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Program (20th Symposium on Molecular Spectroscopy)

Mar. 9, 2020 (Tue.) Building L1, Room 32, Kitasato University

10:00 OPENING REMARKS
[chair: Haruki Ishikawa]
10:05 LO1 Optical-optical double resonance spectroscopy of the f* 0* (*D2) ion-pair state
of I*°CI (1) : Determination of the spectroscopic constants
(Tokyo Univ. of Science) Yoshiki Muto, Shoma Hoshino, Daichi Nishimichi, Hiroki

Yamaoka, Koichi Tsukiyama

10:15 L02 Optical-optical double resonance spectroscopy of the f* 0* (*D2) ion-pair state
of I®°CI (2) : Determination of the transition dipole moment function

(Tokyo Univ. of Science) Kento Ishii, Shoma Hoshino, Koichi Tsukiyama

10:25 L03 Collisional process of I in the ion-pair state: Electron-transfer reaction with
rare-gas atoms
(Tokyo Univ. of Science) Oji Yamamoto, Daichi Nishimichi, Shoma Hoshino, Koichi

Tsukiyama

10:35 L04 High resolution laser spectroscopy of S1<—So transition of acetaldehyde
(Kobe Univ. / Kyoto Univ.) Kosuke Nakajima, Akira Shimizu, Masaaki Baba, Shunji

Kasahara

10:45 LO5 High resolution laser spectroscopy of S1<—So transition of acetaldehyde and
acetone
(Kobe Univ. / Kyoto Univ.) Akira Shimizu, Kosuke Nakajima, Masaaki Baba, Shunji

Kasahara

10:55 LO6 Detection of CH3NCO in Sagittarius B2(M) core by radio observations
(Tokyo Univ. of Science / Sophia Univ. / Nihon Univ. / Gunma Univ.) Yuki Ohno,
Mistunori Araki, Yoshiaki Minami, Takahiro Oyama, Shuro Takano, Nobuhiko Kuze,

Yoshihiro Sumiyoshi, Koichi Tshukiyama

11:15 LO7 Direct observation of the IR induced isomerization of the hydrogen-bonded
phenol cluster cations
(Kitasato Univ.) Masayoshi Ozeki, Hikaru Sato, Masataka Orito, Haruki Ishikawa



11:35 LUNCH
[chair: Mitsunori Araki]
13:00 LO8 Fluorescence spectra of jet-cooled thioanisole
(Aoyama Gakuin Univ. / J.F.Oberlin Univ.) Naoto Mizuno, Shota Nakajima, Tasuku Isozaki,
Wataru Kashihara, Tadashi Suzuki

13:10 LO9 Determination of Binding Energies in Benzene-deuterium Clusters using
2-color Laser lonization
(Tokyo Inst. Tech.) Masaki Usui, Kenta Mizuse, Yasuhiro Ohshima

13:30 L10 High-resolution spectroscopy of polycyclic aromatic hydrocarbons by a
Ti:Sapphire laser controlled with an optical frequency comb
(Fukuoka Univ. / Kobe Univ. / Nicolaus Copernicus Univ. / Kyoto Univ.) S. Yamasaki, M.
Misono, S. Kasahara, A. Nishiyama, M. Baba

13:50 Break
[chair: Hideto Kanamori]
14:00 L11 Quantum state separation of ammonia in real space with the Stark deflector
(Tokyo Inst. Tech.) Kazuki Ueno, Kenta Mizuse, Yasuhiro Ohshima

14:10 L12 Rotational spectroscopy of methane dimer by time resolved Coulomb
explosion imaging
(Tokyo Inst. Tech.) Yuya Tobata, Kenta Mizuse, Yasuhiro Ohshima

14:30 L13 Radiative vibrational cooling of N2O* in the cryogenic ion storage ring RICE
(Saitama Univ. / RIKEN / Rikkyo Univ.) A. Hirota, R. Igosawa, N. Kimura, S. Kuma, P. M.
Mishra, K. Chartkunchand, Y. Nakano, T. Yamaguchi, T. Azuma

14:50 Break
[chair: Yasuhiro Ohshima]
15:10 L14 Photoionization spectrum of aniline in superfluid helium droplets
(Tokyo Metropolitan Univ. / RIKEN) Arisa lguchi, Susumu Kuma, Hajime Tanuma,
Toshiyuki Azuma

