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The 11th Symposium on Advanced Photon Research Program
1st day June/24th 13:10-
13:00-13:10 (10) Opening

Sohei OKADA (Executive Director)
13:10-13:20 (10) Message from Director General
Hideki NAMBA (Director General of Quantum Beam Science Directorate)

Chair: Atsushi YOKOYAMA

13:20-14:00 (40) [Invited] Attosecond optical science-toward short pulse*short wavelength extreme

Shuntaro WATANABE (Research Institute for Science & Technology, Tokyo

University of Science)

14:00-14:30 (30) Laser R&D project in this 5-year term
Akira SUGIYAMA (JAEA)

14:50-15:30 (40) [Invited]Preventive Maintenance by High-intensity Lasers in Nuclear Power Plants

Yuji SANO (Power Systems Company, TOSHIBA)
15:30-16:00 (30) Cutting Edge Technologies on Maintenance for FBR Heat Exchanger Tubes

and applied technologies
Akihiko NISHIMURA(JAEA)

16:10-17:50 (100)  POSTER (50min x 2)

18:00- Banquet
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2nd day June/25th 9:30-

Chair: Keisuke NAGASHIMA

9:30-10:00(30) Study on laser driven particle beam acceleration
Kiminori KONDO (JAEA)

10:00-10:30(30) Control of plasma electrons by high-intensity laser — Generation of electron beams

and coherent X-rays —
Masaki KANDO (JAEA)

10:50-11:20(30) Observation of nano-scale dynamics of materials using soft x-ray laser probe
Tetsuya KAWACHI (JAEA)

11:20-11:50(30) Development of advanced diagnostic technology to study initial radiation effects on

biological specimens
Masataka KADO (JAEA)

Chair: Mitsuru YAMAGIWA

13:00-13:40(40) [Invite]Nuclear Resonance Fluorescence Experiments by Using Laser-Compton
Backscattering Gamma-rays:Application for Isotope Detection
Hideaki OHGAKI (Institute of Advanced Energy, Kyoto University)

13:40-14:10(30) Laser Compton scattered X/ -ray sources for non-destructive isotope measurement
Ryoichi HAJIMA (JAEA)

14:30-15:10(40)  [Inhvited]Quantum Effects and Isotope Separation
Yasuhiko FUJII (Research Laboratory for Nuclear Reactors, Tokyo Institute of
Technology)




15:10-15:40(30)

15:40-16:10(30)

16:10-16:20(10)
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Study on Material Science by using an Intense Laser

Atsushi YOKOYAMA (JAEA)

Photon science toward separation of radioactive waste

Keiichi YOKOYAMA (JAEA)

Closing
Shunichi KAWANISHI (Director General of KPSI, Deputy Director General of

Quantum Beam Science Directorate)
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3.0 4RI B IR T E Y= 7
Laser R&D Project in This 5-year Term.

il L ML e B RBEE, & ER. B Mk R &
ANE E, MBOR
MNEATBUEN A AR T 7eBR R &1 v — SRR
Jeith B — AR = > b

T619-0215 FUEBFIAE) I THifEE S 8-1-7

Akira SUGIYAMA*, Hiromitsu KIRITYAMA, Yoshihiro OCHI, Michiaki MORI,
Momoko TANAKA, Fumitaka SASAO, Atsushi KOSUGE, Hajime OKADA

Advanced Photon Research Center, Quantum Beam Science Directorate,
Japan Atomic Energy Agency
8-1-7 Umemidai Kizugawa-shi, Kyoto 619-0215 Japan

Main theme of our group in this middle term JAEA program is a development of
high-averaged power short pulse laser system pumped by LDs (laser diodes). To realize
this next term laser system, we have just started considering a Yb doped ceramics laser
with a several members of KPSI. We have also developed alasers ystem named
QUADRA (high-Quality Ultra ADvanced RAdia tion Sources) in C-Phost program. In
the first term up to FYH22, essential studies for QUADRA have been investigated. In
the second term, QUADRA development will be merged with the next term laser
system in JAEA top roduce high powered THz radiation.In addition to these
developments, we support to improve the performances of conventional high-power
laser system, J-KAREN, for the requirement of advanced application studiesin this
middle term JAEA program.

Keywords: short pulse laser, LD, C-Phost, QUADRA, J-KAREN
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3.2 L—¥—ERER RN DR

Study on Laser Driven Particle Beam Acceleration

WTHE ANMA
MSTATBOEN B R /I 9eB 56 iiE & 12— 25 pFEE e
Kiminort KONDO

Quantum Beam Science Directorate, Japan Atomic Energy Agency

Following the mission of these 5 years-middle term plan of our group, the development of laser drivin
particle therapy machine was presented. Research results show the possible planning of this development

in the next 7 years’s Photo Medical Valley project.

Keywords: Laser driven particle acceleration, Hadron therapy
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AL —Z R LT A IR CTHAH[4], Fig.2 OfkDEEITRLI-Z 0y MMELNT- EBRfE R ThHD, M
FRIE. TNSA TELIVZIRE IR D 0.6 FOKFHEEZRLTEY, L—F —HREFREZ 10°W/ cm? FEE
[ZEODHZENTEIUT EEL TS 200 MeV 27V 7 TEXAHA[REMENHHZEN 1D, ZOZEITIEER
PEFENL —Tay = VNS L CHIER T2 ECEHERRE L THY, MEEERD LN >T
[REE |~ CTRWDICHI D WD o Te b2 D, T 6 RO 7 = LMD TNSA HFITE X 7254
INETIHELNTODERAERDOAT —I T HFEHRY | MEHTR/LF—200 MeV %1557 12134
JHREE 10%W/ cm* FREE E TR ODMLENHDA, IRIZ 10Hz O EE R ReZel —F —248EL
A BT E 2 100TW FRELE 2 DNDLD T, ENH A X% 1 um FTTRSSTERIT TN
T2, ZHUTREERAVICAR ATRE TIXZR WO 7203 BUEDEINL NV 2B BT R, BARER DI
FLAIATEEELL XS EVTERN TITRWEE 2D, ZIICKL, VTR —IENRT A —U 7%
102°W/cm® F2E CH A= RV — NIV T TEXHIEARLTEY, £ A XM 10 pm FRJE CEERL I HE
(2725, FEBRZ 10 p m FREDOHEITHIUTMRD THEMNTHY, L — —BREPRL T HIBHR g DBHFE O
AIREMENTREERIC I ELT2EE 25,

5. F&
INFETOL—Y —ERENA A NN B T D0 ST B RS kD EEEEE NS —D BT —
P —BREN N AABRIEZR D FEBNEIBIC BT DSz, 5% L. TORBUTANT TREEL TOHE7Z0,

BE R
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3.3 Observation of Nano-scale Dynamics of Materials

using Soft X-ray Laser Probe
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NISHIKINO', Takashi IMAZONO', Maki KISHIMOTO", Yoshihiro OCHI', Momoko TANAKA',
Katsutoshi SATO"'?, Minoru YAMAMOTO'?, Kazumichi NAMIKAWA'#, Tohru SUEMOTO'”, Kota
TERAKAWA®, Anatoly FAENOV', Sergei BULANOV' and Takuro TOMITA®
Quantum Beam Science Directorate, Japan Atomic Energy Agency (JAEA)I,

Faculity of Medicine, Osaka University2
Faculity of Engineering, The University of Tokushima’
Research Institute of Science and Technology, Tokyo University of Science®

Institute of Solid State Physics, The University of Tokyo5

This paper gives an overview of recent progress of laser-driven plasma x-ray lasers in JAEA. Fully
spatial coherent plasma x-ray laser (XRL) at 13.9 nm with 0.1 Hz repetition rate has been developed using
new driver laser system TOPAZ, and the succeeding optimization of the pumping condition has realized
more efficient generation of the coherent x-ray pulse. The 0.1 Hz XRL is now routinely used for wide
variety of applications: The highlights of these applications are the first observation of temporal correlation
of domain fluctuation of ferro-electric substances under the phase transition using the double XRL probe
beam technique and pico-second time-resolved observation of nano-scale surface distortion of metal under

the femto-second laser illumination by use of x-ray laser interferometer.

Keywords: Soft X-ray Lasers, High power lasers, Laser-produced plasma, Coherent x-ray optics

1. INTRODUCTION

The Advent of transient collisional excitation (TCE) laser makes it possible for us to realize small size
coherent soft x-ray lasers (XRLs) [1]. In JAEA, we have firstly demonstrated fully spatial coherent XRL
beam at the wavelength of 13.9 nm by the method of double target geometry, in which the first gain
medium works as the soft x-ray oscillator and the second gain medium works as soft x-ray amplifier [2].
Successive optimization of the pumping condition such as the pumping intensity and temporal separation
of the pre- and main-pulses allows us to obtain the high quality, intense XRL beam with the typical
parameters of beam divergence of better than 1 mrad and the output energy of 1 pJ [3].

In the applications of soft XRLs, one of the most serious limitations so far was the repetition-rate.
Typical shot interval of CPA Nd:glass driver was ~ 10 min and prohibited many potential users from
conducting application experiments. The demonstration of GRIP (grazing incidence pumping) scheme
partly solved this problem. Spatially coherent x-ray lasers with the output energy of several tens nJ has

been obtained under the repetition-rate of 5 Hz by the combination of GRIP and higher-order harmonics

-23-



JAEA-Conf 2011-001

light as the x-ray seeder [4]. While multiple-shot exposure of this high average power soft XRLs is
useful for soft x-ray imaging, however, there is strong interest and requirement from material science for
more energetic coherent x-ray probe: For an example, nano-scale domain fluctuation under the phase
transition of substances is essentially unrepeatable phenomena, therefore the single-shot probe is
indispensable to observe and understand these phenomena.

In 2008 we have developed new driver laser system, TOPAZ (Twin OPtical Amplifier using Zigzag
slab) [5], which can operate under the repetition-rate of 0.1 Hz due to the noticeable cooling efficiency of
the zigzag slab amplifiers. Now TOPAZ laser provides fully spatial coherent XRL beam with the output

energy of a few pJ and is routinely used for the applications of XRL beam.

2. APPLICATIONS OF THE SOFT X-RAY LASERS

The applications research fields of soft XRLs cover atomic physics [6], material science [7], laser processing [8],
and plasma physics and so on. In the following several examples of the applications are described.

The first example is the temporal correlation
measurement of domain  fluctuation of
ferro-electric substrates. A couple of years ago,
we have firstly observed pico-second snap-shot
of domain-structure of ferro-electric substrate,
BaTiO;, by use of x-ray laser speckle technique
[7]. We extended this method into double XRL
probes to reveal the temporal-correlation of the
domain fluctuation. The 13.9 nm laser was

divided into two beams by a Michelson-type

double pulse generator based upon a free-stand
Mo/Si multi-layer beam splitter. With certain  Fig.1. Typical soft x-ray speckle signal from BaTiO;
delay time, two x-ray laser pulses probed the  taken by x-ray streak camera.  The x-ray laser pulse is
surface of BaTiOs, and temporally different two  divided into two pulses, separated by 120 ps in this
speckle patterns were recorded by an x-ray streak  measurement.

camera. Similar double probes measurements

were conducted for various time delays, and the temporal correlation function of the domain structure of BaTiO;

was determined [9].

The second example is XRL induced damage of the materials. Laser ablation has many technological
applications in material processing and nano-structure fabrication. The laser-induce damage of the materials
has been intensively studied, and its dependence upon the pulse width, the photon energy, and the fluence has
come to be understood. For the relatively long duration optical laser pulses with > 20 ps, it is shown that the
damage of dielectrics is mainly originated from the heating of conduction band electrons and transferring of
electron energy to the lattice. Damage occurs if the deposited energy is sufficient to melt the materials. For

the short enough pulses, the laser energy is absorbed by the electrons much faster than it is transferred to the
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lattice, resulting in drastically decrease in the ablation threshold energy. The same situation can occur in
extreme ultraviolet or soft x-ray laser. In the recent studies, a well-defined ablation threshold at 0.06 for CaF,
and 0.11 J /em” for LiF has been found for pulse energy 0.3 mJ of the Ne-like Ar x-ray laser at the wavelength
0f 46.9 nm with the duration of 1.7 ns, and much lower threshold energy can be expected in the case of transient
collisional excitation laser with several picoseconds duration.

The 13.9 nm nickel-like silver laser, the energy of 1 pJ/pulse was focused on a 2 mm-thick LiF crystal
with the diameter of 20 mm. A 0.2 um thick Zr filter was settled in front of the x-ray mirror at 800 mm from
the XRL exit in order to reduce the scattered optical radiation and the thermal x-ray emissions from the
laser-produced plasma. The total energy of the XRL beam in the focused area on the LiF crystal was 170 nJ in
each shot. The luminescence of stable color centers, CCs, formed by the x-ray laser radiation, was used to
measure the intensity distribution in the XRL laser focal spot. The CCs in LiF crystal were observed by using
a confocal fluorescence laser microscope after irradiation of the LiF crystal with the x-ray laser.

The optical microscope image of the LiF crystal surface together with the AFM traces of the ablation area
showed that the ablation depths are almost between 30 and 55 nm, which are consistent with the absorption
depth of 28 nm for 13.9 nm radiation. This implies that the ablation process in the present photon energy
region (= 89 eV) is mainly determined by the absorption by the electrons in the localized area. In the present
experiment, the XRL fluence on the sample is only 10.2 mJ/cm®, which is more than 3000 times smaller
compared with that for nanosecond Ti:sapphire lasers illumination. To explain such a strong reduction in the
ablation threshold in the case of using picoseconds x-ray laser, we have conducted calculation beased upon the
molecular dynamics coupled with hydrodynamics. The calculated result implies that an ablation mechanism
for dielectrics is connected with a 100% XRL absorption in a thin surface layer and formation of negative

pressure zone, followed by thermomechanical fragmentation, under a sufficiently strong tensile stress [11].

The third example is the observation of nano-scale dynamics of material surface by use of x-ray laser

- interferometer. The interferometer

mnection

was designed with a group of Institute
of Solid State Physics (ISSP) and
University of Tokushima. The
Schematic  of the x-ray laser
interferometer is shown in Fig. 2.
The fully spatial coherent 13.9 nm
Fig. 2 schematic diagram of the x-ray laser inteferometer using laser beam, with the output energy of 1
double Llyod's mirror. pJ and the duration of 7 ps, passing
through the 0.1 pm-thick Zr filter was

steered by a planar Mo/Si multi-layer mirror to the sample position. The angle of the incidence of the XRL
probe to the sample was set to be 8= 70° with respect to surface normal. The image of the illuminated area on
the sample was transferred to the CCD position by a Mo/Si spherical mirror with the focal length of 250 mm.
The distance from the sample to the spherical mirror and that from the spherical mirror to the CCD was about
260 mm and 4800 mm, respectively, which led to the magnification factor of 17. Interference pattern was

obtained by putting a double Llyod's mirror between the spherical mirror and CCD. The angle of the incidence
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for the double Lloyd's mirror was 87° with respect to surface normal. The double Lloyd's mirror consisted of
two Pt coated 400 pm-thick Si wafers, which were fixed with a relative angle of 1 = 0.006° (= 0.1 mrad) in a
hausing. One of the wafers covered the portion of the x-ray laser beam including the information of the
grooves, and the other was used as the reference. The overlap of the two wavefronts made interference pattern
on the CCD.

