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Project Purpose

Collaborate with the experiment group at Griffith University to study atomic excitation in a strong
laser field, mainly focusing on how to search for the best experimental condition to get the largest
atomic excitation probability.

Collaborate with the experiment group in RIKEN to study the K x-ray emission from muonic
atoms in the gas phase, especially in the 3 keV region, in which the neutral Ar K, uAr electronic
hyper-satellite, K? and muon X-ray transitions are mixed.

Collaborate with an experimental group in the Max-Planck-Institute for Nuclear Physics to study

the enhancement of a weak transition assisted by a strong, short IR laser pulse.

Results

a)

b)

c)

We studied the atomic excitation of Ar atoms in a two-color laser field using a Genetic
Algorithm (GA). Using the GA method, we found that a strong 400 nm laser and a weak
800 nm laser produce more excited states than a weak 400 nm laser and a strong 800 nm
laser. Generally speaking, the shorter the pulse duration, the larger the excitation probability
is. But it reaches a limit when the pulse is shorter than 5 fs. So far, the experiment has
been reset to confirm the findings.

After a long time of discussion with our experimental colleagues, we finally found that the
discrepancies between the experimental measurement and the theoretical results originated
from the initial muon capture states. We found that the muon orbital collapse plays an
important role. This finding results in two papers (one theory and one experiment) published
in Physical Review Letters.

Using the large-scale simulation, we confirmed that the weak transition can be enhanced by
2-3 orders by adding a second IR pulse. Further investigation in the simulation by turning
off certain autoionization states, we illustrate the mechanics of the enhancement: the
observable of the weak transition is due to the indirect two-photon IR transition. This

finding is published in Nature Communications.

3. Roles of the MCRP and its significance

Most of the simulation codes are ready to run on a GPU machine. Most of the simulations were
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carried out on Cygnus and Miyabi-G. Especially for result a), it had to run the GA method,

which solved the time-dependent Schrodinger equations several million times. The code for

result d) only works on a CPU machine, and the simulation was performed on Miyabi-C.

Without the support of the MCRP, we couldn’t perform the present research.

4. Future plan

e Continue our collaboration with the experiment group at RIKEN to investigate the muon-heavy

atom collision. We would like to confirm if the orbital collapse also works for the heavy atoms, as

our theory suggests.

e  We will investigate how to describe the multi-photon excitation process in a short laser field when

Fermi’s golden rule fails. By productive simulation, we hope to find a general rule for multi-photon

excitation in a short weak laser field. Such research is very important for plasma diagnosis.
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(3) Others
Supercomputer Use Allocated resources*
Initial resources Transferred Purchased
resources®* resources
Pegasus Yes/No 2816
Miyabi-G Yes/No 6336
Miyabi-C Yes/No 1584

*in units of node-hour product

** If the budget transfer was performed, fill in here, such as “+2000” and “—1000".