15:20 L15 High resolution spectroscopy of X(0")—A(0"), B(1) transition of PbO
(Univ. Toyama / Kyoto Univ.) Takehiro Suzuki, Sei Shiraishi, Ryota Takabatake, Masaaki

Baba, Katsunari Enomoto



15:40 L16 Research of the 3% state of N2 molecule considering as boson pair and
Fermion pair system using NIR sub-Doppler spectroscopy
(Tokyo Inst. Tech.) Kyoko Miyashita, Hideto Kanamori

16:00 Break
[chair: Susumu Kuma]
16:10 L17 Development of acoustic resonator for detection of elastic wave distortions
in the para-H: crystal by IR spectroscopy
(Tokyo Inst. Tech.) Ryosuke Saigusa, Hideto Kanamori

16:20 L18 Analysis of hydrogen Q1 (0) peaks induced by CHsF in para-hydrogen
crystal using two IR lasers
(Tokyo Inst. Tech.) Akira Nakaigawa, Hideto Kanamori

16:40 L19 Study of ortho-para symmetry through the comparison of hyperfine
constants of S;**CI¥’Cl and S,*Cl, by microwave spectroscopy
(Tokyo Inst. Tech. / National Chiao Tung Univ.) Naoko Hara, Hideto Kanamori, Yasuki
Endo

18:00-20:00 BANQUET

Mar 10, 2020 (Tue.) Building L1, Room 32, Kitasato University

[chair: Takahiro Oyama]

10:00 L20 Slow electron detachment process via weak vibronic coupling for Si>™
(Tokyo Metropolitan Univ. / RIKEN / Toho Univ. / Gothenburg Univ. / Tianjin Univ.) S.
lida, S. Kuma, J. Matsumoto, T. Furukawa, H. Tanuma, H. Shiromaru, T. Azuma, V.

Zhaunerchyk, K. Hansen

10:10 L21 Microwave Zeeman effect of methanol 1V
(Univ. Toyama / NAOJ/SOKENDAI) Kojiro Takagi, Shozo Tsunekawa, Kaori Kobayashi,

Tomoya Hirota

10:20 L22 Tunneling-rotation interaction of $3C-substituted tropolone
(Kyushu Univ. / National Chiao Tung Univ.) Keiichi Tanaka, Kensuke Harada, Yasuki Endo

10:40 L23 Millimeterwave spectroscopy of the internal rotation bands of (0)H.-HCN.
(Kyushu Univ.) Kensuke Harada, Keiichi Tanaka



11:00 Break
[chair: Masatoshi Misono]
11:10 L24 IR-IR double resonance of the 2v3 A1 - v3 band of methane
(AIST / Keio Univ.) Hiroyuki Sasada, Sho Okubo, Hajime Inaba, Shoko Okuda

11:30 L25 Observation of the pure rotational spectra of dimethylphosphine
(Sophia Univ. / Tokyo Univ. Science) Takahiro Oyama, Yoshiyuki Kawashima, Nobuhiko

Kuze

11:50 L26 Infrared laser spectroscopy of difference bands of the NO3z radical
(Okayama Univ.) K. Kawaguchi, J. Tang

12:10 LUNCH
[chair: Shunji Kasahara]
13:00 L27 Dispersed fluorescence spectroscopy of NOs
- out-of-plane vibrational levels -

(Hiroshima city Univ.) Masaru Fukushima

13:20 L28 Vibrational wavefunctions of bent molecules
- expansion using the 2D harmonic oscillator functions -

(Hiroshima city Univ.) Masaru Fukushima

13:30 L29 Collision-induced absorption of oxygen molecule observed by photoacoustic
spectroscopy
(Aoyama Gakuin Univ. / Kanagawa Univ.) Wataru Kashihara, Toya Hemmi, Akio Kawai,
Tadashi Suzuki

13:50 Break
[chair: Masaru Fukushima]
14:00 L30 Ab initio theoretical calculation on rotational constants and averaged bond
length of benzene
(Kyoto Univ. / FOCUS / Ochanomizu Univ.) Masaaki Baba, Umpei Nagashima, Tsuneo

