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HEBEDOEBRWIEAERTDEMN Ot 7 7o 7 ar PR —R) 2t 52 a0 S Uiz,
SbIZ, Eiﬁﬁ{&ﬁ/%fmfﬁf\7ﬂ\)/7%% ZEVEIREAL T A LIS T, TN
M CE T 2B ULV R B ET A H N 2L 3520 SJ 28I,

%W}m&)éﬁﬁk X BREEIR OV 100 7 M7 LA A L FERIF OB B C B R %
FABDELIEITID, AT AR O M &R W2 iR RE TYE RO E e E DX A
7x%7“m—7“b7t@ L 720 T2 LA REIC /2 EHIFF C XD, SEER THMENOE
FEATLEICEBIZERAETED IO R, YT LD Sl - FEE O Hil4H - B H
@ﬁ%lhﬁﬂku\ofJf%’f’fﬂ%f\(Drhmr“ W B R PR TEHEE I BIT,

(2) FT- BN AE E2p 88 5 U= JeAs AR

TIPSR ED, BRERICR A LB ARV E ﬁ‘ﬁﬁ%l@“ﬁ?%bﬁ/ﬂ23~
7 NE, FESIERNBY AL THSTHHEITED, %%lﬂ#ﬁ%ﬁ@%t 2L Ao R
WIRAN NN EL, 2D FHINE A ERTAT TR0, ZOEZI oﬁ%&\kfaﬁmﬁ
um) T CEP #l#I&N72OPCPAYERE DOBAFE IR I LT, ;Wiéﬁ&@l\vw‘kﬁébo
‘.%bﬂﬁﬁ%i%%-ﬁiﬁ%%%ﬁ;ﬁ& LB b, Yy B Ab -6,
Mn—4¥—t%E ﬁjkb‘ﬁiﬁ%miﬁéﬁt@ 7eV OHECW IR I & 0 fERE e
T3, 60 eV HTRILIRE I 3 o BB -y el iz,

LB TE IR O & R Lo 72 8 O HEE AR YE IR E WHALE ST D &, BHIEdh ED
WFZEAICIX B L TNVl o7z Yb 77 AL —W—72 o728 WA B R



PV AREIRIZAR N T HENI T IR BN EGOI, Fo, ZORDOL —F —~DERR

FEER OB LR RHIZE Fo T THLH 72720, 77 AL —H—DPERER R

BETDAFZEIZI3 Y W) T 8 KOREE A0 T TITORE e oTc, AkO HRYEFHEIZE ST,
Yb 77 AR —HF—D AL EOMFEFRAEICL - T, IR D RIRE ST AR o7 BARE A A

L—RITHEATL . 7T AT R ED o7,

§ 3 WFFEFE A

(1) TR R 7 —7

O kS
K4 BiE) PN 2 I
JEER BOKER | BRERRL KR AR E Hifz H22.4~
HEAE
J& & A I RANR 7R Tv H22.7~
iEA=
Qw7 H
0 ERNRFEHMIL —T 4L VBN TWHERL — W — ORI L & ) &g %
st
(2) o iett) 77—
OiEe kS
K4 i P BN H
TS R KA HORUR - VERFSE P Az H18.10~H22.3
WA I6ER A I HEHAZ H23.4~
S A NS F ARk B H18.10~
JENT PR EE= B H18.10~H22.6
VEEaEUN EIE= S H19.1~
NEE Al I FHEAFZE B H20.4-H21.3
AT M EE= FHTAFZE B H20.9~H22.8
El YN A | FHTAFZEE H22.4~
OwrseE H

® UTIRA OPCPA IZ XA B B A7 b ONIA A AU L T2 AT BT 57V A
o EJEHIAN— FYCTREAFE D 7= D 7 & 1 5 A N HalE . SV A 15
DEFE

(3) PEMMT ) 7 N —7

Oz
K4 BilE! PNk YIS
BE PEERATRRAIEET | FA—T V=X H18.10~
I CEA I SR Y —
HE N Al k= A= H18.10~
fmH T Eil FAEMFIEE H18.10~




IINBR PR [l I EEMITE H18.10~H20.8
JE [l _E PERSATFEBIAFZE | H19.4~H23.3
@r7EE H

® OPOILILY T 7 = AMMEEILELBIE LRk L Z DT

® OPAJDEZFE T BAZE K ONEAH il )




§4 WFIEEBNEK KRR
4.1 OPCPA v AT ALBHFEET MY/ VAT A (BERK, WP IE AT 50, A
JL—7)
(A2 i N 2 M OV

(1-1) OPCPA ¥ AT LBAFEET M L AFE

IR EREREE VAL —F—D HRLWEREEZ AW E R OIERRIE 2 R
(B R BRI AE) 128D, XUV I ONCER X AR EIR Ot — L U NS A A7 v —3
— 7 VADOEIGITEHIE, W ORI S T @ E S A7 L — P — LR E R
AR A A B o CRMREL A o7 N T MO DJE A7 L | B L — Y —
T, B DNEBIHC LD BB H 72 & H 7725 B BB S>> 55, WPERHZ B\ T
i HEEAFOL— W — I L0 T N SV AR AL UL AGHAIZR P 1T A AR R L TR,
AIFZENZIBNT, Fiio/2dL—F—HiiE WALz ioT, K@ EoH 71—
P SNV AT BDEBAFE L, HRD T MY/ SV AMROFIHE, # X FRICBITDHT Mh/N
NAFEA L Z A BT OEEBN I, 72D NS T MO B A — W F 1T % FERF
DHA~DISHRE R BIET, FERMOB S THD, BT EDOE W 2K
THHEM O 777 varyaR)k—%) EHbEHZ LI, BRI EBIC BT ERA
LR — 7 LREEOBX AT AT MG T = ANP ORI fEK I B A YA v A —F
DIFEFEE T MO EIE CE 2B R IVEE TR ET D H 2t ¢ 52 L2 B e,

(1-2) H/RTAN) I F—T 7))V AR 2 -, SR OfIE Sz TW v+
TN — L RIE L AT ABRFE

OPCPA DBAZEIZESL T, BT REMREZLL TOIDNTED 7o, (VEH A7 VA
5 15) (2)/ VARV —% m] Q)RS A (CEP)HIE (DL —HF—H#iRL 1kHz, 24
HIZAET, @M 100 7 MNP/ SL 2 A LWV NG EFE SIS, OPCPA ¥ AT AD4
RREK RS, 1472 —7 Ll EORBIAHIS I AT MV ER S RS (Venteon OS
ver., Nanolayers GmbH)Z~ AZ—L —HP —L LU TEH L QW5 T ZF DLk A~<7 1
DHH 570 nm M N 1140 nm DR 20 H LTI H BPF), f-to-2f F¥#FHI LD LRE D

Ti:Sa master
oscillator
T Streteher 50 ps

0.1nJ

Ti:Sa pre-
amplifier

Dazzler

BPF BSL l Grating Prism
T pair pair

1

SF57 block

compressor
> Narrow-band Ti:Sa Ti:Sa B6-pass|5mJ Ti:Sa power 5my__4mJ i
regenerative amplifier . amplifier 1.5 mJ| amplifier
570 & 1140 nm 0.1 mJd 25ml

for CEP-lock

Sequential Ti:Sa
power amplifier

Ti:sapphire pump laser system
1. B# L7727 TW-OPCPAY AT A

CEP ZEALIZH WD, ENLUSND AT LG DS | K57 1E OPA OFfEEEL TR
VT X =T AT LAEELIV, Fo—E(~4 %, XH BS)IX Ti:Sa HRIZLDAR TV AT AT
EHID,

Ti:Sa BEWEIZED AR 7V AT ALK FHEEFHR S]OH] Beld, Pl i A g g ThHd, =
DEET, 0.1 m] R ETHINE T D EFRFHZ, AT MU IBILIZ LD SV AR EBITI, B
AR SR O IR ERNITIE, JESHS 1:4:16 D HAFF S M OB IR 7 4 /L2 BRE), KL TVY




vRxT & (FSR~500 GHz, 74 %A 2.8 @ 900 nm))MEASHL TS, ZHHD I RiRINFE
F128D 900 nm OHLEETRIAGHz OBIENTO I JEASI- LIRS /) A3 g S
AU FRAEBEIRGR 30 TE)#ITIT VAR 100 ps (2785, Bl &V VT, Ti:Sa DL ELHH
g 5. FHEEIE AR 120 5 mJ & OY 20 m] O FEAPE (900 nm)H )24, b LBO A gL
ecmIZEVENZEI 4 m] KT 15 m] O 5P (450 nm)H ) ~E RS H L7, Ti:Sa HilE /<
NADLZEMIL, T aybZED rms =7 —DET 0.6 $CEAIR). 0.9 % (CfZHR)DE A5
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139 10 %(HEZ OFE D VAT R F—(ZEHTE 0.1 n]) THD,

SBT3 T AN ZEEREEIZ 3N T i AR A 1 I(650-930 nm) i i S B 1k =
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PG AZ ORI 2 DO IR 2R ik CENESEHZ LT, AiEHIRICH 1T 7
FAHENRT AN w7 BAETD I E G L<Ro> TN D, ZOZEiE, =B H O/T —HElE BT
(OPG TRV 7 T AHICERNFX — 52 T ET T2DITIIIEF ICEHE THDH, FEIT B
OFTEHEIEET0.1n] — 0.1 +] — 0.1 m] DIITEESI, kDT — B (R
THASINATZ T —15 m])T 2.7 m] FTHIRI AL, T —HEE COR T > 7 F
NOBEBENRITH 17 % THY, o XT AN w7 HElE OV ADOZEMEL, v ayhZED rms
TT7—DfET 1.5 %THo7z, ZOfEIE, 73T AN w7 HElE VAL L CIFEF ITENTERY,
FH T AT HENE S AT AOLEMIZILE T 550D ThD,

PRI AN w7 BEEH . H 1OV R RTR O T AT my s TR ERES NS, BEREE
HMEDFcE b D7=H1Z, SPIDER I E (AT MVF P& 7o AT ML ORI EE) Z1T
o7z, ZORE THELND AT WA # % Dazzler (27 4—R/3w 73 52LC, o8
VAR ZE RN LTz, EDFER, AT MUVALAHIE I JI AT VB (130 TH2)IZHE > T
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Hi 17 OV RIZHkET 5 CEP OFHliA AR Al R Tho, 22T, 7SIV AEHE% O H 10— E%1Y)
DL, AEDTAEN L TAT ML ELA 72 —7(500-1000 nm)LA BT B¢, 8
7272 f-to—2f T-¥EHC XY CEP 3Tl L7=Z Dt 5. HIR88 0D CEP Lk DA T(=1B
T CEP DL AT 4 —R 078 N3 252 L73<), 30 #i2i7-->T CEP 2A(EBDIGH %
EZ TH) TR ERENTODIENS DA, CEP DL LT TR BB DR E
ENEBEEASOHE DTN, A HATTAY 2o Fefiixt 2 v OPCPA @ CEP {1 il
MHEBL T,

PLEFLDBHE MV AT VX —20 m], FULHEE 900 nm OBEIK Ti:Sa L— W — &4t
L. EFRICEWT AT 15 m] D 450 nm @D OPA AR 7 7L 2%457-, OPCPA OFff
X, BT 7-%F » TV X LGN DR DA AR T v — IR S, =B OPA |2
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D OPCPA 1L, TERDHE—T MY/ SNV AT AN THHH 227 7 A3 —H 1D 5-10 5D /N
NAZFNX—ZZER L TR, $=, HHELIEE O CEP-/y#E HIE %u%ﬂfé% D)
D57 CEP flH~ VTN a— N2 A7 N —F— L RAL, @R AL T
Fo o234 IR E L CEAER Th D,
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(1-3) OPCPA Z M\ 7= CEP flfHl m s A7 L —— LRI LB K DO BHEEIC R
A E R E T I A LIS T NP FE A DT D I LB i IR i i I 36 A4 0 CEP #h B0 ik

T MBSOV AR E I OB FEAVIC L > TER TS, o7 ERR Tk -~/ CEP i
B REES AN —H — L A W T, KO EFEIEFEIZILD 4.4 nm 225 2.3 nm (1T
BT DREI O 5 YR i 3 A R AT o7-, OPCPA 73HD H & il 3 4 B2 F v
N — (X 2) 1B AL,
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WHAT)— A~ AraTF v RN T L —MNI o TR LT, B LT AT ML EK 3 |
NG I |- N2

Pulsed gas jet Ot 1
} ) from the top) -th order
From OPCPA system {from the top) beam dumper

[H/—: = i

Concave mirror
f = 500 mm

Imaging lens

160 grooves/mm Ag or Zr Filter
grating Andor CCD

2. v e R 2R Rl DN R R

Boron edge Harmonics in He with Ag and Al filters
5 | Harmonics with Ag, Al, and Parylene
10 l Harmonics with Ag, Al, and Baron ]
‘
)
Carbon edge
4
10" 1

Intensity (arb. units)

M f‘f~

Photon energy (eV)

350

[X|3. KON IS5 =R B D AT ML



(a) 175 2340

2063
1819
1604
1415
1247
1100

Photon energy (eV)

CEP (rn rad)

—~
o
Nl

175 16

1"
170

Photon energy (eV)
>

CEP (x rad)
K4, 7Zh I BT DERETBE D ATV (a): FEERFE SR, (b): GG R

VLT AN —FAR A LTZ AR MV R 3 IZHRFR TR LT, 280 eV 1T/ 7 41
2 —D IRFEWIE BT SV EBRTED, NI RNV AR ML ERIGICEBIRTRL
TWBD, 25300 eVFEEE ETIL X VEAT MU DMFEET D EN DD, 1. 7
N, RY BRI ANA—FARA LT AT ML EK 3 ICTH TR, BRI, RFEDOWLIL
Bl SRR DO BALIEIZ VTS, ZiuiE, OPCPA Mo H &z, #1bT
DR — P —W O IR TH D, 1272 LZO ERTIEH v A7 OFEIKICEITSH CEP O%)
RABT D2 LI R o7, ZHUTFERFFH A E L, CEP O#RA R H121E SN s
+ Tl o TzlcO ThD, 20728, CEP ZhREBH 572D/ UK = /X — fEiEk
TOE LD RBRZAT o7, AW D CEP 13hy M7 ED & DO AT ML OB T
1372, Iy A7 KD UBR = R — D, FIREL DY — T B7e DA FAD 3D o Tz A
TIVERSICH BB % 5.2 5, IK D 2RI C O i T 58 48 FZBR O BITIE CEP R AEMED LD
TENHSRAR DTN, B I AR EE O5R R X R BEEE (180 eV, 7 nm ¥T%) T? CEP Bl
ZAT 0Tz, ZOMEEIE, BIE CEP EAFMEDRAES IV TV D REEE /M (13 nm J2%) J01%
HINTE TR —ITHY, EmFHE D CEP KAFM MR T DM kD IR &7
5o H4@NETy hA 7 B0 RR = L — 1 D & R A7 ML D CEP ARAFME O I E #
RTHD, FEiEOa LT 7 BT CEP KFL TRV, BibOFEMERLIEFTICRV—K
ZRL WA, 2k, SYEL7Z OPCPA 5213 CEP 2N EEIE TP ICRAEL TRV, Fyri /X —
WO EAER ET CEP MR CODIEN MR T DN RS, ZOERITRKEIRE
W TOEB D CEP {KFMOBIITHD, ZOD U= RE — ANy b7 DAFAET
HIXTTH AT T 4 =a—DEMENDE TN D I A T MV Sy DM



