BEE BIEESES  (1997F) 463

G ZF—EF, ke HE—

DTRIEEDIRRT  BimSRAERER SE R

Synchrotron Radiation-Laser Combination Studies of
Molecular Ionization and Dissociation

Koichiro MITSUKE and Masakazu MIZUTANI

Department of Vacuum UV Photoscience, Institute for Molecular Science

1. MROER THIF EA EREFEOERTH 5, 19904F/RUT
1.1 FL®IC A0 BT YR S i R B O SR Tha

B E V=P lA2 AR KRBT L <D k-5 T05h, B256L, KIERICIZEZRREMN « K
PARFICHREF/ N T LR, FLEFCAE  XBIR (bW TRRHEME L FE) TORE

* OFREMRITRRRIERI TR T444-8585  fAis A BAA SR AT Fa 538
TEL 0564-55-7445 FAX 0564-53-7327 e-mail mitsuke@ims.ac.jp

—_ 1 J—
(C) 1997 The Japanese Society for Synchrotron Radiation Research



464

B FEE LTRSS THA D, ¥
O, SRRSO EY, L—Y
—HPAT AT ST ko Thi- TN, TRV
REHIF TR LA I 7 ZAOFMFR A THE
LD, ERMEBSTE L TW A EERIMNROE
BB (1AL, RRE BiRE IREHEfL )
COWTRERBERPIEBONENOTH D, Hx
i, S FREERERTIC R\ C, M & EREICR
AN B « RIVE— FRy 7 V—F—DY
AT LERFELTE I, BAE, &N\ VFEBiRTt—
FC, BV AE V—F =V A s % 1%
1 CTREIEND T EMNFEEL - TW5, AR
T, FTOERBOAR LR, MBEREZOD
RRRIZDOWTEE LS T 5, #EWTC, PEASE
BROEITIREM: & EEMEOBRE LN TT - /-,
RF ORISR T « Ta—T5Ke05F A 7
VOU—T—FRHE LT HOBR BN 5,

1.2 HtRARBROES

BV —%0HT 5 LT, 5FRIE
DS EIELSHCTH LW EEAFERT A
EDRPIREINAY, FlziE, V—Y—fhiEahiz
WEICHEM T RBA LT, XEEERT, XK
HEF0N, ERIHRED R E» b EOWED
RS2 L, MR, KRMERIZOWTHIET S &
W IeEANPOEBELR TS BEZOLNDY,
72721, AR TREELBEICE D> OO 5B
SROMBICIR Y, EFREIRBO 56 LB I
BREE-> THAEROEELHRR LIV, &0
2, BHEENR I DEERIREBEY EO XS IcER L
BEITHD VWO R Er G, PEREREKEL
2OILHEDITTH, ELLDSKEL, TH -
IR OE T BRI RE L mIRENENL OB SR Tl
TCICEEFE LT > T3,

() ReT 7T O—=THH : BEHTHTEH
2 (=Rv7) L, V=P —ChikBoETF%
BE (=70—-7) ¥5L0OFETHS, HE
Bl LT, RS CAR LBk OS &

BEHE BI10BESS  (19974)

CIRBIEES A OBE &2, Bk &EE LT
TRBE & 7B L 7o FORIE R KRBT S
N5, BFERECHEEES FOFGOREICL
T, B L V= —DOREBBLENE P BRE
Do Elz, V—H— L HSHOIEE LT D
R\, BRIV —Th TR L, RS
T ORBNROBRT & e A eBF 5k
ECTHRAT S Lo bW OpIEINT
W5 (6.1H2R),

(2) 2FEED (=2FEHESN) : 7 HI
Ko TREUN I LERMSD LELAD, AT
AZgEeE LTH/D, TOFIETIE, BhHEL—
W—D 2 HF H WL U CHB T % Bt REEDBF
RS LI b, HFRAEBROERT Lo 7/T VA
VEBEFO2EBFHEREBOHEL LMD
NTW5, 2 XFRFRIRIC L 5NEIRTFOE
B &R, ROV ——TIRBIFRE S Wi T O
BIRRANTERRE XA 3 7 Al O RS C O
BICA B, BEREWREIC OS2 b TIE A
EFMDTOBRTH S, Fiz, WRETFELRTF
MEFZRECHIRET 52 LT, JIGYA F2R
B LT R e 5 & o T LRSS A~
DISALEZBND, ok, RV T« Tu—T%
O%& ERERIC, FEMREBOFGHE & XI2iE
2 20/ ARDRPINNE &7 5,

