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0. Introduction: why do we need X-ray pulses 7

The previous works on ns & fs laser ablation of liquids

1. Various X-ray Pulse Sources

photo-excitable X-ray tube
X-ray pulse generation from electrolyvte aqueous solutions

X-ray pulse generation from Fe tape
2. Trial experiments of time-resolved X-ray structure analyses

3. Summary

~ Various Phenomena Depending on Laser Power

conventional photochemistry / photophysics

mteractons between excited states

Laser Ablation

whate light continuum/pla

X-ray Generation

electron pulse generation’

neutron pulse géneration

Laser Power

Nanosec & Femtosec UV Laser Ablation of Organic Liquids

) ns, 248 ns, or
300 fs, 248 ns /Ti:S'KrF Hybrid System at JAERI
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Ultrafast ume-resolved spectroscopy for molecular processes

koji HATANAKA, er al,, 1. Phys. Chem. B, Feature Article, 106, 3049, 2002




Toward X-ray Structure Analyses

temporal resolution

ps-fs ime-resolved X-ray structure analysis

ps time-resolved surface scattering imaging

o+ time-resolved shadowgraphy

y - . . . i Ayt
Moray duflroctiom, X-ray absorplicn fine structiee

W -rav emission spectroscopy, X-ray fuorescence holagraphy
X-ruy photoclectron spectroscopy, Auger cloctron spoctroscopy
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X-ray photoclectron diffraction

K. Hamnska, ool Appl. Plps, Legs, 73, 308 [ 156E)
K. Hawmska, Y. Teuboi, av @l J Py, Chere B 306 3049 (2082

K. Mataraka, &'l J Appl Phys B2 57640 [ [997)
K. Hagnmoka, Y, Tadwie swl, J H._._“_.._.. Chive. BE D& 30459 § 20075
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spatial resolution

Introduction to Laser Plasma X-ray

samples : metals or rare gas cluster in vacuum chambers

ionization

electron acceleration

X-ray emission

multiphoton absorption

tunneling ionization
sencondary electron (?-electron)
Auger electron

inverse bremsstrahlung

ponderomotive force
V x B acceleration, ...

bremsstrahlung ﬂv white X-ray
recombination emission

inner-shell excitation _"v

plasma instabilities
resonance abs,, SRS, 5BS,
two plasmon decay

characteristic X-ray

For Practical Applications & Science

Point Light Source

Recyclable
Endurable

No Vacuum Chamber

Water
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Various Combinations of Cations and Anions




Introductiory Exploring PW Solution Physical Chemistry

potential distortion/Debye-Huckel theory

PW Solution L_u stcal Chemistry

solvated/wet efectrons er chemical reactions

.l
high-anergy electron life time / X-ray pulse width controliable ?

electrolyte agueous solutio

X-ray pulse
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Experimental Setup for X-ray Emission Spectroscopy
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Sample Solutions / Characteristics
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X-ray Emission Spectra / Laser Intensity Dependence
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Experimental Setup for Transmitted-Laser Spectroscopy
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Frequency Blue Shift of Transmitted Laser Pulses
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Conventional Laser Plasma Physics

as laser intensity, conc., or atomic number increases

“,_4 metal-like boundary
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inverse bremsstrahlung ———>a—»
stimulated Raman scattering

L

resonance absorption

Chemical Reactions in PW Laser Field

—— KBr before imadiation K™ + Br
- KBr after irradiation K +Br+ ™7

woee Braag Bry + HO==H"+ Br + HB:O
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Information on X-ray Pulse Generation Dynamics is Needed.

Are not There Any Other Possibilities

for Electrons to Absorb Laser Energy ?

Double Puise Excitation / X-ray Intensity Enhancement

distilled water

: single pulse ex, dutible pulse ¢
- Ge SSD Lo, S50
4ty A Fb plate

{1 mm thick, linm ¥
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7_ 10 ns

double/single = 7000-8000

X-ray emission intensily/arb. unit

photon energy / keV




Double Pulse Excitation / Discussion

plasma emission life time < 1-2 ns
(conlirmed by streak camera)

solvated electron hife ime

15 longer than 10 ns !
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8 v suolvaled electrons absorb = time-resolved
i 4 S W laser energy more efficiently ? absorption spectrascopy
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Solvated Electrons / Time-resolved Absorption Spectroscopy
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Possible Mechanisms for X-ray Pulse Generation

n. = n.= 1L.85x 10" [em”] & 775 nm
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other e acceleralion processes

such as resonance absorption ¢ acceleration by
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¢/ bremsstrablung, inner-shell excitation
X<rAY Crission
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