Figure 3 shows typical interferogram of the test

8 micron
line &space

sample taken by this x-ray laser interferometer with
single-shot probe. The sample is several pairs of
grooves with the depth of 6 nm. The line and
space of the pair of grooves are from 8 pm through
0.5 pm. In Fig. 3, arrows indicate the phase shift
of the fringes, which corresponds to the 6 nm-depth
of the groove. From this result, the lateral and

depth resolution was determined to be 1.5micron

and 1 nm, respectively. The lateral resolution may

be improved by replacing the spherical imaging  Fig. 3. Typical interferogram of the test sample taken

mirror by Fresnel zone plate. by double Lloyd's interferometer. The fringe shift for
We have applied this interferometer to observe  various line and space (1-8um) corresponds to 6 nm

temporal evolution of distorted maetalic surface  depth.

illuminated by an ultrashort optical pulse. The

sample was 400 nm-thick Pt layer fabricated upon the SiO, substrate. The pumping source is 100 fs-duration,

2 J/em® fluence Ti:Sapphire laser at a wavelength of 800 nm [11]. The kind of application using x-ray laser

interferometer will be extended to the research field of phase-transition in material science in near future.
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Development of Advanced Diagnostic Technology to Study Initial Radiation
Effects on Biological Specimens
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In order to understand radiation damages on biolgical specimens, it is important to investigate from
molecular level to cell level in size and femto-second to hours in time. Three key techniques such as
molecular simulation, ultra-fast spectroscopy, and single shot x-ray microscopy has been developed.
Combining those techniques, total image of radiation damaging process from molecular level to cell level

are going to be established.

Keywords: Radiation damage, DNA, Molecular simulation, Ultra-fast spectroscopy, THz radiation,

Laser plasma, X-ray microscope

1. [ILBIT

EYERRITE A E 07X DNA REDEE 350 F LU OO ~ L 2 TRY R E
WIEL ~L D BLG - HEEL 70D, EMIRSRERRBA O T=DIZIX, 0 1L O E OIS fE s HilaL ~ v
DOBGNE D EALNZT DN ER DD, ZDTDITIX, 7 L nbfifaL ~ L ~E LBl 4 %+
BT A LO 70 B 178 A A— OIEGLNEE ThH 5,

TR D A2 4 5 BE D A fi BV R A7 D AR ) 5 BRRTAI R0 2 R H D Bl kI E T 2 D Th D,
L, ZAVETOBFEI IS BT LD W B ORI EE DNA K OHIfIL ~ L TR~ D TH
D, L O EMEL ~ L OBRZF BT 2 L RIE FE RSN TR LT BURBROAEY
HEOHEMRIIIRRIE THD,

2. FHAIFE

L IVINBHIIEL UL~ E DA RSREIL, ORI A S — LV EE A — VISR ELS BT DT
O, —OOFHATEL T TT R TEAN—FTLZLE TR, ZNENDT =—RZBITHAEMHERE
ZRRAT T 5 B ClReb i L7 BT e B IR A BRI 352810k il # 7 = — X2 1T 54 ke
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ERRATL . ZNOE BB HEES Y A2 LISV AYRSBEDRLIRAZ 5N T35 (Fig.1) .

EBERED 7y T L~ VB, DFD | 73 7 OFETIRAE K O E IR IEZE (2 FERE CRUNI 279 D
PEERRE T D, BE VAR T2 — L& AW T, 7 AN 0 AR AT 153 Y25 18 oo B %
KT T~ 5y AL E DBR 3 & R 5 L3801, JeFBIMEE LM A G o § 22 LI K BEE T Hlk
Oy NHEE DBRFE & FEH T 5, T VT, DNA 08 FE O MEHR RS % O 20 e O &2 L
% SFEIE R O 3 E O3 A KRR,

B F L~V AT T AT DY I — S a  E NI & E T 5, 2 FL L OAMER
DFFHT T, 53 FOAF AR ARG 5 FOILFISEZ R G LT 5720 B afbL ~ L O] 5y
FRAEMNEREND, 53 T OIS JEL I LW EFI A L7277~ v 5 K EHll R IEE B 5L 80
12, HE T2l —a T IR 2 el R TREEDEEAMR . X BRCKT L TR T 5B . 7V LDk
B DREMFE R, 22 M oAz RO DHEHLITINOED G HRIZEYD DNA OEDOTALAEEL LT VDE
AT 2.,

IR L~V AE MRS RE DIRIT A TH T2 DL —H — 7T X< XGRS O Bl 6 2 F2 i 95, T
I25% DNA 51T, ZOEINIZBREICKREEASINDT0 , AFEHEALIZH DML~ L TOJikst
KRB O AT SN T D, ML IV AXHRE IO R E A R AT IR L, MIIC B D8R & a4
EORBED AL BT D LI L FBEEALC RS Bk T2 EMIER OB T OENWEFH <5,
ZOT=OITIE, X BRIBE E % OABIS M LIC S DHIIEE B O ZE B 0 fRE CRISR T DML ERH D, T D
FEBOT-DIZ AZTRBIZHHMIEE 100nm LU OZEH 3 fifae Tt ity CEHL—HF—7 I X~
HOXHRBUSBE O BRF E1T),

BN ARF I 0 —LRM

Fig.1 Establishment of total image of radiation damaging process from molecular level to cell

3. X REMSEICLAMENEE OBIR

L—W—T7 I X<l X SREEMEEE O CRIRNGR B OBLE 2 Ehii LTz, RAIDIERT AT 1~ il
Je % 388 5 R X MR BE D B E U TRE T2 & b Vo IR BICE TR L, O M L o8
BhAToT, TDk, ORIV 3 5 E PMMA IZREO AT, 8k X SREAEEEI 22417~ 7=, DAPI, 7
FOADY | ARGy T —EE O A 3 TYe A U= 3B G SRR EEAG LR X AR BRI B 1 A B LR
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THIEITIVER X BB DO FIC G- TODEERT 7 F > 747 A b, Ibar RUT EOMBEN T
DRFENATREL 72D, Fig.2 IZ7 7aA v Py TR LTIZTAT ¢ Bfifa O B E 5 S R X SREAM S
BBl EDEOCBAMER S . 423K X SRBAMER S Th D, £ Da O BMEI R IZI W Tk il
RZTCWDED T I F 2 T4 TA MK D, O X BRBEMEIE TIET 7T 747 A RSO
AR NER B DIREBEIN TS, 2L R—OMIfn% 2 B O BMEE TR A FEHiL T\ 50T 2 OBHK
BB AT RIS DT DIENAIRETHY | A FHMI i T~ 5 2 LIS KR X BB EEHR O Fh 0T 7
F LT A4TA NDOREENAIRE TH D,

Fig.2 fluorescent image (left) and soft-x-ray image (right) of Leydig cells stained with Phalloidin

[FEEDFiEE MNT ATy —TYELIZTA T 4y B O SO BAMEHG LK X #REAMEE R O
ELRZ LT STl R A Fig.3 (R d ZEAVSOEBMER ., 23K X SREEMES ThHo, SOCHME
BOPRIAZTODERSI D3XIba L RIS T %, SOCBRME B LK X SRS R 2 %
& (FRZE WP B O 53) 1 X BREEEE R O OINa L R T OALE LA E DR E TED,

Fig.3 fluorescent image (left) and soft-x-ray image (right) of Leydig cells stained with Mito

Tracker

ZOISIT, EOEBAMEL L X BREABEE TRICRUBH 25952 LI K0k X RS K Bl
NI DREENZ NZ N E DRI E IS IG T 200 % IEFEIIERE T2 ZENATRE THDHI LA D>
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MR N &R B ORI BUT LR EDFERE RGO ND L IFF TE D,

4. k¥

4% DNA HIEEAKIBROY I —aa— RO, sy EEH B O s, L —3—7
TR X BREAMEHAT OB S 2 F i35, DNA HEA RO 12— ara—FORFE T, &
Ko RGBS 2L —Tala—RERR L xR, 7OV RIE, B8ORS % DNA
BEOFEZATD, B H CEHBIR OBHFE Tl DNA SO /3 iF THz 53 ta L AR
53 F OIRE) K OREEIRRES A T X7 ADZAL BT D, FTo, 7 = L NDIFR S AR IN - SO E DR
FraEhiL . DNA FDOAKE ) OB FIREBY AT IV 2B E Efi§ 2, L —Y—7 T~ X #REH
BT OBAFE T, L—P =7 T~ X SRS E 2L | BRI S Ra oS, #
(L2 BIZ T,
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Nuclear Resonance Fluorescence Experiment with Laser-Compton
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A nuclear material detection is crucial in these days, because we do not have any effective method to
detect it destructively. Especially for the hidden nuclear material in a container at the sea port, an existing
X-ray detection system could not identify the isotopes. We propose a novel nondestructive detection
method by using Nuclear Resonance Fulorecence (NRF) excited with a quasi-monochromatic gamma-ray
which is generated by laser Compton backscattering. Brief introduction of the laser Compton
backscattering gamma-ray and the NRF are described. The NRF experiments in our research group are
also introduced. Finally, the proposed detection system for a hidden nuclear material in a countainer will

be decribed in this paper.

Keywords: Laser Compton Backscattering Gamma-ray, Nuclear Resonance Fluorescence, Isotope

Detection, Nondestructive Detection, Nuclear Material
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WS 2 AT L3 5 DT ZEM DRSS+ Th 5, £ 2 THA IR I E L (Nuclear
Resonance Fluorescence : NR F) #ELAE W72 RINZIAFB FIEEZRE L T\ D, FINAKRD JF 184
%, ZOERERTH LG T L& FETFORICL Y, BEAOREE (BhEHELD) 262, Z DiRE)
BB L T X X —% R0 v A RRRDRIN L, QBRI > THAET D0t
URBAENRFBEN v #E S 9. NRF 2RISR 72 s s Celll-2 2 L ¢ [
PARHANATE D, NRFHELT v~ #ITHEMe VOZ XL XF—TH Y 1 0 mmFEE DR % il
DHRITDHZENTE DD, a7 7 EICE A S WE O RNARER & 22 M55 % FEfkE T
BETE D, FFICEFHOONDHEHBHRORD Y ICHERAT o~ Thd L —F—ifia 7
k77~ (Laser-Compton Gamma-ray) % FHWCRIMARN 21T 9 FICRHEE A L TWD, =
DOH U ~BITTZF VX —IEE DL Tk 5 Z LN TE D720, B X E LT, /
A X% RIIRB S B2 JER FRETH D,

2. Introduction of Laser Compton Backscattering Gamma-rays
Laser Compton Backscattering Gamma-ray (3.
E, FHMRO O B TR — A RO FE A A
IZOWTHERBICHF RS L2/ ] 1k o
9( E, Compton HXALDS D =R N —%ETI2H 25
A< e DIZH L, BEDOE TP FNFT =2 525
& _ B LU Gl &L=, Compton Backscattering

e Gamma-ray T HR/LX — EE

Fig.1 Schematic drawin, of the laser Compton
¢ ¢ P &,(1=cos(6,))

E =
’ 1-BcosO+¢,(1-cos(d, —0))/E,

ey

Backscattering Gamma-ray.

E =561 MeV .
S LR THEND, 2 Ce, DT R F—

THY, 6, 1TNEEBEFDOEEMETHY, ATLD
HELA . EAXEB O3 L¥—Ths (Fig.1),
IRV — Y —HIFOF XY 7)) TREA
-~ DINSTRIDBREDND IR o T F L IR
] ORI, EEOEEE 255N 58
(Z7poTeledd | FHTOB G4 | i BTN
- e v RCEITILNTEDRISIC T, (1)Hp DSy
MBI, EJEN (L —HF —) D= F X — (3
Fig.2 Typical energy spectrum of the laser Compton F)OEHEA, BELASE O R LX—2Lo
Backscattering Gamma-ray. T, BHIZE LS EHZENAIEETHD, LT, T
RO TR — (THEL AR T DT
D, AVA=ZDEH7b O T, BELAZHIR T 55 T, B ITHERART <~ iEafoLnTEs(2],
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3. Introduction of Nuclear Resonance Fluorescence (NRF)

NRF (32 G HELEFHEN D IO, A EEAE Dt =R /L5 — eﬁzu‘:i‘ﬁ%(::@ iﬁyv%'ﬁ
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VRO TR F — NGB RE T HE T, R, BIBENAROFRA AT RECTH D HN DD, 728

WH | FHEIRIEDOF M LA as THDHIZD | AT~ MU DI N7 7 TT L RELTH I

T LHEITID,
Fig.4 (Z#A )72 laser Compton Backscattering Gamma-ray (LCS Gamma-ray) % V7= NRF SZER DAL

r T (I=h/t)
43.6eV 5.3fs 8.3fs
J/1 15.110Mev doteiey T 7.117MeV
\‘ 10.8meV 68fs 4.7fs
e 4438Mev  © 2313MeV 2 6.917MeV
J, 0* 1+ 0+ |
12C 14N 160

Fig.3 Excited states of 12C, N, 160.

140%Ge
t NRF :
Nal 77>I~A* |
bwee [ 4
120%Ge A A—4
2mm¢
AIST storage ring TERAS
Shielding Wall

Fig.4 Typical experimental set up the NRF measurement by using laser Compton Backscattering Gamma-ray.
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Fig.5 Schematic drawing of the Pb target hidden by 15mm Fe. DR ED LB, PIYE IR 2%
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Gamma-rays of **Pb 4. Demonstration of Isotope Detection
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Fig.6 Typical NRF spectrum of 208Pb irradiated by 7.5 MeV LCS

gamma-rays.
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Fig.7 1D image of Pb detection. 73§3F7%L'GCF%1/ \$75§§j\75)5 N e @
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Mo,

5. Conclusion and proposed detection system for a hidden nuclear material

AEE TlE, LCS Gamma-ray OFEAJFEE L NRF HIE O FHICOW TN 21T o712, Fic, =
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& LCS Gamma-ray Z G0 55 T, bR 2 FF 72 22 WIKFE LS D & B @ 5 A O H 73
JFEEANICITWRETH Y . L MeV O < a MBIV 572012, Bk 2 Fil L THIZE N
AJRECTH D Z MRS Tz,
Fx DT N—TTIE KFEEZHW
UD“E“"“’W <. BT F R AS I T

BRHIZATOV AT LOTREEIT TN D,

ARIEGEL AT AL Fig.8 (TR d JolzH
P2 AW mEAT ) — = g E L
v Afruarar~_—AD LCS Gamma-ray
AT D NRF JIED 2 FHEO
ATV RV AT LTS, Ziukt,
NRF 3D SOGE IR ub FEEE THD
HEIXRER DD EVI R AEAL
TR ThHD, —HOFHFITED
W E R R ROSWIRIRE S R&E W
72 L RIS E O ATRETH DL DD ZER S RRENNEL | bk S -5 A
BB EEEL NI R EDR DD, DT | ZOMEEALHEDEDHIET, VAT AOREE L EE A [F
FHZIRIE T Db D TH D,

Fig.8 Proposed hidden nuclear material detection system.
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Isotope Separation based on Quantum Effects

RS
FO LERFPAEHIR /B AT AT FEBH A 2% B e B
Yasuhiko FUJII
Professor Emeritus, Tokyo Institute of Technology /
Invited Researcher, Japan Atomic Energy Agency

Isotope separation by chemical exchange is based on the isotope effects in chemical
reactions. It has been well known that the isotope effects in chemical reactions arise
from the quantum effects in molecular vibration of the isotopomers in the chemical
systems. Strange isotope effects of mass-independent-fractionation were first observed
in uranium chemical enrichment by ion exchange. This phenomenon has been

explained as the nuclear volume effects in chemical isotope fractionation.