1.3 KREDHRK

2EEOSDHEL LD I SEMBEL Tl
DIC, B ICHBEABROBRREZR L, CC
T, (@), D) RKHEINIEFORT VY v VLR
WFE—RT, (), (D)IFBEHERD LRIVF—1V
FRITELTWS, ¥, (@), QFRVS S
=743, (b), (i3 2 EIHBIITHIG L
TWh,

() Re7T70—-7a% [K1@)]: FMHc
HEETHERRT ARV 7L, ThilL—¥
—¥A LTI a—T LTCwWb, A F VAT D
BB TSN & U —F — DR MzEORS & LCHl

.__2_._



BEE EI0BE S (19974)

(a)

465
A hv or
. At+e”
(SR) upper
A*
SR
(L)

STEX
hv

lower
tex

1

222

Figure 1.

Vacuum Level

Conduction Band

Val ence Band

Inner Shell Band

(d)

hv

upper
e x

Different excitation schemes for synchrotron radiation-laser combination studies: (a)

and (c) pump-probe spectroscopy, (b) and (d) optical double-resonance spectroscopy. Panels (a)
and (b) represent energy level diagrams of isolated atoms, while (c) and (d) energy band diagrams
of condensed matter. (SR) synchrotron radiation; (L) laser; (BX) exciton; (STEX) self-trapped
exciton; (t.,) lifetime of an excited state with respect to radiation or autoionization.

ETNIE, AYORELF BRI S N7
BELNhD, £/, KEFe AL TLE
b, BBEFARY Fuhbid, A*OFam7E
F T L R L BiRE T OXEF R AR TR
HRETHIENRTESLL, bLABSGTTFTH
A e, AYREBOFEREERL M 3
7 Abikam C& 5o

(2) 2EHBESK [K1Db)]: AL (F72i3
V—H—) THEMREBANCEREL, ki —Y
— (ETHEN) TRERRKRE AT EE

IHD, b LAMRRLEMERZ L ThIE, B
AN PP LENEBRI TS5 LR TE %,
ADGTFOHE, BEESHETHEL T
AR FIVEREBLHI LT, A0S TFARBILER
(REESECHARELR) OMFE~RBRTAHTDH
A2 BHWIE, L, AVRIIVF I
WA T UNEBEIA VAT BB, BTFORE
BERENG 2EBEORDERZRSITHI LI
Fo TAYEHRHT AT EBARTHES, H
i, REFAESMTI A OLAEEEICE T

..___3_____



466

LEREEALTVWS,
BERTORBREOER (), (@I 2V Tit
2118 CRARR Bl 2 5| 2 ind SR 5,

2. PHRAEROREAWRED B
2.1 FHIEOHEDEE
2.1.1 FEE#FE 7 (HERBE L FER

B E V—F =D AERICEED - T BT
RN —E, FEFO ORI, Bitn
EIZENZT EL LI, A1L1IEITHRNS k51T,
B2HROWHKY VI TETLED LT DL,
R, NVUFREWR EICBI T A ERLMIE S
IR Lz nid7e 69, L7cddi-C, FHEEpE
THE 572D FRIERZT T -k o7k
WVEREDRD IR OB - T1oDIEH D MBI 5,
RETTHE, FHLOWHERDS L 3WEABLEOFE
A ERRICESENICES L ERHREE, W<
DINEATRNT B, BEREADHE T, ERTN
EEBEICLDDLT, HITHELTWEEDORD
B L, ThIEZEDMBM TR RO T
BY, TEMEEWW,

A OB SEBRI3 1980412408 T Saile 512 &
> TiThh /=¥, AV v~ DORIS iICFH L
TERV—Y -2 AW EGEKKr FOTFY b
OFEFEPELILDOTHS (H1()BR), A
& 1) 7 @ ADONE @ Casalboni 13, 74V
NG A FEED 2 EFRIT, BN T 4 D)

