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Atoms, nuclei, and dark matter particles in the Universe are studied with quantum electronic methods: Current re-
search subjects are 1) search for a cosmological dark-matter candidate particle, axion, in the Universe with the
Rydberg-atom cavity detector, 2) highly excited Rydberg atomsin an electric field and their applications to fundamen-
tal physics research, and 3) nuclear magnetism in 3-5 semiconductors with laser-assisted Overhauser process and opti-

cal pumping.
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Stark structure and field ionization
characteristics of highly excited Rydberg
states

Rydberg atoms have been widely utilized for funda-
mental physics research [1,2]. Highly excited Rydberg
states with the principal quantum number n larger than
80, however, have not been investigated in detail, partly
because it is more difficult to detect selectively a particu-
lar state. We developed a quite sensitive method to detect
selectively alow-angular momentum state with a newly
developed field ionization method in a pulsed electric
field [3]. With the new detection method, we investigated
systematically the characteristics of the pulsed field ion-
izations in the highly excited Rydberg states. It was
found that in these highly excited Rydberg states, theion-
ization processes proceed in two ways, that is, via 1) tun-
neling, and 2) autoionization-like processes. Indeed as
shown in Fig.1, field ionization spectrum shows, in gen-
eral, two peaks which are due to the two processes men-
tioned above. Lower peak is due to the autoionization-
like process, while the higher peak correspondsto theion-
ization due to the tunneling process. Therelative strength
of these peaks depends on the related n and the slew rate
and detailed pulse shape of the applied electric field. The
tunneling process dominates with increasing n because
the interactions of the bound blue state with the unbound
red states coming from the higher excited n states, are re-
sponsible for the autoi onization-like process of the bound
blue state and these interactions become weaker as n in-
Ccreases.

Along with these investigations, we have developed a
guantum theoretical method to calculate the Stark map of
the highly excited Rydberg states based on the Hamilto-
nian diagonalization. Various experimental parameters
then have been numerically calculated with the obtained
eigenstates. Quantum theoretical predictionsfor theion-
ization field values from both processes together with the
experimental results are shown in Fig.2. Here the
Rydberg states in the n=117 manifold were excited with
two-step laser excitation scheme and the field ionization
values corresponding to each peak are plotted in the fig-
ure. Agreement between the experimental and the calcu-
lated results are good, indicating that the present theoreti-
cal method is quite satisfactory to predict various experi-
mental observations even for such highly excited
Rydberg statesin alkali atoms.

Adiabatic and non-adiabatic transition probabilities
at the first avoided crossing of 113p, , state with the 110
manifold states were also measured with the new selec-
tivefield ionization method. To compare the experimen-
tal results with theoretical predictions, we have devel oped

a new formalism to calculate the time evolution of the
multi-level Rydberg system in the pulsed electric field.
Thetheoretical results are in good agreement with the ex-
perimental results, thus indicating also the present theo-
retical method is quite satisfactory for predicting thetime
evolution of such highly excited Rydberg system in the
time varying electric field and also for calculating the
various experimental parameters such as an energy gap
bewteen the relevant states in avoided crossings.
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Figure 1. Typical field ionization spectrum of 117 manifold states ob-
served with the present selective ionization schemein the pulsed electric
field.
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Figure 2. Field ionization values of 117 manifold states which corre-
spond to the two peaks observed in the spectra: Z2-Z1=-1 for the bluest
state, =+1for the reddest state. The higher peak is due to the tunneling
process, while the lower peak corresponds to the ionization from the
autoionization-like process. Solid and dashed lines are the predictions
from the present theoretical calculations.
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