Keywords: Isotope Effects. Isotope Separation, Molecular vibration, Nuclear Volume,

Mass-Independent-Fractionation
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Fig. 1 Isotope effects in chemical equilibrium
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Study on Material Science by using an Intense Laser

TR . BREME . OEVE. RREWEZ. PR, AL 7E
MSIATBOEN A T IR FEPH RS 7 — IS BFFER L — Y — S sE 2=k
Hiroshi AKAGI, Ryuji ITAKURA, Tomohito OTOBE, Takayuki KUMADA, Masaaki TSUBOUCHI,

Atsushi YOKOYAMA
Laser Application Technology Division, Quantum Beam Science Directorate,

Japan Atomic Energy Agency

The purpose of intense laser material science group is to elucidate electron dynamics in atoms, molecules,
and solids induced by the irradiation of an ultra-short intense laser, and to develop an intense THz light
source for its use in molecular science, laser isotope separation and so on. In this symposium, we

introduce our research plan based on the previous research activities.
Keywords: Ultrashort intense laser, Electron dynamics, Reaction control, THz light source
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Fig. 3 The laser electric field (dashed line) and the total electric field (solid line) as a function of
the laser intensity.
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Fig. 4 The relationship between wavelength (frequency) regions and excitation processes of
molecule.
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4.1 KITFRRIZEZ DNABERA =X L BHEOHE
DNA Damage Mechanism Irradiated by Particles:
Effect of Electric Fields

RRAARAEEE
JHA kg B v — A0 e ER R

Kengo MORIBAYASHI

Quantum Beam Science Directorate, Japan Atomic Energy Agency

Abstract. This paper discusses the effect of the electric fields produced from water molecular ions in the
body on the DNA damage by the irradiation of particles of proton and a particles with the energy of 200
keV/u — 1 MeV/u. The water molecules are ionized through particle impact ionization processes and
become the ion. It is found that the strength of the electric field increase with the cross section of particle
impact ionization processes.

keywords: DNA damage, proton and a particle irradiation, electric field, impact ionization cross
sections

1. [XCHIZ

RIS K DD ATRIFRIE, BB X BRI TRHERBVERIETH Y . ERfES TV D
[1]. LinLZ23 b, fill, SFERBVONMIRITH Y, MG TS FET Db OOM— R
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ML DERROEN L, EEEHNERE Ch 5 (3], I OBEEEMYEREIL. FEBITE, 77hb
BRI ER R Z2liE 5 & X BHEA R Z LTS RICERZ K Z 3% TOlEMEED 721,
Thhbb, ERFHROGNEFIE D b EZEEREMT A RS K E < EZEERDEE A 2 T
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LU, ZOEGOMEEMSTAIET R, KL TIE LD Tikm T 5,
RLFBRDNVERNICAD L AN DS 7 (FITK) EMEEREZRZ L, sTaElstE, &1
ERAESHEDN, T TRAELZE FIXERE, DN 255 (EEEHLFES) 2 X3ho
KESFEMAEMEMLON IV HNEFAESE, ZOT WS THDNA 2BESES (HEER L
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WD, ZHHOMEIT, K ROPUEFMITIZZ S OEFRT VIS FERESE, Tk
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TRVF=D 1 MeV/u 7D LW Ok A& bEHINSL 2D, T TERT2ERIT, H%E
BEEWTIAICKIE T D28, IREBTIE, 2 MeV/u O RV F—DWTEFEA o #rD 200 keV/u & [
HThD [3]OT, EHBEMeV/u DIRFEMR EH 100 keV/u D aftl TRIHETHDLEEXDHZ &
WTED,

0.05 005 [~
= + 200keV/u _ + 900keV/u
S 004 « 400KeV/u 0.04 |+ = 400keV/u
2 " + 500keV/u ) . 500keV/u
g oes » TMeV/u 003 |« » 1MeV/u
8 o02 [¥ 002
% |
A .i'
@ 001 | A, 001
0 0
0.E+00 3.E-07 6.E-07 0.E+00 3.E-07 6.E-07
X(cm) X(cm)
(a) (b)

K3 HFROBREMCTERT DALV IMELBR L x OFE KT ORI (a) BFHR. (b) aft, BHFHROT
FAF—ITFNTN, €200keV/u, 400 keV/u, A500 keV/u, Al MeV/u,

-49 -



JAEA-Conf 2011-001

B ITE L ZPEMTI N T v 795 L ICESERHE T DNA 54K 2 L, DNA 52K S
EONRPDHDHZENBZZONDN, a b F-RREMO TR LD bIRWESEEY 232
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DO OIS RB L RENE DR DD, A%, EFOEBOBELORE, BHICLD
BHEOMERFEZFE L, BHOMED DNAHBEICEENE S a2,

HiEE

KA FTTHICE o T, THEWTELEWEAEGRFZOMAE Ch 2R EE L, HEE
ARil - MR b IS EOERER L AEEARE L mrhgkid L (CLERET
DIRERE) | OCRCRER, EEFHBREL ORI AR Lk, 5UR) IEEH Lo E v ET,
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4.2 XFEL FREHC & 0 SRR E & 5 £R 0 T ORI EREE
Diffraction Intensity of Biomolecules with Radiation Damage by XFEL
Irradiation

LT
H AR T 52 B FE R AR

Takeshi KAI
Japan Atomic Energy Agency

Abstract. We calculated diffraction intensity of biomolecule with radiation damage by x-ray free
electron lasers (XFEL) irradiation using a developed model for radiation-damage considering
photoionization, Compton scattering, Auger decay, electron-impact ionization and electric field
ionization. We performed the parameter survey for the radiation damage with various XFEL
parameters and target radius of clusters. In the case of the x-ray energy 12 keV, we found that the upper
limit of incident x-ray flux was in the order of 10" photons/mm2 and the obtained average number of
photons for elastic scattering at 0.1 or more region of momentum transfer was in the order of 10°
photons/pixel even if pulse width became 1 fs.

Keywords: X-ray free electron laser, Radiation damage, Biomolecule
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HIETE DML RD 2T IUXR B0,

VAR, B F OB B S 2 T 5 72010k Fa— FE2 AW #Es S 21— g
v OFERDPIRE S, EERSFINEICER SN D ERIC K 2 ESHERRESBEEICRE <
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4.3 MIRENERE OEOLBMEEG L 8K X SREMEEG & OEBLE

Direct Comparison of Soft X-ray Images of Organelles with Optical
Fluorescence Images

LEHEE D, MEREE D, REC Y, ZEET Y, BEAEKD, ZH5mE 2,
AR, SEPT D, KBRE D WEEESE D, maEak Y
VORI T OREBR R, D RRL TR, Y BREE R

Masahiko ISHINO", Masataka KADO", Satoshi TAMOTSU?, Keiko YASUDA?,
Kunio SHINOHARA?Y, Yuji MIKATA?, Maki KISHIMOTO", Masaharu NISHIKINO",
Toshiyuki OHBA", Takeshi KATHORI", and Tetsuya KAWACHI"

R apan Atomic Energy Agency, 2 Nara Women’s University, 3 Waseda University

Soft x-ray microscopes operating in the water window region are capable of imaging living hydrated
cells. Up to now, we have been able to take some soft x-ray images of living cells by the use of a contact
x-ray microscope system with laser produced plasma soft x-ray source. Since the soft x-ray images are
different from the optical images obtained with an ordinary microscope, it is very important to identify
what is seen in the x-ray images. Hence, we have demonstrated the direct comparison between the images
of organelles obtained with a fluorescence microscope and those with a soft x-ray microscope. Comparing
the soft x-ray images to the fluorescence images, the fine structures of the organelles could be identified
and observed.

Keywords: Soft x-ray microscopes, Comparison of images of organelles
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Fig. 1. Schematic diagram of sample holder.
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Fig. 2. Schematic diagram of experimental procedure.
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Figure 3 |ZHBREHS & B2 1T Y Ak 2 it U 7o MR BB o0 a S BAASERAG: & iR X AR BRI SRS & |
Figure 4 (23X F 2> N U 7 Z a0 U 7o MERREUBE O a0 BAMER S & R X BREAMER S 2~ 3 W
MO XHMBIZ B E BB & Rl — OREN R BB SN TND Z E DN ERTE 5,

Figure 3 |23 38 X AU TSN BT O 1 OEE LR T 5 Z LN TE D, 2D OMEEY
DRIFEBIZHOWTIE, 5% OBETH D, F7=. Figure 3 X° Figure 4 |2 (38 EBAMER 25 2 O
& &R XRS5 DEONE NS T Rig> T D EATC, MBI H 2B EM R BE) L
TWAHEFDARD HILD, MM ECEOEENBE L72RK E LT, SBto RiEtl i 5
ERBZZ DN TN D, REBROEKX BREAMEHE OMAGRHTIL, M2 70A A 2R E R AN & 8

Fig. 3. Fluorescence microscope image (left) and soft x-ray microscope image (right) of Leydig cells

stained with Phalloidin and DAPI to label actin filaments and nuclei.
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Fig. 4. Fluorescence microscope image (left) and soft x-ray microscope image (right) of Leydig cells

stained with Mito Tracker Red to label mitochondria.
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4.4 Development of Silver Tape Target System for 0.1-Hz Repetition X-ray Laser

Masaharu Nishikino, Yoshihiro Ochi, Noboru Hasegawa, Tetsuya Kawachi, Toshiyuki Ohba,
Takeshi Kaihori, and Keisuke Nagashima
X-ray Laser Application group, Quantum Beam Science Directorate,

Japan Atomic Energy Agency

The development of continuous pumping to the target system is an important issue for realizing an
x-ray laser with the high repetition rate. We have developed a 13.9 nm XRL using a silver tape target and
demonstrated a highly coherent XRL with an oscillator-amplifier configuration using two tape target
systems and the TOPAZ laser system with a 10-J and a 0.1-Hz repetition rate. The output energy is
comparable to the x-ray laser generated with a silver-deposited slab target, and the pointing stability using

the new tape target system is better than conventional slab target.
Keywords: X-ray laser, tape target, High repetition

1. Introduction

The improvement of XRL generation so as to have a high repetition rate will open up the possibility
of still more new applications. In last decade, progress in reducing the required pump energy for the x-ray
lasing and raising the repetition rate has been achieved by adopting new technologies; The transient
collisional excitation (TCE) scheme'" using chirped pulse amplification (CPA)3 enables us to obtain
XRLs with a pumping energy of about 10 J under the normal incident pumping geometry, and recently it
was reported that 0.1 Hz operation was realized by the development of a CPA laser using Nd:glass zigzag
slab ampliﬁers.4 Moreover, grazing incidence pumping (GRIP)5 has made possible 5-10 Hz operation of
a gain-saturated XRL using a tabletop CPA Ti:Sapphire laser system with the pumping energy of 1 1%In
the GRIP configuration, the pumping energy is significantly reduced by the adjustment of energy
deposition region. Recently, experimental studies to achieve fully spatial and temporal coherence have
been reported using an injection-seeded GRIP-XRL with high-order harmonics of an optical laser.” Under
such circumstances, the continuously supply targets is an important issue for realizing an XRL with the
high repetition rate. With optical field ionization® and discharged capillary plasma XRLs’ which use a
gaseous target, highly coherent XRL operation with a repetition rate of up to 10 Hz has been achieved. In
the cases of TCE XRLs using a solid target, a fresh part of the target material is required for every laser
shot. Thus, the number of the XRL shots is limited typically to 15-20 shots by the size of the solid target.
In order to a realize larger number of continuous shots, a variety of target configurations has been

12.13 1 the case of the disk and the drum

developed, such as a disk target,10 drum target,11 and tape target.
target, the number of shots is still limited by the target size. In contrast to these targets, a single long tape
makes it possible the large number of continuous shots without replacing the target. While the tape target

has been used to continuously supply targets for the generation of incoherent x rays or high energy ions, no
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significant results have been reported in tape target XRL development up to now. An XRL employing the
quasi-steady state (QSS) collisional excitation scheme requires a gain medium length of about 25 mm to
attain gain saturation intensity.14 It is difficult to maintain the flatness of the surface of such a wide tape
target. Employing the TCE scheme, a higher gain coefficient of 30-80 per centimeter has been achieved,
and a gain medium length of only 4-6 mm is sufficient for the generation of the XRL with saturated
intensity.15 As a result, a TCE XRL can be generated with a shorter flat length of the tape target than a
QSS XRL. Here, we describe the generation of a 13.9 nm XRL using a silver (Ag) tape target and the
demonstration of a highly coherent XRL produced with an oscillator-amplifier conﬁgurationlé’ 17 using two

tape target systems and TOPAZ laser system4.

2. Tape target sysytem

For the generation of a Ni-like Ag XRL, the Ag target must have a flat surface like a commercial Ag
foil or an Ag film deposit on the polished surface of a glass slide. The thickness of the Ag layer need only
be the laser ablation depth of a few um, but a thin Ag foil has the risk of breaking after ablation by the
laser shot and during the rotation of tape. Therefore, we used 30-um and 50-pm thick Ag tape targets for
the XRL generation. Even when the thickness of the Ag tape target is 30-50 pm, since the tape at the
irradiation position of the laser shot is broken by the ablation shock wave, the width of the tape needed to
be larger than the length of the line focus of the pumping laser. In the case of line focus length of 7 mm,
it was necessary for the stable XRL generation that a 15-mm wide tape target with the thickness of 30 pm
be used. A photograph of the tape target driver is shown in Fig. 1. The direction of the XRL was parallel to
the surface of the tape target. The main components of the tape target driver were two DC motors coupled
with planetary gear mechanisms and a tape head. These motors and gear mechanisms are specialized for
vacuum use. One DC motor was mounted on the upper-mounted spool and rolled up the Ag tape between
the laser irradiation periods. The other DC motor
was mounted on the lower-mounted spool and
pulled the tape in the direction opposite that in | DC motor
which it moves during the operation. When the

torque of the upper-mounted motor was greater than

that of the lower-mounted motor, the Ag tape target ’ S - Position of
pump laser

was tightly stretched, and sufficient flatness of the ! b =
irradiation

surface of the tape target was realized at the laser
irradiation position. When the imprint of laser
irradiation is made on the tape target every 10 mm,
it is possible for the tape target driver to maintain

the flatness of the tape target.

Fig. 1. Photograph of tape target system
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3. Experimental setup

The Ag tape target was irradiated with a pumping laser beam from the pumping laser system using a
Ti:sapphire regenerated amplifier” operating at 1.053 pm. We have already constructed and demonstrated
a nickel-like Ag laser at wavelength of 13.9 nm using an Ag deposited slab target and the TOPAZ laser
system.4 The pumping laser was normally incident to the target, and focused to a line shape of 20 pm
width and 7 mm length on the target by quasi-traveling-wave pumping using a 4-step mirror."> The
irradiation consisted of two laser pulses, the duration of each pulse being 4 ps with a pulse-to-pulse
separation of 1.2 ns. The total pumping energy of the first and second target was set to 5 and 7 J,
respectively. The energy ratio of a prepulse to the main pulse was 1:8 on the target. The contrast ratio of
the ASE level to the peak intensity was about 5x10™, and the pedestal level of the main pulse was about
1x10"" W/ecm®. The XRL beam was reflected on a molybdenum-silicon multilayered mirror with an
incident angle of 45° and filtered with a zirconium foil. The far-field pattern (FFP) and time-integrated

energy of XRL were obtained with an x-ray CCD camera.