- RTF ORI A A LSRR OIEIZRE LT

WAHY, TOFEKRLY, BaF ICEA L, BINTIE
A=Y T U—REEREL LD LD R
EEN UVSOR THH 6N, &L, 2 FER
IHEET S ERBONAESERLL T LICEY L
7z (F1@ &R, —7, MIZREFITOWT
ik, 19804EMEE, 7 5V AD Wuilleumier 5,
F A @ Sonntag b ERHRICERIE L7727 VA
J&BRTF D 2 KT RRRERICE 5 P15
W&o 70, ENLE, U—Y S NIz RF
A*ORBRBETOEEA A1k, b L, A*D

BEE BI0EESS  (19974)

LR RpiED & Rl D BE) A AV ALIZ D W THERD T
BOBIBBESNTNBED, WSR2
RIMOEBIZ LS, B/NYF 1 O 3EEEFZE
DFI ADHIELOKERF B ZEDTNAEY, X
BRI, X V=T —DBHERE 2 KT
T3 ERERFOFICEA LTS DLk
Vo FUESTFLEV—Y—RBE L TERLL
AURRFONREFH I T H—HDOR T -
Ta—-TJHEE, ThOOFRTHEETNERE
THHEVWZ LY,

2.1.2 E—FOv Il —H—I(C&LDEHEPEER

EROFEE, L—T— L ESEORNE &
W, FoEEIRE LTHI00Hz I
DIEMER LRERO V—F—%2FIH L7 bDIZR S
NnTwc, LarL, ifFDE—TFay 7 U—F—
DER TSI, B E V—T—DRHE
BiCH /BN /63N, E—FRy 7V
— W — T R EAYI250 MHz 7» 5100 MHz £ O
FRWE T/ VARIRL TR Y (3.288M1), HH
NV F BT — FORSE, OV A & ORI 2UZ
FREETII, BT, E—Fay 7 V—F—
D)WV ABEIEIBHUT RO T, SHEEOE3
BB VhLEHE LS 5 THAS Lol
POVA R AE DR IBEE OB SR b B
TV,

T—=FRy 7 V—— Sk E OO HREE
i, 19884, UVSORIZBWTZA/AHIK k5T
MWD THA LN, 513 E 2 1277990 MHz
DWEIENIVAERAPL-E— Fy 7 Nd:
YAG V—Y—VATFAEHFEL, ThiHWT
0—%3V6GKERDV—F—hEREDT]
BFIBBERIL AN MVERIE Lz, BRSO
B EBRVEE, V—Y—D/)VAE (70 ps), I
KOV —NWADEA I VTV Db, &
B REEIZ100 ps BE LIEEI NS, FOD
#%, 199241CtL, Ederer H & E— Foy ~ Nd:
YAG —1— & NSLS Ol st ¥ & %253 MHz C

__.4__



BEA HEI0EFESS  (19974F)

R TC, AlLOs OPIREIEF DA A /10
(B Y E DRI EBIR DRI E 1T > T B,
SFHRF O R, 7 5/ AD Super-
ACO ® Nahon 5T X - T19944FE 2 F) b TER
SIhc2, 5 51%, 8.32 MHz @ 2 /N o-EiEE
—FOTT, R3ICAIHSFgHEE—TFOY Y
Ar 4 AV V=T —% A E DRI RS R v
T Jn—ThNEE YRR L, He*(1s3p 1P)
REoFmrEE L (H1@)2R), 19954
i3, BESSY ® Sonntag 673, E—FOwy 7 o F
VYT 7 AT V=T — DK 2 BRBICHE
FEIEDOT VY 2 V—FKERPBIEC, Ca*
(3p8 4sdp 1P) DFHPEZFT> TN 519,

2.2 HREBROFEME

B & V—— DO RBSIC kB H0EER,
EVDTE—TFOy 7 U—Y—%F\ickiS
oid, C CRER CTREICF RS S NIEL
INDOOBHAHHIGENH Y, /o & 21, Nahon 6
< Sonntag & DO KFE DO PR 11219, 45 FF
FD% L ORI#ES I L TEE 7 V—27 A
— "5 27l WS T EITHENTH S, 2L, K
e V——0ftE (R BisLH8OkE

| 90MHz Master Oscillator |

45MHz  Amp.