ET 3T THD, MAONTREBELT P2 AW TEE L& TR AZ LD CEP AFY
2l —arThb, W7 mRxF —% 215 eV LEHETE, [K4(b) T, #hdvdL
Ko X —ROEME D CEP KIFME R, VA7 NVEDZ N ——ZHNTE
AR AEZATHE , T AP DA BN S O LNFEAET DI LNTRDDN, B A2
N — P =% W TRAEL @ IIFT IR DT LD AT MUIEDRL BEOR L B2
D, CEP DAEIZE>THEORELE DAAIBIR N B2, T 52810705, 207D &
WO CEP k15 a 17,

FLoHE | AFRIZBVTHIE L. OPCPA #HW-L—H#— 257 A (CEP ZE1k. 1
kHz, 2.7 mJ, 5.5 fs, 750 nm) Z N C/KOZZREIL O @& K i i B R AE DO TR, e HONTHE
TR R CORRRIE O CEP ARFEEDBLAZAT o7, BEAFDT MY ADEERDM T
TVDZ R —FEIREVR 2 (52 E @O R — IR B\ W TOE R O CEP K77
PEDREREAT 7203, ZAUTLVEE B O T MNP VRS A& |l ONTHER X ARGEIR O T M3
JVAFEAE A REIC T DT DI ETHD,

BIE OPCPA 220D/ VAR EZEDIZEMET DL AT LA AR THY, 2SIV T
4 fs XD VAP ERR TETCND, ZOLRIZEY, D7e b4 8] CEP RIFIESBIHIS U
7ok X BRIk 1T, SO EOKOEEI T, hyhA 7 TCoar 7 1=a— LDfER
MWA[REL72D, ZLTar T =a—LE BT 28I LT, N7 MO/ SV RFE AN H
IREATOIL T, AN —Z{EIZIN SV AR ZFHAI TE HEH 2 biIVD, ZOMEEITT MYF A
ELU TR AR B IR0 SOITHRET MY SV AD R A I I ANAZ LD KD,

235 STk
JFEFR S (2),(3),(4) ,(16), (35), (36)

(1-4) A AELTZKIRN DAY MVIR AL 2 V2 3.8 f5, 1.2 mJ, 1 kHz, 750 nm T
DA AVIZS i

AR L7ZR T4 7 L —W — Ok &I ARG BRAL AR AT 9~ D8R X BRIk o & Ff i o @
2k, RERBIFE LT OPCPA ZDEEFTIT LAENEL, FHHARTITINZL T b L
AEFEAETHZENREETHLZEN M LTz, 20728, @i s A S5 IcBlil Sz
ARG MVIEHAEALIZIE B L, ZOAF ALL TOWDRIE (T v ) RO ISHHEALE Bt
T T —TI7 =7 —ZHW=EZE T TO OV AEREIZ R Uiz, 2O Rz H L
FiEIZE-T3.81s, 1.2 m] D7 LARESNTZ, 2O/ VAL m] LUV TiEb o bV,

ITARA OPCPA @ HAE (X CEP il TW #% OPCPA MBS THY ., ZD 4 BHIZ BTl st
7VA(5.5 f5) I RNAF — (2.7 m)) ZER LD BIRET | 7SIV ATAY =D
FERIEZN BT L0V 7 Afs DIV AEGAZ LTI L, 522 AR AER LT, ZO%E R4
X 5 (2R 7,
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FT W CIASARL AR AR AT T DR X BRI D i3 i O FEHTIZ I SN T RIAT L —
W= ORI ISR AR Y 2 T EIC R LZ AL L TS DT TIER W ZERAH L
(I ote, ZNEUWET DDAV L —F— DL —W =0 586F0 . OPCPA AT
B TR LB AL D EAL DR E TR L 72, 24T OPCPA v A7 AZHW T
XU T O RMERI LB CUASHRALAE DL EALDRRAETHY , 472 L TlL OPCPA DO
I BRI AR 22 EAL & 2 RN THOT LT SKeAe o7z, ZHUTEY, WL E A& AR AL AR
DD F ¢ — T 7V AR LS VA ERE R A S O - R E R IR ELI L, 7R

Wavelength (nm)

1.0 -2

Q900 800 700 600 500 :;
1 1 1 1 i
14 1 — :' L1
= ! o
3.5fs & ) E
ByA £ osf | §
™ Tinte (t<)° 2 ! &
4 -1
i
D T T T T T T T T T T T Il
035 040 045 050 055 0.60 0.0 st . T r - : ; -2
20 -15 -10 5 ] 5 10 15 20
Frequency (PHz) Time (fs)

5. /&, OPCPA MBHD AT MUVER SR EIERIE R IV T v—R =7 LTz
LEEDATIMVIRERR)., 4. LM% ORERIR

oSN ARAEDTD DR TAN—L—HP =L L TCORMEZRITT- T D MRS,

E% Iy Tar T 1=a—LD CEP ARFVEABLAIL, HE72& 87 V42— ThHBEL
T2ART VBT T 100 7 M-SV AEFE AL AN — 2715 CRIET 5T E THDH, CREST
HARIPIC A B THLY 71007 MY/ VAR A ZTERTHIE A BEL L TWD, BIE
DEZAETIZ, CEP (KAF LT m il 5 AR F2BRITAT > TR, F2 OPCPA DFL/ L A{KIT
FoTERIE o A T B BN T T A =a — AT ADIZAPTHY . HElTH
BT NP/ SNV AGHAIARN) — 2 2479 Z L2 Ko TT M SV AD 3 A 725 ONZEHRI 23 AT
HEERDEZ Z TG, FE 72 EAD 4 B A WD LI LT (FHx DIk
TR —FHIIC BT DT MY VAR AT R Y THLD SR 2 — 2 DI
Ko TT MRV AD AR VAL AR 2N AT BEIC 7 D LRHFEAE N TH Y, CREST DFEH
MIZBWTEITTHTETHD,

2235 SRR

& (23), (24)

- 11 -



(1-5) BIBO #ifh& 800 nm L —H—Z V7o #lk B clSHRALIR B B e b7 24— 7 7%
JEBSED I ST AR 7

HIAEBEICAT 723 RBE(OPCPA T AT A% W2 H1D TO KD EFE Dt —L M EFE
A WTNT, RIAT L — " — ORI AR AR R A7 58k X BRI =il O #l
HNNED T 4 —R /3927 % OPCPA RIA/N—L—F — 24U, 7 MY VRIS T 37
VAT ADOW R 72 NET MRSV AGHRID T2 DO TR EBR 21T -7, I0EWT Mb v
A% F T D7D IR AT R R AT MY/ SV AT 00— TV EZRENL D721 228
LV EATE W T, FRAME O RO RWESZ B AETHIEITKIIL T, 2D
WD )2 NUREZR>T-FEE, OPA BRIV E =X — (LT 5Z LI PILT, Z
DAL I DASRT N VITA 7 Z—T 1§ (1100 - 2200 nm) ZH L TEY, ZTNHIKTY
HRIRSNMES C DI Y AT NS VAT AE B RE T D 2 R, D2 D@ iEE M E ORN T A
N—LLUTIHEFITHLE L — P —LloTND,

40 fs, 800 nm, 1 kHz, 0.4 mJ VIS OMA
IR OMA
; Pol
filamentation ;
0.3mJ : SHG [T

3 bar krypton s :

BS e

I W

0.1mdJ CMs /\ . E’ P Si '=,='
Y pd S

= %
OPA dumper

6. A7 & —TBEIRIN SV AFAEDER SR

FEROM A ZX6IR LTz, FHAYT7AT O N1 7 4T AT — 2> Tk
U722 D F ROy ETR Y D 2= iy E T 528128k, A7 2 —T LL EIZIR A
IIVER T HHIRINEOF AN LTz, D728 38 A OF] AL B BhAVIZ 25 1 O
IR AN L EALTHILICH D, 7272 LHF1E 100 n) (2 EFVAN — 7 EHIC
FEZ 72N DIV DTS 7 7 A7 L —4— (800 nm) & BIBO &) Rik 7kt bt a VD
ZEIZED, A BT AR WV AR ST EFRE T HZ LRI LT, BIEEOEZA 10 1)
DO BFHILTND, #-F OPCPA T DARTMVEKITIZ R U, A7 54 —7 OPA @
=R IEART L (F SRR . OPA HEIEH D AT ML (BFER)  OPA DEFFRLIZA~ZK
L GRIERR) 22 ENn 7oy LTS, ZOH &7 —) B L7~ LA 1355 T6. 8
7 = AN O IRA AL TRY, ZORE K CHRE VAR L ER T D2 812705,

ZOHANE FIEITHARIE OPA [ZBIT D KNV RIBOY —R AR TE 2 A K%
RIATL =P =L L TEXDHIEBHINKD, BUEDLZAFT R TA NN — L —HF =72 HNT
FOFNT MY SOV ZFEE DT DT B 7p B3 L L C CREST Ok A& AT THFFE R ¥
T TCNWDHEZATHD, EITIT IV ADREMIE 2 EAG T 5720 NC= R LF — & B iR 3
BHIEEAT > TND, TR —HE RSN SV EIZ K> TCooF R VD2 &
\ZED. EIHE O O RAZIIKOED AN (284 eV)&ITHINTHEZ | keV (27T D A REM:
D38D o IKDOZEFEIKRDIER X BRAS | MHEFCH izt L<HR, K 7 Me iz k-
THRETDHEZES T, RO ERE S 72 b N AA—T o T ~D )G RN IEH 2
R0, RERAL NI N 3 8P IC 5 2 9% L F RiAD D
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FZ DRI ET ML SV AR BN E I AN — 7 LU CTEH FTEETH Y, BIED
A AL S THIREIN TNDE T DOEER =R LF — D AN — 7 EE O REEDHZ L
TE, BWT M OVZZRIE FTREIZ 2D, JIE FTREZR AL/ VAR 20 7 MPLL T THY
ZHIBREDORE IVAIRD 1/4 THDH, ZOEBRIZEY, BEMAN —7OESGRAED
DD ETRN  INOEBRDRIBEELODHRTA T L — P —~DF 772 Al G2 R LT,

........ IR seed spectrum P —FT pulse
—— OPA spectrum S0 :
1.2 g - 20000
= BIBO gain (calc) | E) 6.8fs
J >_‘0.5

i/
_ £ 005 '19|—- 5 1 =0 |4 15000
2 Ime

0.8 -
% £
[ T | B 5 S g,
@ 0.6 - 410000 E
3 - - —
-a -_‘- o
c 0.4 -4 )
9
£ 45000

024 .

0.0 Jsir? °

T T T T T T T T T T T T
1000 1200 1400 1600 1800 2000 2200 2400
Wavelength (nm)

X7. F75%—7 OPA O —REAXIIL(FH AR . OPA HEIRHZ DAY ML (HREEHR) |
OPA DFELI= A7 L (R

DRI OPCPA OH IO EREL —F — W R ~DIGH 2 a4 592 THEZ
B ANHDR U706 I AL AE T, Z D3RS OPCPA 13758 I 3 A I k> TR %
AL TODDIT THHN, 2O ZEE I AE IR Lo TSR S AR AN Z e T 5
EVHOHRE DRI ZIVTIY, ZORITI TR SRR A 27 L THDE D
R HZ LT IEFITHRIR N L TH D, IR BIXHUAAED 8 I A RF I BT
ALV, D3O/ ST AR 7 B DM FR I B W TRFESH TWO I B BRI Z D )
Ze TSI B R AR KA T D R AATHOZ LD KD, 7MY/ VAR AL ZED—D
THY, R X BRFESROINNL T MY VAFE A ZAREHZANDZ D3 kS, ZD7-8 OPCPA
DD N EIFRIE fto-2f THFHII-THIE LT, MBI Vs B R 7 D7
oy 77BN 2E TR AE FZ D £ L 2f AT MU DT AT DI AL, F
122D OBIZHRERE BRI A 2o ha— LT D7D DOH T AT =%t 8 2m TR
DT D BBO #EFERLNNUR I EEAZ DDA T TA Y — %A LT, AT LD
BIEIL AT, TR N TED Y VT Fr i piastdsia iz, Fex OBRFEL
TWAHARSN OPCPA |34 74— 7 ORI AFF > TEY, f-to-2f FEFHIRBITH/ A XD
AR CHDHART MVIRFIBAL 28 &I P LTz, ZHUCED, Fex DR T, KV IEMER
RSN TSRO AR 2R E T DR EHE 2 TD, F—to—2f FFHIL->CTHIES
T W7V D&M T, IEA 1000 - 1100 nm B W TF 7O Ells
770 ZOFUHEDAE B DL EMARE T H7-01Z 200 UL EITh=>TRIE L, HIERS
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RE8 (b)), ZIMBLEMIBICH 72> T T OB DONE R E DLW EAEIIE
LTIV, AR OPCPA O ) DRI GAS R AR DN L BRI AL TNDZED DD, Z
ORERFIIIMNT COarhmr—/MILTE LT 7= ORETHIEZIT>TD, £
T2 ZDOFHE 5 DR R AR AR T~ 5 2 L 2 D BT, to-2f FHEHI A>T
DAGEI T AT = DR AN B AL ST HZEIZLD, RS ERSRAL M 22 bS8, T
TR THZEZBUILZ, TORERZX8(IRT,

(a)

-
o
f

Intensity (arb. units)
(=]
w

0.0 T T T T
1000 1020 1040 1060 1080 1100

Wavelength (nm)
(b) 1100 (C) 1100

1080 4

1040 — 1040 4

Wavelength (nm)

0 50 100 150 200 50 100 150 200
Time (sec) Fused Silica insertion (um)

X8, F-to2f TR CHIE LI it 5 SIS ML PR FF 2R A7 b T A,

(a): P F 1050 nm 1T D f-to2f TR BELNT-THE 5

(b): F¥HMEZDZEFERIE (200 FVHEIE)

