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Comment on “Physical Reality of Light-Induced - T -0.08

Atomic States” a b st/

In a recent Letter [1], Wells, Simbotin, and Gavrila LS/ = ./’I

discuss the “physical reality of light-induced atomic states” ,
(LIS), as opposed to “regular states.” They claim that 010+
(2) “...the evolution of the LIS cannot be followed from d
a field-free limit,” and (2) that they “show here, for the
first time, that wave-packet evolution confirms the physical
reality of the LIS.”

energy [a.u.]

A careful examination compels us to take issue with the o
above statements. The central point in [1] is the appar- —
ent “materialization” and possible “disappearance” of LIS —
as a function of the quiver amplitude, at quasienergies 7
defined by the field-free continuum threshold displaced by 014/ N
an integer multiple of the photon energy. We repeated %01 ) — 7 %f’//\
the diagonalization of the Floquet eigenvalue problem rep- ° L[a.u‘] 2 o 1 i{a‘ufl 4 5

resented in Figs. 1 and 2 of [1]. Our diagonalization is .
performed in aB-spline basis [2] using a combination of FIG. 1. Evolution of the Floquet spectrum of the model
complex scaling, Floquet theory, and the Lanczos aIgopOIeB“.a'. °ff [1]. as a f”gczt'f” Of( t)he v amFE'k')t)”de

. . . o. rving trequency:w = 0. a.u. (a),w = 0. a.u. .
rithm [3].  Our results are shown in Figs. 1(a) and 1(b),The Floquet zone is chosen to start close to the field-free
where we chose the Floquet zone to start at the grounghergy W, = —0.5 of the ground state and of the second
and the second excited states of the model potential axcited state¥, = —0.141 of the potential, respectively. One
[1], respectively. The figures clearly show that the field-clearly observes that the LIS1 of [1] originate fron¥,
free limit of what the authors of [1] call “LIS1” are the and W,, respectively. The quasienergies (above the displaced

- . continuum threshold) which remain almost constant over the
ground and the second excited state of the model pOt,em'agntire range ofa represent continuum states in our discrete
Of course, both states undergo avoided crossings with thgssis.
continuum threshold shifted downwards frafh= 0 by
two or one photons, as clearly seen in Fig. 1. This, howthere is a vast amount of literature where the population of
ever, is a ubiquitous phenomenon, at least in the physicsuch Rydberg states shifted across photon-displaced con-
of microwave driven Rydberg states, which sgbrecisely  tinuum thresholds through diabatic passage from the field
the sameeigenvalue problem (except for the smoothingfree limit has been discussed and demonstrated, even for
of the Coulomb singularity in [1], which is irrelevant in real atoms (see Refs. [3,5,6], and references therein). In
the present context) [3]. Take, e.g., the hydrogen Ryaddition, it has been shown that such states can also be
dberg staten = 21 driven by a microwave field of fre- probed by Floquet spectroscopy [6].
quencyw = 107* a.u. (i.e., close to resonance with the Since the raison d'étre of [1] is the LIS and their special
transition to the state = 22). Then, a litle more than properties, we feel that our above remarks should be of
11 photons are needed to ionize the atom, and the stat®nsiderable interest to a general readership.
emanating from the field-free state= 21 at finite field
amplitude will cross with the high lying Rydberg states P. Schlagheck,K. Hornberger, and A. Buchleitner
converging to the continuum threshold displaced down- ;MP! flr Quantenoptik, D-85748 Garching, Germany
wards by 11 photons (these states have principal quantum Weizmann Institute of Science, 1I-76100 Rehovot, Israel
Criving the Rydberg state wih a fie rise fme can only RSCEived 4 June 1998 [S0031-9007(98)08092:2)

. : - L PACS numbers: 32.80.Rm, 42.50.Hz, 05.45.—-a
resolve avoided crossings below a finite principal quan-
tum number,, as the size of the crossings scales a¥?
[4] As a Consequence of thls coarse gralnlng of the en_[l] J.C. We”s, . Simbotin, and M. GaVrila, Phys Rev. Lett.
ergy scale, all avoided crossings beyondareirrelevant 80, 3479 (1998).
for the identification of the so-called LIS. Any finite time (2] X- Tanget al., Phys. Rev. Lett65, 3269 (1990).

o . - [3] A. Buchleitneret al.,J. Opt. Soc. Am. BL2, 505 (1995).

scale (necessarily involved in the measurement of a physi;

. . L 4] H. Friedrich, Theoretical Atomic Physics(Springer,
cal observable) therefore even defines an adiabatic fleld-[ ] Berlin, 1991). ysies(Spring

free limit of what the authors of [1] call LIS. Hence, the [5] J. Zakrzewski and D. Delande, J. Phys38 L87 (1997).
LIS are nothing more than dynamically shifted states of the[e] A. Buchleitner et al., in Multiphoton Processes 1996,
bare atom, and their “physical significance” is anything but edited by P. Lambropoulos and H. Walther (IOP Publish-
“uncertain.” Furthermore, contrary to statement (2) above, ing, Philadelphia, PA, 1997).
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