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High—resolution atomic and molecular spectroscopic

facility at Photon Factory

Kenji lto

Photon Fcatory, National Laboratory for High Energy Physics

A high resolution spectroscopic facility, consisting of a 6.65—m vertical off—plane
Bagle spectrograph/monochromator and a unique zero-dispersion tandem concave greating
predisperesrer system, has been operated for 5 years since its installation at BL—12B of
Photon Factory. A description is given of design principle, optical system, and perfor-
mance. The resolving powers are>2,5X10° and 1. 5X 10°,  respectively, for the spectrograph
mode and the focal plane scanning mode,  which are the highest resolving powers ever
demonstrated in the photoionization threshol:l region of simple atoms and molecules.
Some examples of absorption spectra are presented to show the capability of the high

—resolution facility.
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Predispereser of grazing incidence type and its expected per-

fermance. (a) schematic of the predisperser: L, light source; G,

econcave grating with 135 grooves/mm, 3 —m radius of curva-

ture, and a ruled area of 30(H) X60(W)mm 2 ; S, entrance slit

of the main spectragraph; (b) (c) computed line profiles 95— ,100

—, and 105—nm radiation in the plane of the slit S, rspectively

for a4— X4—mm? source and a 0.4— X0.4—mm? source.



14 1990%F2 A

ERANEIT O BE, RIEBKMARS MILOE
RONKELBEEELSE, Do, EHHED
AN ERBOBEEDTHOREEEZHE LS
UL S0, BT allld, HSERNICEERRE

FRICRIBE D RCR e EA Lchlermd? o SuEN
ES v T DL ITHHERRICE UL D o5

& (B1b)icid, BYMRENSESLEDOAD
XYy MIRUEBHEEDIEZENXTE 50, SR
D E D ITAE Ry MTEITHRICHE O EIRD
& (B1e)icid, B1ITRT X978 1 DOEHTHE
FARBAWHIEDBRIE D IIPBIT 80, 1FE
Th—F3 2 ERICE A RETOEE, 2ol
EFEMEAEDE B HEAIBES TR T HRA
T 5 EERDI BBO X D ICEKRIBESECRIS
40— 200nmDSREFEED /N v F/RZTEHIE
DAF R v MIIRLISENXTEHDTH 5,
fEES N — T THEICES NG E LT, SRORBE
B R R EARS (g EE L 7oER, 6.60mE

TCZ PREDISPERSER SYSTEM

——>k—— DISPERSION OFF-PLANE

MEE BIBE1S

DEEA T TL—v - A= TNEISHES B
HT a7, W, JOHNEDEIREV
OPE (3, 6. 656m Off—Plane Eagle spectrograph
monochromator DRSIZHR T 5,

Bl 2i2i3, 6 VOPETHRAIN/ILERDE
BEARY T . WESHERY v 705 DSRITHIER
<2 Z712& - T 5 mrad(h) X3. 6mrad(v) Y]
DELSN, RBEFREE(P)H 513000mm il KiE
SNTWVBAKSSICEE 7 —(M)ic&kb, 20°
BT o b, Mid, SROWEX#ERS = RE
L, BROXFERFEHEBT 2EEZFHE->TO
%o BTN BAHARIE BRI 2 205K
BNOH->TW5, P& LEHMEF(G 1) , HfH

Z Yy M(SL) 1370° O/NY RRZ « T4 L5 —
RMOEREHIHEBELE LTS, S1, 82
EHHEF(G2) ,EXU v b (S 2) (390° DE
RRESHET, B 1oRB0SEEFNT 58X
o, G 1 ROG 2 3IEEMBEEMT 0 BRE

EAGLE SPECTROMETER :
6650 /]

6.65-m VERTICAL

.——1409 — .
)
2 -
O = <4
R, :2188.5 mm Lo |
N, :204 1/ mm ’\ R3 : 6650 mm
250~\4 [FF! N3 : 1200 \/mm
Ag : 550nm
D /_‘___,,:——__——___——:__-—————-"'/
DR
00_,,,?. T P : SOURCE POINT
135 el M : PLANE MIRROR
11300 — T 2 Gy,Gp : FOREGRATINGS
e —NNT20 e & T G3: MAIN GRATING
] AT 70 —__lg.__ S, : INTERMEDIATE SLIT
© — S, : ENTRANCE SLIT OF MAIN
SPECTROMETER
R, :4321mm  FP:FOCAL PLANE
Ny : 2001 /mm
Fig.2 Opitical system of the 6 VOPE facility.