4. Experiment

We carried out an experiment comparing the XRLs generated by the slab and by the tape target
using one beam of the TOPAZ lasers. Figure 2(a) shows an FFP of the XRL from the Ag deposited slab
target. The beam divergences along vertical and horizontal axes were 7 and 5 mrad FWHM, respectively.
The output energy was about 2 pJ. Figure 2(b) shows an FFP of the XRL from an Ag tape target with
30-um thickness. The beam divergences along vertical and horizontal axes were 5 and 7 mrad FWHM,
respectively. The output energy was about 1.5 pJ and the FFP was a rounder pattern than the XRL from
the slab target. The target surface is on the right-hand side in the figure, and the refraction angle was 6
mrad from the target surface in both cases. These XRL beams were considered in the gain-saturated
region by comparison with the output energy of previous experimental results*. Figure 2(c) shows an
FFP of the XRL from an Ag tape target with 50-um thickness. The FFP image when the thickness of the
tape target was 50-um was similar to when the thickness was 30-um, but the output energy of XRL

decreased to about 1/3 that of the 30-um thickness target. The 50-pum thickness tape target was hard, and

"%

5 mrad : ‘ 5 mrad-

Fig. 2. FFPs of (a) the XRL using Ag deposited slab target, (b) the XRL using Ag tape target with 30-um thickness,
and (c) the XRL using Ag tape target with 50-pum thickness.
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therefore the tape target drive system could not pull the target with sufficient tension. When the tape was
pulled only by the upper mounted motor, there was no tension on the tape, and the XRL was not generated.
Therefore, the flatness of the tape target needed for the XRL generation was found to be achieved with the

tension induced by the lower mounted motor.

5. Summary

We have constructed and demonstrated a XRL using an Ag tape target for continuous XRL
generation. The output energy and divergence are comparable to the XRL from a slab target. The
installation of new tape target systems for the oscillator-amplifier configuration was successful, and a

highly coherent XRL was generated with a 0.1 Hz repetition rate using the TOPAZ laser system.
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Incubation Effect of Femtosecond-laser Ablation
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Laser ablation was performed on Pt thin film (thickness: 300nm) with the femtosecond Gaussian laser
beam (wavelength: 800 nm, pulse duaration: 70 fs). In this experiment, the soft X-ray laser (wavelength:
13.9nm, pulse duration: 7ps) interferometry based on the double-Lloyd’s mirror and atomic force
microscopy (AFM) were used to evaluate the surface displacement caused by femtosecond-laser multiple
irradiation. We observed the incubation effect of laser pulses for lower fluence (1.0 J/cm?). At this fluence
range, the sample surface dilates for the intial several laser pulses. After several shots, boring process
started and the sample surface was ablated monotonically. We revealed that femtosecond-laser ablation

shows nonlinear behavior for the lower fluence.

Keywords: Laser Ablation, Soft X-ray Laser Interferometer, Surface morphology, Incubation Effect
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Figure 1. Experimental setup for in-sifu observation of

femtosecond-laser pulse incubation effect.
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Figure3. Development of surface displacement obtained by multi laser shots for 70 fs laser pulse.
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Figure4. SEM image of femtosecond-laser ablation region irradiated with three laser shots.
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Development of Low Energy Soft X-Ray Flat-Field Grating
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Soft X-ray emission spectroscopy (SXES) is a powerful tool to give information on the electronic
structure of materials. Combining with transmission electron microscopy, SXES is expected to reveal
physical properties and chemical bonding states of identified small specimen areas of various compounds.
The existing SXES instruments for comventional transmission electron microscopes (TEM’s) detect from
60 eV to 2000 eV. The extension of the energy range to a much wider range is necessary for applying to
cutting edge material science. For this reason, a novel SXES development for TEM extends the energy
range to be from 50 eV to 3800 eV by use of four gratings. A newly designed and fabricated grating is
taking charge of the lowest energy range from 50 to 200 eV. The design and evaluation of diffraction
efficiencies of the grating are described.

Keywords: Diffraction grating, Soft X-ray, Spectrograph, Diffraction efficiency
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Fig.1 (Z JS50XL % AV 7= Vi g R w4 >

W T BB O MR AR 3, JEIEA S E 9T r=260m 285
K- TOREREL 237.268 mm THD, #
T NE— 2% yz IR LTEEED y
i s w CRIFTHE T OWEE 5 n 23K
T 58,
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Fig.1. Schematic diagram of spectrograph

n=(1/D)Yw+nw +nw +nw") (1)

EETDH, 22T, BBIREL nay ny ng IIRERIRIEA R T /T A—2T, 2o BRI EIRIGED
TN 72D I A b L7z [BIHTA& - O i 2288 R LT Table 1 :ﬁéhﬂxé [4]. JEF‘#H@?&
Table 1 DA% E T DIEMBERTERSNDINIART TT7 0o V@@ NN FR i 5T 5, ik atic
RRTT7 o7 FEERE W AN TFR[S)EEE LT, BN/ TA—H iﬂﬂ@@@fd@é,v—%—&ﬁ
441.6 nm, y=-8.411943°, 8—22.558763°\ Re=599.130 mm, pc=347.839 mm. gc=425.000 mm,
Rp =0, rp=pp+qp=>583.948 mm, nc=-33.507853°, 2B, KFEH/XT A —F OFEHIT OV T
SCHR[S]Z2 S S iz,

WIZTIF—RILT L — AR B DR FHI DWW TR D, RN R ERDWLEE A, € DOREO [T
B, LT D, TIT—HOE | —BICHREERS h 1%, 1 RADED I LM CTIER S Sz o
RAHDTRD B G615

h=2A,/2(cosa +cos f3), (2

LREND, — 5 TU—ARBEPHE DA DT L — X G513

Oy =(a+p)/2. 3)

EREND, FHFRRITTIFT = 7L — AR iR KRB R I R O R A CTIER IR
L TR RIRT0 | IR R E R IR TORRONTZNRENDIONTT DT80 | W RFPIHAY 6-25
nm O A, ~ 10 nm &5, 4, = 10 nm, A o= 86°, ZIHEFE 1/D = 1200 A/mm &35, [EHF
18, = —80.252704°L 72 %, FIF—TDEA (2) &V h = 20915 nm 725, Fiz, 7L —ARBIOLA

Table 1 Optimized radius of curvature of the grating and expansion factors, #,, n;, and n4, of the
groove number, n, when the groove pattern is projected onto the y-z plane and the groove number at the
point w on the y-axis is series expanded.

R (mm) ny(mm™>) ny(mm™) ny(mm™*)
3960 -3.39645%107 1.35347x10°° ~5.10467x10°®
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Fig.2. Calculated diffraction efficiencies of
Au-coated laminar-type grating (o= 86°, a/D =
0.3). Groove depth, A, vs. the +1-st order

diffraction efficiency.
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Fig.3. Calculated diffraction efficiencies of
Au-coated blazed-type grating (o= 86°). Blaze
angle (BLA), 6k, vs. the +1-st order diffraction

efficiency.

(3) KXV Gy =2.873648°L772 D,

T —HREHE T O F OO RS a &¥&FEH D D (duty ratio) & a/D = 0.3 (—fRIZHW
BTN RBELND I E MBS DO H G MEITEH LD E) Ak iz a = 86°, AEWEE Au(fE
JZ:100 nm) & L7-BEDEIFTRIER (1 IRE) D32l — a4 B Fig. 2 (-7, HEES h=20~25 nm D
B R TR RN ELIRDIENS DD, ET-, Fig3 1%, I3 —RI LR USRI U St TREE LT
7L — AR BATRE ORI h 3 (1 IR E) 0)‘/‘:;1/—‘/3‘/%%’63?)50 TL— X Gy = 2.5~3.0°D
A BFEIRCENELRD, B, BITEREOFEIIIHROY 7 N =T [T W,

3. [EIHTHEF JSS0XL DRUELEHFZHHAE

[l HT4& - D RUEIZRIHEI O BRI E SO TREBRUEFTICB W U T, Arr 77 4o 7RI+
DIMUNZIE BK-T (R T ALY T0 o KFTTTAR) & Nz, 50 505t 8% - T U BRI Sl E
U= R HLEIER 0.3 nm rms Tho7z, BN FRITITE 2 BiOIEER N FE O FR 5] VW=, 7
IO AIEDOIERIZIT T A P DA BR L CTELIEZRIR O LD —2 ey T 7
vxﬁkbfﬁﬁw_o ZDIESZER DS — A5 L, CHF; IZXADBUGHEAF B — by F U 7 [8])%

1THZETHEMRMNICTIFT A FE 2T TV — AR OIEF IR EER T2, 20O EIZI35 50 nm JED
Au ARG LT, IRk U3 m IR G HAlZS TRIE LT,

ERL U7z 2 T DRI Iz o0 T, £9, ZI AL Tik~%, FRLEZT I
[BIHTHE T O LTI 3 1 IR & 13 20.5 nm, duty ratio (£ 0.24 THHo 7z, Fio, RIS DOV
1% 20.8 nm, duty ratio D F-15(X 0.28 Th o7z, BT D RYRMPE I ISLAEE KT SR B2 —#X
FRE — LT A BL-11 IZER E S8R X SRR 1Rl AT A[91% IV iz, Fig. 4 1%, 737 —[A]
Pk D 0, 1, 2 WD EHT 2R A #E ThH D, FERUIFHHEAETHD, 54 eV D 1 IRIEDEIHTEH=RIL
#18% Th-o7=,

WIZ, T —ARBEHT 2 ONWTIR D, 7L — ARG IR BRI 52 D BE Z &
T 57280, FEERITERLZEITHEF (No. 3, 4) OIEIRAREZIRGHIIZIZ XV HE L7z, Z Off
B2 BT 1 ROCEIT R AR LB L7245 % Fig. 5 1ORd (), AR [E A& DI
KThsd, £7o. 7 L—X MBI T ORISR OFHEIZITHRO Y 7 b7 =7 [10]%2EH L
Tro T I —RILFEIRRIC, MERLL 72 2 DD 7 L — X RERIEIHTHS T ORI R RITHR X #5373
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Fig.4. Measured diffraction efficiency curves of
the laminar-type grating. The solid lines indicate
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Fig.5. Measured diffraction efficiency curves of
the blazed-type gratings. The solid lines indicate

the calculated results. the calculated results. The inset indicates the
groove shapes of the respective gratings measured

by a profilometer.

i A7 & VTRl L 7= (Fig. 5). No. 3.4 OZhRMFIIIHRED R<—EL TWDADNRG05, FE
(2, No. 3 D4, 8-16 nm T 20%LL F, 24 nm TH 10%LL E& 2HIERK £k oI —R X0 &b
THholz, ZORERILEI RO EWT L — X% TEM-SXES VAT AMIE AT 5D BN LA R
LTW5, LML, BURL TN, T L—ARAE 2 ELL ED @RS ES 453, Zhudmk
HEFIH U@ o e NIZ AR ThL— 7, SR RET DM E DB E ThnWia | tho
MBSO E IR EFI G5 SXE AT NUVAEIRIZ B2 A RTREMEN T A, FD L5786 A
AT MVGHTIIIE B D ENTZD @SR AR CEHTI T RO TR E W, LIzi-> T, EL50ET
KT EAR T RED T ENC R ST AL E R B S,

A lalEkEt, TERL, SEL 72 2 B O S ERS G AR 7 T7 oo 7l # 1 ISS50XL 1 50-3800 eV FEIEk
@ TEM-SXES FHHllZ AT ADIK = R F — % /38—, Li-K A7 hVEHIIOEZHIZH Z 9 5 1E
BEEZAETDHZENDhoTe, 5%IE. MRV X— % D R—F 5 ZJ@EEIPT T2 BH% LT
SFPETHD,

ABFGE D — IR F AT IR BRSSP 2 W [F)S — XA ) _R—a b FHE (B AT —) [ 27—
JVER X BRI N AT LDBIF | LT Tz,

BE IR
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Phys. Part 1 43, 4334-4337 (2004).
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EHH 7 = b bR TF v — 77UV AR L — Y — DB %

Research for Robust Femtosecond Chirped-Pulse Amplification
Laser with an Identical Positive Dispersive Media as Pulse
Stretcher and Compressor

JRP R, IR, a—, Filak, (Wi E—
MSTATEE N BRI 0T FE B e b AE & 72— 20 AT FEEE Y
Yutaka AKAHANE, Kanade OGAWA, Koichi TSUJI, Makoto AOYAMA, Koichi
YAMAKAWA

Quantum Beam Science Directorate, Japan Atomic Energy Agency

We have proposed and demonstrated a simple and robust femtosecond optical-parametric chirped-pulse
amplification scheme in which an even order dispersion of an idler pulse is compensated by passing through an
identical positive dispersive material used for temporal stretching a signal pulse. By compressing the idler
pulses having a negatively chirp in this manner, high power sub-100 fs pulses were successfully obtained with

only a transparent glass block used for the stretcher and compressor.

Keywords: Chirped-Pulse Amplification (CPA), Optical-Parametric Chirped-Pulse Amplification
(OPCPA), Dispersion Compensation

1. RUBIT

T — 7 L AHEE (CPA)E A VN2 7 = I NRD i 58 E AR AL L AL — - — 1 BB O BRI RE ] &
VLR CHR ATREZ2 72D FEBN T RETHY , L —F — N LEDFEE S CRER TR AT —
CEHLTWD, LIPLeRE 21 HidZ Mz 724 B TH @i VAL —F — O pE 3R] H Tl Nd:YAG
L—HF == CO, L —H =N E i TT7 = AMD CPA U — — 37/ A HEA T 0,

7 LMD CPA L — W — DRI N Fa W BB &L CEE OIEFEN BRI BN, FOX 1O

IZ CPA L —W—Tldil@ i/ VAR K OVERE IZEPTES X F OB R T2 HVDR, Zhb)t
FRAIIRTVETOHRICHI, FIIRE R EFRTEOZICHL —F — I LG OB R 5
WZIERUFER N, FTo/ VL AEMERF ISR O e R EZ KD LWIMRAR EN RO ELH D, 7 = Lb
) CPA L —H — N BP0 L+ 5 4 1213 Lt ods Sz wiRLizs o 7V CBREEM 3L, mifs
ENEOL —WF —HE LR TDLMLENHY  RFIRLZOL —F —EEOHEA HIEL TV,

2. PTARG—RA_NVRERO KA

AW TIEEMP CPA L—HF —3E@EEZEBLT L7200 NRT AN v 7 F X —T7 0L AR
(OPCPA)RFHIZFEAET 57 A N7 —NITHER LT, 3T A U v 7 HiilE(OPA) I AL BE AR T dH
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B0, TA R —=HOBEROWESEOF BT 7T A dcw L TRET 51, Z otk g
5IENHE CIEF v — AV A E SNV 7TV RICH LT OPA BjCETF ¥ —7 DT A
R —HNBRETDH, ZDOT A KT —HITT T FIINIE L AR LT-0 &R CIE ) 8E %2 1@
T2 & TV ATEMENAIRE T, 2V AR < JEMEIC T 7 A7 0y 7 EO RS BURE O A& v
VT NVTREOEICHEW L — = E N RETH D,

8. TAFT—R RN RERKR

FAFEBROBLEZ Fig.1 IR T, 72 AMPE—Ray 73R8 UL ANE 57 fs(FWHM)H 1731 2%
21T BE IR TH D Yh:YLE R 7L —F =B OPCPA DfEEEL THW-, K20
Yb:YLF fA iR g COHIE YA 2 ps ETNVAEMEL 205 I REW S 1 mm ¢ FREIZX D)
A—RLT OPCPA DR 7 HEL T, R 7D OPA #55: (BBO, £& 7 mm) AHE RO /L
F—13 0.9 m] THE L 60 GW/cm? TIH-o72, OPCPA DL ZF /L IIFFE 5 ecm @ SF11 & 45 B 7 A
7w/ 390 fs (FWHM)E T/ IV AHIRESILZEIT 1.1 mm ¢ (23U A—REH, OPA fE SN TAZ 724
1.2 TR EERSDEN., WIESILZ, OPA OFIEFIZ~10° FRETAaF 1772 TEHIILZ
TART—H=xNF¥—64 p] ERVW—EERLTZ, BETART—HEEKEmIT—CENL LRIV T
F L ZHBEIZ W=D LA — D SF11 H TG AT a7 FR S, SV AERE LT, 7SV AERE R4
DT ART =D IV AMEIX 7 ayhH CF R E THAAIL 7=,

Oscillator
(1020 nm, 57 fs)

PANDA
fiocs [— Yb:YLF Regen = Cor:uz)rssssor
OPA SHG| * *
(BBO 7mm-t) \ |
Glassbloc Pum
(SF11 50mm

Delay line

| Single-shot

autocorrelator

Fig.1 Experimental Setup of Idler Pulse Compression

4. MiR.EBR

FERTD OPAT 7 F AN T ART—HDAXT VA Fig. 2128 T, TART— O F O RIEy
T FIVHITHILT 40 nm BEEFE RIS 7L TS, ZHEA [E 0 3R T o IEFREE &1 L5 D
Thd, 7VAERERIG O T ART—0 A B R Fig. 3R, TTAT my 7 BiEimpio L
g 290 fs (FWHM) (25U Tt id 73.9 fs (FWHMIZ 2 LV AEMESN TWAZEZ R LTz, ZOFE
Mt DT ART— N UL NG L7 — U 225 R IR (59.3 IR TE TRV, Je1EE D IE R AL E (2
BRI 7 TN HETART = HE DR 7 IBNRIN TH D, #5E 980 nm TD SF11 HTAT my s
DOFEEEIE/HUE 1020 nm JE R OHOL 440 fs* B7p>TERY, ZOfEIL 19fs D7V AMBRIZH S L, 55
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NI=TART =K VAR 7 — )RR LD LI~ KL TWD, ZOIHREREAR —EITIV[AE
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0.0 Mecchasasssarls o, | La
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Fig.2 OPA Spectra of Signal (Red Line) and Idler (Dashed Line) Pulses. The Center Wavelength of the
Idler Pulse was Shifted to ~40 nm with Respect to the Signal Pulse. FWHM Bandwidth of the Signal and

Idler Pulses are 22 nm and 26 nm, Respectively.