(©): 1B 5 DML AASRNAEFEL CODDEFEND DT, Ty P RO AN B4
Bz THE LT FWART s T A,

THEEDOTZV OB ARY 2y P LS D LRI L T D2 ENbND, F
£ HED 57 BRI E W CUAS R A DO EAL BN FHE T HZEN KD, ZOfEILHE
BREEFER IC RN —BaR Uiz, Vbl O3 R CBLIS - T UME 5 13k ik ol
KERNARIZ LD DT LG D2 e K, F-Z OFE B2 584, OPCPA iBFRIZ
B TIRAMNEL SV AD Pk GG RO N BRI AL TOD ZEDFE ST, F22
AUINOBZDIRINA T 5—T 73V AT 5 I B BRAA N 22 E LS H TR Y, ARAVE A
N — 7 EBHLEL TORRLT, KO @B LS, @R E TS O &S REDEERORNT A
Nl —P— X DO E NN HT=ENZ D, ITIRI OPCPA Z W=7 MY VRS A 72
HUGEHIERIFEIZ, ZD R4 OPCPA 2L —H—BA O HF LT %, AF5EEA T2 > TT
ETHD,

23 3k

JFEE RS (25)

(1-6) 2BEHICIDE R m i T AT D, BT DR AR HIER
H—7 MY/ IV 2R AESE DO E, ARRDITRhE L — =D (7L ZLiTiR
VIR S D i i FE AL R TOEF DO RA- R 2 DD THIRL, HL4H-4 A7 2
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RELTEFE 2R ESEDILENDD, DEVHE—T MNP S LZIE AT DI, et A
INVINTHCEBGRENE DY ZDH A7V UVAB00 nm HLT 5f FRED /LA
ME)DA TR ENDD, ZIUTIEFR LW R THD, ZORMEEFLY 7 10fs 2V AIZE
STHH—T MY SVAZFEIHHIENTEXAHINTUE, 7 100 7ML 4
DIRERINC R G L0, 2T B FOTF XY 77 AT L—Y — 2B IZ LD 8
TR A D FEREAT T2,

FEERARZK 9 (ICFELDT-, KIANE 2 BESICEDEmTHIE A FEROMEE2/~1, KIB)
ITHWZ2 e~ AN o TG EEBROL —F—D/RT 22— YOI - E 22
& T, Wi AERD VTR ATV AT AOMEX TH D,
FESHAAHAFIAI L 72 A L5 2 i dii S 2RI S A T AIZ PR -5 28T FAR I D A

D&

(A): Outline of experiment (B): 2-color Michelson Interferometer
s =
Ti:sapphire Laser From laser 1 To chamber
(10 mJ, 20 fs, 1kHz) 10mJ, 20fs 1.64mJ @ 800nm
BBO 0.24mJ @ 400nm

; DM

2-color Michelson
Interferometer

€

Harmonic generation
and detection

(C): Harmonic generation and detection setup

~

c -
oncave mirror Pulsed gas jEt

From 2-color f=1000 mm (from the top) 0-th order
Interferometer SXR-I1-1 beam dumper
1 | —;
Lu ¢ 35 .
| Back-illuminated CCD
%  ——
(= 65 grooves/mm 150-nm thick
‘ grating Zrfilters
500 Us TMPs 250 I/s TMP

9.(A):2 BUESHC LA B B A EBROME, B) 2 th~A7 /v TG EERICH W
L—F—D T A—=5— (C)midE L., %

TIIHE—Thol-Emdii R AEDOBRE A, 20 FBHICE-T 2 DOBEFRIEICHBES Y,
EIENDREEE D E IR RT3 2 % 52 FChted TBUAIL 7=,
ZOREREX 10 1R T, K10 OWiE 2 GESE O NAREZE LSl & D KR
TELNZERIEAXIMVE 2 R By NLTbD ThD, ZIDaNDZ eIy b4~
2 BESHOMMAIIEUTEELTEY, £-K10 3) (k& HULIZBN S BT 55
TR AT IS 035D IO, A FCTHRIASI T e o7z, 2 BEREIC L L 7= @il 2
AT MVEHEFR TR TBLIT 5 Z B LTz, BFIZ (3) D B AUZBIT D E ik AT ML
IZFNMBEZE RIS, 2D Z-D1% Upper branch & Lower branch 2>538 435 & ik
DEBIESNTHATEY, FEIZENETTHREISN TCOELo0, BHISN=D13Mh0 T
ThDd, T2l —val R THHEK 10(2) 25N (4) EBIZEW—FZRLTND,
EERE RO N2 b —ar L IO E R OZALIX Upper branch & Lower branch
DEFENEND BRSO EF L% Branch N ERT AL OEIERED 2 AERICK
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STEEEZEDZEIZE ST, HlHEIL TODEWVHZEMNFERAS L, ZHicdh 2 (D ESLE
ANDZEIZEY, 2 AEGROTHWNFIZLDT ME SV ARED =D DL —H—D S
EIMICEMSEDZENH kD Z e R L,

L7 AR L5 2 Rl E 2 RIRF ISR T AIZIRIN 528 T, RO AL DOYAE T
T —CThoT-@m iR B AEDBE R A, 200FBHICE->T 2 SO B RIS,
ENENDORBEO G I KT T oF 5 A MR Tlrd TRIAIL7., 2O HIEICEY, 2 /A
Y O R O AR 23 R 5 2 812X~ CL 8k X FRGEE I — 7 MR A2
10fs D7V AIZ IS THRASEDLZENH KD LA FEZRELT-,

25 3R
JREmsC (1), (16), (35)
Intensity (arb. units) ? (arb. units
1 d J ) 8E10
2 w—
110 110 1E10
< - =
> 100 2 100 o
@ 2 2E7
$ 90 £ 90§ 3E6
§ 5
2 80 E 80
- o
70 T T T 1 1 70 T T T a=i- | R o
00 02 04 06 08 10 00 02 04 06 08 1.0
Relative phase (rad./n) Relative phase (rad./x)
(3) ).,
MARG — A\ i —0D
:@\10 w - —B 10'° AL —E
= \/ 7 10 | F
3 A - ) it 3
o 10°; . 5 | ' H i l |
i g 10" 4|1 Iy !
= s = . | *
G 107 . 1kl ,
5 2 10 b
L= \
104
! X 'f\ 10 + T T 1 h
70 80 90 100 70 80 90 100

Photon energy (eV) Photon energy (eV)

10. (1): 2 EAFESHE ORI ALFR L ST A7 MV (RS R (2) 2 BB OIS
BRI AT ML (LR ab—2ar g R) 3). (DO RIZBIDmiHEA~I MY (4). (2)D4%
FACRBT D AT bL

(1—=7) FZERS - Wb oh m i 2 O 72 [ AR -5

R B TR IR FE DT DI A A THDH ZEN T EFES N T, WPERFCIX, FoF
ZRRESLFE D REE DSy B 2B CTE T, £ EZZERN K (TeV) DUECW IR (80
MHz) ZBRZEL. BE 0 ERe B il Uiz, B @ Re BT 0 e D= dITid,
ZE BT IC LA FREEDIR T AR T2 . CWH LT HECW I N L L X5, ¥
D10 2350 nm JEJR (B —R[EHI Nd: YVO, L—H—D35H) D245 &8 U< BH%E
SN AR KBBF 2 AW TR ASE -, ZhEHWTHEY) 350 ueV D% 100 4
eV DOFREENFOLNTZ, IS EE WA L lE_ Il Em SNz, FoEEAL — P —
ZAf o772 B MEFHEERL THARY
MUHH D BEL L2, KT R — D720 | EIE~DR AR N EL ZHEIREIC
L5 ST DIy DR b & T2 T NIRRT E L & 45 fRRE 45 O PR HE 7
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BT, ZLOFFBILERDOT 2 VIV O E - IREDNE S -, ZOEFR
Science 1#f. Physical Review Letters 12fRZ & . 28RO N EREIN . [L—HP—
HE LIV S EEEES T,

BT i IR i iR 8 2 F = R R O iR 23 Yo A iF e B E SRR T T o7, ISR 7 —
00— 7 WM SRS W AT b m T, R T INITF AT AT L —H — D245 (3.1
eV) T, 7u—7HITZD 19K EFIE (60 eV) THD, 3.1 eV JEIREZE DI/ Ak
FEZ DT C—HER TS, 5 & mdii o FhiE el U 75, @il 1 3hied Yo %
SERITHIDTZD T AT 4 NE—Zl L, BRREHI T 5, R 7 HIITAIT 042
—DHDOIT—TEE LICENT D, ZOHEEEHT TaS, ONih IS ORER 5 fiF
Zk T, TaS3R s 7 HIZ Lo THEEE L #E 2 LIZ IO NBIERL 3 7 N5, 2D
TR AR 2 D0, T a—T W I E T AT WV EBI LT, 5 RENC LD IRE)
R LI D, HE 7 = AN TIEE L QOSB3 0 o7z, 2O X572 55 fiF#HE (100 f5) D
ERRII L v X — DI | L—HP =L B HE L —V—

DG HOETIITE 2,

2235 Sk
JCIRBAR, RS (11), (14) ., (20), (21), (31), (32) REALETFH IR,
FEEFmSC: (5), (7). (9), (10), (12), (13), (19), (22), (27). (33), (34)

BhEEL—+H —

Z BG5S — TR —
X11. R F—Fa—7NEFHNE

(1—8) EZNBRKRMBE L —FT 4V OFELaL R TWHRF R T 7AT L —W
— D3 A

BRI —T 4 LT, Bl I — O KRR VSRS, L LE T R LF—
2SIV L TG BIEAMEN 2T T2 @B T A2 LR AR R oid,
TR U BN B A 7= L —T 4 7 Tld, 2O BEIT RS ID Y, AR
TSRO, ZAUCK LB 7L —TF 4 U 71 IZ NG DR R a I /3—TEXHHD D,
KD ED N2 TWik L — W —ZI3fE 2 22 o7z, il v /o L3 ET RO 7
V—T g T ORNELFHM AAT o7, 7V —T 4> ZIEA A SRR TR Ol 24 T
HWDAAT T IEAENE 1250 A/mm THD, X121 Duty (EE NI 2IEOEG) &0
REH/NT A= — LT BRI RO BAE 2T, I RK9I8%BHIFFTEHA, 4D
VRS il H D00 T I TI3W IR EThHD, BIESN T2V —T 4 7 OWiiE DO SEM
GHEAX 13T, BRIV 7T7 4 —E2 AW T, | KA XX 140mmx40m
m(EA1mm) Th o7, AT NVIRE TR T ORI L, 750nm)H850nmiZiv7z
V79T, R IIEILTIO% L, EThHoTe, ZOTV—T 42 7w EMG e LA AL TE L
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kHzDFZ Y77 AT CPAV AT MZEBWT, JEMERIFET70%LL ET10m]. 20 fs, 0. 5
TWAESNTZ, 2O AT A1, 2mx3mD W FEITILED , 2L 7NN VD
Lipotm,

SR RE TS (30)

1.50

1.45

1.40

1.354

1.30

Depth (pm)

Sample, 93.7%

1.25-
1204 ,‘, — £
025 030 035 0.40 045 050 055 0.60 0.65

Duty cycle
12 1% duty LIRS 2N TA—Z— LU [EHT RO HE

5.0KV 5.3mm x20.0k SE(U)

X137V —T 471w SEM B E

OWFFERCR DA R ITFS D2 R

RO EBETF 2T 7 AT L— =M ORI, mR & R IZLD T Mk
BRI TBI A R 22 D, IR 72 1 TR BRI ICBI L Th, 7 M AR) —
Ik RIS T MVHIE FIEN R L 720 | A0 MBI FE ST M FHI FED A<
IThhddHz/ev o255, ZTNHOHEROFER, 2 ETIZ80T MbL WO v
ADRT N—T I ESTELIN TS, 1007 MULL T ORI T MO OVAFE A TR
DI N—=TTRHRAL TNDEN, FDYF T FLF—F 100eV (T OMELEIMLIZHD, =
DT MY SOV AR AT DWT, BRI TRLIBRIN, KE, X OHFH 7N
— T WA TFIEERETIEDT AT AT #H-STEY, TMYERFEE D) — BN RS
LTWD,
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EREFRPE X, B RNATACTHRAET D IE 1 DI 157 T ~DEZRIC L > TRAET
%, ZLTC, @O N =X — | IHEE T OEE =~ L —|JUFIFHELL L—HF
—WED ZFIZHFIL TS, 2D, RIERL —F —%2 2 135 0B K E/D
TREELRDZ LT RISV TV, L, ARG T s ik 364213 A kR 7 v
— 7 TCTRAONTWBIZIEE 2, ZOEH T, TH Y77 AT L —W—TCEBLSN=E
FEA YR (BT 7 Z Ty MDY —27 W) AT VD7 OVANE, Fx )T - _Xm—
NAHOEIE, 1kHz LL EO @I ) 2 & THEBLT 2 FIEN, RIZHELL TN
7= ThHD,

bbb OBIR LIRSt OPCPA 725NN BEI R EZ1TH7RF OPCPA EiEL
—HP—ZHNT, TR F—100eV (IO ER E R 721 T/eL, lkeV ETOHN T
FNR —ELOER @R 2O RN T b Soicest Bbns, filziX, 1=
FILF—40~400 eV IZBWTIAEMRIZESTEERRTTED L WIRINFET D, F-
500eV~1100 eV (Zix, WIS AEL TEEZR3d EEAREO L WIHATFET D, Zih
OWIEZF 322 L1280, Jud@IRME AT U727 = AR T MO REE O #ROGHR R
IR 55 YRR N R AL Y B 25 DT b —L U " A= U T ~DIE BRI ND,

EREL —F—Z2b bW BN A TESREE S 7 IZB L TiE, L—3 —i5H
TOEADEE T R/LX—(X 1keV FTET L0, lkeV OFE TR 1000 I E LT
BT MO HECHIE B2 ENFELIC AT REE 22D, ZUC KT, TMDE
B ROE I O N E DAL ALDT NP3 70 L R+ NDOZE B XA
VAT HHLNWVER FIEZ 2R T 5L IR KD,
ab— L NMelE S VAR B THD SR FRE 2SI RALL T, ERH LT
TN —HFHE 100eV 5 1keV FREF TR —HIERKL, WERZ~OREZXAHE
THLEDTHD, EIRERE DR Bt ZFEBL T 5701 F T, RAME (F0EREL 6,
m) (2B D R E R BB VAL — P — WIR AR5, ZOJREHWAZEICk
ST BHEFHAT7AT L —HF—DFEIC L THIBREN TOD E R O K6 %
N —FHIAMEIER L, SR —1keV IZBIET @R &S EZRAEIED, B
ToHOGRRRE I D = I 2 N T = AN 7 NVIE BE D IRE RS 3 iR RE 2 FF D Y6 e 10
BEERI Sy a2 ERSELZENTEHE - bD