WEX FIEBH1F

THHEEE 3592008/ mmTH 5, ZDHIE S
%RTIR,GIRUG2DEEAICEID /N /IR
OHLEE, L TSIDEICE >T/NY K282
BERDEENTES, SRBGLIZLD S 1
LichEEns,

BEHmMmMmDS 1 2@&EB8 LSRRI, G2i2LD
DEOED B (BHBDER) EHtaEICE
N B, DEEREEEBRT AFEICRAORY v
N, HOXUw b EE74—=HN-FL—V
(FP) b) RUOEHEFOFONEHTEFORIR
AYRETEZO-F 0 FHICHNBET 20 —F 0 F
2T U MBHEVLNAE, 6 VOPEDE 3t
TRAOZY v bEHOXRY v b (BIZFPL)
AEEIIEF(G3) ou—35 > FHIZEL T
HofrE (n—7 v FEBL) K&kEsn s,
T FL—=rD&E, Ry b= NE»
SEENT(OFF)W5A Z & ITERT 3, - T,
IARBTORERFIIZ>DRY v hZEEL
fo & F EHEFOEER NEED AL - TITH
N5, EFEFIRS 2,G3RCHEAORY v MiC
Lo THEINAAD_EHE LERIERT A&
W3, A7« FL—=vizgLTcry - FL—v
DEAFDNEREFET 50, KRR OBEHDO
2y NEBEITAMLENDD, HtseE LTR
fFE LWV, X, MOBERALTHWEIDA
OZY v hDOEAICHORY v M BT &I
n, Rt LLEELES EEZLNE, INo%E
ZZT6VOPETIRA7 - 7L—VZRALT
W5,

XT, BIBOBRICLDEED NV FiEZTID
H&EN7SRIZS 2 AEB L7tk G3ICL DRk
AN, BREDZIRT MIVOERD DISWERD
2R MILEFPLICERKRT 5, G 3 DAHEERE
1312004/ mm T %, X, 7 L — X &K (13550nm
THY, EEOANTRAET 3VUVEDEERE
L IRE DOFEHBE0nmIIT WV & D ITIREE EIR T
BTENEETDH 5,

EEOHERDBICBVTIR, 1) AHREOBR

199022 A 15

BINBERK—IILOEMENSZMHE2) 5
W=Dy F v 72ERLIG1,G2, RUG3
BT A EASRN,  3) Gl LG 2oavIE
BRERUBHHOFMY, FEMES T EHT S
A =5 %ERDIZ, TNED/RFA—F121F, HFE
FFHEOERE AERTFOALHA G1 G2
DERRPCIL=Y T« RS A —=FENEGEN
Bo INHDNT A — & ITHABENE & IR R
B A G I BB A E 2 W CGEERL
AED, BRKEICE 2 ISR HERERA L
DREEAEETBLDE LT, DHBONEE
FTOMICREBE L SUMMERET 2 8IF 5 2 &N TR
%, 6 VOPEZRESHFRETHERT 2 HAAD
AUy MI0OumTHY, umBNOREITIT S
HEDEDREENC D305, 6 VOPENERE I N
TWABSHIY 7Y — bOF2ET v F I3 0ER
EEREETHICEREINTED, REBAEICLN
EEEIRIE 1 ¢ mPIFT, 1B & BRE & DR
BORIBHIEEIT/NI WV, BIZ, DEEFEICEKRR
BEERITTENHBNOREICONWTIE, 12
7y FOLICEIZERZR Lo 7Y =310
FREARBEHRE L M, MROGLZ, HEt
NHERY V7 LRV (BT T) IKEREX
N, S1IEF2EDOERTICMOMIF 5N, G2 RE
SRBELERICH 2D 7 ) — R VRIS
REINTV A,
HERADNEITOEE, R EBY v 7)
EARBOBOEERELID 35\, EEY
v GEVRTE SR RBEEEARE N -TE
D, BEL0 TorrBIZHENTWVWS, Entes
HEESRIILEE S R EEAT BB b S
EBEEAR L -TWAEY, mEEEYSEZES
4 FPDOADOZRY v FS212& D, EHHEBITIm
TorrDH ZAAZEALTHG 1 DEZEF = /31—
WZLIRT10™  TorriZ R 72N %,