Phase Shifter

=

RF  Cavity

Figure 2. Schematic diagram of the experimental setup
for the transient synchrotron radiation absorption meas-
urements. [ From Ref. 10, with permission. ]
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Figure 3. The synchronization technique and the

method for verifying the synchronization and measuring
the delay between the laser and synchrotron radiation
pulses. (AO) acousto-optic modulator; (BS) bunch sig-
nal; (ES) entrance slit; (OS) output slit; (G) grating;
(M) Mirror; (P) photodiode; (RFC) radio frequency
cavity; (SO) sampling oscilloscope; (SACO) Super-
ACO storage ring. [From Ref. 12, with permission.]
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Figure 4. Schematic diagram of the apparatus for synchrotron radiation-laser synchronization ex-
periment. (PM) photomultiplier; (CM) gold-mesh current monitor; (IC) ionization cell; (CB)

copper block; (MF) quadrupole mass filter.
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Figure 5. Central part of the photoionization vacuum

chamber. The harmonic of a mode-locked Ti:sapphire
laser is introduced so as to counterpropagate the fun-
damental light of the undulator radiation.

pulse ! DIFRICHE TS, ThHLOEHEE%E
XA 704 9 73I5—THHE- KBREEL, BE
FEBERI500 mm OV X THA A LB ICE
¥ L7,

3.3 7olalb—wREpHEE

"UVSOR U v 7 DEMRIMICAE S BFET VY
2 V=i, FA%24, FAHES0 mm T, 8eV
2 552 eV OEFE OFEAW % a3 517, SEID
FTNRNTOERIZEAFETH N TN B, EERIC
BELZWEVI0S L EOBREORADRS
Nice TV alb—2KE22m BERAMNAS S
Y2 THHINBY, 3SEEOEI KT 2344
% ET, 13eV 5125 eV O Ot
FB IR E LCTHD HE 5, ERFEENIIET
BFOEER & BB 2 HA G DY BBICE W T
W5, 1 RHITFESE TASN & TR IR
Han, HEAY Y FEBERLICOLIZHRESE T
YA FALBICER ST S, BECE LT, ®BE
B oA T MEBORICEBEE Y + VX — %
AL TCERIEZRO KBV (K5 81R), FH¥E
FRIZMEBROEA v ¥V L BBHREHE L AWT
BE L

TV 2 V=W OV AR E LI
(FWHM) 2 Tsg=400ps D A7 AR THE X
Nnb, £/, B L2 20X NIVABOY v

A HI0EE S (19974)

2310 ps UTFTHAHT L, 28I A Y —
7 HAGOEBPOERFEINT NS, T OEIAD
OFEBEOE 2 HARBSX Y V7 & K LT,
DR DNSWEF 2 LD, Thid, UVSOR O
&, BIFMEINEERLFE LTSV ETE
BHEALTWADT, fHmN NV FREEGEE—
ARZEEPKBICIFH SN, BEFE—LADORE
TREIPEBRINTWENLTH S,

3.4 VI UERRSFLL Y —ORHE
H4DF2 7747 V—F—L, V/IE
FIRHED 5090.115 MHz O/ E (i
B IR LCRIREL WA, T2 T, ROk
FENZ T L THB008, iy 7 & —, (LB
HER, - RERETSUHEAER (A7 5
T 4V 7 AfEL, Lok-to-Clock) T 518, [F]
Wk E LT, WhWAAHESEL—7 (Phase-
locked loop) FRABEAINTWS, k<45
NTwa E51, fEEEV—/E, ADicinz
T BB DR & F—CTh o E TR L7
NEENBONLBEFREBOBHFCTH LR, D
BAEY, BTERE V- —PEb 3o TLHET
R FHEEL— 7 PR ST\ 5, T, L—F
—DOHNEHRTA T — PRI, TOHPI%EA
Y72 —ICED, /8T 5EBEREICE L7
(HEZEZ IR TR <o T, MBS CEE
B9 N 7 U —F— OV ZFIORCHE & St
BEOMMBEZIIL, dLESSNITEEERE
BT 5, COREBEN, FE VT T 747
V—H—OHIRBADIEEICEE LI LR
FREBET 570, V—F—0ORIREE DS HE
L, ZTORERV—F—DEER & A ENET
bo ZOBEE, VY= OVRA LI EERE S
Db kD EBIERES S NI 7 B £ Tt
Fonb, OE/-URBAERNANT, HRHERIT
BEEIND, APFRIREO LV —F—DV v 21T,
FICMAHBEEBRORE®ECRED, AFMEIL3
ps LUF &5 T 510,

.__8._..