1.0 | 1 I
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Fig. 3 Autocorrelation Traces of Idler Pulses. Autocorrelation Widths with (Red Line and Circles) and
without (Blue Line and Circles) SF11 Glass Block were Measured to be 104 fs and 416 fs, Respectively.

Pulse Durations of the Idler Pulses were 73.9 and 295 fs, Respectively.

BB ASEDOTART— L AEHETFIETIE OPA FRICKEETAMEEBIR D4 BUTME S D08, o725
D ST E ST, W TR T By VBRI SV RICEREL T, A TIRERAREORE 3 &
Sy D BRI T~ D 8B A G Al 3 572D 7 F VKD Bps 2L A IR A AR E L TR 3 IR K
DEFEEAT ST, FORERFERE 3 WA HUE 2x10° fs® L7420 | Fig. 4 (R BB TEORRIZY 7 100 fs /<
VSN AN~V ThHZ LA R LT,
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Fig. 4 Calculation Result of Tempporal Profile of Compressed Idler pulse with 75cm SF11 Glass Block
for Pulse Stretcher and Compressor (Red Line). The Duration of the Compressed Pulse is 83.5 fs (FWHM).
Blue Line is the Fourier Transform-Limited Pulse (57 fs (FWHM)).

5. BbViZ
T LSS RT AN I TF e — T VAR BT DT AR T — W H AT HZE TV Ak - JE HE

WZ[R—DAFAT v & iz CPA L —H — P AR THLZ LA TR R L FAEL Tz, FAEER TIX
2OV ANEY T 100 fs OMRE VAR ITEDHD (szﬂj%f:o ZOFEEHNAZETT = ANL — W
—MILA~DIEHIFb A MO OEER AT 53 0 7V TEREDOEIZHRS, mah#FEem
3@&*7:LAI*@‘I/“”)L%ﬁ)%ﬁﬁ"é_&%,ﬁﬁﬁéﬂéo

BB W
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Application of the Nuclear Fusion Micro Capsule Manufacturing Technology
to Facility Maintenance

Orf EEHE, AR HHEZ
MNIATEAEN B AR TR FEBA SRS &1 B — Ao AR ZEER
Fuyumi ITO, Akihiko NISHIMURA

Quantum Beam Science Directorate, Japan Atomic Energy Agency

Fine magnetic particles having UV fluorescence were specially developed in magnetic crack detection
technique. To apply this technique for inspection on the heat exchanger tubes of aging nuclear power
plants, hundreds micron sized capsules containing the fine magnetic particles were chemically synthesized.

The resultant microcapsules indicated the collective sensitivity by distribution of leakage magnetic flux.

Keywords: microcapsule, magnetic particle testing, magnetic crack detection.

1. B

IR G = L X — [ THIERIRIEAL - (LA REHRIRE S 2 ik 5 2 FEEO O L D TH Y | RICKFE L
— P =T R X =S ¥ — CIHBEMERA BOG & PREN A A b TE 7, — 7,
BRGSO Z R Z 9 1= B E — 7 > b & L—F — Ol CEETH 0 K O
HAATICHED BT E 2, LAAT, WEH IIRE Y — 7 FEEICHED > TEBY, ZOMEEIEA
TOHHETHREFZICHBT DFED ML D, ARG TR I OSHFIEIZON TR~ S,

2. EB

TIROE N ZNE Lz~ A 7 vl 7' @ MC)DIER 21T o7-, =</ a L B RE
b 272D, WAHO M) EAKMEWL HH, W2 DB ELY —B S8, BEHORELEMT 55
i BERA T~y g k) OfER LR GRS 1T D O HIORERRD B 4 % — K24
21 TP 2 TR MC Z{ERL L 7=, =~ /L 3 0 W1 ARIERER - SEiEHER - flik, w2
I Swt%e R U B =7 b a— LKIER. O fHIZR U AF Lo v b 12-v7nexi o0
RAFBIRE AR S Th 5, B MC OFERIENC, 2D 3 FEORIREE ORE %
THOMERS D, WL - W2 HOBEITHN 1.015 THHH, RvBrb12-Yr7unciro
HREZESELZ IR0 OMOBERELZIT -7, I W1 HH(BmL) & O fH(4.5mL) % ¥ > 7
JFRDOFIZ AL, BT 22 L1250 WI/O =< /by g L AERL L7, ORI LY W1/0
TNTa s EATRMMET A0, 2O g & W2 AH(500mL)D A 5 7= 500mL B — 7
HIZHE T L, 70°C T 2 REEINEME# 217 9 2 & T, O HOIRGAIIAELZ R S 7=, £ D%,
W2 2B B 72 OWiE 21772,

-75 -



JAEA-Conf 2011-001

3. R

MC \ZNE L7 BN %3 & 5 LBk MC ORI ERIE Tlda <AHRICEE Lz, 20K
K& LT, WLAH - W2 4 - OHHOEEAREENE 2 Hivd, MC OFERGEREICIB W T, E/EE
FL7REECIERIT 2 0B H 0 . WL HH - W2 4 - O FHOBEREA I RAIR CTH D, Lo LI
MC D6, W1 HICITEET 2825 A ST o 72, '
W1 HH - W2 #H - O OB EREA IR S Tl M EE %<&
H W70, MBS, =<y g CNICRERD EE L7
T, RN ER L LIS, S5, OFE WI MO
RFRIZ LY ORI W FHOBRL 12308k LTe, 2 ORFORkL 1
DR E SIIER MC ONRE 725 Z L 2R LT, B DK —
ESEHET B0, W1 H & O AHD BRI 2 25 S B4 1%$¥£%§$%&$$@0
B BERY MC DR S ZIUCH UL = & AR Le,  particles (6.7w0%)
Weo T, BIPEEE T RA—L LFTH LT, KGO KRE &
(i L7k MC Z2F 2 Z L N ATRECTd 5,

b g%t L CHEE 7 17)(Fig.2(a)) & AT AI(Fig. 2(b)IZIE E 50 1 m + 18 0.6mm D K ffa% D)
Te @k 2 -V CL Fig ISRy MC Z80fi L. #EHEZ ) 1099AT DR bas 2 WV TR & gk &
Bz, TOREE, BHALRRTR L TIRE 716 0O RMEEIZ O BB MC 854 LTz, Figl3 l[ORT &9
(2, REEEBOBREERIT/N S W T8 | WERII R MR A 1[5 LT L., £ O—HITZEMICIRIRT 5,
ZZITMC EBATT D & BE ASBAME S RKaOTEARICIN » TBO 23138 LR ST R S
5o BEHRIIBALERITRE U CTATH SN D T2 8, e bds & AT 710 O K ek (Fig. 2(b) (2 1 TRy
MC FESET, —HEMbERITx L TERE MO K EE(Fig. 2@ I TIRRBE R AT AE L2729,
RIMGER R MC DMEAR LT EHEZR LT,

Fig.2 Photo of the micro capsule con
magnetic particles, when electric current flows
through an electromagnet..

AL

Fig.3 Schematic view for line distribution
magnetic flux when a ferromagnetic material
was magnetized by Handy-Magna. The long
axis direction of the crack is the same as the
direction of the magnetizer.
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Negative Effect of Crystallization on the Mechanism of Laser Damage in HfO,/S10,
Multilayer Dielectric Mirrors
RVA S e =2 B N 1 2 P (O = N AT T 3
MSTATBIEN B ARJF A+ 10T T P FE A B & — LS AR FE R M
JRH . JEE IR
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We present the current status of OPCPA/LD-pumped Yb:YAG hybrid laser system development at the
Photo-Medical Research Center (PMRC) as a candidate for a laser-driven medical accelerator to be applied
to cancer therapy. To improve the contrast ratio of the final recompressed laser pulse, an OPCPA
preamplifier is used as an alternative to a regenerative one. An Yb:YAG thin disk amplifier pumped at 940
nm by a high energy, high repetition rate LD has been developed as a second amplifier in the system. An
output laser energy of 120 mJ with a specrual bandwidth of 3 nm (FWHM) was obtained. We have also
measured for the first time the contrast ratio of this hybrid laser system after final pulse compression. The
contrast ratio was measured to be 10™ at -150 ps prior to the main peak of the pulse. This new result

indicates that such a hybrid laser system can generate high contrast laser pulses.

Keywords: Laser particle acceleration, Cancer therapy, High intensity and high contrast laser
system, Yb:YAG, OPCPA, hybrid laser system

1. Introduction

High energy protons (and other ions), adequately accelerated by an intense laser irradiation that is
focussed to peak intensities in excess of 10°° Wem™ can potentially be used for cancer therapy [1]. It is
well-known that the particle energy in such laser-driven schemes depends critically on the laser intensity at

the source. In some cases the number of relevant (available) high energy protons can be as much as 10

-82 -



JAEA-Conf 2011-001

per laser pulse. At this single pulse proton yield level laser systems will still need to operate at ~ 100 Hz in
order to deliver 10°'° protons per second for a hadron therapy [2]. The Ytterbium (Yb) doped crystal,
especially Yb:YAG, is a promising material for compact, high power, high repetition rate laser systems
because of the relatively broad fluorescence bandwidth and the LD pumping (at 940 or 976 nm)[3]. Yb
based chirped pulse amplification (CPA) systems have been recently demonstrated worldwide [4-5] where
typically a regenerative preamplifier has been used. It is well-known that the prepulse and amplified
spontaneous emission (ASE) levels can be significant with a regenerative amplifier. In most experimental
studies it is very important to suppress the prepulse and ASE levels, because a preplasma is generated
before the peak of the laser pulse can alter the target condition and limit proton energy. Optical parametric
chirped pulse amplification (OPCPA) is known to further reduce these levels [6]. Our OPCPA preamplifier
has improved the temporal contrast (by at least two orders of magnitude) and the spectral bandwidth
narrowing at high repetition-rates. The Yb:YAG thin ceramic disk amplifier downstream of the OPCPA
unit allows for large aperture size and the highly efficient water cooling at the back surface of the disk. In

this proceeding we report the current status of our new OPCPA/Yb:YAG hybrid laser system.

2. Experimets and discussion

As seen in Fig. 1 the laser system consists on an oscillator, an aberration free stretcher, a nonlinear
preamplifier (OPCPA unit), a multi-pass Yb:YAG amplifier, and a pulse compressor. From the oscillator
near transform-limited pulses of energy of 25 nJ are delivered at an 40 MHz repetition rate (i.e. 1W
average power). The Stretched oscillator pulses are amplified in two stages and subsequently recompressed
with grating pair compressor. With a bandwidth of 5 nm (FWHM) centered at 1030 nm the pulse duration
(FHWM) is 200 fs. The Offner stretcher (consisting of a gold coated grating by Jobin Yvon Horiba, a

spherical mirror and a concave mirror) extends the seed pulse duration to 1 ns with 13.8 nJ energy

Electronicsignal

i
i
. Pump
fezﬁlz::esfjnd » Offner ?)S:(?EAE Nd:YAG SHG
i stretcher - 350 mJ/8ns
oscillator preamplifier
FROG Pump
or Pulse 20 pass Q-CW LD
s, [t U |l Ybi¥AGthin 940nm,  f--
P disk amplifier 2)/2ms
correlator

Fig. 1. Layout of the OPCPA/Yb:YAG hybrid laser system. The laser system is composed of an oscillator, an Offner
type stretcher, a OPCPA preamplifier, a 20-pass Yb:YAG thin disk amplifier and a pulse compressor
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(stretcher energy efficiency of 55 %). Following the stretcher a commercial pulse selector extracts seed
pulses at a 10 Hz repetition rate that is synchronized to the 10 Hz repetition rate of the Nd:YAG pump laser.
Details of the OPCPA setup are described in Ref. 7. The single pass OPCPA gain (through a 56 mm length)
exceeds 10° such that the output energy is amplified to 7.2 mJ with only a 13.8 nJ input. The spectral
bandwidths (FWHM) before and after the OPCPA are about 5 nm and 10.8 nm, respectively. Spectral
broadening and associated pulse shaping are optimized in the OPCPA unit by angle tuned phase matching
in the BBO crystals. Consequently, unlike the peaked asymmetric spectral profile of the incident seed
exiting the stretcher, the spectral profile of the preamplified laser pulse is that of an asymmetric flat top.
Following preamplification by the OPCPA, the laser pulse was further amplified by the Yb:YAG (0.7 at %)
ceramic thin disk. The thin disk of 0.6 mm thickness is monted on an un-doped YAG of 1.4 mm thickness
and diameter of 10 mm. This disk was pumped by the Q-CW fiber coupled LD (Model LA1216,
Hamamatsu Photonics) at an energy of 2 J with 2 ms duration (kW peak power) . The detailed pumping
scheme using the LD unit for the Yb:YAG thin disk has been described in Ref. 8. Currently the maximum
output energy from the thin disk amplifier after 20 passes is 120 mJ with bandwidth of 3 nm and at a 10 Hz
repetition rate. The transform-limited pulse duration is estimated to be 300 fs from this experiment result.
This spectral bandwidth narrowing to 3 nm is due to the strong gain at the 1030 nm wavelength. The
output laser pulse from Yb:YAG amplifier is subsequently recompressed with a compressor comprised of a
gold grating pair. The compressed pulse duration is measured to be 300 fs by using FROG
(GRENOUILLE UPM-10-100, Swamp Optics). The compressor efficiency exceeds 70 % and the
compressed pulse energy is 85 ml, potentially. The incident spectral bandwidth (5 nm) could be
maintained by combining media with gain peaked at slightly different wavelengths. For example this could
be Yb doped material used in a second multi-pass thin disk amplifier immediately after the Yb:YAG disk
amplifier.