Hirano

14:20 L31 High-resolution spectroscopy of 1,2-benzanthracene with reference to an
optical frequency comb
(Fukuoka Univ. / Kobe Univ. / Nicolaus Copernicus Univ. / Kyoto Univ.) M. Misono, S.
Yamasaki, S. Kasahara, A. Nishimiya, M. Baba



14:40 L32 High-resolution laser spectroscopy of NO> radical in 615-630 nm region
(Kobe Univ. / Kyoto Univ.) Shunji Kasahara, Kohei Tada, Michihiro Hirata, Takumi

Yoshizawa

15:00 CONCLUDING REMARKS
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Optical-optical double resonance spectroscopy of the f' 07 (!D>) ion-pair state of I*°C1 (1) :
Determination of the spectroscopic constants
(Tokyo Univ. of Sci.) Yoshiki Muto, Shoma Hoshino, Daichi Nishimichi,
Hiroki Yamaoka, Koichi Tsukiyama

The ion-pair states of homonuclear halogen molecules have been the subject of intensive
spectroscopic study since long ago. However, no sufficient spectroscopic parameters have been
accumulated so far for the ion-pair states of heteronuclear halogen molecules. In this work, we
conducted spectroscopic investigation of the f' 0" ('D.) ion-pair state of I*°Cl by the f' 0" ('D,) < B
TI(0%) «— X 'T* sequential laser excitation. 442 transitions for the f' 07 ('D,) «— B *TI(0") band in the
range of 2 <vg <17, 13 < Jr < 50 were observed and analyzed, yielding a set of molecular parameters
in a Dunham-type expansion.

The simulated Franck—Condon (Einstein A coefficient) variation using the RKR potential for the f'
0" (‘D) ion-pair state was in good agreement with the intensity distribution pattern in the UV
fluorescence spectrum from the f' 0" ('D,) state to the ground state.
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Optical-optical double resonance spectroscopy of the f'0* ('D-) ion-pair state of I*°Cl (2) :
Determination of the transition dipole moment function
(Tokyo Univ. of Sci) Kento Ishii, Shoma Hoshino, Koichi Tsukiyama

Halogen molecules have a series of ion-pair states as charge transfer excited states. Enormous efforts
have been paid for understanding the electronic structures in connection with the development of laser
excitation techniques. The ion-pair states of halogen molecules have been the subject of intensive
spectroscopic study since long ago. So far, the potentials of the ion-pair states are most often revealed
experimentally and a great volume of spectroscopic data has been published. Under those circumstances,
a renewed interest has arisen for these excited states in view of providing the benchmark for the study
on their dynamical properties such as the radiative lifetimes and the transition dipole moment (TDM)
function. In this work, we determined the TDM function of the /"0 ('D,) — X 'T" transition of ICI by
using an optical-optical double resonance (OODR) technique.
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Collisional process of |2 in the ion-pair state: Electron-transfer reaction with rare-gas
atoms

(Tokyo University of Science) Oji Yamamoto, Daichi Nishimichi, Shoma Hoshino, and Koichi
Tsukiyama

Halogen molecules have a series of electronically excited states called ion-pair states that correlate with
the pairs of negative and positive atomic ions at the dissociation limits. The energy transfer dynamics in
the ion-pair states has been studied in the both field of quantum chemical calculations and experiments.
Recently we reported the collisional energy transfer by self-quenching in the 2, (!D») ion-pair state of
I, !. In this work, we report the collisional process of I, with rare-gas atoms (Ar, Kr, Xe). We measured
the decay rate of the 2, (D) state by using an optical-optical double resonance technique and estimated

the collisional cross section. The very large cross-section was explained by harpoon mechanism.
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High resolution laser spectroscopy of S1<—So transition of acetaldehyde

(Kobe Univ.2, Kyoto Univ.P)
Kosuke Nakajima?, Akira Shimizu?, Masaaki Baba®, Shunji Kasahara?