B F10BHE55  (19974)

T, EREOFETY VI ERRR S LV—T—
ORFANEIN A Z LIFEME L T2/ Th A
Do L UERKICERI NSO, MtV
—F—D 2 DDV A% A A /LE TR
SFLLTCRME YA L ThH 5, ERIERNID
B EBIERZZEA O RE 55 & B VA e D
FUNZVIAT S s ORFEAEBE A B 5137258, WED
(AHZEDIERE FENIARTEETH D, LichoT
EBROLCICEBEICHNDS Lk, EENIC
i, B CHEDEE V—T—D V2T %8
BLROAHEY 7 X —%REL, 220/ A
TN HZE A FIET ALERB S, COREY &
SR L 72 T DN T4 285 CRE L S 869 5,

4, EERFREORESR EBRKR

W, ©40OVAT A E CEESN, ®
K DERT BRI TICE - TV B, L
L, BASEEXMECIImooR L Ok Lsid gz &
T4 T BRI Lo, 4.1 24285 TR
7RI D\ T2 B

A1 EEEHEEREN YIS TI R

4.1.1 ES5FTHEOREY
BROBEER L V—Y—HEH S HTFA A
RS EIBFRE A & L IS S &, BEE
U —T =6t ARFEROE S HEEIIAREMIC
B, IhiE, 1mW O LV —F —IZ TR
WA 0 & ORI DI FIRE 2 5 HIBEFR W
EM—DDOEBTH L, TDET, HKBEBEBOF
v 75 —I@BBR AR BICIRKRT B, ¥
B, BEHOANRT FIVIE (5fFEE) B Fy
TR ELDIEWDT, BINTHEE 2 5 BEHHE N
BT s06THS 5HER), 2FBIC, 100
MHz s\ @ikl L OB TIE & A EEfRIC
SN/ SH S Fid, BeBEID/0ItA 4 1k
BRAICE <A 7 OBEUT LOBELZ VS
SERPDH, 2FD, iz E—Foy s l—
P—rBHEICRABI R/ LTh, 5V

471

—/VABN T O —T T EBLRESFIIRE TLHH
USENICR VT EIN/DETTH 5, Thickt
LT, 2HRDEHE L V—F—%H ns ORHA
TR 2581213, R V—F— UV AT
ER LIRS TR TR e —T7 L—— )l
ADRBEEZTHDT, EEEIRICLT6H
DELBETLI LB, CORYLIDL
TEIZHBL LD,

WY T e Ta—T5%, 2 ELESHIC LD
59, U4 OEFHEEORAFICIILT
TOORTFHMEORLXL BEENhD, TIT,
KFHRELIZED Lom? ZBBT5HFOR &
EF#ELTEL, l1HzOF /B —F—25%R
WIS eBECRESHEROHBEICIT XD
HEDFFEFEZIT IV, L LKICHEZEL00
MHz OfeSE— Foy 7 U—¥— bk Z i
SRIEE, bL, B TER LS F OB
BHFMAL0ns LT -7 EBETH L, BAMK
FHE OV A TR I NG FIEL x5 EXhICE
HLTWAE V== UV A LRI T 52 &R T
XIn\W, LB C, UV—F—=10ra47-0
DESHIT (/100 MHz) x (I,/100 MHz) I M.
B4 A5DT, E5FEE BEHY/-D) OFE
V3 [1 x I,/100 MHz % I; X I, Dt 0 I V-5 0
BB B, Fiz, b L, BHEHETERLIGTFD
Fabd oIl RWEBET S, 4 A VLEEA
DFHEERECHIR I NS, TOREM%E 1us
CRET A E, BB UV—F—O0A15BE100E
DBHIC OV AT I/ sFre T/ o—74%
TERTEEDT, V=P —1)0VA%:=DD
55 %03 (100 x I;/100 MHz) x (I,/100 MHz) i
HEIL, B85 EEOFERICIY [ xL/1 MHz
BEEND T L1075 5H20,