Figure 2 illustrates the temporal

contrast of the amplified laser pulse. The —
YAG disl

contrast level 150 ps before the main pulse ) seed
. R . . —_ Forward reflection (FR)
is measured to be 10 using a third-order 3 Main
o Back reflection (BR)
femtosecond  cross-correlator  (Squoia, a
Amplitude Systems Inc). Also shown in Fig. §
2, several peaks were observed at -40 ps, -20
ps, 20ps, and 40 ps. These signals before 00 300 200 100 m T00
and after amplified main pulse are attributed Time (ps)
to the front and back surface of Yb:YAG Fig. 2. Temporal contrast of the amplified pulse. Inset,
. . . diagram of front and back surface reflection from thin
disk. These reflections can be removed with disk amplifier

Brewster angle incidence of the seed laser

pulse on the thin disk.
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3. Conclusion

We have demonstrated an OPCPA/Yb:YAG hybrid laser system as a candidate for an integrated laser
driven ion accelerator system (ILDIAS) at PMRC, JAEA. Following twenty passes through the thin
Yb:YAG disk output pulse energy of 120 mJ with spectral bandwidth of 3 nm was achieved. The temporal
contrast ratio of the recompressed laser pulse is 10 at 150 ps before the main peak of amplified pulse.
This demonstration shows that this type of hybrid laser system can generate intense pulses at a high

repetition rate with high contrast.
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CR-39 was used in order to measure the high energy ion. However, CR-39 needs prolonged time for
analysis and can not measure in the real time. In this experiment, multi wire proportional counter (MWPC)
was used in order to measure in the real time. We analyzed the MWPC results and converted MWPC

results into 2D images. This image became approximately-same as image of fluorescent plate.
Keywords: Real Time Measurement, High Energy Ion
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Figure 1. Experimental Setup.
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Figure 3. (a) and (b) are Y1 and Y2 data , respectively. (c) becomes relation between amount of

displacement and shot number from detector center.
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Figure 4. (a) This figure is added Y2 to Y1. This Y2 is converted in order to add to Y1. (b) is 2D image
of Fig. 4(a). (c) becomes relation between FWHM (Full Width at Half Maximum) and shot number.
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Figure 5. These figures show image of fluorescent plate when the current of electrical magnet was

changed.
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Measurement of Terahertz Radiation Pattern
Emitted From Solid Targets by Exciting Terawatt Lasers
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Bk B2 NAE W2 B B KIE AT
NI NE N2 e 2 it 2
P AR RIS R — AR AR
OShigeki NASHIMA and Makoto HOSODA,
Satoru ORIMO, Koichi OGURA, Akito SAGISAKA, and Hiroyuki DAIDO
'Department of Applied Physics, Graduate School, Osaka City University

* Quantum Beam Science Directorate, Japan Atomic Energy Agency

We have investigated the radiation distribution characteristics of terahertz (THz) waves from Ti foil
target that was horizontal to the incident plane by using JLITE-X system. We found that intense THz
radiation had a wide distribution around the reflective direction and its polarization was linear parallel to

the incident plane.

Keywords : Terawatt laser, terahertz (THz) radiation, laser plasma, transition radiation
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Figure 1: Schematic illustration of experimental setup for the detection of terahertz radiation.

WA — L TCOBBPITEREN TWAZEEERL TS, AIFFECIE, THz B K559/
M X OWTHRETT A7 THz 31 O FUH 8 B R 23 <7

2. EBGE

Figure 1 [ZFBRELE M 2R~ 7. b L —F —IZHWZ JLITE-X 2 A7 2% W T, 2l R U 5
PEC 5 um JEO Ti §EICHSTL7Z[9].  THz W OFHANZE, M2 0°(6= 90°) £IZL T, ¢=0° 90°, 135°,
180°, 225°, FBLUN, 270° DS M TITo72. Fi2, ¢ = 135°, BEWY, 225° FWMITiE, 6= 75° LN 105°
D FHRBAT-72[10]. AL A SH7 THZ #721%, BHEHEL0 THz 3% 40 > & (fF 250 mm)
RAEIT—E AV THEERLGRIMIEVHL, DTGS MHEHZEVE OIS R EZFHRIL 2. & 500
TOFITIE, _VZVERWTHIYETREZFAREL, it ok BRI EA T~ £, R ERE ]
(A LTZTA Y — 27 Uy N6 T2 AV CEIB L7 THz IREZFHAIL, WYeREE2 T~ 7.

3. BRBIUEE

Figure 2 (%, AL YEHRAE 23] 100 mJ (Z38WNT Ti 52 —7 v MG U Sz THz U O T4 4y
M THD. KPP OHEFIOE 5L, SRR E ENDBHET 4V F —DFw R A2 E I AN T
DI SR A L= BIECTHD. I, HAIL7-E DA TH THz ARHIISCTERY, g, i
LD S 7 TR D JE R C i SR EE 7 THz AN S TVD D23 o5, & L THLERZENZ &
Ti §65—7" v bORHELEASHU &I 0 J7 11T THz S FHAIS LTS,

Figure 3 1%, ¢ = 135° 180°, J5L U8, 225° J5 AN ik &7z THz 58 O b Yook SE AR T E D 75

-91 -



JAEA-Conf 2011-001

90
20
10 \.\
XS
0 <ov}: 0
o
10 | N\ \ -/ e
20

270

Figure 2. Radiation distribution characteristics of THz waves from Ti foil target parallel to the incident plane.
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Figure 3. Radiation power characteristics vs. laser pulse energy. Solid lines show curve fittings as a function of power of a
number for laser pulse energy. THz signals were measured at (a) ¢= 135° and 8 = 90°, (b) ¢= 180° and 6 = 90°, and (c) ¢
=225°and 6 =90°.
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4.13  First layer D7 — g F 2R R BNFI B LB In&E

Using the Coulomb Explosion Effect of a First Layer on Proton Acceleration

SFHEAE . S.V. BULANOV. T.Zh. ESIRKEPOV. J. KOGA. #PqEyk
ISTATEOEN B AR S ZE B R MRS & 72— 200 A9 Y
T. MORITA, S.V.BULANOV, T.Zh. ESIRKEPOV, J.KOGA, M.KANDO

Quantum Beam Science Directorate, Japan Atomic Energy Agency

It is shown by PIC simulations that higher energy protons are obtained by using "light material" in the
first layer of a double-layer target. It is shown that this is because a hard coulomb explosion occurs in the

"light material”". As a result, the protons keep accelerating for a longer time.

Keywords: Ion acceleration, monoenergetic ion beams, laser plasma interaction, Particle-in-Cell

simulation
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FNX—=DT AR PLELEIN TS, BIZIE, IR —F—Z2 Wb T, JEmn=rLF
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Thrust Evaluation of Magneto Plasma Sail that Obtains an Electromagnetic
Thrust from the Solar Wind

PRATAFZZY | AR —2Y | FgRe s ? )i =P
D) F- L2 TE BRI A . 2) 00 5 K AR et 3) AUl K AR AE BRI FE T
Yoshihiro KAJIMURA", Tkkoh FUNAKI", Hideyuki USUI”, Hiroshi YAMAKAWA”
1)Japan Aerospace Exploration Agency, 2)Kobe University, 3)Kyoto University

Magneto Plasma Sail (MPS) is a propulsion system used in space, which generates its force by the
interaction between the solar wind and an inflated magnetic field via a plasma injection. The quantitative
evaluation of the thrust increment generated by injecting a plasma jet with a By, less than unity was
conducted by three-dimensional hybrid particle-in-cell (PIC) simulations in an ion inertia scale. The
injected plasma beta B, is 0.02 and the ratio of Larmor radius of injected ion to the representative length of
the magnetic field is 0.5 at the injection point. In this situation, the obtained thrust of the MPS is 1.6 mN
compared with the 0.2 mN of the thrust obtained by the pure magnetic sail since the induced current region

on magnetosphere expanded by the magnetic inflation.
Keywords: Magneto Plasma Sail, Solar Wind, Magnetic field, Hybrid PIC Simulation
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Fig.1 Image of MPS Spacecraft
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Fig.2 Thrust generation mechanism of MPS
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Fig.3 Simulation model
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Fig. 4 Contour plot of magnetic flux density distribution

on the xz plane (without plasma injection: Case 1).
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Fig.6 Time history of thrust in Case 1 and Case 2
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X-ray Generation using Ultraintense Laser Pulses and Its Application to

X-ray Imaging of a Pipe

Rp#fili], 4 EEKIR, R BEN P, Alexei Zhidkov, tRAZFE L
() & RbFFEAT
Yuji OISHI, Takuya NAYUKI, Chikahito NAKAJIMA, Alexei ZHIDKOV, Koshici NEMOTO
Central Research Institute of Electric Power Industry (CRIEPI)

The interaction of high-intensity ultrashort laser pulses with plasmas is currently an attractive issue,
because there are many potential applications to various fields. Here, in order to show the feasibility of the
laser-plasma x-ray for nondestructive diagnosis, we report the generation of hard x-ray from
bremsstrahlung radiation with 230 mJ, 70 fs laser pulses focused on 10 pm thick Cu and Ta film targets
with an intensity up to 10" W/cm®. The results show that signal intensity of Ta target is approximately two
times higher than that of Cu target, and that the x-ray photon number generated by single shot laser is
roughly estimated to be 1/700 of the '**Ir with a dose of 10 Ci . We also present a demonstration of an

x-ray image of a SUS 304 pipe using the laser plasma x-ray.
Keywords: Laser, High intensity, Laser Plasma X-ray, Facility Diagnosis, Radiographic Testing
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Fig.4 X-ray imaging of a pipe using laser-plasma x-ray

-103 -



JAEA-Conf 2011-001

4. 0

HEREEL — 5 — (10" W/em?, 70 £5) Z/EE 10 pum O Cu BE N Ta WS — 4y MRS+ 224 T
L —P =T IR XEEAER LT, L—PF =T FTX=XHOE BRI Ta X¥—7 MR LIZBED
J7h8 Cu Z—4 M~ 2 fii<, 1 ay b7z ORI IR A ¢ X< &5 ARSI
9211 (10 CHDKI 1/700 THAZEMRHIALT-, ZDOL—HF —F IR XpE i E T av s BE$TH247T,
TV (OME 34 mm, W 4.5 mm) OF R EGREZHLIENTE, BLEIZED, L—Y—TFX
< XHRIRO FERIERR AT~ F ATREME AR 2N TE T,

BE IR

[1] K. Ledingham, I. Spencer, T. McCanny, R. Singhal, M. Santala, E.Clark, [.Watts, F. Beg, M. Zepf, K.
Krushelnick, M.Tatarakis, A. Dangor, P. Norreys, R. Allott, D. Neely, R. Clark, A. Machacek, J. Wark,
A. Cresswell, D. Sanderson, and J.Magill, “Photonuclear Physics when a Multiterawatt Laser Pulse
Interacts with Solid Targets”, Phys. Rev. Lett., Vol. 84, pp. 899-902 (2000).

[2] A. Yogo, K. Sato, M. Mori, T. Teshima, H. Numasaki, M. Murakami, Y. Demizu, S. Akagi, S. Nagayama, K. Ogura, A.
Sagisaka, S. Orimo, M. Nishiuchi, A.S. Pirozhkov, M. Ikegami, M. Tampo, H. Sakaki, M. Suzuki, I. Daito, Y. Oishi, H.
Sugiyama, H. Kiriyama, H. Okada, S. Kanazawa, S. Kondo, T. Shimomura, Y. Nakai, M. Tanoue, H. Sasao, D. Wakai,
P.R. Bolton, and H. Daido, “Application of laser-accelerated protons to the demonstration of DNA double-strand breaks
in human cancer cells”, Appl. Phys. Lett., Vol. 94, pp. 181502-3 (2009).

[3] K. Ogura, T. Shizuma, T. Hayakawa, A. Yogo, M. Nishiuchi, S. Orimo, A. Sagisaka, A. Pirozhkov, M.

Mori, H. Kiriyama, S. Kanazawa, S. Kondo, Y. Nakai, T. Shimoura, M. Tanoue, A. Akutsu, T. Motomura, H. Okada, T.
Kimura, Y. Oishi, T. Nayuki, T. Fujii, K. Nemoto, and H. Daido, “Proton-induced Nuclear Reactions Using Compact
High-Contrast High-Intensity Laser”, Applied Physics Express, Vol. 2, pp. 066001-3 (2009).

[4] K. Takano, K. Nemoto, T. Nayuki, Y. Oishi, T. Fujii, A. Zhidkov, E. Hotta, M. Todoriki, and S. Hasegawa, "Hard X-ray
Generation by Low Energy, Tightly Focused Laser Pulses", Appl. Phys. Lett., Vol. 92, pp. 251502-3 (2008).

[5]1 Y. Oishi, T. Nayuki, C. Nakajima, T. Fujii, A. Zhidkov, and K. Nemoto, "An X-ray Imaging System for Hard-to-Reach
Facility Diagnosis Using Femtosecond Laser-Plasma", Jpn. J Appl. Phys., Vol. 49, pp. 046602-6 (2010).

[6] See http://physics.nist.gov/PhysRefData/Xcom/html/xcom1.html

[7]1E. H. Land and J. J. MaCann, "Lightness and Retinex Theory", J. Opt. Sociery of America, Vol. 61(1), pp. 1-11 (1971).

- 104 -



JAEA-Conf 2011-001

416 2 BV —YF —HBAEIINED-D D

TR AIaF T T4 T AR

Formation of a Transient Plasma Micro Optics for
Two-Staged Laser Wake Field Acceleration

K EAERE " VB L R L AR AR — 2 R P AR NS 2
WEACHE Y AT AT T /7 TLreAPRa7 5 MIEURE 22, R T # 2
PRBCRFER TR TR 2 RBORT: Rl 2 — SRR AR JTS), CREST
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Yoshio MIZUTA', Akinori NISHIDA', Syohei KAJINO', Shinichi MASUDA??, Masaki KANDO®,
Michiaki MORI*, Hideyuki KOTAKI®, Yukio HAY ASHI*, Sergei BULANOV", Alexei ZHIDKOV,
Tomonao HOSOKAI*~, and Ryosuke KODAMA *?
'Graduate School of Engineering, Osaka University ,”’Photon Pioneers Center, Osaka University,
*Japan Science and Technology Agency (JST), CREST,*
Kansai Photon Science Institute, Japan Atomic Energy Agency, Central Research Institute of Electric
Power Industry (CRIEPI),

A formation of a transient plasma micro optics (TPMO) is important in the two-staged laser wake- field
acceleration scheme, because the electron self-injection and acceleration can be controlled independently.
We have observed the TPMO created by laser pulses with the pulse duration of nanoseconds and
picoseconds using interferometer. A density profile of the plasma cavity created by the nanosecond pulse
was measured. In addition, temporal evolution of a plasma channel created by the picosecond pulse was

also observed. The channel length was 750um, which was four times the Rayleigh length.

Keywords: Laser WakeField Acceleration, Transient Plasma Micro Optics (TPMO), Laser prepulse,

Preplasma
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Fig.1 Typical CPA laser pulse Fig.2 Pre-pulse effect
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Fig.3 Experimental setup
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Fig.4 |25 CELHIS 72 TPMO OFE B REABIHIL 7= T it 2 R 7, L — — XKD LENB AT
W CEITTDREID W), 728, FOSHITITALEZZEOE R THD,
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Fig.4 Image of TMPO
Ar gas jet target was used.