Rotationally resolved high-resolution fluorescence excitation spectra of acetaldehyde molecule have
been observed by crossing a single mode UV laser and a molecular beam. The observed spectra
around 30370 cm™ correspond to 140" 15¢* band and the typical linewidth was about 40 MHz.
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High resolution laser spectroscopy of S;—S, transition

of acetaldehyde and acetone
(Kobe Univ.?, Kyoto Univ.”) A. Shimizu®, K. Nakajima®, M. Baba®, S. Kasahara®

Rotationally-resolved high-resolution florescence excitation spectra of S;«—S, electronic transition of
acetaldehyde have been observed by crossing a single mode UV laser beam perpendicular to a
molecular beam. We have also tried to observe the high-resolution spectrum of acetone, however, we
have not obtained any signal of acetone. Now we are trying to improve the experimental condition for

acetone.
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Detection of CH3NCO in Sagittarius B2(M) core by radio observations
(Tokyo University of Science?, Sophia Univ.?, Nihon Univ.¢, Gunma Univ.9)
Yuki Ohno?, Mitsunori Araki?, Yoshiaki Minami@, Takahiro Oyama?®P°, Shuro Takano®,
Nobuhiko Kuze®, Yoshihiro Sumiyoshi?, and Koichi Tsukiyama?

Chemical compositions of molecular clouds are very different from those of comets. One of
the typical examples is a case of CHsNCO. The ratio of CH3NCO to its precursor HNCO, i.e.,
[CH3NCOJ/[HNCO], is high in a comet (>4), although it is low (<0.3) in molecular clouds. An
abundance of CHsNCO is expected to be held and/or increased during evolutionary process
of a cloud. A couple of an old core and a young core having the similar chemical compositions
needs to be investigated for this evolutionary process. In this work, we aimed to detect
CH3NCO in the middle (M) core, which is relatively older than the north (N) core, in Sagittarius
B2 region with the 45 m telescope of Nobeyama Radio Observatory. CHsNCO was detected
in the (M) core, and the column density and the rotational temperature were derived to be N =
(4.3+£2.1)x 10 cm™ and Tt = (32 £ 9) K, respectively. Similarly, an abundance of HNCO is
estimated to be N=(1.3+0.5) x 10" cm™ (Tt = 21 £ 2) K. Thus, the ratio of [CHsNCOJ}/[HNCQO]
= 0.032 suggests that an abundance of CH3sNCO is held during evolutionary process of the
Sagittarius B2 region.

(B8] RIEHERICHE T2 RMDEHYIE. EEFH
RBlckYbt-bah-EEZbNTWNS, —HT.
ERZRIONFELEETIIEFHEBRARECE
B3, ZOUVEDIT, RTF RS LD NCO
FEREALITEYMHNS FEFEIEXN S CHNCO
(methylisocyanate) M35, Z#FE TIZT CHNCO
XEE 67P (1] LUV ERBFEE Orion KL [2].
IRAS 16293-2422 [3]. Sagittarius (Sgr) B2(N) [4] T '

FEENTI S, CHINCO & ZDREMAHNCO D ¢ o B——(S)
Lt [CHsNCOJ/[HNCO] . BETIHFRELME (>4)  2178.5 GHz -
% EMHEETIENSAE (<03) EED (EDo  Zmmr o a T
F0oH. PFENSEEITE 5iBFE T CH:NCO

ENRIFOEANRI S EFEEND, RAHET 1. Sgr B2 OEHiK map [5]& 4 EID
. EZEEBEORLEIZHFEIATORTER —RERAORE (187, [#)

L CHODRREIRZ D B LT, SgrB2 4B E L. BEERON)T 7[4]& U 1t
DA T2(M)T 7 TH CHINCO D & . [CHNCO)[HNCO] MEH &5 1=

21'00"

@G—mn

0"

40"

2200"

CEC(B1950)

20"

o

17"4a™3 12* 1" 10" o08* 08 07" 06
RA (B1950)



(B3] EiRXXEFH DL 45m ERLRBEFANT
2019 £ 2 B 16—22 HIZ Sgr B2(M)I=xt L TiEE %
Tot=. DHEHE LT SAMAS A=, ASBEED
HwiEIE(L 2GHz, 16 EDEBSZNEAGEETH D,
IR RRER 244 kHz (1 kms™) [ZERE L=, 2
B(TMRE (H, V) & AT8E%: FOREST A L.
[E5E# J = 10—9, 1110, 12—11, 13—12 HNEE
3% 85— 114 GHz %% &8I L 1=,

