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Fig. 1 Change of energy state in ordered Cold Hollow Atom Solid
(CHAS). After photo-excitation of an inner shell electron to
conduction band in metal, the energy state will be shifted
higher. Keeping excited electron in the conduction ban and
keeping charge balance of material neutral will result in slow-
ing expansion of CHAS. The energy shift of resonant ab-
sorption edge will be used for switching device for high
energy photons.
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Fig. 2 Transmitted spectrum of Sn (thickness: 50 and 80 nm).
Sharp absorption edge at about 50 nm is shown in this pic-
ture. We expect the edge wavelength will shift toward shorter
wavelength and the transmittance will increase after enough
excitation of electron at this shell.

Sn 50nm thickness, A=51nm

1 L — L — T T — T T
i ]
F »
|
-
c 0.1 F i
0 E |
wn L
o L .o.
£
n [ |
= |
E ol
- b R
F 1 4
L ® * I T
L 3 i
- L |
Il ey
F 'S . ~ *
-
0.001 L Il LUl gl N N
0 2 4 6 8 10

Input Energy Fluence [J/cm2]

Fig. 3 Experimental result of transmittance of Sn of 50 nm thick-
ness. We observed large change of transmittance with intense
EUV illumination. We expect this phenomena for saturable
absorber in this wavelength.
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Fig. 4 Calculated results of penetration of EUV laser in Sn absorp-
tion layer. The four level model is used for this calculation.
At earlier time, normal exponential penetration profile is
shown. (TS5) After starting saturable absorption, profiles of
relatively flat intensity distribution with front of sharp inten-
sity drop are appeared. This intensity profile of bleaching
results in very fast opening speed when we apply this to real
optical devices.

757280, SRR IR ICEE A, v T LB
C LDsrin%, SCSS BBRINES TOEESGMHTIE, O
F—=T7 VKR 3 s e TR D, Tk I REE T
INA AR, COPRBTTELI LRl TWAEY,

3. ESICE > IHREKFEDRA

WAL, EECREEDOR T OKREK & ikt T,
AL RN AER CE DB H IR FRES L FETES
H%Thb, LL, TOWTF &7moTWADIE, HER
ROBRTEITEA LIRS A1, BVEEOKNLE
T, ZOWRHHZ X0 E, WEZOHDOHNELL T
LED T ETH D, JHUTid, BRIRBOK & 7atyE L
95— —DR & LIRHES ORGP LT T8 - T
ETCN 5, M, AIH~TRMETORRFIRIIIL, ZD
BOBRLEHZREICT A7, P tdy v 7y
gy PR=ZATIIEEPEL T VMEEZ 20O
LR THS, LrL, EUV~XHOMHIK T
WEBET DA A /ALE &b 58E, Wb 7 2 )VIME
kRiIcETERREL, “#rk” REEF-/EIAT, A
BICZE NI R WD L 720012, D, T—Y BTk
W, B X B PEID, TNOOEBTEL BT
i, 7oV IMEOES» EOHBRETRECIT-TLED
O, 7—BUNGYAOKM, BTETE, FEREIC X
LB X, BEWEILZT TV —v 5 VE & b7 D R
DI=DIT, M T 5 EiCinb, T, BT NEET

WEE L ZOMRI IV —%F 2 5 L BLZDFiTH
LI bbb, &4, 6X102cm B3 BEEORTDI0% #
PRI « 4 2/ bS/ LD E LSS, 2O ®IV
F—725eVRBEDOR OIMIONBEFHRTL, HNHETT
FOVE—FERE32.4%x 104 J/emd , FEJJ#EC0.24 Mbar 2
ho LIchio> GROBULEDT 7 —v 3 VidiliEF bh
b Th b, FNTh, ZOWEMER CREEIYFET
DTEHLAY y METHICHS EBRbN T %, Fijakd 3
(s DAL v FRFENEHR TETCVIILE, TOETHEAE
DOHH > TY AT LD T 5 L — =KD/ UL AR &
DIZAHPCECESRO T —78H, 10 nm TOR AL
WA T @ 572012, FIREE S fHAGHETHLWL —
YR (Q A v FM) 7 b HEHTELalREMAH T
ER QAT

XC, WRABINEHRE, ROBMEFEGNICERE SN
It REDOERAY EOREFHDOND D, TRELBLT
BAHTDIT, BHTL BRI ¥ OISR &
BRZ S, HOMBIFHR Y D7z dITi3 B OIERITEk
LFHTELTIBPIEELTREL DS, 72720, X1
WASHEBER T, 2 YT RN T O] L~ € 0 Ehg A
=V rRnd0, 2HFRINGEET EUV S8 TRk
BAMEIZ 75 EFRHEINTWS, COFEBRATT—D V7T
BRONYV EEy v TTHRIVFE— By & 2 BT RIFRE B
DIEHIT 5 E0D DT, BBXZ 2 HTFWIRHREI,
B [cm/W]=8x10"12/Ebg [eV] ¢7x5 L L T35, C
N#x25eV O 2 fEOHB T X )LVF—2FORTiHET L,
p=6x10"Bcm/W L7510, COWREBRTO—KENLE
BYWEOBBBRIES (<1um) %% 2L, LERYH
HEIZ10Y W/em? IZ7 > CTLE 9, bbAHA, HRIE
A A VLB AE RO 51 & 135E - o ERESY 2K
TFTRPLERTT A LEToELLNL0, THOETH
WEETH 5 LB T5b, —J, GO EFIHT
% 2 BEMSR BIBGER OB AL, Xk DRV RS EE TE
BAlRETH H D, WRBREC A S £ <, 10T, 20T
ERICHBEBREBICHLLDFINETEDLDNTETNS
T — A NR—=AN TR Zen/er BOIiT < v,