4. 2 N SINVAE RIS EDAEE N ESRIEE R L Z OFHA (FERMHE L—7)
(DBFFE SNt A B OVl A

FEEERIEEHOZ A VAKX, FAYT7AT L — =R 7T 57

LD T AN IR IR IR DI T e T e T AR T — R ONEDIRE 5725656

BOH VAL BRI Lo T, mE AR L2 b D& WD, @ ks 7T

FEREIHIEN L, 7 2y =2 AR DREICEBLL T, A7 oy =7 T, £7°, R

WD @R AL ZATO 20 ARE T RIS A A ZRIBIL 72 YeREL T Yb

Ty AN =P = 2T MO EAT, HEW T, ZORIE IR Z T2/ ST AR 7 HElE

WXV IR TEOCIR D &RV 24T, 0V ZADERA B 2L L., oA 1k

HE AR E OB R HR IS TAT BB R O R EMRAET 51T,
BRI OF R TIEEMENL T 5, SO, WYEFOTT 100 7 M ULAEIREM A A D

BT, 7MY COE - HRED AIREMEZBR T 5, X 14 ([THFTERT B OBERS X %7~ T,
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+2 100 7 M
Yb SiEm n INJLR (HTERT)

Yougs | Lo ﬁ N
9497‘@;&3 i
Gt ‘ BRMBRT

EEERLIR

o L

BAEETIZ, LFO 5 HBIZOWTHFE 2T > TE T,

(1) =BT ORENE RN YEIRELTD u J #% Yb 7 7 A/ —H — g 2200 B %

(2) FhE SR AT BRI D E G L 72 2 A 7RI E AT O ffe N7

(3) 7T AN w7 HANE & F N AT B IR T GIR O iR AL

4) LB IR O E I TVEOMEST

(5) AEBEIIERET MY SV RIEA R DL AT LRI (BERL K - Yy PEAFF & 3L TR])
PLFIZ, FHE B IZOWTHEIRICER R Z IR <5,

_>/\°5% MIVIEIES (HBHALE)

14 PEXMIET V—"7 O FEET I ORI

(1) BRI IR OHEE AR EIRELTD 1 ] & Yb 77 A/ —Y — RS DB %
(1-1) 28 7= LMD Yb Z 7 AN —F —FIESR OB %
EEERIEROEBELDT- O ORI YRE LT, SR &S 7 = Ak
Y7 7 AN — P — AT LEF LIz, £7 ., TORIEEREL T, Yo7 7 A L —H—
E—NEMRIRAZIE LT, K 15 ICHIRRR O EZ R T, Vo V7 RIIRERHE AL TS
FIIZIZRES 30cm @ Yb 77 A% W, i R E LA T, IEIE R RIHRIZ LD
BRI SAVRIIREAT ), TSR TEAEL 600 A/mm)IZXY, LIRERN D 55 Hikl
21T >T5, X 16 1R L9223 H 1000 nm-1120 nm O A #5872 227 LS
Too BEOME DT YR Lt CTHMER B 27 LTS B, SF14 AT ADTYVALT 2 1K +3
WA A ESMMETHZENTE, 77 AL — P =TI E D UL AR 28fs D31
ADELIVIZ, 17 ICH QB EA R T, BRI 2% E Tl M LA EodEkB
EHERL TS,
235 SCik
B SC: (17), (26)

I
I? | — 0l
1 — gL

15 Yb 77 A3 MR ax O AL,

- 20 -



o
T

~
T

ul
o o

Intensity [a.
~
T

MW

1

A T S T SN N N N S S S T N oF, L
90 1000 1020 1040 1060 1080 1100 1120

Wavelength [nm] w0 A A0 Dela?/ &] “ &0 20 160
16 %%‘TE%%@HjjJXJ\WM/ 17 %}E%«g@ﬁ EWE‘&{E{%

(1-2) 25W, 80MHz, 100 7= LMD Yb 77 ANF % —F 7L ZHINE S 2T LD B
(I-DORIEEEE T —R HEL T, 80MHz Fi0IK L7 7 A L —H —HElE > AT L%

BRI LT, X 18 (TR 7R, 7 7 AN DI R A9 5712, 77 A/3 AR

v F X —"T 20ps T/ NVARMREHITL, 27825 70D Yb 77 A3 VT, BT

35W FTHIIE L= (X 19), 1EAEL 1000 A/mm OFE @ FL B P& 1% T/ L ARE 100fs F

THIEML, 7] 256W ORI, 15T, EO3RDEER D7D, 20

NREAFET D20, T7ANAN T X —IZB W T, AD SR AR DR R 7 7 A

ANUERKEL) ZHNWDZEIZEY | R SV AERE R FEBLTETND,

S 3R

JREEFm S (28)

40
$ = il
g -/'/-/r
20ps © 20 =i
80 MHz, 30fs @ 1050 nm @
5 -
Output =
4 2 10
25W, 100fs ¢}
%
of-u®

25pm-core Yb-doped
fiber

0 10 20 30 40 50 60
Absorbed Pump Power (W)

18 80 MHz 7 7 A/ \HalE &5 ORE R 19 80 MHz 7 7 A/ NHIWEZR D H J1 R

(1-3) 50 1 J, 0.4AMHz, 700 7 = AN Yb Z 7 AN F ¥ —7 7 UL AR AT LD B %

SHRHEE —VIREERELHT- 01T, #F0IRL AL LT 0.4MHz O3 AT 2 2BF LT, (K
HORLES > Th, 1RO ERL —F—HIEGHE CIIEB TERVEWEDIRL THD,
20 ITHERA T, (1-2ITHART, FERE RN DS OICBE ICR DI CTh DT | [T
F ARy F ¥ —"C Ins FREFTIEML, 7V ADM B EIE MK T 2MiH 728, 2 BLh
B OHENE A Nz, 2T 10 782D Yb 7 7 A/ FiE g 24 T, 40MHz T 1W
FOHE L%, FEL AT E W UV ARG ICED, 0.4MHz T/ OLAERF[L,
a7 £E 40 IV ORTEMSIEZR T 2W ETHEIEL, 612, a7 70 I/ O R O£y R
b 77 A W BRI ID o HEiE H /1T 34W, 7L A= LF —E LT 86
w ) ERFT, M 21 I EENE RO H 1R 2R T, BEIE LA Z BT 7% O EfE g 1280
JEMELT=0 50 1 J. 690 fs DJEME L ADNEBIVT,

22 1%, FROG JIiEIZ LV ELN T EME % D VAR IETE (FR) ThD, 7SIV AEIZS
BT AL VIR BEE DS KREWRRICO BB . 7 7 A/ SNOIERIE 2 FAC
XD THDHEE X FERIE T 2L T 4 B — F R e W E G R 21T o7, HEE T 7
ANNDZE ] - RENARAF LT B S IRIE A, 0D RIE, A T ORI 2T 4 T —

- 21 -



FHREERIC RSN,
2 3
A_ LA LTA AP AL A
0z 2 ot 6 ot 2
TIZT, B lX2WATR. B IXSIRATR, v ITFERIBAREL. g 1IFGTHD, FHEAERITX 9
DOFDPWIHTRUIZIEAY T, BERFERE I L TRY ., X5 AR N IERRIE R
JALDTHAIED R TET,

BN
RS (29)
Grating Stretche 1740L/mm
YDF [ H To—— |:|
TG
HWP S S
— S TG Grating Compressor
we Il
DM LMA Rod PM-YDF o
PBS C—=HWP core 10um core[70um
IQ§| EM-YDF Q HWF|]>V|\]/P
SMF / > H DM PUMB ™ Main Amplifier
grating pair = O pump
600L/m
W 1st Preamplifier nlUE O
I:I
i e
= AOM =|HWP pump
() «#——Tis laser 0 00 LMA PM-YDF
. . core40um
40-MHz Yb fiber oscillator Pulse Selector 2nd Preamplifier
20 0.4MHz 50 1 ] 77 A7 NBhlGE S AT LMK
= Jeo 9
— 3 1.0FF T T T T H 20
% 20 /. 50 % . —— measured .
g 4 dw 83 087 |— simulated T TH 10 1
o 15 % \‘E/ 0.6 TL -~ ! 9:)-
ks q%0 2 ] s 4o o
g 5 / 1° § E 4-10 &
S N 10 =
0 0 E—; -20
0 20 40 60 80 6
Pump Power (W) Time (ps)
21 FHEMEERO ) RE 22 JEMER S NVADRRIEIY (AIELFHE)

(1-4) %6 & 2 HaC Ko e H hiE e o5 4

XF AN 7 R D FhEL PR E L THWA =912, 80 MHz, 0.4MHz O] 5 OfE0IRLIZ
BT, FERIAE A LBO 2@ LT, 28 a8 a1T 572, 80 MHz IZ3W\ T, FEA
13.7WIZHL T, /5.6 W@”’”*pﬁ{ﬁz#ﬁ%m BEHNR AONFEE AR LT, FT2.
0.4 MHz (23T, RN 34 % T, 18 1 ] D/ VARELITZ (X 23) . X 24 D H CAH
B TE S, 7 VANET 1.2ps ERAELDID, ZOHNIE, /ST AN 7R TY 7 1 ] #
DAERE BRI TO T2 O SEIREL TR 3%,
23 3Tk
JFE S (28), (29)

- 292 -



8 40
‘,.--E’""'--ﬂ
T /
6 o 3 O 1.0
. o
. 4
g @ 0.8
g E] — { \
4 20 m 3
g K / 38 o6
Q 5 = :
% g g l \
o )
- =5 04
2 7 o &2 / \
/ 02 k“‘/ \
0 0 e Sl Wiy epva)
0 5 10 15 20 25 0'0_10 5 o = 10
Fundamental Power (W) Delay (ps)

23 0.4 MHz IZBT55 &l A HasrE K24 56 &k v 2o 8 S48 R

) B SR LB B IR DB E R ZA 7 TR BT OMesL
@2-1) JeiE N EDZ B RN 22 m b E XA VTR AT A

BRI IR EENE ZATH7- 0121, B YEIRE O M @k e 2 A 7 R 2175
WEEDBD, K 25 DI AR IIRDO LA SNV AD— 5y ThdrTFT H Y7 74T
— W —HE YD T AN — P —RIRER DT 7 A/ NMGEATHIENLLD, ZER e F AT
R ZAT T2, 77 ASFCTAR SV RZ IO BN ERZZ0, HEV7 s, 3
WA BITIE U T, RSO RN T 5, AG SVADRPE CERIG AL
B CERLYGA T EY 7 D TP T 5720 Al ESN - RN L
HNFEST, FAI VAR T HRIFENEL, ZEICFED,

Ti:sapphire injection

for synchronization
200 MW

80 MHz

YDF 4um

A 20ne CHa -OC 54TV [ T™

YTENRNRRR NN EEE

WP

PBS

410000

grating
600L/mm

I/

frep tuning

40-MHz Yb fiber oscillator

25 ZA TR OHERL 26 [ ASAVZFN (b FRZAAT7AT T 7 7A2N)

26 [T ERY, FHH T 7 AT L—H—(B0MHz)E Yb 77 A3 — P —(40MHz)D /X
IWAFINSERIZAAIL T RIHIL TWAZEDN 37D, X 27 1, liL—— D0 UJE K
B RRE IO ORIE LIS R 2R L, 8RFHLL BTz o T, # AV RIMIHERFS 11
TWDER 33D, Fiz, X 281X, FIJEE N ORELENLRESNI LA TV H—D
JEI AT MV ERT, 1Hz 75 0.2MHz TR LIZAAI TV vd—1F, 1.4 THY,
OO TERSERIAI RPN ERINTND,

235 SCik

RS (29)

- 23 -



10 3.0
AL i
10 jitter PSD 1
o noise floor PSD N
10 —— rms jitter -2
10t | | === rms amp. noise |__|
= rms noise floor El
. = 107 20 &
80.00135x10 I N l 2
o~ 10° @
H ® a
< - =
g | e— TS UD_} 10* . 1.5 g
= 80.00130 — Ybx2|. | o
g g o * =
T £
2 T o H b 1.0 S
o 80.00125 [~ o ; 4 ¢ 3
&= 107 =
g }
= 10° 0.5
g 80.00120 . 10° L] |
[ T TTHT
x a1 |
10 whl 0.0
80.00115 i ! ! 10° 10! 10 10° 10" 10°
0 2 4 6 8

Fourier Frequency (Hz)
Time (h)

X 27 [AHEADO R R Z2EME X 28 ZAILT VR —DJEW ATV

(2-2) /ST AR > ARSI BT DML Y & — R YD D XA TV — Al

IRF AN 7 B GERNTIRENCBIR) ICED T AR T DR E ZME T 5810k, #
Mg H A BT D Y — R DM DA A TV —Zf i L, K 29 13, Z A7
DB —DJEPEILART MV ERT, 1Hz 225 0.2MHz (FAF ANEEED) FTRED L7212
YTV 42 5 ThDH, Q-1)DFERIZHEART, Do —DB 2 B R 2R T80, 77
AR 2R DS RUCB TV v —%HIE LT R AR R IZ LT ey L2 b D %K
30 1T, BB, BHEEICH LU TRIZITHEINL TODER 23900, BHICEREEH 3k
IZEDHHEROI DRI THLAZENHERIS D, Lol 2OV X —OE BRI, 7L
AN AR TH 3/ NENWT28D | XT AN 7 AR T2 T E B E B 2 72 VWL~ LT h
Do
235 SCik
JREFmSC: (29)

10 T W T T 1 80
3\ |1 (R R
10 —— jitter PSD
102 noise floor PSD|
—— s jitter 60
10t —— msamp. noise(-—60 _
o LA i | —— ms noise floor | | é. 50 PA
B . i 9
Ng 10 B } ‘ % ’(/T 40 r | ]
2
§ 10 e 0= “\:/ 30 2nd preamp
g O i £ g I .
5 10t M}L» - f} *HH % 5 20 1st preamp
10° PP T G i 20 0
AN 1
w0 | L Oscijllator 1
Al ot
167 AN 0 0 5 10 15 20 25 30
10° 10" 10° 10° 10 10° .
Fourier Frequency (Hz) Optlcal Path Length (m)
29 HA T VB — DA L 30 HAICBITLYyF—DEL

(3) 7RI AN I HEIE Z RV VAR B I T IR DO R R E AL

(1-4)TH7= 18 1 J, 0.4MHz DL/ SNV AEHNWT, ST v —7 7L ART AR w7 1
B DRI IR O S8 BEAL 21T o7, R IR CThHH /3T AN 7 3 im0
RAETHEA IV ADIG, 7TV (2w . W 1275 nm) * AR 7 (3w . & 850 nm) +>
TFNOHE Gl (4o, R 637 nm) DR ELIL2: 3:4L725 36/ LAITHL T, Jib
EXA 5 u ] TOEHWT, g Z1T o7, X 3112, VAT LD EZ T,