[(#58R &£%] CHNCO DEIER#RE 19 ARHETZE
=z (B2), EE—VICHLTHORBEHTI4vT
AT &Iz, BEFATI 5L (B3) #ANS
&, BERREIL (32 £ 9) K, HEEF (4.3 +2.1) x
10 cm2 &% 271, HNCO [IZDWVWTHEAHEETD
2016, 2018 FDEAIFER (K 4) 5. EENREIL
(21 £2) K, HFEEIX (1.3+£05)x 10" cm2 &%
t=o &2 T. [CHsNCOJ[HNCO] =0.032 £ EHEh
f=o COMEF (N) OT7DELREEETHD, LA
ST, ZXYLEHMAAZETILE LT SgrB2 fEE TIE. 4
FEDHLIZEWLWTCHNCOENFR I TS &
Eabhbd, §%. PFEOELBEIZE TS
CH:NCO ENEARZEIRZ 5B, /INEEER
BEBELEH S OB LFENDETH S,

BHBE T, (MK)

BIREE Tys (K)

100

50

100

Mr TFM
B Wy

10,99, A

50

100

M4,41105.00 A
94.5298 GHz

50

0.5

0.0

0.5

0.0

1 10,‘11-1 00,10 A

6 5b 160 150
RERIEE V g (km/s)
2.CHsNCO MR R kL

4 1‘4'3 13
87.5973 GHz

=

S| 87.9252 GHz V} 1

4 0,4_3 03

4 1,3-3 12

88.2390 Gm
0

50 160 1EL>0
BREEV, o (kmis)
4. HNCO DR R% kL

05 £1. KX{AE®D [CHNCOJ/[HNCO]
~ PR [CHsNCOJ[HNCO] &5&4E
§ Comet 67P 4.33 — 1
1; oo | \..\‘\.\ IRAS 16293-2423 0.08~0.25 ALMA [2]
= ] ° Orion KL 0.07 IRAM 30m [3]
% o Sgr B2(N) 0.02~0.03 ARO 12 m [4]
= o5 . . . . Sgr B2(M) 0.029 NRO 45m **

20 25 30 35 40 45 * E ST, ** this work

Bl T R I)LF—LARILE,, (K)
3.CHsNCO MOEIEH A 74 5 L

[1] Goesmann et al, Science, 349, 689 (2015). [2] Cernicharo et al, A&A, 587, L4 (2016).
[3] Ligterink et al., MNRAS, 469, 2219 (2017). [4] Halfen et al., ApJ, 812, L5 (2015).

[5] Kuan et al, ApJ, 459, 619 (1996).



LO7

2x/)—IVKEESIVSFREZI—AFFOD
FIFEEME RSO EZESA
(tBEXE: JLEXEE ORESS - £Er®  ITAKE - BIIEH°

Direct observation of the IR induced isomerization of the hydrogen-bonded phenol
cluster cations

(Kitasato Univ.) Masayoshi Ozeki, Hikaru Sato, Masataka Orito, Haruki Ishikawa

To investigate microscopic natures of the structural fluctuation of the hydrogen-bond networks, we have
observed an IR-induced isomerization of the hydrogen-bonded phenol cluster cations trapped in the cold
ion trap. In the present study, an isomer of hydrogen-bonded phenol-methanol cluster cation,
[PhOH(MeOH)s]", having a ring-type hydrogen-bond structure is excited by an IR laser pulse. The
isomer can isomerize to another isomer having a chain-type hydrogen-bond structure with a photon
energy of the IR laser. Then, the chain-type isomer is probed by ultraviolet photodissociation technique.
We have succeeded in observing the isomerization from the ring to the chain-type isomers. In addition,
we have also observed a reverse isomerization from the chain back to the ring-type structures by the
collisional cooling with the buffer gas.
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Fluorescence spectra of jet-cooled thioanisole
(Aoyama Gakuin Univ.?, J. F. Oberlin Univ.)
Naoto Mizuno?®, Shota Nakajima?, Tasuku Isozaki®, Wataru Kashihara?, Tadashi Suzuki®

Relaxation dynamics from an electronically-excited state is deeply related to electronic states and
vibrations of the molecule. For anisole, it has been reported that the low-frequency vibrational mode of the
methoxy group promotes intersystem crossing". In this study, the laser-induced fluorescence (LIF)
excitation and the single vibronic level fluorescence (SVLF) spectra of jet-cooled thioanisole were
measured. The intense and the most red-shifted band observed in the LIF excited spectrum (Fig. 1) was
assigned to the origin band. The bands in the SVLF spectrum obtained by pumping the origin band (Fig. 2)
were assigned with the aid of quantum chemical calculations. SVLF spectra were also measured by
pumping the vibronic bands, and the vibrational and vibronic structures of thioanisole were discussed in
detail. Analysis of the SVLF spectra showed that strong vibrational mixing due to the Duschinsky effect
occurs between vibrational modes of T and 10b.