CDO XD 7T, BEMLEIE Y Rk X 288 2 —
7y Ik, L OREOFE RS XN SHUFEH
SCSS gz TrrbnTnb, TNE T, Al Ge, Sc,
Ti, Sn, Au, SiO, 7 ¥ A HBEHIFREE 1x 1012~1 x 1014 W/
cm?, HE51, 55, 61 nm TS FHARLENTWBEY, £ D
WE T, BPRROBEPBEBEN TSR, Tiick
WT2HTFHLE2BE 2 RTRINOERL B VAT 5
CEMBREIINDS LD,

4. ESC/IRIVF—EZE, SIRIVF—
KFARMP>T

Sn % TiZg & O EUV SR TOIRBILH 52D RO R

&I Sept. 2010 Vol.23 No.5 ¢ 379



i3, WRE SNBERREOWER, bHRE, biHHF
MR TIEHRFUELFELOOEETE TWE I e b RE
FHLTWD T EITk b, BFEIL SCSS ARk % 75 8
R RE7220~25 eV IR BN T A2, 40eVREEETT
FIVF =B ERNTIT LA EDOERBEOWRGIE « 1 4 /1L
IREED BN R AL Z L BATREIC 2 %, AKEHET

V=Y —TERAEPRELHEHE THHDT, FRIO K
STERICTERL T Z LA THH D, BT, HEE
DEML T FIE EBPOROFEEL Y » — 7 TH D, REHT
#HCHURERIMR TONE IR E B b e A4 &
BHFETE L5, BT VAVEBIE, COBRTRES
X—2ry P EIRABTHAD,

—7J7, BRSO BT KBOE T ORI
BH =7y FIZaD D%, JHidd TIZ X ROEIRKIC
AoTL BN, TCICRLXBEHEEFL —F—DOW%E
X—"y P LT, $§TCICHEREN L IN TV AEMIC
5, L, TNHBAHEIC/ 5 & keV sHIEROKIZH L T
LB A NERET A MEM S5 ERABEICRY, HL
WX BEFORBICOEN LS LN, FRICH IR
ICHHWETIET S v 7 REDOAFER BRI « 4 4 /1L
12 & 78D T RI)VF — B OBRRF O FRERIC L VA4 5
CENRAEET, ZTOEWRTEUV LV —Y— L+ OHEIER &
DPEL LT VEHRIC > T AJREH L B 5, BB L7z
Lo L SV EREEL, 10V W/em?2 L EIZ7 D, 5#0D
keV I L —Y — 4R & nm @INFOFE R P HAGD I N
HTEIWTED, THEHTEAHERE > TWAHY,

5. ¥&¥H

&ilt, #HL < A2h - 72 EUV IR O Bk % W1k RE &
L7 FHEICT OV T, N aEfT-o7, b
XHMEBET V=T —FHPFEANOFRBEA RISV
MIe&7n-> T, BIRIVF—HTDO/DOREEIIET:
TNAARFEDIZODER LI D LB b5, 1272
EUV #HiL, BLER EDOREBENKRE L, 2, &R

TR L RKELREFEEEEGA T WS, TOEERTIALY
BAEFN, FNERAERL TW ZELHEELHRICK AT
H5HDo

ZEXM

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

2) Hitoki Yoneda, et al.: Ultra-fast switching of light by absorp-
tion saturation in vacuum ultra-violet region, Optics Express,
vol. 17 Issue 26, pp. 23443-23448 (2009).

3) H. Yoneda, et al.: Observation of saturable absorption of Sn
metal film with intense EUV laser pulse, Proc. of SPIE vol.
7501 (SPIE, Bellingham, WA 2009) pp. 33-43.

4) Y. Inubushi, et. al.: Measurement of saturable absorption by
intense VUV free electron laser using fluorescent material,
Rev. Sci. Instrum. 81, 036101 (2010).

5) SKHMCAD @ iR X #2FHh I 543, Rev. Laser Eng.,
Vol. 37, No. 12, p. 893-900 (2009).

ZEERBN

KHELCHK
BREBEEFERFL - —HtKHARL
7 — < ¥R

E-mail: yoneda@ils.uec.ac.jp

= L —§F

[B% EE]

19884 5t T2 K228 & BE T2 pF 72 6}
IV F—REEREAREE T, L%
i+, BRBERFFHL —F -5t
vV a—BFE, U—Y—mREmE
2 — B #E: A 85 C20064E L 0 Bk, K
MrEyv<L—Y—B%, &/ THz
KRB, X REs G, Eik-75 X
NEBREORY., TIAIT x 2
Al EDV =P —% XN—A & L 7= 58 F}
%, ISAWEE % 7\, EUV-FEL,
XFEL 7% OB L WL —F —% H /e
FELERHIE L AX—F STV 5,

Nonlinear optics in high density matter with
extreme ultra-violet free electron lasers

Hitoki YONEDA

Institute for Laser Science, University of Electro-Communications

1-5-1 Chofugaoka, Chofu-shi, Tokyo 182-8585

Abstract

Intense pulses from extreme ultra-violet free electron lasers now open new possibilities of non-

linear optics in many solid materials. We discuss nonlinear optical phenomena with high energy density condi-

tion in condensed matter. We also introduce recent experimental data related to nonlinear optical phenomena
in EUV region which are recently observed in EUV laser experiments.
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