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Generation of Nano Scale X-ray Laser Beam Using Fresnel Zoneplate

Keisuke NAGASHIMA, Masataka KADO and Masaharu NISHIKINO

Advanced Photon Research Center
Kansai Research Establishment
Japan Atomic Energy Research Institute

Kizu-cho, Souraku-gun, Kyoto

(Received December 4, 2003)

Coherent x-ray and its applications are expected as new scientific fields in near future. We
have succeeded in developing a soft x-ray laser with full spatial coherence for the first time.
This x-ray laser, which is monochromatic light with the wavelength of 13.9 nm, has temporal
duration of a few pico-second and remarkable beam divergence of 0.2 mrad. We developed an
experimental device for generating nano scale x-ray laser beam using Fresnel zoneplate.
From numerical analysis for the focusing property, it is found that this device generates an

x-ray intensity of about 5x10" W/cm’.

Keywords: X-ray Laser, Spatial Coherence, Nano Scale, Fresnel Zoneplate, X-ray Intensity
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DXLV —F—ZRHWIHE, LBRRERTFESOEVCEEME~DRARIIT 100



JAERI—Research 2003—035

nm BEIZRD, MR — 0T L— b OEBRBEOENSHAITH DM, RO
R CTalREDOMBZEEZ DT H-HIZiE, 00D 100 nm BREOELZNRLE L 25, it
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Bl1, 212, 7/ XBE—LAEROEOICRE L-EZREBOMEL R, EE
X, MBOBEZERE. LFEREETREBETHEOORER—F, XBREBKI 77—,
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BRI — AR 10.5 um
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BN — g 100 nm
Y — R 686

S—UME (PMMA) EX4 170 nm
HRME (kv V=y) BER 100 nm
HEAEEEE (J8 K 13.9 nm) 1.98 mm
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Az 2z
erl
= Aoc:xp(-ikz)l l—exp(ini)lexp(—in—f—n)
| z| z (12)

BEER (F3FHEER) OV —0o0HFEEZR LLOEL L DI,
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THZ2BND, >T, HY =P oOFSRHETHIEHE. LiloFEBE L
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LTz
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FRWTEERHET 5,
BRI LTI RAANT 5 BAEEL D L, AR LIL SiT, Vv T L—
FOERMETORESMIT. BNEBIGORESMII—HT D, #-T, 20
SEE AR DR F RO 1 mid,

M
ro = 0.61

N (20)
THEZ BN, 1, = 122 nm TH 5, BNERIBROBE. ZORNBIZEENDIRED
#HE EXDER) 130 084 THD, BENLKRER Y — 7 L— NOBEIX, 20
1R fETHHINL, BHXHMFIT0085 L7225, ZZTHW=ZY -7 L— rOHEB
REHEIZOVWT, PMMA © Y — yré%Eméﬁt%—wiﬁﬁi%IBbet
B X 200-300 nm DOFEILTIX, BENRIRER OFEITH AT 2 52 EOEXZHEMN
/FoONTVWE, Y= OBUELELGIX, EINHEWAEMED T W, EEDOE
X170 nm &R o7z, ZOHFEDOEXDFEIZ0.16 TH D,

IOV =T — bOEREEIX., RASMLEREBED 029 %2 THY, TOH
HEIX 5.7 um & 725, EAMNENPOTREBEOERFMOBESHIIOVWTEHEL
R EHA4IITT, EAEREOESEITINMETOY — 7 MEITESNMNET
DEDOFAFIRBEETTTRY ., BAMITIENR > TWBZ NGB, €->T, ERfL

BIZEDLELHIZIE, XBMAFMICBLZ 1um ORBETHNERDLEZITILEND
Do

EFRIZBONTWBEXRLV—F—iL, AROEHKA (02 mrad) & HVAROBE
DAAEFSTZE—ATHDB, XBRL—F—OHREY A XL 50 um BELDOT, KR
N5 01 m UULEBEN-GIBIZY — 7L — F2EL BRI, BHF®REZRY . 3IF
RAEREE 2 THERY, VY=V 7L — MIBRKBEMENCHEND L L iz —
LARIIRELRD (2=14mDEZATE—LBMEDEELIEBL Y — 1L — b
BMEE—FTE) B, E—ABRNY - L —MERIVKELI B L, — 8D
HLPEXSINLLS 2T LED, —FH, V=7 L — MIEDS KRB IZLVE
AiE. E—ABRY TV — MR ISR, By -7 L — FEK
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ERE—IMEZBLOICIE, RERMAEICY - T L— 2B LERD B,
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Teo TUDD, 2p=0TmBBEDOLZATRRKOE—IVBENGELND Z NG o1,
Z O, RROWIHYTHERRIT 153 nm THorl, AL, BURLEZE—7BED
B, 1 MW DOXBRL—F— U —THEPD 1 m BENTALE TOFLIREOHE
22x10° W/em®* TEI-fETH D, ZO/RFR, KB TOXRL —F— U —% 1
MW (Bf58E £ TR LRI B o b|E) & LgEE, oY —r7L—Fh%
ANTHONIERKOE— 7SR 54x10" Wem? 12D 28D -1- (Bl
oV EMOFRFEN 46 B EHETH D),

5. f5ik

ab—L v FXBEROEFAME S ZOD0NEFMBERITISEHFEIATY
SHLVIIRSE THD, AARRTFHIMARFT CHRE LR XRL —F—i3Keapo
PVARET, ONRTRELNLVED TEWEMa e —L v X EEEFRRO L —
LIFVTAZALTNE, ZOXBRL—F—2T7 L3NV~ T L—FTEXLT
BEBEDT ) XBE— LB ARTHIERESLREL L, EXMETOXREEZ
EHMET S Z L IXHREE 270, BEHFEIC X > CGGERERBEE2TMLEZ, Z0
FER =T L— FEREDPH0TmD L ZAIZEWT-HBE . B RO X B (K5x10™
W/em?) DNEHIL. FORROENXRRITNISOmIZRD Z NG o7, TOXBBEIT.
X R TOHBHRB+ I MFTEBETH B,
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B 4 w s ), b oAl L 0% 5 7| T
S K7 v 7T A [N vt 10° | # 7 G
MIPERRE |7 v v K ELALL | eV 108 | A h M
moH R v mol o FERDE | u O I B
S Eih v 5 7 cd 02| ~ 2 t h
@ M| v 7 »| rad 1 eV=160218x 107'*J 0|7 A| de
YOk A|RFIVTY sr 1u=1.66054x 107" kg I d
10 ? € v F c
107 | 3 U] m
£3 BEHOLHE 6 SIHTH P e
£4 SIEicygEHic .
s | DS . 107 | + Y n
t % B |as|ROSEY sl O A
3] & ¥~ n V| Hz s R i 5 107" 7=x4+b f
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x gl — 4 v| Im ed-sr al=1cm/s’=10""m/s .
B P /m? 1Ci=3.7x10'"Bq °
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