- 24 -



OPCPA

BBO
Yb osc. —{ Yb CPA —SHG [
A delay BBO
0 N
passive sync. . / _\
MgO:PPLN dely * <= D
N f 3w @' — delay
V U == N
4w % / AN
| SF57 compressor
2w
i | 4

fs-OPO grating stretchers

31 ZaF v —7 7 ILVART AN o7 NG AT BORER

i SOVANEE G D701, 3D —R NV AZZ I, BT 3 LD AR
T —Z TR L, FERRIERE S BBO I b Ye L RldhIZ4E 635, HEHIEH% X, SFAT HZ
27 wy7 (£E 10cm) ZHWT, BEMEZITY, 3w 22V TE, JEZ 3mm @ BBO 27z
T NS AR TR VAT R —5 1 ] IZXL T, 940 fEOMERN S, 2LV A
TRVF—0.26 u ] ZFF70, X132, X 33 (TGRS AV AD KR E AT MV AR, ZEHR
I 5.2%THY 1FIFE7 — V=R FTHEM LI/ VAT 130 fs THo, 20, 4wl
DONTIE, V—FERT —=NGHNTd | XTSRRI 21T 572, 20 I22OWTL, JBEX
3mm @ BBO Z# =& 7 )L X ZHENE Chihid 7 VAT L —6 u J Ik T, 2300 {58
MEEDIL, 7SV AT X —0.13 1 ] 24577, X 34, [X] 35 [ZHEME SV AD BRI & A
NRUMVETRT BERNERIT 2.29THY NFFE 7 =V [BRETEMRL- LA 140 fs
THoT70 4w lZOWTL, JEE 5mm D BBO Z W =47 L S A8 E TR/ LA R L
F—4 1 J KL T, 29000 5 DOEMENEHAL, 7SIV AZ VX —0.25 1 ] 2157, [X] 36,
3T A\ZHANE SNV ADRFRIE E EART MVE R T, BHNHEIT 6.3% THY, 1ZT7 —V =[RS
FTHEM LIz LVABRIL 270 {5 Tholz,

1.0 T T

T T
3w 12x10°

= measured
- - - phase - 5 10

0.8

w— TL

A
/
[
I
L\
\

e iy
g 081 C 53 8
z c qo0 8>
£ TE 4
-5
02
2
0.0 L L ! -10 0 N A
-400 200 0 200 400 800 820 840 860 880 900
Time (fs) Wavelength (nm)
32 3 o HENE G/ L AD IR 33 3 w HEHE Y, L AD AT L

- 25 -



10— T

T T 10
2w -6
—— measured 8x10
= = = phase 15
—— TL
6
’ ' “ / \
-
4
-5 / \
2 / \‘
0.0—1 | L 10 0 ey e
-400 -200 0 200 400 1240 1260 1280 1300 1320

0.8

0.6~

Intensity (a.u.)
'
.
.
'
‘
.
N
L3
o
(pei) aseyd
Intensity (a.u.)

02

Time (fs) Wavelength (nm)
34 2 o BIMESE/ NV AD BRI 35 2 o BAE S/ UL AD AT R L
1.0 T T 10
m 7 4x10° i
0.8 & = measured
= = . phase 15 ,
3 . = TL 0~ 3
& 06 — 53
2 Se-s —Ho o3
2 =8 2
§ 04f g%
) 02 ° - 1
0.0 ! -10 0 kb
-1000 -500 0 500 1000 620 625 630 635 640 645 650
Time (fs) Wavelength (nm)
36 4 w HME IV ADREHIEY 37 4 o HMEC/ SNV AD AR L

PLED I, JEHELE 2:3:4 D3 NV AEEREROBEERGEZSLERY T 1 JL~L
FTHMRL . 2% 100fs O/ VAR EMGTHZ LT LI,

(1) EBEBIE OB R BEI R TFIEOMET
(4-1) FIFEFAFREEIE S O TS BB R A T L O ST

JERRAZIE, R L L7t | ERE- LB 7 R OEMKFBRABIIIL, 24
ICEVEEE I O R ERFET HEFRIRHS, BRI O TIEE ML T HZE AR
HIEDRBND—DTHLHN, KR EFEIR IO THIEEE RELLI N TED HiEEL
T, AR AT I HUR B D T a WD 1EE et LTz, 26 )V AR O AR %
IEREICFHAIL . BRI IE A T 5, FBEZOLO XM E TIT2 208, BAE
AT O Ry OFEXALARZ EREIZNE T DL LRAMETHS, X 38 IR 7 @Y,
JEREUIL 2 0 :3 w:4 o DERF 3 DIV ADE R AT OFX A Z & R BUR Gl O+
WERIRTHZEIC Lo THE LTz, & BRIV IERE A ARl iE 358, 20 +4 0 OFN
JEWmFRE 3wx2 OF IR FIRFCFE AL, W5 O REBIR GO RN
2 6w &72DZEnn, FWNELD, ZOTFWENET HIEITLD, 3 A VADOF AR
BAMR AR E T HIENFREL 72D, IDIT, FEMIEAE SO ARTE A A 2B S D2 L2 8D,
20x2 OF _EEE 40 BEOTHEELZELTE, TNOLONARBIFR ORI ERE S L5
IR E SN IRIEEHRE GO T, AR OB EARE T HI LN TE,

40

(0 D zana

Measurement-Il

Measurement-

el v

38 WEILEDFHX

synthesized
Eft)

- 206 -



14 1 I 1 ]
s 12 = 12 -
2 10 3 10f
3 g 3 gl )
8 3
6 6 -
| 1 | | 1 1 1
00 05 10 15 20 00 05 -0 -15 20 -25
Delay path change of 3@ (um) Delay path change of 4 (um)

Electric field (a.u.)
(=]
(=]

Time (fs) _ Time (fs)

39 @W2wtdwl3wx2 (b)2wx2 4w DT,
C)FEEBRIEE ()FEERE T

39 (a),OITENENDIREEIRICI T D THEIE THD, KEITRUALFICHFEL
TR D PSR S N T= & BB S E M OSSR EE I &(e), (IR LT,

235 3K

JF TR L (18)

(4-2) ZHA AT ALBIED T I D BRI 2D R OGS I O BB E ~
BRI IARLF DR OBGEE Z LD O EENTE 2D S LT, 41kl
FEOTHOBLINZITY L, EHET TO NS, SESFREBEFREEZEST-Z T AF
AGBFRD TR LY, 4 FE RN ETF AT MK DR SHT FH D) B R NHZ L
DEEGRNC RIS COD (K 40) , FEBRTIE, SO/ VAZERR LT, A AREITEN:
L. &7 A4 ML~ T D —EDOMAEICHHESN T E T OES = X — 3 Fi
ERET DT ETHD, ZDTDOI, FRATRHRDEE 750 Heas Okt i CBUELZBE, 17

2TUD, e
FT 1
S s
P A
A
A
RERE

40 ZHAAF ACIWFEO T O JFE X

(6) EBWEIIRET MYV AR ARD Y AT LRI (R K- MtEpf 7 —7 ik
[7l)

BB R -PERT 7 NV —T TR SN TODT MY/ SV AFE AL AT L LFERAITIZ IS 1D
EIRE AR B IR AR A LT 7 MBI I D R ER AN 2B E 9272012 M
AT LD R IR A AL T o OGLARR HI S AR R Tdd, BLRER - WPERT 7 v —

- 27 -



T DT NP/ SIVAIEES ZT WL FERIF T IV — 7 DAL IR TE IR IL, EhIcTF 277 A
TL—H—%HHELL CNDTD, 2RMDT X BT 74T L—H—[F LD XA R
N O RS O AP 3§ 528 T, 2R AT LD FEBL AT REME A FZRET D2 &N
T&5, BUE, 8T —RRETZ V7747 L —HF —FIEIRTK LT, IERIREZF]
FAUT= S BROHIENC XY, 7T IO EE DX A 7 R ONFID R 2 KU T, iFE &2 T
W5,

@WFFERCR DA H RS D 2D H

AHFFE TR UTATE BRI R A0, B — W — OB LS ok
DOIREE LN THD 7 = AN LT MPIZE DR EIRIC BV T, BEEIcE T2
EEOBRREM B 2GR T2 HMTTHDH, FHIFkA 23, RSN L RZB 0T
YA R ATRE /2L — — 3 AT AEEBLT-2L T — I t%@f%z&k?‘éﬁﬁﬁ#ﬁ
ROBAETH#BLGUTIN T, FHUIRCHE B R BLOBL SO/ 2 CHRAET %8
RENEESNDZEDBHIRFEIND, HlZIE, &RREOEERERNGITEDOE ﬁ{&ﬁ/%ﬁ
BT B Z5E3 N, 2 ECTHRFER AN 72 2203 723 TOD 8, AR
FEDRR R HIT T WERITAFIE LT o T- N & B e R 2L - T B RIS <
BB ET IO R TRV G EIND LD THAD, k- AHEOE M7 47
SEOE ST ETEAVEOE FIREBOMAT L1, HrLWEEOFNZELTH
BRONHIFF C& %, £, FEER B A EHZB O TIE, 2R ETITH L IR E S ON AR BEFR
ERRALCETTHCERST MEERIETS %%ﬁi)li&iénfb o, AR BAIIE D AR
TEE L, 3D EHRE 7 B R B OFIN L > TH LV OIEE T 7 A ABE D3 Bl %
HiEHFZEIchiE SN D THAY, bHAA AR EOBEHAN (n] 75 1 ]) S5
WMECAT T T o7 52T, BHHRIRF -0 DOAF AL R E R I DN
$BT MBSO IR A T2 s, MEICET e tTET L Ebhd,

RS ZZE Z UL AL IR F A O SRR Ak CALFE &R EE A H i S 7o e —
LU NERTH DD, LRGN E T D SRR ORI, ME T ONRFERIRO mah$R
ft&l/\’)f_ljt“—l//]\ﬁéﬁz@ PTCH, BEBODIRBEES F T LR

BT DL THIHERER B R DM EABIFFC&E D,

B R A BRI EL CTATYH, WA DL DR RL — W —W D Bk ER XA
WA RN 1, FHRYERIC LD — =D Vb, EREE Y vy 75 5D
i, MR ER EBR AR IR E BT D EAI T RIERE | SESER 0 BFI S AN RS
NCND, Fiz, R ESER CZ OB & oL, Y M5k o ks B FHSe Uit o e i
TRERFOMESL TR DBV E o 2O HAMTE L TORIH ATRE THY, #E R I KX
[/\

BRI RIFZECRIFE LT Yb R—7" 7 7 AN\ —HF—D T AT AL, [HROME LA
L—HP =T, ERRIR L @ SN T SO E CERa xRN & E L
W RLEBIRIAE 2 TR0, A, N THL@REEEFHMEL T, FEFICEE 2% E %
BI-Lo0Hb, AWZE TR LIZY AT AL, 2OV AT VX — 03K UE e d 2L 2
g 72 ST, N S RIS H TR0t CE DR ED > TR, A %ITE A7t

EB AN T L ~OIS BRI AN T, FREZED TN EE X TS,

- 28 -



§5 BRRBRE

R FmcFELR (ERNESORE . EER SO 37 14)

1)

2)

3)

4)

5)

6)

7)

8)

9)

T.Liu, T.Kanai, T. Sekikawa, and S. Watanabe “Significant
enhancement of high-order harmonics below 10 nm in a two-color
laser field” Phys. Rev. A, 73, 063823-1-8 (2006)

A. Kosuge, T. Sekikawa, X. Zhou, T. Kanai, S. Adachi, and S.
Watanabe, “Frequency-Resolved Optical Gating of Isolated
Attosecond Pulses in the Extreme Ultraviolet” Phys. Rev. Lett. ,
Vol. 97, 263901-1-4 (2006)

T. Nakajima and S. Watanabe “Phase-dependent excitation and
lonization in the multiphoton ionization regime”, Optics Letters,
Vol. 31, No. 12, 1920-1922 (2006)

T. Nakajima and S. Watanabe “Effects of the Carrier-Envelope
Phase in the Multiphoton Ionization Regime” Phys. Rev. Lett. , Vol.
96, 213001-1-4 (2006)

K. Ishizaka, R. Eguchi, S. Tsuda, T. Yokoya, A. Chinani, T. Kiss, T.
Shimojima, T. Togashi, S. Watanabe, C.-T. Chen, C.Q. Zhang, Y.
Takano, M. Nagao, I. Sakaguchi, T. Takenouchi, H. Kawarada,
and S. Shin “Observation of a Superconducting Gap in Boron-Doped
Diamond by Laser-Excited Photoemission Spectroscopy” Phys. Rev.
Lett., Vol. 98, 047003-1-4 (2007)

S. Adachi, H. Ishii, T. Kanai, N. Ishii, A. Kosuge, and S. Watanabe
“1.5 md, 6.4 fs parametric chirped-pulse amplification system at 1
kHz” Optics Letters, Vol. 32, No. 17, 2487-2489 (2007)

T. Shimojima, Y. Shibata, K. Ishizaka, T. Kiss, A. Chainani, T.
Yokoya, T. Togashi, X.-Y. Wang, C. T. Chen, S. Watanabe, J.
Yamaura, S. Yonezawa, Y. Muraoka, Z. Hiroi, T. Saitoh, and S. Shin
“Interplay of Superconductivity and Rattling Phenomena in
B-Pyrochlore KOs206 Studied by Photoemission Spectroscopy” Phys.
Rev. Lett., Vol. 99, 11703-1-4 (2007)

X. Zhou, H. Lee, T. Kanai, S. Adachi, S. Watanabe “ An 11-fs, 5kHz
optical parametric/Ti: sapphire hybrid chirped pulse amplification
system” Appl. Phys. B, Vol. 89, No. 4, 559-563 (2007)

T. Baba, T. Yokoya, S. Tsuda, T. Kiss, T. Shimojima, K. Ishizaka, H.
Takeya, K. hirata, T. Watanabe, M. Nohara, H. Takagi, N. Nakai, K.
Machida, T. Togashi, S. Watanabe, X.-Y. Wang, C. T. Chen and S.

- 29 .



