban=—iV3g0,e™n' =D, by, elAn= a0t 7
n/
b,=—iQ%b,—iQ%b,, (2 with the boundary conditionis;(0)= 1 and zero for all other

amplitudes. We solved the above set in time scale shorter
. _ ) _ A than the classical Kepler period of the initial stafg,
by= —|913b3—|914b4—|V11; bi,e'on =2mx/A, following the line of our previous papé6].

_ > ll. RESULTS
—iv b, e 1ant 3
122 2n &)

To obtain representative numerical results, we use the ex-
pl’eSSionDjn’jn/=(1+ian'jn,)wyjn'yjn//Ze'(A"*A“’)t [7] for
bo=—iQ.b,—iV b.,.e iAnt_jy b, e iAnt, Raman c_ouplmg_between two _hlg_h-R_ydberg states, where

2 2474 22; n 23; 3n ¥in(7¥jn’) is Fermi’s golden rule ionization rate for the state
(4 [j,n)(]j,n")), andq;, j, stands for the Fano parameter. We
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11 We aimed at studying the dependence of the population of
08 \r’——— bound states and ionization on laser intensity under different
frequency conditions. Figure 2 presents the results for the
06 1 case of the laser frequency coinciding with the free-of-field
n=40—7 transition frequency. We see that nearly the whole
population remains in the first quasicontinuum of the
02 1 angular-momentum quantum number equal to 2, i.e., in that
including the initial state, and a little of the population is
0 ) " " 3 M released to the continuum. We do not observe any significant

10 10 INTEleTY ) Jo 10 Raman migration of the population to the second quasicon-

SITY (Wiem) tinuum. The latter result differs from the strongly effective
0.1 - migration observed ifl] when considering a simpler model
without the extra near resonances of the type7—5. We
0.08 also see that for high enough intensities the ionization de-
creases with intensity, which testifies to the atomic stabiliza-
tion [9].
0.04 4 To see the importance of the extna=7—5 near reso-
nance, we show in Fig. 3 the analogous results, but there
obtained arbitrarily ignoring the=7—5 couplings (25
0 . . . . =01,=0,,=0). The striking difference between Fig. 3 and
10° 10° 10' 10" 107 Fig. 2 is the effective Raman migration of the population to
INTENSITY (Wicm?) high-Rydberg states of the angular-momentum quantum
number equal to 4, shown in Fig. 3. The following interpre-
tation of this behavior is proposed. The actual near-resonant
0.08 4 coupling between the states wf=7 andn=5 results in the
Stark shift splitting of these states. For intense enough laser
0.06 field, this shift splitting cancels, in fact, the=40—7 reso-
nance, making the Raman transfer of the population from the
first to the second quasicontinua impossible. The estimated
0.02 Stark shift of the statén,l,m)=17,3,2) for the intensity of
| =2.6x10° W/cn? i.e., the one for which there is the mini-
mum population of the first quasicontinuum in Fig. 2,
amounts toe g~ 1.5X 103s 71,
Figure 4 is made for the general model shown in Fig. 1,
FIG. 4. Same as in Fig. 2, but for the laser frequency detunedut now for the frequency compensating the above estimated
from the n=40—7 transition frequency by an amourt=1.5  shift, i.e., the frequency ensuring the dynamioat 40— 7
x108s7L resonance. As distinct from Fig. 2, we observe in Fig. 4
significant Raman migration of the population to the second
choose this parameter equal to 20, in analogy With In  quasicontinuum I=4) at the intensity of aboul =5.2
order to calculate the bound-bound and bound-free matrix 10° W/cn?, accompanied by the dip in the populations of
elements, we use the prescription based on the Laplace transsth the first quasicontinuunh€ 2) and the continuum. This
form [8]. The matrix element for the coupling of a high-lying supports our prediction that the absence of the Raman migra-
state fi>1) with any other state was checked to be in agreetion in Fig. 2 is caused by the Stark shift of the state
ment with the quasiclassical approximati@j and exhibited |n,I,m)=|7,3,2 due to its coupling to the|n,I,m)
weakn dependence, which justifies our approximation. The=|5,2,2) state.
pulse duration time was chosen equal to 10 ps corresponding Such an interpretation is also supported by Fig. 5, which
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the laser frequency at the intensity bf 2.6x 10° W/cn?. 5d state via the 7 state. It was shown that the stron§-3d

The two peaks observed are the counterpart of the Autlersoupling is able to suppress completely the Raman migration

Townes splitting of then,l,m)y=|7,3,2) state as the result of to theng states oh=40. The reason for this suppression was

its near-resonant coupling to the lower-lying states, predomifound to be the dynamical shift splitting of theé Btate push-

nantly to the|n,I,m)=15,2,2) state. ing out this state from the resonance with the initiad40
state. This finding extends the results of a recent pgber

IV. SUMMARY
We studied nominal qne-photqn ionization of thed40 ACKNOWLEDGMENTS
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