Gas length was 1.2 mm. Gas density was 1.5 10"cm™
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Asymmetric supersonic Gas Jet Target For Two-staged
Laser Wake-field Acceleration

PREFEEE ", ARPHIER S, KMARRE', WRBAE ' mmEE >t NERT
CANTA T T 7 MEmME M, RE T
VAAFKF B TP TF
? AT T R
S AASE: BRI 5 —
* FVELEAIT IR RE (JST) CREST
Shohei KAJINO', Masaki KANDO?, Yoshio MIZUTA', Akinori NISHIDA', Shinichi MASUDA™,
Hideyuki KOTAKIZ, Sergei Bulanovz, Tomonao HOSOKAI3’4, Ryosuke KODAMA '
'Graduate School of Engineering, Osaka University,
Kansai Photon Science Institute, Japan Atomic Energy Agency
3Photon Pioneers Center, Osaka University,
4Japan Science and Technology Agency (JST), CREST,

We have studied laser wake-field acceleration (LWFA) for aiming at repeatable and high
quality, (quasi-monoenergy, low-emittance, ultra-short pulse, high-energy, high-charge)
electron source / accelerator. Two-staged LFWA schemes seem to be most promising way to
make it practical. It is consisted of two distinct parts, a high-density plasma injector and a
lower density plasma channel to provide higher energy with much lower energy spread of
accelerated electrons. In order to get higher quality electron beams with this scheme, we
develop an asymmetric supersonic slit-jet target. We evaluated the density distribution of the
asymmetric gas jet target for two-staged LWFA by Computed Tomography(CT) technique.
Keywords: Laser, Wake-field Acceleration, Gas jet, Computed Tomography, Density, Gladstone-Dale,
Phase-unwrapping, Mach-Zehnder
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(a)Signal image (b)Reference image (c) Discontinuous distribution  (d) Continuous distribution

Fig.2 Image of interferometer and distribution
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Fig.4 Density distribution of gas jet target in Imm from tip of nozzle
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Molecular Orientation Effect on Isotope-selective Vibrational Excitations:
Quantum Optimal Control Study

AR
HAJR T OO e kM &1 o — 2O s v —y —BhlEarse s v —7
Yuzuru KUROSAKI

Quantum Engineering Group, Quantum Beam Science Directorate, Japan Atomic Energy Agency

In this study we try to obtain theoretically a single electric field that can realize efficient
isotope-selective vibrational excitations for a full ensemble of randomly oriented molecules.
Computational results strongly suggest that there is such a single field that can efficiently drive all

members in the ensemble into their target states.

Keywords: Molecular orientation effect, Vibrational excitation, Isotope separation, Cesium iodide
molecule (CsI), Optimal control theory (OCT)
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Development of Novel Separation and Extraction of Platinum-Group
Metals by Laser Photo-Reduction : Dependence of Laser Wavelength
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Hironori OHBA, Yuji SASAKI*, Morihisa SAEKI

Quantum Beam Science Directorate (*Nuclear Science and Engineering Directorate), JAEA

The laser wavelength dependence on the reduction rate in a photoredox reaction process for
extraction of platinum group metal has been examined. The photoredox reaction of Rh trivalent ions in
an aqueous solution with a concentration of 0.5 mM of RhCl; is performed by using a Nd:YAG laser
light (355 nm, or 266 nm) or an ArF excimer laser light (193 nm). Since the legand-to-metal charge
transfer (CT) in Rh(IIl) aqua chlorocomplexes have a strong absorption peak around 245 nm, the
wavelength of laser light, 266 nm and 193 nm, can be excited the CT band effectively. The 193 nm
laser light was better suited for the reduction of Rh trivalent ions compared to the 266 nm light. A
more suitable reduction was observed for the Rh trivalent ions in a water/ethanol (1/1) mixture

solution during the 193 nm light irradiation.

Keywords: Laser photo-redox, Platinum group metal extraction, Rhodium chloride aqueous solution
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ZARITZ ) — (=1/1) BAEEWRICEMR L. 2 Nd:YAG 4 % @ik 2 40 7 MRS L Ciokz
FHERERIE, XA VLERERPICELIEEE, NTV UL a VU AT %L L, VT =T A
t 52%DEAETHIN CTE D Z 2R L CWH A, 4% A& TRE LEMAEDBET 2729

WIT e FERARTONBE TR EZ AR D MLERNH S, AEIX, 7P T ATRIT OV THBEEE R
DA LD OITRITGRFEIC BT D L — Y = R A TR 2 5T 5,
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2. EB

Kl s ) —v (=1/1) IBEEIRIC RhCls 2 B S CIRE 0.5 mM D1 20 A A A L KB
A Uz, I LKA 2 mL 2 A VI AR, L AR BTN D L—— %
40~60 MRS L7z, A L7 ——i%, ArF =%~ (193 nm=6.4eV). NdAYAG4 %5
AR (266 nm=4.66 eV), Nd'YAG 3 f5=ai (3556 nm=3.49 eV) THV ., #ikL 10Hz, tv—
LS mMm & L, L= =N TF= RN F—E2FBE L TENLI 18.7md, 24-28 mJ, 38.6
md (ZEEE LT, BIUOMEITIZT U LA F L IKBER OB AR NV L—F — SR R4 T
USROSy Y EERE (A AR EHRL V-660) 2 HWWTHIE L, L— —MREFRER] & DRI 2~
7 NVE— 7 REDQRERIN DT, T2 ArF =% U~ L— W —RE T, BT KIS,

Kl 7 —n (=11) REWIKRIZOWT b ol T 2 ~7z,

3. BRBIOER

~ S, N By 6 T T T T 1 1 1
BYT LA K IKRITE T = VIRETRIRIC — before imad.
ArF =% o~ L— P2 I LT b & 0% TT30sec s
SRR 2~ 7 R L OREREIZE b % Fig.1 12 o 1

LT, R L C L —V LI B
Ti&, Rh-Cl kDR &AL T & ORI THE
T ORZMMTIRbND CT BRWICERT S
SRV — 7 AERSMRBEIRIC R 51 D, G LI LITITITITIo y
ArF =% o~ L —%—HT CTEB T O R~ Ok S

. . . 200 250 300 350 400 450 500 550 600
FNAX—MUERHEST D NTELOT, R Wavelength (nm)
2T 2 & BT B LB B~ D BT O
BEhE & TEITAEIT L, BRI — 27 138
VI D, VT AL I ORI o THRKL
F TR S AL D T2 DITHELZ K » TR2NTF O
DRI L . HE S 5 B REE T
—ATA B ER LTS,

Fig.2 iivn v v AA 4@ CT N> Rl
K92 UL £ — 7 (~245 nm) & K& 550 nm
TOWIE —7 Otz REEFRICR L TR L
7o BILVEITT D &, 245 nm TOWINA
b L. 550 nm TOWIAEEINT 5D TE
=7 HIERELS LD, SHITEITLOIE TITE
D EANT MR AL L 72 T2 572
(B =7 T %, B T BRI AN 0 1020 30 40 50
7 MVE—Z HIZOWTIE, BEMET T X Fig.2. Time evolution -I(—)I?qaebgr:;gt)ion ratio of peak at
~FENIEHEE (ICP-AES) 2w L—¥ 550 nm to peak at 245 nm during laser irradiation of
—HUHI ISR D KR V0 b A A o: ArF laser; A: Nd:YAG 4o0; m: Nd:YAG 3.

Absorbance (a.u.)

Fig.1. UV-vis spectra of 0.5 mM Rh aqueous
solution before and after ArF laser irradiation. The
time evolution of absorption spectra was examined

during the photoreduction.
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BEZHEICEY, BrRE LCHATE S Z L 28 Lz, CT EBHIE 245 nm (iTIC
~7%%o@f3%mn%tf HOTHEITRIR TH D, —J5 266 nm fihifix CT /N> RIZiT
P TR ATFZRIAF—DNENTDITRILHAES HEITT H, £72 193 nm i TiL, S HIZE
REE CIE L3 EIT LTV 5, 193 nm it TlI=% / — VO IE0 R & N0 % 7= HIZE LML <
NHEZEZLND, ZTNHOFRERNLIETLEEZ N =RV X—ICKRE IKFTHZ LR T
=7,

Fig.3 X ArF =¥ o~ L —HPF—HORKNGEHET T, =m0 Ll 4 KEKREHNTL—F—
%ﬁf% SZTEHA. LV —BREEREIIFR U Cr U A A U KEREKIZ ) —v (=1/1)

BRI R TG 6 OB TTEITE 2~ T

ﬁ%?%éow3mnV~$%%%%?ﬁ 2 E—
— Reduction completion|
CT N> ROEBERMER X UUKONSRIC L g 1-rn- m oA A .
VIETLPEITT D, KB Z MW GEG D& g " 4—--:,.'-"-———— Effect of ethanol
ﬁﬁﬁ:Fg2&m@¢ék\mmﬂ/ % ) ‘f
—/b (= 1/1) RAET frﬁf’%)ﬂb V72 266nm FRGT ‘\g 0.1 L Effect of laser power density
C
RROESCE(TE LIRERSETHY . AR LE 3 !
j’[’;%i%}l/%v— Cﬁ‘ﬂ?ﬁ“é T EDERTE T, @,) ', A ® 13.8mJ in H20
. R w R % 0.01 |4 = 15.3mJ in H20 1
L — Y —JesRE N4 5 L BN E x5 \5 - 13.7mJ in H20/EtOH
D TKRDYFRNEE & 72 0 BITHNEL 725, 5 0 10 20 30 40 50

§ N Ti i
—JF. KImE = (=1/1) BAVEETIE ime (min)

I&/~w®%A%ﬁ§%*ﬁ%6®? X

BUMEESND, ZALORRIT, v
WA4ﬁy:owTﬁ\v—%~ﬁW%ﬁm
SHLEDZH ) —VETINT 5 O0EICE)
oM EIITFEDHTHD ZEERLTND,

Fig.3. Time evolution of absorption ratio of peak at
550 nm to peak at 245 nm during ArF laser irradiation.
The laser powers and solutions are e: 13.8 mlJ,
distilled water; A: 15.3 mlJ, distilled water; m: 13.8

mlJ, distilled water/ethanol mixture.

4. ¥£&®

AWFFETIZ 7T bA A B Lo KR 2 R GATE T TEE 6 2 IS L — P — o & O
FT X —) 6 L ORI IR O B A TR~ b RO R E IKFET 2 2 L 2R LT,
LS1E, NIV TA, BV T A LT =T KON TE TR TOR TS TR 2~ CTHA
Sy B RTRENE 2 R 35

2N

[1] 1l K5, e x K, T —F— 8T LMok 74 sl fe 2 F1) F Uiz A &k o 58 O 4y B -
(RIS % | FFE 2009-129298

[2] #Efr, Ve x AR, T, K. TJAEA-Conf 2010-002(2010) 142-144.
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420 FBG ZfEM¥ HELEE=F T AT LDFREH & Eik

Design and Implementation of Piping Monitor System Using FBG

E RS RN
MSAATBAEN AT SRR SOE AT L — Y — L RIBFZE AT
B U — DISHTER Ot BT RE e S LV —7
Yukihiro SHIMADA " and Akihiko NISHIMURA "2
" Applied Laser Technology Institute, Tsuruga Head Office, JAEA

2) Quantum Beam Science Directorate, JAEA

Fiber Bragg Grating (FBQ) is the periodic refractive-index structure in an optical fiber core, where
the light of a specific wavelength is reflected. It can be used as temperature or a distorted sensor by
measuring change of the reflective wavelength of FBG. We processed FBG using a Chirped Pulse
Amplification Erbium-doped Fiber laser. Heating test under operational temperature of Fast Breeder
Reactors is now planed. The heat-resistant FBG sensor developed using ultra-short pulse laser processing

will contribute to the surveillance of power plants for seismic safety.
Keywords: Fiber Bragg Grating, Pulse Laser Processing, High Temperature Piping, Seismic Safety

1. iz

FEHIR AR EDO R T Z o MZBW T, REBERER 2 BmMIER T2 TF 7~
NDORE  REREEHEFERLOETHZENRROLNTND, —F., EARBROSECIILEY
7TAN—E I I VIRE - OFTHERE USRS ZEET 2ME~NAE=4) VTDF
EPBEICE LI TS, ZOX I R RN O HET IO REERF ) 280 ThH,
RFMZE S REEROBLRNOBRFEONT 7 A N—t P DOBEARKAL L[],

FBG & o4 &I aEN 7 7 A N—HICEIR RS R 0 Mm 2 ER L, Bl E 72 X3 5 0 A
R MOBEEY 7 FEREL TEREZHRRIESOBLEZMET 2 LOTH D, Bl I3
TDHHDARY FOVEPEIZ A =200 TE I, AIFEE, niZa 7O IR, L7 L—7 47
DA ERT, WENRYOENL - FBENZ LD EZOZIX L ICKIRT 5720, SKEHO T
FEOBERET DL CRRE=X V7 E2THOENARETH H, ZOHEFTLA, =R, &
H, EREERENARE TS B2, BIEEMAEEN TV D FBG & Uit AKEFRHR & A KOT
WEBN AT 57295, 200°C L0 ETIXE IR & E K L iRAEEY ~ OIS IXNETH 5,
FE S8V TS FBG & i3 1 IR B ER R o 7 00 FLg IR Eh -l A S RS 1 0D [ 5 088 7 D
A& BAYIZ 100 FELL T ORI/ ICE Y £ 53T b, FBRIZEIT D Na HAIEE < HTTR %
DEREMH T COEHIIRARETH 5,

—Ji. EFEOBIEL VA L —F—OFRERIZ L0 A 5O EMAM B~ DRI THAT S FE L,
FBG OEHEM LA AIREE le o7, ZOFER, MEREICTHRIELIz YL IR L TR IR To
FEFNTFREE 720 . BT O FG &9 Tk 500CE TOEANATRE L 72 o 72[2], Lo>LIEKR
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5 E RSO E 2155 - DIIZEE YR O FBG BV RNEENS[3], Hxlx7 =& Fb#E
VA L—H—%& F\ 72 point by point JENN T T EiRATED & 2 M E A FBG & o O #ifE
L ZOREICAEDETZFHIY AT LD ZIT> T 5H[4], AENIINT HikzdEL, B2t
P& L TCoOMERER E& X o - EBRERICOWTHET 5, FICERIEBEHNCHIST 5, HE
AR DBUWEIZ SN T H T 5,

2. Z7xbMPEASNVRVLV—YP—IT LB FBC & YOI TRAE

2. 1 JnTZE

AR FBG & o O TRAEICFEH Lz L — W — 13 58IRE & A 1560nm @ Er 7 7 A /N— L —H—
D25 % CPAHEIR L7=b D Th D, MAHZEBEMEIIEAL, WL X4 L CREBHZ REH T
%o MMILETOWMREIL 780nm, FFFEIEILK) 150fsec, V0K LiX 10Hz, 7SV AT RLF—(34 2
w] Th5D, L—VP—EEOKXXNE Fig. 1 IR T, MLT 587 7 A4 N—EHIIRE 28T 5
TeDIEOTIC—ERE T N—F=v 7 NI TREIRAT =V TEHIL, 1 idH72h 1 B
TMLEITHTZOENET DT 7 v THREICEDE IS BEaEE L2 LSE TV D, Ay
— & —{%& Ti:Sa L—HF—M0b Er 77 A N— b —H—~ilh4 25 = LT 0 LEBRSZEL
L. INTAEEN M B U7z, 22 72T U 7= FBG #& & DOALFE 2RSS % Fig. 2 17, E L7
MTEEHTI 2 7R 8um OBEHY VI NVE—R T 7 A N—=Th D, N7 7 A X—DFRIZH FER
ThHIZD, PO THO L— =& B L7eGa . ORI & 871 Tl s ofL
BEREZVIMTIRPER S TR 60, ZOBREEERET 572D T 7 A —DJEH % EiTr
PREAW (n=1.53, -7 mEFT7Z L) Thile L, ARRKE FRICHIE L7 [5],

Nd:YAG Laser
SHG _

Pulse C Ti;Sa,pp / Erbium-doped fiber laser
e 0““’“*550’/% Regenerative Amplifier // _1560nm. 100fsec

150fsec,1~10 i T PeriodicaI!{poled
OHz, 780nm M aiihey lithium nibate

Fig. 1 Schematic diagram of CPA laser

10um

Fig. 2 Phase contrast microscope image of

for FBG structure processing. processed optical fiber.