DIEZEHRT2 &, RABER DO E L
— P —OHHABRHNERTRIZHEDEREL V—
Y= AW b DIZHAT, 1L EWESE
B LI T RN C L Abh b, COXETT
VY2 V=N EFIET AT L THRIE2 HTidE

__9.__,



472

HbNb, ¥k, HEIHROKEHNLY V7DD
BNV FHEERT— FC, 1)UV ACKTeERT
BTENTEDIDICENITKBIZHEEINST
BAHD,

4.1.2 Nw o557 ROBKE
CDEDIHEE B EETEROD HT — 2 %
WEFT A0, Ny 7750V FEBRIEDH
TENE LT b, ABFROBE, N
v 7757V FOEERILT VYV 2 V—XDER
BERG DoHEORKEE LTRATAZ ICK
%o BB R ICE, 338 TN X DIT,
ERBEE L A A ALED ERICEA LTZ ORI
Ui CERRE S ERICK & B 2B EFI A
THHEL, 4 VALRSEERO XS hYEE
ZRES S & TEREMICEREOF SO AL
TAHHEREZON S, £z, BNy 775D
VIFICELNIBEN E V—F—D 2 EFRIN
BHEERAT AL, ThZThOXEFEALIE
& (=FV) LLEWE (=47) OFEZRAC
EMKBETH D, Lo T, BHIOBELF
e A — L CHFRTHEBLT AL (R5D
BIREHESREZER) &, BROBRREOEE %
MElF+AHZ EDRERSNDE, V—F—IcDWT
i, 100Hz OXF = v /XTEHREZNT (H45
B), ThIZEEA L2 F % 2Dy — MMEEXk
ADVE—TCREEERE LT VLT T DEEZR -
oo COERRPFHRATROBRMAT, EBREHD
BHMZER SRR ZELAHE S, Sk
DBNF— A BBOND X DI 7z,

4.2 RN ZXHZE

UV T EFIRES e SR EEEE & Lo AR E L —
T @R, KA L V=T — VRO
R R 2 B 5 J5 % 3 AT T N7z, AEHTIT,
EEEORREI S RERIC M- T, 2D/ OV A%
A F VB TRENIC—K IS (=24 307
EDYD) HEEHRAT S, ZOOIE, B

A HI0BESS  (19974)

ZEEN TR & U —— D, OV AR %
JEERER] 1 ns LU OJeM 25 CELEI L7n 2 B AL
WYy 7 X —%f/EL, 2 000V ADLH ERBD
FENS LI THE LV, BEOHHEFLIER
THECHRAEV—-F -2 HWTWZDT
(21282 R) 1012, fFOEHEEXET A I —F
HERZOEENHEESE LTFIHATAI ENT
/o LU, KPFFRICER L T260 nm fHr D%k
S —F — I RRE D B H S m B X A A —
FEAFTERP-72DOT, T 3V vsFb—x
EXBFHEEELHAGDLYT, EONK/ VA%
BABREREICHER TS LD HRHEBEHEL
73:15)o

X6 i OV A RO SN E RS, 44V
LE L GBEE Y 4 V7 —D@PIZ, 7V RALE
Lo 7 0y 7 2 e A XD ICHAT
AW, $A7 0y Z G EFEARBICERINT
B0, KEANOBABREREZIN D LRI 2
bo $H7 0y 7 DR EIZIE p-terphenyl &S &
ERBMINTEY, ZTICL—F—KHRBI5
£ #9340 nm OB EES S 52, FAEICIE
7 v b\ 7 L BaF, DfEmBEEINTED,
20 eV {438 OB e A BIR L -CTH9220 nm O —
Vr—T7V—HKERI TR, 2 ODLEHDA
DT DOFREKFEMITH00ps TH B EDM5N
TWb, ThODENEE, Filhk BEFTHICE D
N A BNy r— VRN BEFREE CTHRE L,
TOHNEREY TV 7 V7 CHEIE L2 BIC1.5%
HY VTV T7OFYEIVAYEAT—7TEH
Lice A XNy r—VRNEFBEED, I
LAY A30.65ns &HET, Lo b EBEEEES
JEWDTI0 MHz DR LIZ T4 128 ETE B,
FyvnaAa—7/ EORBEFHEEE OB IEY
%, Bink 2 OOBIERR (=fLHE) &AL
TR 7TITR Lize A A VEETHE VALV
— =) UV ZADBEREB T TW5S & i,
(@D x>z, MEllns O 2070 AF| R4
BELCEEIINA, TIC, MY 72—%H0