A IEIRRED O ORI A F X 7 AT FOBARECIRE LIRS BHbo T, 7=Y—
JVTIEA P U —OCH: OIRIEBIRENE— FRHEMIZ AL RET 2 Z LA ShTng D K
WIZETIE, BERY =y bylEa VT, AFAFAE SCH: 2T 5F 47 =Y — 1D L —
P—FEot (LIF) Fhi A=27 MR O —REENSDE (SVLF) A7 FAZRIEL, &
ELJERRE K OVBhiE IR BB IZ 5 1T D IREMIE (C DUV Tilkam L 72

Fig. 1 \IZF 47 = —)L® LIF il A7 bV ZR7. e b AREE O 34508 e 128U S v 7
SREED R EVSY R 2 S1=So BB D 093 R Lig Liz. 2o/ 3y Rzfihid L TR b7z SVLF
A7 bV (Fig. 2) & BETALFFHAEOERND, REINY ROREZ{T>7-. LIF il A<7 bk
NCBI SN IRE AN REFHE L, SVLF A7 hMLZHIE L. IBE S ROIRBEZITV,
BT LSRR & BN AR IS B 1T D IREEE I W CEEINCE# R L=, BRIV T, K
B E i AMEENE— K T & 10b ORJIZ Duschinsky 2312 L 2 58WEEY I o > 7R &z,

SCHs

34508

Fluorescence Intensity / a.u.

Fluorescence Intensity / a.u.
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Fig. 2 SVLF spectrum of thioanisole

Fig. 1 LIF excitation spectrum of thioanisole. : A W
obtained by pumping the origin band.

1) R. Matsumoto et al., J. Mol. Struct., 2005, 735-736, 153-167.
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Determination of Binding Energies in Benzene-deuterium Clusters
using 2-color Laser Ionization
(Tokyo Institute of Technology.) Masaki Usui, Kenta Mizuse, Yasuhiro Ohshima

[Abstract] We measured ionization threshold and dissociation threshold of the benzene—D> van der
Waals cluster by using a resonance two-color laser ionization technique. Both spin isomers, Bz—0D»
and Bz—pD,, have be observed. The binding energies for Bz—D, — Bz + D, were determined from
the threshold values: 275 + 20 cm™ and 305 + 15 cm!, respectively, for Bz—0D, and Bz—pD: in the Sy
state.

[Fag] LW X —JiCThH HKFEOTHM & U TRFEMEIZ WD Z EDREINT
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EROBRZEROH S ZENTED, UHRETIIINETIE, XRUBU-KFEI T AL —
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R RN F—EZRODH L HEELRPETH S, ZNETCOEBRNRFEL LT, /v
~ LR FEAEE HO T Bz—(Ho)a (n = 1~3) ORIEDTHOIL TN S 25, Bz—(0H)a (n = 1~3) D ZH|
TE S AU, Bz—(pHo)n 1T S AL 70 03 72 (2], ZAUSRE & =R /LF—78 Bz—(pHo)a D D3/ E < |
MO, BEAEVEBROBUR CTIFELN D2 ETEEEZ BN TS,

KRBT L CTHEHARZZHNDGE /3T B K pD, & AL R EMEK oD, DA B BT
2 THLHDTOD, DIFFELENKREL | FEETFAF DTN EEZ BTV 5 Bz—0Do)h b
BHCTX D EWFEIND, £ TR TIE, RUBU-FAKFRY TAX —Bz-D 1Tk 5 2
BREL——A A MblicEk > T, A4 ML E W, ML S WMEZRIET 22 812X,
AT AN —DREEIToT2, ANV ERTOMBENET D LICE-oT, AV R
PRI BT DA T RN F—DERZHR LT,

[EZBRFIE] 2 GOWEAEARZL —F—OFHE Gz HWTIE 2 R —YF—a 4
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[1] M. Hayashi et al., J. Phys. Chem. A, 117, 9819 (2013).
[2] AR, EEGmC. HOR TERFHTFE TR, 2018 453 A.
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High-resolution spectroscopy of polycyclic aromatic hydrocarbons by a Ti:Sapphire laser controlled
with an optical frequency comb
(Fukuoka Univ?., Kobe Univ®., Nicolaus Copernicus Unive., Kyoto Univd.)

