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Fig. 1. Rydberg state yield variation with laser pulse para-
meters. (a) Laser electric fields with the same pulse dura-
tion 7 = 10Ty and different asymmetric parameters o.
Black solid line, red dashed line and blue dotted line are for
a = —0.6, 0, 0.6 respectively. (b) The yields of Rydberg
states change with the asymmetric parameter under differ-
ent laser pulse duration. Black, red and blue lines are for
7 = 10Ty, 1570, 20Ty , while solid line and dotted line are
for RSE yields calculated using CTMC and TDSE respect-
ively. The yields of the Rydberg states approximately
double when « increases from -0.6 to 0.6, indicating the
Rydberg states are more possible to be generated in the

laser pulse with longer rising edge.
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Fig. 2. Time dependence of the Rydberg states yields.
(a)—(c) The time dependence of the Rydberg states yields
Y(¢) (black solid line) and Wpy(t)o(t) (red dashed line)
with the same pulse duration 7 = 107y and the asymmet-
ric parameters a = —0.6,0,0.6. The Rydberg states are
mainly generated from electrons tunneling near the field
peak of each half-cycle termed as “carrier-wave effect”. For
different «, the dominating cycles change with the asym-
metry of the envelope, which can be termed as “envelope ef-
fect”.
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Fig. 3. Time dependence of the recapture rate with asym-
metric laser pulse envelopes: (a) Laser pulse envelopes with
different asymmetric parameters; (b) the time dependence
of the recapture rate with symmetric laser envelope a =0;
(c) the time dependence of the total recapture rate aver-
aged in every half-cycle with different asymmetric paramet-
ers; black solid line, red dashed line and blue dotted line are
for o= —0.6, 0, 0.6 respectively in (a) and (c), the negat-
ive relation between recapture rate and the envelope is uni-
versal for different asymmetric parameters, making the re-
capture rate attain minimization in the dominating cycles of

tunneling ionization.
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Fig. 4. Time dependence of the recapture rate with
trapezoidal laser pulse envelopes: (a) Trapezoidal laser pulse
envelopes with cosine square and linear edges; (b) the time
dependence of the total recapture rate in every half-cycle
with trapezoidal laser pulse envelopes, the increase can be
due to the change of the electron’s trajectory from recap-
ture to elastic recollision when the residual laser interac-
tion time exceed a specific criterion; (c) the yield of the Ry-
dberg states using Eq. (10) under the same laser paramet-
ers with Fig. 1, where the increase with o agrees well with
the calculated population using CTMC and TDSE.
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SPECIAL TOPIC—Dynamics of atoms and molecules at extremes

Laser envelope control of strong field excited Rydberg states®
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Abstract

Rydberg atoms are important building blocks for quantum technologies, and because of their unique
tunable quantum properties, they possess new applications in quantum computing, quantum communication,
and quantum sensing. Besides the widely-used few-photon resonant excitation for the specific Rydberg state,
multiple Rydberg states can be populated coherently and efficiently through the frustrated tunneling ionization
or the Coulomb potential recapture effect in a strong laser field. The excitation of Rydberg states in a strong
field provides an opportunity for realizing the ultrafast quantum control on Rydberg atom and bridging the gap
between strong field physics and quantum information technology. Using the classical trajectory Monte Carlo
method and Qprop package to solve time-dependent Schrodinger equation, we calculate the population of
Rydberg states. Our results show that the population increases with the increase of parameter of the
asymmetric laser envelope. Based on the quantitative rescattering theory, the calculated time-dependent
recapture rate is negatively related to the laser envelope and the residual laser interaction time, which is termed
the envelope effect. Combined with the carrier-wave effect, an analytic formula can be used to calculate the

. t—7+c . .
Rydberg state population: Y (t) o« Wo (t)wcos (wt+¢). This result opens the way to enhancing the
generation of Rydberg states by using the laser envelope control, which is beneficial to the future quantum
technology based on the Rydberg states generated in the strong laser field.
Keywords: Rydberg states, strong field excitation, ultrafast dynamics
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