10)

11)

12)

13)

14)

15)

16)

Shin, “Bulk electronic structure of the antiferromagnetic
superconducting phase in ErNi2B2C” Phys. Rev. Lett., Vol. 100,
017003-1-4 (2008)

T. Kiss, T. Shimojima, K. Ishizaka, A. Chainani, T. Togashi, T. Kanai,
X.-Y. Wang, C.-T. Chen, S. Watanabe, and S. Shin, “A versatile
system for ultrahigh resolution, loe temperature, and polarization

dependent Laser-angle-resolved photoemission spectroscopy”
Review of Science Instruments 79, 023106-1-7 (2008)

C. T. Chen, T. Kanai, X. Y. Wang, Y. Zhu, and S. Watanabe
“High-average-power light source below 200 nm from a KbezBosFs
prism-coupled device” Optics Letters, Vol. 33, No. 3, 283-284 (2008)

K. Ishizaka, T. Kiss, S. Izumi, M. Okawa, T. Shimojima, A. Chinani,
T. Togashi, S. Watanabe, C.-T. Chen, X. Y. Wang, T. Mochiku, T.
Nakane, K. Hirata and S. Shin “Doping-dependence of nodal
quasiparticle properties 1in high-Tc cuprates studied by
laser-excited angle-resolved photoemission spectroscopy” Phys. Rev.
B 77 064522 (2008)

K. Ishizaka, R. Eguchi, S. Tsuda, A. Chainani, T. Yokoya, T. Kiss, T.
Shimojima, T. Togashi, S. Watanabe, C.-T. Chen, Y. Takano, M.
Nagao, I. Sakaguchi, T. Takenouchi, H. Kawarada, S. Shin
“Temperature-dependent localized excitations of doped carriers in
superconducting diamond” Phys. Rev. Lett. , Vol. 100, 166402 (2008)

Chuangtian Chen, Guiling Wang, Xiaoyang Wang, Yong Zhou,
Zuyan Xu, Teruto Kanai, and Shuntaro Watanabe “Improved
sellmeier equations and phase-matching characteristics in
deep-ultraviolet region of KBe:BOsF: Crystal” IEEE Journal of
Quantum Electronics, Vol. 44, No. 7 (2008)

S. Adachi, N. Ishii, T. Kanai, A. Kosuge, J. Itatani, Y. Kobayashi, D.
Yoshitomi, K. Torizuka, and S. Watanabe “5-fs, multi-md,
CEP-locked parametric chirped-pulse amplifier pumped by a
450-nm source at 1 kHz” Opt. Express, Vol. 16, No. 19, 14341 (2008)

N. Ishii, A. Kosuge, T. Hayashi, T. Kanai, J. Itatani, S. Adachi, and
S. Watanabe, “Quantum path selection in high-harmonic
generation by a phase-locked two-color field,” Optics Express, Vol.
16, Issue 25, pp. 20876-20883 (2008)

- 30 -



17)

18)

19)

20)

21)

22)

23)

24)

X. Zhou, D. Yoshitomi, Y. Kobayashi and K. Torizuka, “Generation
of 28-fs pulses from a mode-locked ytterbium fiber oscillator,”
Optics Express, Vol. 16, No. 10, pp. 7055-7059 (2008).

D. Yoshitomi, Y. Kobayashi, and K. Torizuka, “Characterization of
Fourier-synthesized optical waveforms from optically phase-locked

femtosecond multicolor pulses,” Optics Letters, Vol. 33, Issue 24, pp.
2925-2927 (2008).

M. Matsunami, R. Eguchi, T. Kiss, K. Horiba, A. Chainani, M.
Taguchi, K. Yamamoto, T. Togoshi, S. Watanabe, X. Wang, C. Chen,
Y. Senba, H. Ohashi, H. Sugawara, H. Sato, H. Harima, and S. Shin,
“Anomalous duality of 4f electrons in filled skutterudite
CeOs4Sbig,” Physical Review Letters 102, 036403-036406 (2009)

Teruto Kanai, Xiaoyan Wang, Shunsuke Adachi, Shuntaro
Watanabe, and Chuangtian Chen “Watt-level tunable deep
ultraviolet light source by a KBBF prism-coupled device” Optics
Express, Vol. 17, No. 10,. 8696-8703 (2009)

Yun Zhang, Yusuke Sato, Nobuyoshi Watanabe, Riskey Ananda,
Yoshiko Okada-Shudo, Masayohi Watanabe, Masaharu Hyodo,
Xiaoyang Wang, Chuangtian Chen, Teruto Kanai, and Shuntaro
Watanabe “Generation of quasi-continuous-wave
vacuum-ultraviolet coherent light by fourth-harmonic of a
Ti:sapphire laser with KBBF crystal” Optics Express, Vol. 17, No.
10, 8119-8124 (2009)

Shunsuke TSUDA, Takayoshi YOKOYA, Takayuki KISS, Takahiro
SHIMOJIMA, Kyoko ISHIZAKA,Shik SHIN, Tadashi TOGASHI,
Shuntaro WATANABE, Chengqgian ZHANG, Chuangtian
CHEN,Izumi HASE, Hiroyuki TAKEYA, Kazuto HIRATA, and
Kazumasa TOGANO “Strong-Coupling Superconductivity in
Noncentrosymmetric Superconductor LisPdsB by Sub-meV
Photoemission Spectroscopy” Journal of the Physical Society of
Japan, Vol. 78, No. 3, 034711-1-4 (2009)

S. Adachi, N. Ishii, Y. Nomura, Y. Kobayashi, J. Itatani, T. Kanai,
and S. Watanabe,“1.2-md, sub-4-fs source at 1 kHz from an ionizing
gas,”Opt. Lett., Vol.35, No. 7, pp. 980-983 (2010)

S. Adachi, N. Ishii, Y. Kobayashi, Y. Nomura, J. Itatani, T. Kanai,
and S. Watanabe, “Carrier envelope phase control of few-cycle
parametric chirped-pulse amplifier,”Jpn. J. Appl. Phys., Vol. 49, No.
3, 032703 (2010)

- 31 -



25)

26)

27)

28)

29)

30)

31)

32)

N. Ishii, K. Kitano, T. Kanai, S. Watanabe, and J. Itatani,
“Carrier-Envelope-Phase-Preserving, Octave-Spanning Optical
Parametric Amplification in the Infrared Based on BiB30O6 Pumped
by 800 nm Femtosecond Laser Pulses,” Appl. Phys. Express, 4,
022701 (2011)

N. Kuse, N. Yutaka, A. Ozawa, M. Kuwata-Gonokami, S. Watanabe,
and Y. Kobayashi,“Self-compensation of third-order dispersion for
ultrashort pulse generation demonstrated in an Yb fiber
oscillator,”Opt. Lett. 35, 3868-3870 (2010)

K. Ishizaka, T Kiss, T. Yamamoto, Y. Ishida, T. Saitoh, M.
Matsunami, R. Eguchi, T. Ohtsuka, A. Kosuge, T. Kanai, H. Takagi,
S. Watanabe, and S. Shin, “Femtosecond core-level photoemission

spectroscopy on 17'TaS: using a 60-eV laser source” Phys. Rev.
B83,081104(R) (2011)

Xiangyu Zhou, Dai Yoshitomi, Yohei Kobayashi, and Kenji Torizuka,
“l1 W average-power 100 MHz repetition-rate 259 nm femtosecond
deep ultraviolet pulse generation from ytterbium fiber amplifier,”
Optics Letters, vol. 35, No. 10, pp.1713-1715 (2010)

Dai Yoshitomi, Xiangyu Zhou, Yohei Kobayashi, Hideyuki Takada,
and Kenji Torizuka, “Long-term stable passive synchronization of
50 pJ femtosecond Yb-doped fiber chirped-pulse amplifier with a
mode-locked Ti:sapphire laser,” Optics Express, vol. 18, No. 25,
pp.26027-26036 (2010)

C. Zhou,T. Seki, T. Sukegawa, T. Kanai, J. Itatani, Y. Kobayashi,
and S. Watanabe , “Large —scale, high —efficiency transmission
grating,” Appl. Phys. Express 4-7, 072701, 1-3(2011)
(DOI:10.1143/APEX. 4.072701)

Y. Nomura, Y. Ito, A. Ozawa, X. Wang, C-T. Chens, S. Shin, S.
Watanabe , and Y. Kobayashi, “Coherent quasi-cw 153 nm source at
33 MHz repetition rate,” Opt. Lett. 36, 1758-1760 (2011)
(DOI:10.1384/01.36.1758)

Y. Zhang, N. Watanabe, Y. Okada-Shundo, M. Watanabe, M. Hyodo,
X. Wang, Y. Zhu, C-T. Chen, T. Kanai, and S. Watanabe,

- 32 -



“Generation of quasi-cw deep ultraviolet light below 200 nm by two
successive cavity enhanced second harmonic generation,’Jpn.d.
Appl. Phys. 50, 042703,1-4(2011)(DOI:10.1143/JJAP.50.042703)

33) T. Shimojima ,F. Sakaguchi,K. Ishizawa, T. Kiss, M. Okawa, t.
Togashi, C. T. Chen, S. Watanabe, M. Arita, K. Shimada, H.
Namatame, M. Taniguchi, K. Ohgushi, S. Kasahara, T. Terashima,
T. Shibauchi, Y. Matsuda, A. Chainani, and S.Shin
“Orbital-independent superconducting gaps in iron pnictides,”
Science,332,564-567(2011)(DO1:10.1126/science. 1202150

34) Y. Ishida, H. Kanto, A.Kitakawa, Y. Taniguchi, Y. Ito, Y. Oka, K.
Okazaki, W. Malaeb, M.Mulazzi,M. Okada, S. Watanabe, C. T. Chen,
M. Kim, C. Bell, Y. Kozuka, H. Y. Hwang, Y. Tokura, and S. Shin
“Common Origin of the Circular-Dichroism Pattern in
Angle-Resolved Photoemission Spectroscopy of SrTiO and Cu
Bi Se ”, PHYSICAL REVIEW LETTERS, 107 077601-1 - 4(2011)
(DOI:10.1103/PhysRevLett.107.077601)

35) N. Ishii, S. Adachi, Y. Nomura, A. Kosuge, Kobayashi, T. Kanai, d.
Itatani, and S. Watanabe, “Generation of soft x-ray and water
window harmonics using a few-cycle, phase-locked, optical
parametric chirped-pulse amplifier,” Opt. Lett. Vol. 37, No. 1, pp
97-99 (2012).

36) K. Kitano, N. Ishii, and J Itatani, “High degree of molecular
orientation by a combination of THz and femtosecond laser pulses,”
Phys. Rev. A 84, 053408 (2011).

37) H. Sone, D. Yoshitomi, X. Zhou, Y. Harada, S. Nakamura, F.
Abrishamian, R. Kasahara, K. Kikuchi, and K. Torizuka, “Spectra
and phases of supercontinuum pulses generated in tapered fiber
and photonic-crystal-fiber with low dispersion,” Rev. Laser Eng. Vol.
39, No. 11, pp. 862-865 (2011).

(2) ZDHDZENEY (i, EEER L)
D HFEKCEAES BRI N BB R “THX T T47 0 5FH%
FERWTEEERR X BRISLET T TIAT A Vol. 17, NO. 1, 30-34
(2006)
2) PEEMEKER. BN CHBE VAR AT OME R IS B, 76 &,
52 45, 115-124(2007) A Z S CEZE)

- 33 -



3) PEEEKER“T T MO ER Rl fR | F55E 5o O L— W —F%E, 36-1, 4
(2008)

4) INVETE, BB RS M SR BT N SV A DRI - AAR R E” |
L—H—HF%E, 36-1, 12-17(2008)

5) BT B, JEEE BKES [XTAN I Fv— T VAR XD B Ao
VT T Nk s A AR A Y PR O B %S | L ——BFSE. Vol.37, No. 6,
420-424 (2009)

6) HFE K [7MUBENELGIEGIE] SHYEL 55 18 & 5 2 &, 141
(2009)

) A FNEA, PEERE KRR E vk iR Om R b S8R X BT M VAR A
L —H—HFZ2 . Vol. 37, No. 12 (2009)

8) YEIEAKES [T R L AFFZE DK FE A | . OPTRONICS . No352 .
PP164-166. (2011)

9) A AL RS RKEBIE ST ARY w7 HEE L — Y —(C S DM B ik
NCARBEURE X AR RS RRI e A X R ML A~ | OPTRONICS,
No352, pp178—183(2011)

10) JEE BREST T MR — I R E VAR Z B L U TIA4T
2 22% 115 14—18(2011)

QEFR PR HER M O EEHRENFRFEE
O (FEIN =130, FEER M)

1) S. Watanabe, T. Sekikawa, A. Kosuge, and T. Kanai “Attosecond
pulse characterization by XUV nonlinear optics” Conference on
Lasers and Electro-Optics, CFF3, Optical society of America (Long
Beach, May, 2006) (invited)

2) K. Torizuka, “Timing and Phase Stabilization of Ultrashort Light
Pulses,” The 19th Annual Meeting of The IEEE Lasers and
Electro-oprics Society (Montreal, Oct., 2006) (invited)

3) B T TBE VAN SVARAIL T EOR B HIEE T, F4
[/ AR — AT b= AR FeA ot — Lo MER 22 ) (FEER . Nov., 2006)
(invited)

4) S. Watanabe, “Attosecond Nonlinear Optics” International workshop
and 391. WE-Heraus-Seminar on Attosecond Physics, (Dresden, Aug. ,
2007) (invited)

5) JEMBEKES “MRFREES; IR X MEERIC BT —L U MEROBR S B
SL— WL B AR B SER RS (AR, 2007 4 9 A) (invited)

- 34 -



6) HE K, /I T, BE T, EEO7 2 AN —— L AD EE
Eﬁ’/]’\/ﬁ R |, AL RFEREEMERTILE 7 vy =7 Mgt (A,
Nov., 2007) (invited)

7 K PEYE, FEOKR, BIFE B, TN A OREZE|, e
YL b =7 AWF%E4s (B, Nov., 2007) (invited)

8) B DB AME IR LI ZlRat—L v MOV R T
K- B RN SRS AR w A, CRIA L Feb., 2008) (invited)

9 EFE K KB EA R B WA A AT MK B BE @
, DL VAL — P — DR BB |, BRERI 77 A B

—+=
=
77'1‘3/\ (¥, Mar., 2008) (invited)

10) D. Yoshitomi, Y. Kobayashi, X. Zhou, and K. Torizuka, “Fourier
synthesis toward attosecond pulse generation,” International
workshop on attosecond sciences (Beijing, Mar., 2008) (invited)

11) JEEED 2 RHR. BT R fﬁﬁ/wx%@%ﬁ@i@@% 30 [El) Ay EL
LG SCE R BRI ) 5 69 [ M EL RS (R .
2008 £ 9 H)

12) S. Watanabe, “Frontier of high harmonics-toword keV x-ray and
sub-50 attosecond pulses” Symposium on ultrafast intense laser
science in Karuizawa (Karuizawa, Jan. 2009) (invited)