2. 2 BURLT FBG DA e + before h‘eating
BUVEL 72 FBG ORI A7 bV % Fig. 3127, ML HED = After heating
BRI 1590nm Tl Y | 3RDT T v VRIS T B, £ | A
1250 i, R &1 80 wm DI LOFER, BRIE 4nm O S5 A \
R MVERER LT, 2O FBG EBALIZ% LT 600°C, 1 KR
DINERFT DR AT MV & g Ui R, K& 21k - =
RGN Z e G AEINTEYE L 72 FBG M| W0 15 1M 15 10
BIRTHIRG S5 2 & 2 MR LI[5], L LRRESE T Wavelength /nm
TOMEGE DY 7 7 A4 SN—3BHINE L2 EIT L. EHICHFx  Fig. 3 Comparison before and after
D DL A REFCE o, EARIZIIANE OREZSE D% heating of FBG spectrum.

30E-03

20E-03

Reflectivity

10E-03
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RPMHATH D,
2. 3 FBGC ORET AT tov LT 444 1.00E-06
FBG %7, R & LTHW D EEOMEREIIN K

FAT MAOTARITIRAKAFE L, BRIV EHE

SEREIXM BT 5, T A E 2L SRR %A Fig. 4 |

\ZoRd, AN TREIBRIE 1639nm, AR3KIE 600 A3, FI0 TR IX

o
oY

ity

Irtens

4 .00E-0G
980um ThH D, ZDOREH, FRIFIL L. 2nm LA EL7ZH D /U wﬂ
O, FFFHCYT 74 FE—7 BEEICHA TS, Zh mwmhﬁwj T

IZFBG B Y& LTOREDRK LD, B—7E 0.00E+00

1540 1550 1560 1570

BIHOT VT Y ZLDYRIZ L > THAZ KBS ELF vt/
MARETdH 5 [6], Fig. 4 Reflected spectrum of FBG
structure.

3. FBGHHD=®ODEr 7 7 A N— 1L —YF—DHlE

W, FBG a2 HWTERIRERNAZ T 28137 7 v ZERICRHE Uiz Bl & o deas
ZHWTEFBG B b DR AT MVOEZRET 5, Lo LIEERE R LD 7 DIZidmE
FEEOS B NATH Y IREEZERT NN T T N CTOBIGHIEIZITE L TRy,
% Z TH AT FBG & oV ORI @ L L7z, LD il Er 7 7 A4 N— L —HF—DHEUYEEIT > =,
AIEE OIS % Fig. 5 (TR d, AEEOFSIILLTFTO@EY TH 5,

1) FhEE D 7= ® LD EPIXEFEEO @ — e BmfEHOR F3MERETH L0, Nt
RA N BAfi7R s AT B ORESE ATHE,
2) EORRMEIL 7 4+ b ¥ A A — FEOTREER AR AMEH T& 2 0 CRsflE s nlag, HiEdh L
DB e EREIZ RIS T D,
3) W D FBG A TIEZ St 2 BT 272 OIITR R W EDO B v o 2T 25 2 L3
ATHY ., ZAEREFHINCIIBRANEL D, ZOHETITH -HED FBC o H 2 EINCEES
O CRBERE TR Z1T 5 720l o EIRMERE < 725 [7],

BUYE L 72 BRI RO S A=Y F V% Fig. 6 (277 F, 1530nm 2> 5 1560nm F T O AEIK T
823 0. Inm AN DL E LT M ) A #eRR LTc, ROHSROMRIR 70 & % Foiax it L7z FBG & 3HHI%R %
MABRHLEDLZ LT, LOEERLT L TA VEHHIY AT ARETE 5,

o
Er Fiber Laser
-30
ex) 1475nm
/b / o :
S 40
Coupler Grating %
5
ET)
PD(Reference) & }
o L R
utput 4{ Circulator Circulator }% |
Coupler N
PD(Sample) 1530-1560nm : ; : MLI
1520 1530 1540 1550 1660 1570
Wave length Snm
Fig. 5 Schematic diagram of Erbium Fig. 6 Wavelength characteristic of
fiber laser for FBG mesurement. Erbium laser.
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4. FBGkUHDEEHRT

EBED S5 MITEFBG B 2T L5 EMAT 5
T2 OIIEEE ~DOREFIEE RN T O2LER S D,
Fig. 7 1XBE OIERBREEO —H Th 5, SR OR
BIZR L CHREL, ZAEE I TERONIE 1T
I ENARETH D, SHITHE LT FBGC &Y O
BAORBROBFOEL Y LoiMEoEAhE JB

I TETHD, Fig.7 Pressurizing examination machine of

wa

piping
5. ¥¢®
T x A oL A L —F—% - point-by-point EIZ L D FBG B U Y I TEYWEZIT - 72, 5
IBARBR ORI CHRERMENRKES BN LN LD Z O FBG #EENMEVWER 5 H 2 M8 LT,
F 7o, MEVFBG & v &R AT WIR A A G oY 72 iR R EE M #Eim STV DR
FHRET T v NMEOMERSIEEN (811K W T, miEfskr Bt =2 U 7 @et2 i
LR NI kLT D,

E iE33

FBG & H D FEMRFHI B W CUIRASHAEER RO S 2 W2 & EELE BV W LE
Uiz, HWB~OFERFHIB U QIR M RBEF B v ¥ — LRI L, Filssg
Mt JIFREEEE LY BEEREwRE L W E&EE L, £/, FBC B4l HitiER
B W TIIE AR PR LR IMRERRER . T SRR R 71 > A 7 AR
HEM RH R, AR E LA RO SR TEERMS EH 20 & %
L7z, A TEHEIW-LET,

SE R
[1] K.Matsuba C.Ito, Y.Kawahara, T.Aoyama ICON-15 (2007).
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OPTICS LETTERS 24, 646-649 (1999).
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[4] B, HE, WAL B Ak, 7 WEVFBC I X 2 miRMEY ORBIAR T =4 U v 7 Hif
DBRZE” . 55 2008 ERDES TREE J25.
[5] Y. Shimada, A.Nishimura, M. Yoshikawa, T.Kobayashi, “Design of monitoring system of high
temperature piping system by heat resistant fiber Bragg grating” , J of Laser Micro/
Nanoengineering, 5,99-102 (2010).
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421 BEEXBRL—Y—BHIZKEXE/VI9F7R2—D
NBREMA(FTIVX

Innershell Ionization in Xenon Clusters Irradiated with an Intense X-ray Laser Pulse

P — Y, BRI, AR, SMERHE, . TR
A) JEERFRZRE TR
MSATBUEN  BARIEF SRR SEpsAs B+ v — LA ZEEr

Shinichi NAMBAA), Noboru HASEGAWA, Maki KISHIMOTO,
Masaharu NISHIKINO, Tetsuya KAWACHI

A) Graduate school of Engineering, Hiroshima University
Quantum Beam Science Directorate, Japan Atomic Energy Agency

In order to clarify an interaction between xenon (Xe) clusters and a soft x-ray laser (wavelength: 13.9
nm, pulse width: ~7 ps, intensity: 2x10'® W/cm?), we measured the energy distribution of photo- and
Auger electrons as well as the ion mass spectrum. Since the photon energy of the soft x-ray laser (89.2 eV)
is sufficiently high to photoionize Xe 4d inner electrons, inner-shell ionization rather than valence-shell
ionization is the dominant ionization process, resulting in the Auger decay. It was found that prominent
photo- and Auger electron peaks were not observed, while the continuum energy spectra dominated line
peaks. Moreover, the energy distribution obtained implies the production of low temperature plasma.

Keywords: X-ray laser, Cluster plasma, Inner-shell ionization, Auger decay

1. [FC&HIC

Wk DONCBEECAE O B oA — T =BT DAY MVSHTE, BT OS2 &
DYPERFFEI R I e e FEe 24295, Lo b, X VAMINCAFET D M8 3B 5 K
F OB TTRNTX—HENE - DOFF5F LB L TR EDLNL, WkEFIZIL VIR
TFEEBRIFERODNTEY, TORELIZEAEZTRNTEOHTHD, B, 20K 5 2Pk
FENTIE SRR S THT O TV B R, 1 7V AHFICE N5 6 EITIET 1D 7, L2 - T,
X MR EWEOHEAER, R, BT RROMREERNERE YT X~ OIEANTILEH 3 ARG
& U T ORIV IREN LI L 0 D, 2D, O X 9 RBEEAT 5 7o OIZI3EE N
VA @RED XL —F—Z2HWDULERH S,

AREFZED B, R TR SN2 7T A<t X # L —H —@E: 13.9nm, ~L
i ~7 ps, FEIEHIE: =2x10"° WiemD) & ¥t/ v (Xe)Z T A X —ITIRE L. @i XIS
727 7 AX—NTONZEBRREZAONCTHZ LICHDH. Xe DA 4d NikE 1O ERE
Wi FE 1 3~16 Mb (1 Mb=1x10"" cm®) & A T 5p DAE(~1.5 Mb) & 0 & —H7LL Bk & 7o fl % £
D, T, ZHEOFETOEGRTHDL 7 7 AL —IZER LIzOIE, JiT &y O RRICALE
L, ZORE IOWMRITIS UTRRR D20, BKRIFHEZ R T Z ENE LN TEY | 0k
B BMRET 5 Z L ITHTHSEE R B B III AR RI R IZ S Th 5, S HIT, 7 7 A X —XEK & g
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L CfHRRTH D720, Z ORI ARG 5150 X 0 EHER RIS T DEEMT 21T 9
ETHIERERE LT EEZLNLTVND,

INETOERTIIXBL—Y—% Xe 7 7 AZ—ICTHBH L TEKR SN D2 A 4 2RAT
RE G L, ED X 9 BN T AX—NTEL TWDLONEFHNTZ., BEBROFER, 7
FTAL =P A R RELTHE XA AU NHENTHAET D Z EMNMBALE]. &bhic, L
— BRI ZxF L CH RO 2 Uiz, Z OJFRIRITHICE FE2EEREC X 5 21 4 34
WX THAT A Z LT TRV, 22T, Xe3+42]‘/75>$5\232}”b5V\?ﬁ&T*/VODHEﬁL%a
&7wﬁ—vam%%(t B E 2OA—Y =B HH) EFEHINTWSD A, Xedd & %@
PR EREDIE A . NysOO F—3 =12 & % Xe* A A ~O = (normal Auger)3 i b K&\ Z
&ﬁ%%t®%%f%%bfwém L7=Ro TARRE NIRRT, XL ——%2 K&y
T AL —\ZIRS LA DA BEICKEINT S Xe A Ar N L5 Z L 2 EIk LT
5.

BfER b AN RN E LT, RREBEREE 7 TAY —T T AR TOBRB LT R/LF—
HEDEAL, JOY, ZIUTEE D PAREHEREED D DA BFRIC L 0 Xe¥ 1 A o ~Bihi il HE /28R
BAW 272 2 LICRET AR ABS L E X TV, X 1 ICHEEREC TR 5 = )L ¥ — 4T
X ZRd. ABFIETIE, BF AR FZ TOF BEFS i TIL, BF O RLX—2010
BN E D 7o TV D DONEFIRTZOTHRET 5.

Normal Auger decay Double Auger cascade decay
(N4 50,350;5) . (Xe " ion)
= o <
z ) Ad" up(69.540v) 4d znm{as.samw 70 o
= ) R -3 L 5
Sy o pr 207 op, 2
5 0, ""2{6? 558\{}_ .o KT i E
o ap : HH_ “F - @
= 2 e, e k2 =
B wl = RSN
III %&%Q, B \ | i
{12.1eV) (12.1eV) & ——18,Lgy T
5p7 — P 5p " P, e
P, P, :1ﬂ
o to
Het Xet Xe Xe* Xe?r  Xedt
4 1. Xe 4d Wi FEHEIZPE O FAEEIRFE O = R LF— L ~UL K],
2. EREE

SR IR CRAR M T o T2 77 X< b fik X #t L —H —13, Nitk Ag ZiREmE ¥ 2
ZLICk o TRAETHLDOTH Y [3].EE 13.9 nm (AMA ~ 107, 7L X1 ~7 ps.#: 0 3% L 0.1 Hz,
TFRLFX— >100n] ThDH. HEHITE A 1 m O Mo/Si ZEIRERE S 2 VT - 72, FRETHH
FEIT 2x10"° Wiem? L FC°h 5.

7T AR =X EEN R BT EEMERE ) A (A a— MR 0.2 mme)) S EZEHIKEE B
RS TARLE 7 7 TN T =V AT T AR — T%D,¢®%®ﬁar4ﬂmﬁgx%v%
WZEoHHLTWS, L= =L OMAEEARIIN Ilmm THD. 7T AX—H A XL AL
JEAFIET 5 Z LI k- T L &, Hagena OFBRADN SR L7=2 T 2 X —H A X% 10°~10°
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atoms/cluster T H[3]. 7 T AKX — b — LDOFFH] « ZEMEE 5 7s E ORI EEA 47—
IZCHIEZEAT- T

X Mg —HY— 7 72X —fHAEER LS TERSND 21 4> O, KO, =¥
—l%. Wiley-McLaren LD A A > AT RERE] 43 73 1 21 (time-of-flight mass spectrometer, TOF-MS)
TITole. 794 FFa—7KIL55em T, Biligs & L TIX 2 Bemd MCP &2 vz, 7233, TOF
FHINE X R L —F— BT LT 90° D mhbIT- 7.

—J7. A A TOF ZEEITH 0T HALEITIE pA F /T K VR —v R & /=% TOF %
RIE L, B ORITREFD D TR F =M OFHN 24T o 72, X 2 ([ZFEHAEEBINE X 2R,

Atomic beam (n~10"? cm?)

— Mesh electrodes 1 Flight tube
MCP — \ /
O I
Y c

\ — J—F;.I]i
1] «® O B e e - ion-TOF
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Evaluation of ZnO Fast Scintillator Spatial Resolution
Using the FZP-focused X-ray Laser

H kT ' EEE L KM L L T AR, RS
SREFIEIT ' RIBEE Y, Ve S T BUE NS ' N ' Dirk Ehrentraut’, 8 FHK A
Rk . RIS L ——8F 2, bR’
Momoko TANAKA', Tomoharu NAKAZATO?, Toshihiko SHIMIZU?, Kohei YAMANOL,
Kohei SAKAI®, Nobuhiko SARUKURA?, Masaharu NISHIKINO', Toshiyuki OHBA',
Takeshi KATHORI', Yoshihiro OCHI', Tetsuya KAWACHI',
Dirk EHRENTRAUT?, Tsuguo FUKUDA?,
Japan Atomic Energy Agency', Osaka univ. ILE*, Tohoku univ.

The spatial resolution of hydrothermal method grown zinc oxide (ZnO) scintillator was evaluated using
x-ray laser focused with Fresnel zone plate. The fluorescence image of the ZnO scintillator was measured
to be less than 10 pm using CCD camera coupled with a Schbartzchild expander mirror. The availability of

large size ZnO crystal up to 3-inch is quite attractive for future lithography and imaging applications
Keywords: EUYV scintillator, ZnO, X-ray laser
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Fig. 1. Experimental set-up.
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Fig. 2. The fluorescence spot size of the ZnO crystal around focusing position of FZP.
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