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INTRODUCTION 

The effect of changing the nuclear spin on our 
understanding of the synthesis of heavy elements in 
neutron-rich astrophysical environments is potentially 
quite large.  In addition to the well-understood 
processes of photoexcitation of nuclei, it is possible to 
resonantly excite a nucleus through energy transfer with 
an electron. When this process involves the de-excitation 
of a bound electron into a lower lying state, it is called 
nuclear excitation by electron transfer (NEET). In 
addition to the astrophysical significance of this research, 
the observation of a nuclear-plasma induced change in 
the isomer-to-ground state ratio would constitute the first 
observation of enhanced isomer decay arising from a 
nuclear-plasma interaction. 

The new generation of coupled 
long-pulse/short-pulse laser facilities opens a new area of 
inquiry where the effects of scattering off of these highly 
excited states can be experimentally studied. The 
GEKKO+LFEX facility offers the option of varying the 
relative timing of the long- and short-pulse laser beams, 
thereby allowing for a controlled experiment where 
highly-excited nuclear states are put into a HED plasma 
state before, during or after their irradiation with 
energetic protons.  

We proposed to look for the effects of NEET and 
NEEC on nuclear levels in highly excited nuclei where 
the density of available nuclear states is much higher and 
the probability of a nucleus interacting with nearby 
electrons is thus greater. Target nuclei will be excited by 
laser-produced proton-induced reactions. The decay 
products of these states produced in plasma and solid 
environments will be compared. In particular, the ratio of 
isomer to ground state will be measured in both cases; a 
change in isomer population from nuclei produced in a 
plasma environment is a signature of NEEC and NEET 
interactions in the plasma. 
 

EXPERIMENTAL 

The first stage of the experimental campaign, 
conducted between 16-27 February, 2015, has focused 
on an investigation of various solid debris collector 
designs to optimize the collection of laser-produced 

debris. During this first stage, energy and background 
calibrations were successfully performed on the 
high-purity germanium (HPGe) detector at ILE-Osaka, 
corresponding to the gamma peak energies expected 
from the decay of product 196mAu and 196gAu nuclei, as 
well as the various Pt and Ir nuclei and isomers formed 
via photonuclear reactions on the Pt target . Energy 
calibrations were performed using reference  calibration 
sources. 

In the second stages of the campaign, electron 
temperatures were measured in the plasma resulting from 
a 1-ω GEKKO-XII laser shot on a 1mm x 1mm x 10 μm 
Ti foil target, using four GEKKO-XII beams to 
maximize power density in the target using the smallest 
possible beam focus. X-ray crystal spectrometer recorded 
the Ti X-ray lines emitted following the laser shot on the 
Ti target foil. Ti target was used as an alternative 
material of the platinum because X-ray spectrometer 
available in GEKKO XII facility was optimized to 
Titanium X-ray spectroscopy. A clear X-ray lines were 
observed and we evaluated the X-ray lines. We 
appreciated great help of Prof. Fujioka. However the 
obtained temperature was 0.23 keV which was far below 
of our aim. We will keep to find a best condition to 
create few keV hot plasma.  
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Fig.1 The X-ray spectrum obtained from Ti-target. 

Electron temperature about 0.23 keV was estimated. 



NEW EXPERIMENTAL DESIGN 

In addition to the previous design with Pt 198 target, 
Prof. Arikawa proposed a Au-196 isomer creation from 
Au-197 target via photo nuclear reaction. This allow as 
to give a more opportunity to get a shot time because 
FIREX project uses Au-197 target as a standard material. 
Prof. Arikawa also pointed out photo nuclear reaction has 
more cross section than 198Pt(p,3n) reaction although 
NEET probability of the Au-196 has not been clear yet.  

 

SUMMARY OF THE PROGRESS IN 2015 

The solid debris corrector installation and delivering 
the sample from target chamber to the HiP Ge detector 
were tested in Gekko XII shot. HiP Ge detector was 
calibrated by using reference isotopes. Electron 
temperature of the Ti-target irradiated by Gekko XII 
beam was evaluated to be 0.23 keV form X-ray 
spectroscopy. A new experimental design with Au-197 
material was proposed.  
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