13) JEFE KRS, Tabe—L o MEK E AR+ 2 5 BRIRFZE L 7 N JER I
W~D R (5 10 BBl /b=y ZEEE T A#EE) |, 5 56 (1]
s A B B MR A T 2= (<UL, 2009 423 H)

14) S. Adachi, N. Ishii, Y. Nomura, Y. Kobayashi, A. Kosuge, J. Itatani, T.
Kanai, and S. Watanabe, “CEP control of few-cycle multi-mJ OPCPA
system for attosecond harmonics generation” RIKEN International
Symposium on Attosecond Science (Wako, April, 2009) (invited)

15) N. Ishii, S. Adachi, Y. Nomura, A. Kosuge, J. Itatani, Y. Kobayashi, T
Kanai and S. Watanabe, “High-harmonic generation in the water
window using a CEP-locked few-cycle OPCPA system” RIKEN
International Symposium on Attosecond Science (Wako, April, 2009)
(invited)

16) K. Torizuka, “Attosecond timing and phase synchronization among
multi-color femtosecond pulses,” The 4th International Symposium
on Ultrafast Photonic Technology (ISUPT2009) , (NICT, AIST,
Tohoku Univ.) (Sendai, Aug., 2009) (invited)

- 35 -



17) K. Torizuka, “Optical Field Synthesis using Multi-color Femtosecond
Pulses, ” Laser and Electro-Optic Society(CLEO-PR'09), (Shanghai,
Sept., 2009) (invited)

18) JEES 2 KERT 7 MR —5 L 2 R mR A2 B LTI #1111 EDE
BRI AR YT A R R R Z— (OREE) . 6 H 24 H (2010)

19) JEE BAKES [T MRS VA HIREMIRE A B LT B AL
SEVGERS (OP] 2010) , o KEBRN A 5t/afE, 11 H8H (2010)

20) A NEA ., B TRER., JEER #2 KERITCEP Z2 & k. OPCPA %\ =@k &
PR RALER R, L—Y — S FIEESE 31 BERKS, Bl
201141 H10H

21) PR KRS CRETERELR) | 177 MOLR R L A L RABIR 2 B L
TJ Optics and Photnics international 2011 L —4 —=22RERIGETEH, /327
(=R, 4 H 20 F(2001)

22) PEERAR KRR CHRECERR ) o TN T A YeIR—E & « 85/ VAL —+— | Laser
Tech 2001, L—H —etEIF—. o7 afii,. 9 H 30 H (2011)

@ pEERE (ENS# 51 14, [EHES# 26 1)

1)  T.Liu, T. Kanai, S. Watanabe, T. Sekikawa “Generation of Efficient
High-Order Harmonics below 10 nm in a Two-Color Laser Field”
Conference on Lasers and Electro-Optics, JThD2, Optical society of
America (Long Beach, May, 2006)

o

2) Kosuge, T. Sekikawa, X. Zhou, T. Kanai and S. Watanabe
“Frequency-resolved optical gating of isolated attosecond harmonic
pulses” Conference on Lasers and Electro-Optics, CPDA-7, Optical
society of America (Long Beach, May, 2006)

3) A AT, & RUR, SN, BSLEE, AR KER, YT ARy
I NG 2O U728 SIVATF Z 7 A7 PR i M i (R AR
JE . 2007 4E 3 H)

4) RN, AR, A HEE A, A, BEERE KRR, “1-kHz £
AT AR TRE N/ RT AN 7 F— T 7L AHANE S 2T ADORRFE(1)” (FB
BLJE T, 2007 4 3 H)

5) AP, RSCEE, A, A, JEEEKER, “1-kHz Eoi
AV INETREE N ST AN 7T —7 7 VA IENE S AT LD BRAFE(2)” (FA

- 36 -



6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

BLEH . 2007 4E 3 H)

KBEN, RE—, FE R IKREE, BASE, BEE Tu) &F%
YT AT L= ==K Yb T AT T AT LD LY
PREAS (FHAEJRT, 2007, 3)

INRPESE, EER. BT (976 fs A2 2 —7 R IGHz FE37
AT L—H— | AR (FRAERT, 2007. 3)

S. Adachi, H. Ishii, T. Kanai and S. Watanabe, “1.2-mdJ, 1-kHz
OPCPA System toward Few-Cycle Pulse” Conference on Lasers and
Electro-Optics, CMK3, Optical society of America (Baltimore, May,
2007)

X. Zhou, H. Lee, T. Kanai, S. Adachi and S. Watanabe, “An 11-fs
5-kHz Optical Parametric/ Tisapphire Hybrid Chirped Pulse
Amplification System” Conference on Lasers and Electro-Optics,
CMTS6, Optical society of America (Baltimore, May, 2007)

Y. Kobayashi, D. Yoshitomi, M. Kakehata, H. Takada, Y.
Sakakibara, H. Kataura, K. Torizuka, T. Onuma, H. Yokoi, T.
Sekiguchi and S. Nakamura, “Laser-mode Dynamics Measurement
and Control of Mode-locked Er-fiber Lasers, “ Conference on Lasers
and Electro-Optics (Baltimore, 2007.5)

D. Yoshitomi, Y. Kobayashi, M. Kakehata, H. Takada, K. Torizuka,
T. Onume, H. Yokoi, T. Sekiguchi, and S. Nakamura,
“Ultralow-Jitter Passive Timing Stabilization of a Mode-Locked
Fiber Laser by Injection of Reference Pulses,” Confernce on Lasers
and Electro-Optics (Baltimore, 2007.5)

Y. Kobayashi, D. Yoshitomi, K. Torizuka, T. Fortier, and S. Diddams,
“Sub 6-fs Pulses Generated from a Broadband 1-GHz Ti:sapphire

Oscillator,” Conference on Lasers and Electro-Optics (Baltimore,
2007.5)

Y. Kobayashi, D. Yoshitomi, K. Torizuka, T. Fortier, and S. Diddams,
“Sub 6-fs Pulses Generated from a Broadband 1-GHz Ti:sapphire
Oscillator,” Conference on Lasers and Electro-Optics (Baltimore,
2007.5)

S. Adachi, H. Ishii, T. Kanai, N. Ishii, A. Kosuge, and S. Watanabe,
“1.5-md, 6.4-fs OPCPA system at 1 kHz” UFO/HFSW 2007 (Santa
Fe, Sep, 2007)

JESTHREE A JENRA, S A PR KRR “1-kHz Y777

Dy AT AN w7 F o —F UL AR AT AOBRTE” I R ERE 2K
Foppfi e (IS T3ER2E, 2007 4£ 9 1)

- 37 -



16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

AN RSB, EE 4 KBE ., Xiaoyan Wang., Chuangtian Chen
“KBBF ZLDEZEERNEDIAE" TSR KAk S (ki
LR, 200749 H)

B AE—, K EA, B AT, 8 F, FE K, R R, B
=, T28W 7= AN Yb 77 AR —T T 2T A |, o B2 (FLIR,
2007.9)

B AT, R B, TR, M B, BE @, TE—FEE Yb 7
FAN =L — P — IR I DBE VR4 |, I B4 (FLINE,
2007.9)

oE

JENERH ., A HNEA L, A A, AN AINETE TEEERER, /MR
ELEE KR BB 5 7 2 ANV 755U vk CEP il OPCPA & A7 A
DI i B EAfRE G 3 2 (H AR FO0HE), 2008)

A HEMEAC R Rs, /INVETE . AR N R SL R L TR RS “AH AR
Duy s LT 2 BEHTIED Soft X—ray FEIKD &K & T IE OB R R OE
B S B2 B AR A s 2 (H AR RS HE), 2008)

EE O, IR PR, B T, [V SR A RO 7= D23
T OVAOFRIARIE |t B SE2 (g, 2008. 3)

HFAR 2, 58 K, B E—, /K EBE B F#, KM Tk, BE
e [ERIR U E SRR VA Yb 77 AN — P —2 27 LD |,
s A B2 (A, 2008.3)

B E—, B Fi, FE K, DK Y, BE T, oo ARy
’er BT 4 —IZ8D 7 = AN SOVAEENE |, s B2 (ihHE, 2008. 3)

S. Adachi N. Ishii, H. Ishii, T. Kanai, A. Kosuge, S. Watanabe, Y.
Kobayashi, D. Yoshitomi, K. Torizuka, “5-fs Multi-mJ CEP-Locked
OPCPA System at 1 kHz” Conference on Lasers and
Electro-Optics, CTuEE1, Optical Society of America (San Jose, May,
2008)

C. Chen, S. Watanabe, Z. Xu, “Deep-UV Harmonic Generation and
Applications” Conference on Lasers and Electro-Optics, CThOS5,
Optical Society of America (San Jose, May, 2008)

Y. Kobayashi, X. Zhou, D. Yoshitomi and K. Torizuka, “Passive
timing synchronization between Ti:sapphire laser and Yb-doped
fiber laser,” Conference on Lasers and Electro-Optics, Optical
Society of America (San Jose, 2008. 5).

- 38 -



27)

28)

29)

30)

31)

32)

33)

34)

35)

36)

37)

D. Yoshitomi, Y. Kobayashi and K. Torizuka, “Relative-Phase
Measurement of Multicolor Pulses for Characterization of
Fourier-Synthesized Waveform,” Conference on Lasers and
Electro-Optics, Optical Society of America (San Jose, 2008. 5).

X. Zhou, D. Yoshitomi, Y. Kobayashi, S. Tani, H. Yokoi and K.
Torizuka, “Generation of Sub-30 fs Pulses from a od-Locked
Ytterbium Fiber Laser Oscillator with phase Compensation,”

Conference on Lasers and Electro-Optics, Optical Society of America
(San Jose, 2008. 5).

JESLEE, A FRNAA, SN, /VE 1E, JER B RES, IR, FE
K. BB 157 = NPT I7U v MECEPHIFH/ ST AN v 7 F v —7" H8
ME AT LOBFE | FHIRDEE FREAET VAR T A (OREE, 2008 4F 7
A)

AF NEAL INE 1F A A RS TRER, AL B, JEE SRR,
MRS AR DTy 7 LTz 2 BB XD 00 & vk & I J8 AR oD & R 3%
HR | 5569 B B RS R B . 2008 29 H)

EE O MK PR, B . TR BRSO T
2B 7 =V =GR OFHA || s ESEE (B H . 2008. 9)

JE AT, R L EE OKR.BE T T80MHz EiR R LA
Yb 7 7 A /3—CPA HElE S AT LOBA% ) | It B F2 (R B JE. 2008. 9)

" E— M B EE KK B BE T oo AR
MY BT 4 — 285 110W B OVAHENE || S B2 (R B . 2008.
9)

A RN . TR . JE 4 KBRS, Xiaoyan Wang, Chuangtian Chen,
[KBBF |2&% 1 W fkEZ28EH 584 1 55 56 [R1 A B B LRIE G f
12 (o<IE, 2009 4 3 A)

FSNE R, R ME SN ERBCR, i & MBfET1 ELE R,
Chuang-Tian Chen, Xiao-Yang Wang, JE&BE AKER, [KBBF f&aaz v -
eI AR VUV JEIROE k] | 285 56 B B RELRE G R 2=
(<IE, 2009 43 H)

JESTREE 7 HEIEA . BPARTHE S REEE ANE B R TRER, 4
A TEERERORER . TCEP ##H OPCPAIC XA E Ik E s 364 (1) | 45 56 [AIS
PR EAtREATEE S (O<I1X, 2009 4 3 H)

AHNEA ., ESTEEE, BT E R, /NVE TE L ARBTRER ., IREE L, &
A TEEERER . TCEP #il# OPCPA 1Z45 m Rk a5 4 (2) - Kk D %4
o E I AL CEP 205, 4 56 [Hlo AR EA s H S (o,

-39 -



38)

39)

40)

41)

42)

43)

44)

45)

46)

47)

2009 43 H)

mEH AT, EER S E AT HE KR Kin M2 BB
AR Bk, &SRB LA YD 774735 —CPA BlE S 2T LB DE 2
R A I SR (<X, 2009.3)

S. Adachi, N. Ishii, Y. Nomura, Y. Kobayashi, A. Kosuge, J. Itatani,
T. Kanai, and S. Watanabe, “CEP control of few-cycle multi-mdJ
OPCPA system for attosecond harmonics generation” Conference on
Lasers and Electro-Optics, CFN2 (p.186), Optical Society of America
(Baltimore, May, 2009)

N. Ishii, S. Adachi, Y. Nomura, A. Kosuge, J. Itatani, Y. Kobayashi,
T. Kanai and S. Watanabe, “High-harmonic generation in the water
window using a CEP-locked few-cycle OPCPA system” Conference
on Lasers and Electro-Optics, JThG4 (p.168), Optical Society of
America (Baltimore, May, 2009)

S. Adachi, N. Ishii, Y. Nomura, Y. Kobayashi, J. Itatani, T. Kanai,
and S. Watanabe, “Multi-md, sub-4-fs, CEP-controlled source at 1
kHz from an ionizing gas” UFO/HFSW 2005 (Arcachon Aug, 2009)

H. Takada , T. Ebine , M. Kakehata , K. Torizuka , and T.
Homma,"High-energy octave-band chirped mirror for an ultrashort
pulse amplification system," UltraFast Optics (UFO VII) and High
Field Short Wavelength (HFSW XIII) (Arcachon, 2009.9)

JENLERE, A FEINE, BRI /REE BOARTR BB AR N B
KER,

[ 7 DA DAL AN LD T dfs~ L Fm] VA4 | S A EE S
(&1L, 2009 4.9 H)

HE OKRVE T R T BE B [T T AT —
FHEIL7= 800kHz, 5u] Yb 77 A/3—CPA AT A | A2 (F 1L
K. 2009.9)

JE AT R R EE R BE B TN AA N v BT
—/VAENEIZ XD 515nm SEPROBFE || S HEE S (E IR, 2009. 9)

AFRNA, AL B A, A N | TR R RS, FRATR ER T X L 2z
KDIRIZE R PG eI A LARIM L8 ST AR o 78 e OB 56 71 815
WP i s BRI RS, 2010 429 H 14-17 H

WA . JHEEFLAA . /)NEEES . Wang Xiaoyan, Chen Chuantian, 4f. /MR
FEE, PR A2 K ER TKBBE i ik & WV 2 im0 i U B Z2 58 2N IR O BR %S | 26
71 B A B i s RIRFRF:, 2010 4 9 A 14-17 H

- 40 -



48)

49)

50)

51)

52)

53)

54)

55)

56)

57)

58)

AR LB, Bp AT SEhE, JEERIR KR ZNRVE AT I R nl 28 St & —
RIEH Yb 77 A/ —L—W—DBA% 5 71 [BIS AYBELF S IS
ElBRa. 2010 4£9 A 14-17 H