B FEI0EFESS  (19975F)

Linear motion —=
feedthrough
PM g
Qw IC
SR g, Laser
/ <-———PTP
BaFy €
CB
)

MF

!

Figure 6. Schematic diagram of the detector of the pho-
ton pulse. The luminescence emitted from the surface of
a copper block (CB) passes through a vacuum-sealed
quartz window (QW) and is admitted to a photomultipli-
er tube (PM). The adopted luminescing substances are p-
terphenyl (PTP) and BaF, for the laser and synchrotron
radiation, respectively. All materials except for an ioniza-
tion cell (IC) and a quadrupole mass filter (MF) are
mounted on a vacuum flange of 8" diameter.
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Figure 7. Traces of the photomultiplier signal on a digi-
tal oscilloscope for two different cases of the timing be-
tween synchrotron radiation and the laser. The delay of
the laser pulse at the copper block with respect to the syn-

. chrotron radiation pulse is 3.4 ns in (a) and 0.3 ns in (b)

and (c). At the 0.3 ns delay, the two photon pulses are
considered to be definitely overlapped in time at the ioni-
zation cell. They are monitored either simultaneously in
(a) and (b) or individually in (c).
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(a) Time dependent signal of He™ produced by two-photon ionization of He. The ratio

between the ion counts with and without the laser is plotted as a function of the delay of the laser
pulse with respect to the undulator pulse. The dashed line represents the background level which is
determined from the ratio at 1 ns or longer delays. A broad peak centered around 100 ps results
from the pump-probe signal counts due to the two-step transition: the synchrotron radiation excita-
tion from He (152 1S) to He*(1s2p 1P) followed by the laser photoionization. The spectral resolu-
tion of the synchrotron radiation is set to about 15 meV. (b) Energy level diagram of He. All ener-
gies are in eV and measured with respect to He (15s21S) . Radiative decay rates for the 1s2p 1P— 1521

S and 1s2p '1P—1s2s 1S transitions are given.
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Figure 9. Schematic arrangement of the experimental
setup for laser induced fluorescence excitation spec-
troscopy of ions produced by synchrotron radiation pho-
toionization. (PM) photomultiplier; (p-A) pre-am-
plifier; (CFD) constant fraction discriminator; (AL)
spherical achromatic lenses; (UR) monochromatized un-
dulator radiation; (MB) cross section of a molecular
beam expanded from a nozzle; (CM) gold-mesh current
monitor; (PCL) spherical plano-convex lens.
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Figure 10. Potential energy curves of N; relevant to
fluorescence  excitation  spectroscopy. The laser
wavelength is tuned at the (B 22, v'=0)«(X %z,
»"=0) transition. The dispersed fluorescence of the (B
2z, v'=0)—>(X 22, v"=1) transition is detected.
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Figure 11. Laser induced fluorescence excitation spec-

tra of the (B22,, v'=0)« (XX, v"=0) transition of
N; which is prepared (a) by photoionization of N, at Egz
=18.0 ¢V and (b) by that of N,O at Esg=18.6 ¢V. Here,
Egy denotes the undulator photon energy. The monitored
fluorescence at 427x4nm is ascribed to the (B 237,
v'=0)—(X 22, v"=1) transition. The solid line in (a)
represents a spectrum at 7=300 K calculated by using the
theoretical intensity distribution of rotation bands [see
egs. (1)—(3)] convoluted with the laser spectral width of
9.2 cm~!. The dashed line in (b) is to guide the reader’s
eye.
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