6 VOPED K ERSIIZAFTI0ED SV R -
E—FIlL->TUThbhb, 6Dy bo—Jb
FI a2tk ->TTDON S,



16 1990%F2 A

3. BEEAIXAE— FTOMEED
WERDESHBERINZ Y ILDOFFEIL, 6m
BIIL0m 7 T RD4tEs & EEREHRE D E
B, boldoBEENHEICLI - TEDHONTE
72EVWSTHBE TNV, BEETIE, FPEIZ
BEEFR (250mm X50mm)EZ&HE L, AR
ORI BEEER LISl T 2D TH S, 6V
OPETIE, ENHEF = 03— H 5V IERINE
W(G2 &S 2RICERETEE) I A REEA
L, RIXANRY NIVOBEIFEEITD ZENTE S,
EB%IcL5 6 VOPEDER I I0UFEES<
VUIALEDED SN, FHEOE IREL L
T, BIESEROG 1 RUG 200 DIicEnE
NE CHREAFZ-HUE I 5 —M 1 RUM 2 #%E
L. 744V, BHRRIEFBLEFRDE F03-0D
RyFUIREEF 2y Lz, 51T, FEH
®FELTT L —XEEI50nm, S FEE 12004/
mmAfV, TILITVEFORA A ALL 2V E
B (~TInm ) DRINZXR 7~ IVEIEEZ R A7,
AOZXY v MELO g mT~0. 0015nmDEE LT
WB2ADANRY MIVRENIRT 5 EMNTE,
C AU ERERMEOD. 00125nmICVEE T A b D TH »
726

BoBREELT FIENBRDOT A NEIT-
720 6 VOPETOESRERESEIR, BIEAER
DiERE, BIBRIRE AR MLOSEEEICIRETS
%, BIBOERICIG 1 RUG 2%, EHHEIC
BERANXY PIVBIER O 7 L — X ES550nm,
KR 120048/ mm O EHE FAHREB L 2
HBEARTETTHAETEZSEVWI LT, BHE
ZF DSchumann—Runge&IX D (0, 0), (1, 0) ,
(2,0) ‘RT* (3,00 Ny REZEWY,G3% 1R
2IRFRVPSIRTHAVWENETNSWREER IR i
WEEIT - 120 BIBAEROHFLERI3200nm,
NV RIEIZ1I0nmISERE L TR O NI ARYT b
ZF3IRT, M3NoNEL DI, FEDHE
ERSME NNy 7750 NTREICUDHEN
TW3, BB, I TERINBLHTERESS

WA HIBHEI1S

BRIE, RETBRETHFELCLIICGLEG2
DEEZR VS | DIEOFHEIZ L FEDKERER
DERTE B2 EEERINTRT I ENTE,
X, BRDIEBDNS, WINRARY ML, Rk
DIERITHEVEEABNARX 185 2 EDEHIX
N, BN FOTRERZR LTV 5,
BESNKDT X N TORKEMEL, HiRaE4E
a2l ETHB, ZDH,GC3EFRTHLD
T, TIVITVREFDOHRA A AL L 2 WMEFIDOK
AR FIVERIE Lzo EARBOAOZRY v
MEZI0ymIZHEL,G3% 7TRTHW, SWR
TU— b RIZRINZAR Y SVOBEET- 12, B
bBEDTF Y MA—=5 « FL—2ERT, £4
HEBANDArEIXL 5X 107 *Torr, BB EZ DOt
LEERUNY NIEEZFZNFNT90m, 5 nm T
Dot BNEHEIISNTH -7, OB L
7IURIREFERS, 13d (3/2), &15s (3/2), RU20
d (3/2):&228 (3/2) D4HEENS, 6 VOPE
DEEMSIETOREREEL, S0nmiil T2. 5X 10°
DETH2EF MBI NI D6 VOPED S E
fEld, HRETH COHEBEBRTOMRDREE -
TW5b, ZDMOXEIZBNVTH, BLARY b
IVDRIEIZ X BREEDFTHE % 1T>720 G3DT
L —ZXhRIGHERAR X, AIERE & IREBORE
ME50nmiIT I 78 B L CEERE AT - 728,
SWREM Eic+473S/NE2B 2 AI2iE, AOX
)y MEZI0OgmE LTG 3% 5K - 10RTHW
125G, BHh S1IEHOBENNPVLETH > T,

4 . FEREE— FTOMREY

BEEER EAROL S ICEHEAETH B, KE
ADCZEIT O BEICBEER 2# ), BEDOSK
& COHEERL IO FDElERd 5 B3I
E0iIThbnsh, 6VOPETE 7+ —AI) 7
V=V e AF v V2V TEERBALTVWS, 2O
HETIIHOZRY v b« Gy F(SDa
=y ) DG3DFPLAEET S, -T, #l
EIWBE L TRAIESBERVG 3OHBREERT



WEE HEIBHEIS

19902 8 17

Fig. 3

Absorption spectra of the (0,0).(1,

0).(2,0),and (3,0)bands of

the Schumann—Runge system in the first, second, and third or-

ders of G 3. These spectra show clearly that only the desired

portion of SR is delivered into 6VOPE.
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Fig.4 Densitometer trace of the absorption spectrum of Ar I in the 78,