LB, A MR B TRRR T 5 Al AR — Y —& THz 7V RIZK
557 7L 5 58 [RGB BRI AR H S A1 TRER:, 2011
#3 H 25 H

AFHMAA ABEPER, AN | PSR KRR, B TR R TBIBO ffdaa
72 CEP ZEALA 72— 73R4 OPA | 8 58 [Blit ¥ B BAfRE & Gl 2 |
M) TRRSE, 2011 4E 3 A 25 H

Naoya Kuse, Makoto Kuwata-Gonokami, Yutaka Nomura, Shuntaro
Watanabe, and Yohei Kobayashi,“Experimental Study of Pulse
Evolution in a 30-fs Mode-Locked Yb-Fiber Oscillator, "Conference
on Lasers and Electro-Optics, San Jose, May 2010

Yohei Kobayashi, Yutaka Nomura, and Shuntaro Watanabe,
“1.3-GHz, 20-W, Femtosecond Chirped-pulse Amplifier System,”
Conference on Lasers and Electro-Optics, San Jose, May 2010

fHEE Th, AT ke, SE K, BB W KHE P, TERL RiE
TEROIZDD Yb 77 AN —L—P =L RT AOBRFE . H AR
& b2 —, 2010 -8 A 4 H

HEOKVE AFE R . BB T T2 OPCPA JilZD7-91C
RAILTRIMIENT- 0.4MHz, 50 ] 7= MNP Yb 77 AL —HF— 25
LA ELE S BB, 2010 9 H 17 H

g Zh, AT e, HE KRR EORE PR TRRDIKLAE
BT —NFEH Yb 77 A =L — P —=FEIRAG OIS | | ISHEL R | R
K. 2010429 A 16 A

Wk . B . TLD il —L v XE=—REH Yb:YAG L—H
—OBFE VI, ISHYE S RIFFRKS, 201049 A 16 H

JE AT HE ORI R BB BT TN AR MRy BT
— UL ZHENEIZ 2% 160W 517nm 7 = AN EHR0 IR UJE I BOEIR OB % | .
B BRI RS, 201049 A 17 H

AR ZE=yE.EE O OKVE T & 5L, AR 5t Fatameh
Abrishamian, T B JFH B, BE 2 MROBHT 743 — T3
AU A== T 4 = DSV AD AT MV ERT R |, Optics &
Photonics Japan, 73 K%, 2010 £ 11 A 8 H

- 41 -



59)

60)

61)

62)

63)

64)

65)

66)

67)

68)

B A EE KRR R &l T, B T e
JVA Yb T7AN—L—H—DOFF | BEHt oL /b=y A5 5
Wi, 2010 4£ 12 H 3 H

ik Th, ik i EFE K BE B SR S, Al FES. TERL
b0 %ﬂiﬁ%ﬁ@t&b@ Yb 774’/\~V~47L~/7\7A0)|3'ﬁ%\éj tm Y
TV rhr=r AMSE S B, 2010 4- 12 A 3 H

HE ORVE AT R PR mH ORIT, S5 /@ TEWRELE
BRI EDT- O DO IRTAN) v T — TV ALENE | | it Y B
s AR TRR S, 2010 423 A 25 H

Jtig zh, ar e, 58 K BB R R S5, AHE S, TERL
HFEMRE RO D Yb 774'/\—V~‘H‘_/X7‘JA0)F#EJ%§J s ) B
A PRI RS, 2010 -3 H 25 H

Xiangyu Zhou, Dai  Yoshitomi, Yohei Kobayashi, and Kenji
Torizuka, “1-Watt Average-Power 100-MHz Repetition-Rate 258-nm
Ultraviolet Pulse Generation from a Femtosecond Ytterbium Fiber
Amplifier,” Conference on Lasers and Electro-Optics, San Jose, May
21 2010

Isao Ito, Taisuke Kawasaki, Norio Nakamura, Dai Yoshitomi, Yohei
Kobayashi, Kenji Torizuka, Yosuke Honda, and Hiroshi Kawata,
“Development of an Yb-Doped Fiber Laser System for an ERL
Photocathode Gun,” International Particle Accelerator Conference,
May 23 2010

Sadao Uemura, and Kenji Torizuka, “35-fs Pulses from a Kerr-Lens
Mode-Locked Yb:YAG Laser,” EPS-QEOD Europhoton Conference,
Hamburg, Aug. 31 2010

HE ORVE AT KR FEY mH ORIT, S5 /@ TEWRELEY
BRIRIERAEDT-D D0/ 3T AN 7 T —7 7 )V ALEE 11 | i e
2o B REF:, 2011 48 H 30 H

Dai Yoshitomi, Xiangyu Zhou, Yohei Kobayashi, Hideyuki Takada,
and Kenji Torizuka, “Long-term stable passive synchronization of a
50-ud, 690-fs, 0.4-Mhz Yb-doped fiber amplifier with a mode-locked
Ti:sapphire laser,” Conference on Lasers and Electro-Optics,
Baltimore, May 6, 2011

N. Ishii, K. Kitano, T. Kanai, S. Watanabe, and J. Itatani,
“CEP-preserving octave-spanning IR OPA using BIBO and 800-nm
pump pulses,” Conference on Lasers and Electro-Optics, Optical

- 49 -



69)

70)

71)

72)

73)

74)

75)

76)

77)

Society of America (Baltimore, May 3, 2011)

A HNEA (PEmE, CREST) | ALEPEER (W HEAF, CREST) | & H A (1
BF. CREST) . ISR KRS (FEAL K, CREST) . A TE B (W #F . CREST)
[BIBO % WAL EREFA 22— 7 R4 OPCPA 2 A7 LBR%E | 5 72 8l
WA piRE S WP R, 2011 458 H29 H-9 H 2 H

JE A (U BRRLK) |« BIRLH] (3¢ /o) L BB (RRIPERE) . & Fh 58 A
CRRIVERF) | A TRES CRADVERT) | /NREETE (BRI ERF) | T SR 12
KER CRAERLRER) T1kHz %917»&%5'/%774’71/%47“‘ AR EZh
FmB T —T 7 SRR TS IR 8 A 30 H (2011)

JEFE (RRBRRLR) . & AN CR R . OB (PERERD) | BRAI
35(43!%4 ) | PEE AR ORRR CRARERRR) 23 BT TW IR i
M2 IR, 8 A 30 H (2011)

Shinji Ito, Takashi Onose, Shuntaro Watanabe, Kanai Teruto, Kouji
Kakizaki, Takashi Matsunaga, Chuangtian Chen, Yohei Kobayashi,
Chun Zhou, Junichi Fujimoto, Hakaru Mizoguchi, X. Y. Wang, “A
sub-Watt, line-narrowing, 193-nm solid state laser operating at 6
kHz with KBBF for injection-locked ArF excimer laser systems”.

Advanced Solid state Photonics, Optical Society of America, Paper
AT4A.07 (San Diego, Jan. 31,2012)

JINEFHE | PEEA KRR, OB = AR L AN KPR IR SLE] . AR
[E AL —&% = 6kHz,90W /EJ\IEJE'% ArF L —HF—DB% | L—F
—%2 &, 2H1A(2012)

B T TE Y B E VAL —F— OB CERE | B e
VRV AL B85 201242 A 22 A

BAR Z2VE. R OB, PR B EE K. &HE ET AR S 5
H HEFR, B ”&/\ﬁﬁ7j‘}‘ﬁ/71‘iaa774)/\_%fﬁﬁb‘752*/\
—a T 4= AW DORERAE ] L IS B S B ORE, 2012 4 3
H 15 A

SR, A EERER . X, Y, Wang,Y. Zhu,C. T. Chen, 4 . [ H
-, fEiﬂ%E’Jf):r—X/}’ F1vk KBBF—PCD Z MV = 199.5nm 6%
ST BRRE KRS, 3H17H (2012)

A NEA, AEE R, &5 Eih, &0 BEAL JERT BKRES, A 18ER.
FBIBO OPCPA ZH\\ = 8.2fs NABPRFFETRE IR SOV AFEA | | I
s BRH RS, 2012423 H 18 H

@ 7\1‘\02&‘_‘%% (.WKD?‘Z41¢ .I}/O'T:Su%‘htr)ﬁ:)

- 43 -



1)

2)

3)

4)

5)

6)

7

8)

9)

ANE L TERE R 2 W27 MOV AL EL | B9 RIE &R
O AR T A OREE, 2008 A7 A

K. Kitano (ISSP, CREST), N. Ishii (ISSP, CREST), and J. Itatani
(ISSP, CREST),“Molecular orientation by intense visible and THz
optical pulses,”Conference on Lasers and Electro-Optics, Baltimore,
May 1, 2011

N. Ishii (ISSP, CREST), K. Kitano (ISSP, CREST), T. Kanai (ISSP,
CREST), S. Watanabe (TUS, CREST), and J. Itatani (ISSP,
CREST),“Few-cycle, phase-locked, octave IR OPA using BIBO and
800-nm pump,”’3rd International Conference on Attosecond Physics,
Sapporo Japan, July 6 — 8, 2011

K. Kitano (ISSP, CREST), N. Ishii (ISSP, CREST), and J. Itatani
(ISSP, CREST),“Molecular orientation by intense visible and THz
optical pulses,”12th International Conference on Multiphoton
Processes, Sapporo Japan, July 3 -6, 2011

LB K (W EHF . CREST) | A1 HHEA (B PERF . CREST) | A TRER (4
B, CREST) [7 = ANDL — W —LE R E THz VA IZX D5y FRL ) | 55 5[]
ISRV A FLIRaL R ar L H— 2011 4E9 H 20 A-23 H

IR sE, R B EFE R TR B A MU KRB ¥ BE
fd&— . [ERL JEet@E 8 Yb 77 A —L—F— 27 AR
DLl BANEZR 2, 201048 H 2 H

Isao Ito, Ryo Kasahara, Shinki Nakamura, Dai Yoshitomi, Kenji
Torizuka, and Norio Nakamura, “Recent progress of an Yb-doped
fiber laser system for an ERL-based light source,” Energy Recovery
Linac 2011 (Tsukuba, Oct. 17, 2011).

Hiroyasu Sone, Dai Yoshitomi, Xiangyu Zhou, Kosuke Kikuchi, Ryo
Kasahara, Fatemeh Abrishamian, Shinki Nakamura, Yasuhiro
Harada, and Kenji Torizuka, “Spectral intensities and phase
distributions of supercontinuum pulses generated in low-dispersion
fibers,” 21st International Conference on Optical Fiber Sensors
(OFS21)(Ottawa, May 17, 2011).

BE 7. FHE K.EE 3T, D77 ovar Ve Rk — ORI
[T T2 BE VA Yh 77 AR —L—HF —DBA% | B CHETi AT A
B 201242 H 22 H

(4)FnS HiR
OEMHE 0 )

@ifgstHilE (O 1)

@ DAt DN PEME

- 44 -



[u—

w

W~

(5)3H - A%
O ZH

. 20084 S PR R S (i iam SCED  (PERBERORER, /& 2R H)
MR S IVAFE AR OB |

20094F Y- BTl /b= s 2B E(ERE) (JEEBEARR)
[ab—L U MERE S4BT 5 5 BRAIRT G2 L 7 M IERR I O S~ 0D JEE B |

. 20094 JERMAEARHFFEIR BLR AT 722 52T 20 AR EE (VViFTE)
MR A 2 T B — T M S VA FE AR LA

J2011 45 7 55 35 mIL— P —22 SR (R SLfRd)

[STAN 7 T =T 7 SIVAIRIC BT D 2 A7~ LV F IV 2= PREWAL
TR EIROBAFE | |

@~ A= G - TVEE) Hul

@Dt

- 45 -



(6)R R J B < 1
OEAfizHTTORE

QOB R RFATES

§6 WIRERHIEPOERY =TI ayT  YURVYU L TUN —FEFEDIEH

FHH LR e bl SN | B
Rk 204 3| % 1A HRIRSAHE 63 4 WRIEFH DT 78R
H4H iR —L o MR | 52 BT DR —1
U—ray b7 A HES VNERF R 2 —
B 5 B (A S} | IZOWTREATL,
VGV BROX MR, MRURERAA DD
) T~V D RN

IR T=bae—1L v
MR Z W= F 5
DFERIZOVWTREL
7.

§7 WO

TPV RZE AL CEP OfilIE A A A TR E-T- 0B ThD, ZHDHHICH
HEMTEBIME R LT, TMORAITERE ERKAET L2000 FEH I —F — 53
—AZHD L, 7 CEP il LJE B A= e | B D B B Hi T o, EB, oD H
122004 ZAF TR 2 IR IBLIZIDIC R AT, EZAN 20065 LUET MY/ LAD Bz
BHREDT=DIZ1E CEP HHIA AR 0] R THHIEN 5 h o7z, LRI Clid CEP ZH L
7RV IR EZFHWT8607 M SV AZFE AL, Ziva B CAEB CHIEL Tz, E2ERf
TiX OPO DRhEESE, v 7T NN, TART—HEZDEWR O AFIZRIEI L, Sel &k a1T
STV, ZO2OD T NV—T%FEE L, 7 MR RO BB EA LTI OB R O #H|
ErAELLTZOT ay =M hE 72, LN LARLIEROL AR AT FICE R, A
BETEOBEN10EDO T Y = 7 NSRAY 2R B S,

ZOIHRBEDO T T, R R E EIFAZENTE, L—F—BHF T, ikl
1kHz,” S )LABESfs®D TW % OPCPA > A7 L%FR L. 10nm VL T O E THID T dak
® CEP {KAFMEZBLIIL , KOBBEIRO S 23 AL, Y9 HIEIZE -7, K7
1Z,(@)OPCPA &7 MDA A= Il 2518 O R Bl E . (b)OPCPA #:iE . (¢) 7 MbI& AL JIE
WEEDFEEALRT, OPCPA Tl VLA, )b R —4508kL . OPCPA 232043
TARARTHDHZEEFFELTZ, T AT, Yb 77 A —L—HF—DRFE1T -7,
FAZE TR E VA& LEK L, OPO THRALZZ IR/ LAD OPCPA TliL, £ D
HIRIZT 7 A/ S —HEE S AT LR THEH L, 2O 5E 0.4MHz OMDIKL T, 3R
WCBWCHE A Y7 1] OHDEE, HIELZ3KEOM AN ZRE T L2828, &
U= AT HZ TN LT,

CNHD MR R RICE DL, B — 7 MY VRS ARG O RE BN E 21X
— B R E o7,

KT Y 27 NISIMUT-ZBOBZE, It E . RAR Y | KRB A ITHEE sz, B, if
Z2 B LU T OBERIICER L, IR AFS 2L o7, ZO B OB R DI BN T
2o

- 406 -



X7 (b) OPCPA &

- 47 -



