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Purpose?

The change of energy for inner shell will be used for active
devices of high energy photons.



How different?

Hollow atom but condensed condition

IT T<T4ic.ccempbler OFAered solid with inner shell excited ions.
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Motivation
hy > ho Al, p=2.7g/cc => ne=1.79x10%3cm3 => A<78nm

We can use metals as a general medium for functional optics.
Such as nonlinear devices

Optical lasers Q O

N.=n, Thermal conduction



Optical Refractive index in IR, Visible UV, VUV, and X-ray wavelength
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Shortest absorption length(largest absorbance) is located in EUV & VUV region.
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Questions

Is it possible to achieve “silent” dense
ionization condition in condensed matter?

High energy photon(keV~20eV)/atoms
*thermal energy case
=> melting, evaporation, ionization
*¥10“* energy accuracy of XFEL => 1000K residual energy
*resonance EUV light excitation =>more less residual energy



Unrestricted Hartree-Fock calculations

H. Kitamura, “Cluster-model study on the K-shell excited states of crystalline
lithium under intense laser irradiation”, Eur. Phys. J. D 52, pp.147-150 (2009)

Clusters are bound
at least for z<3 |

A key point is ionized electrons

are trapped in the conduction band.

conduction band
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Potential energy curves
for Liy** ions
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1 Al <T>=2000K, p=2447 g/cm3
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The agreement with the Drude model
indicates ‘nearly free’ electrons
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Li,, cluster absorption cross—section

Physical modeling of Li 24 Cluster

Li,, population distribution
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KVV Auger decay rate

K—shell Auger decay rate
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Interaction Experiments of EUV Laser

Sn, Au, Al, Ge, Ti, SiO,, Sc...



- - . Thickness = 0.08micron
Estimation of the requirement E, = 0.08x10“*E, ~1.15/cm?

sat

p=7.3 g/cc, hv=24.3eV
ni=7.3/118.6*6.02x1023cm'3=3.7X1022cm'3
E.,.=n*hv*1.602x10"%° =1.44x105)/cm3

If we assume t=100fs
P = 1.2x1013W/cm?
(ref: 1w 10um¢o focus spot, 1.27J/cm?)
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Multi layered target
(including protection layer, target layer and fluorescence layer)

Sn 50~80nmt
VUV aser| |

VUV laser

Photomultiplier
for VUV
transmission
detection

D, lamp

Glass
Au 5nm? Substrate



Contamination layer effect on the metal target

Au(5nm)+Sn
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Experimental set up

Gas- £
ionizing &
monitor 2
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081211001 51nm on Au(49A)+Sn(481A)
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Saturable absorption of Sn in VUV wavelength

Transmission
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Simulation can explain the experimental results.

Transmission
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Saturation intensity dN/dt =0
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Speed of penetration
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Laser Intensity [normalized by input surface intensity]

Intensity profile inside Sn film
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The rate of increase of transmission by
(L/v)1=No( . /hv/N) = ol ../hv.

laser

= 3fs |

c | =, edge shift

v

tswitching

We can expect pulse shortening in VUV laser region.

Transmission
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Output energy [arb. unit]
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e EUV interaction experiments with various
materials

 \We have evidence about nonlinear optical
phenomena.

 We will use these effect for real optical
devices in high energy photon applications.



Suggestion to HIB experiments

Li, 300keV
f(v)
\Z
HIB ? 24eV
> .

c...~101~101%cm?
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Neutral Indiom Total Ionization Cross-Section
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Life time for this condition?

0.1mm¢, 10*3electron event