84 — 79.09 nm region taken in the seventh order of G3 with an
argon pressure of 1.5 x 107* Torr in the main tank,8— min ex-
posure, and a slit width of 10—z m. The center wavelength of

the predispereser system was 79 nm, and its bandpass was

about £ 2.5 nm.
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Fig.5 Transmittance of light of 83.08 nm and
a stray light through Kr gas vs Kr pres-
sure in the main tank. The wavelength
of 88.08 nm corresponds to the absorp-
tion peak of the 6 d'(3/2)11line. The pre-
disperser was set to deliver light into the
main tank grating with a pass—band of
7.5 nm centerd at 86.5 nm. The measured
and calculated trasmittance are shown by

open circles and a solid curve,respectively.
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Fig.6 Portion of absorption specturm of Kr 1
measured photoelectrcally. From the
separation between the 33s(3/2), and 3
1d(3/ 2)1 lines, the resolving power of
the 6VOPE facility in the photoelectric
detection mode was estimated to be >

1.5 X 10°.
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Fig. 8 Absorption spectrum of atomic Ca in the
wavelength range of 134.4 — 135.0 nm12).
The upper spectrum is a desitometer trace
of the observed spectrogram. The lower
sptectrum is calculated from the ab—

initio MODT parameters'® .
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region measured with a resolving power
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Fig.10 Photoabsorption cross sections of the (8s" and 6d’) and (9s’ and 7d’) line pairs of

Kr atom. The measured cross sections and the curve fitted with MODT parame-

ters are indicated by open circles and solid lines.

Table 1, Quantum defects p|’s and width parameters
W1’s for the ns’ and nd’ resonances of the krypton

atom.

7 wd Ws Wd
SE“ at I3/ 2. 0. 0978 0. 2205 0. 014 0. 152
8s’ 6d’ 0. 0998 0. 2231 0. 0104 0. 155
9s’ d’ 0. 0971 0. 2313 0. 0102 0. 181
108’ 8d’ 0. 0959 0. 2351 0. 0110 0. 176
11s™ od’ 0. 0946 0. 02402 0. 0108 0. 191
128’ 10d’ 0. 0940 0. 2375 0. 0112 0. 191
13s’ 11d’ 0. 0934 0. 2413 0. 0111 0. 203
14s’ 12d’ 0. 0933 0. 2429 0. 0136 0. 205
15g’ 13d’ 0. 0933 0. 2396 0. 0152 0. 202
16s’ 14d’ 0. 0929 0. 2413 0. 0177 0. 206
17¢’ 15d’ 0. 0988 0. 2420 0. 0180 0. 198
18¢’ 16d’ 0. 0984 0. 2535 0. 0214 0. 215
19¢’ 17d° 0. 1008 0. 2552 0. 0250 0. 2111
208’ 18d’ 0. 0988 0. 2550 0. 0236 0. 226
SE“at 11/2 0. 0866 0. 2187 0. 015 0. 170
Al*atI1/2 0. 0729 0. 2061 0. 014 0. 239

a)deduced from the semi—empirical (SE)calculation'?® .
b)deduced from the ab—initio (Al)calculation'?’,

6.50
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Fig.11 Absorption cross sections H, in the re-

gejon around D — X (4,0) band. The mea-
sured cross sections are presented by open
circles. The curve fitted to the Fano’s reso-
nance formula is shown by solid curve.

The spectral widths T are found to be 5.6
and 15.8 cm—1 for R(0) and R(1) lines.

IRINEEDIENT 2R & L THA ZADHITR
Lick HIcHE 1 A v {bofiz, HFIcEERE]
R ABIT B ENTE S, KEDTFD3 7
D' I JREEIIIREN#ENIv 2 3 THIIAREEZ 5| X242
T IENELHOENT VBN, HEROMEILE
BRI IS REED B CREE SN S - 720
M11icid, D' REDv=4 DR (0) RUR
(D OXRIWEEZRT' V. BIEERIO
T, HRHBROERER~NDOT 4 v T4 VIRE
BMTRINTVWS, BRI, BEAA oD
BE& ERERRICFanoDRIBARXE WV o, RIS
B RO g/$T A =% R (0) X LTS5 6¢
m~' RO -21, X, R (1) iZBALTIEI5 8em!
B -10TH -7, v'=3L512WTHT Rq
BIRDIM vVAREMEILEED Siid - 7.
TROIT I, HRESIIENERNRT MUK S
ERELIODUKEL, BETEET S, SR
EE IS EMD TRIE I N, HREOWED
WEEEZOND,

- -

—

19902 8 23
Nz b—X (10,0)
P2 4 5 6 7
ql2 I3 4 5 6 7 8 9
R 3 5 g 7 g 9 10

’4

92.30
WAVELENGTH(nm)

92,28 92.32

Fig.12 Absorption of N, in the region around b —

X (10, 0) band. The upper spectrum was
obtained using the supersonic nozzle jet
of 100 x m, and the lower spectrum was
measured at room temperature. The rota-
tional temperature for the upper case

is estimated to be 20 — 30 K.
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