S. Yamasaki?®, M. Misono?, S. Kasahara®, A. Nishiyama®, and M. Baba

We have been studied the detailed structures and dynamics of polycyclic aromatic hydrocarbons.
We constructed a system that controls the frequencies of a Ti:Sapphire laser with an optical
frequency comb to observe high-resolution spectra more accurately. In this study, we observed

spectra of 9-methylanthracene with the developed system.

[iZt®wic]

L RTF 0T DEITFREL — ¥ — 3. BT IR AR O G 70 i IR BB o A AL7E
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(8> 27 4]
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DBUHIL 72, SRR 20X, 10555 100 RDE— F 23— ERFRICIA L AR L% b
OHFETH B, E—FHEE fepn FX¥ VT - v R —7 - F 7%y FEAEEE fcro &3
5L, nHFHDE— FOREEENL nfiep+ fero & FH %, Ti:Sapphire L — % — D JAJR#E %
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Figure 1 1 9-X F LT v } T4k v D Si(0a))«—So(0a})iEFE L U Si(le”)«—So(1e")iEF D
AR MPATHDL, INLDOBBEFEHMOERIELZ lam! DT, 2 0DBEBEL > T
B X T 5, 26931.6 e ST ICHE A K IERFR R v — 7 RO N2 A3, T4l
Si(le")«So(1e"E B D Q AR nF Il nzd o Bbh s, QXD K
fllic PELDS, BIEREUINC R BEDIEA o Twd, MiEiZEs X% 25MHz TH H, IR E T
DEET L B TEL, BIE. 2B BLE. S1(3a))—So(0a)) B I X U Si(4e’)—So(1e”)
ESICO W, PGOPHER ZFH L CTltT 2t T %,

Spectral Intensity [arv unit]

26930.0 26930.5 26931.0 26931.5 26932.0 26932.5 26933.0
Wavenumber [cm!]

Fig2 IOMA-XFALT YV FTRVDART I L



L11

Stark T 7LV 23—k BRERTOD7 VEZTDEFRENEE
(EIKXE) OLH—i# - KEEKX - KEES

Quantum state separation of ammonia in real space with the Stark deflector
(Tokyo Institute of Technology) Kazuki Ueno, Kenta Mizuse, Yasuhiro Ohshima

[Abstract]

The inversion motion of ammonia is one of the most recognized large-amplitude molecular vibrations.
We are developing a new experimental setup to track the spacio-temporal propagation of the ammonia
inversion. Here, a Stark deflector has been implemented to select one of the inversion doubling
components by applying an inhomogeneous electric field. We examined spatial distribution of deflected
ammonia in each quantum state by adopting REMPI measurements via the C'*A;" « X'A;’ transition.

(iRl

T =T ORERER) X, MASER IZHFIH SN TWHEERER THY [1]. WL
DIFER R BRI FIZ ORI SN TN D [2], Frexld, T OKRERIRE) 2 EHRAYIZFZ2ZHBLHIT 5
ZEICHY A TS [3], TOFEBIIX, T o= T ORIGREIOD b o R L5570, 0”
Z RN BT D BN B D, AWFFETIE, Starkk 77 L7 ¥ — %7 ICHIEL, ZhaE
ELTT =TI oW TEFIREBEEDOFM AT > 72D THET 5,
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IZONWTY I ab—ya Uit ool e EBEARR Lz, ZORREI, —F
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[1] Gordon, J. P., Zeiger, H. J. & Townes, C. H. Phys.
Rev. 99, 1264 (1955).
[2] R. P. Feynman, R. B. Leighton, & M. Sands,
Lectures on Physics. Volume 3, Quantum Mechanics,
Addison-Wesley Publishing (1965).
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=7 ERIREN O FEZE BN M T 5 19 [
3 FoEgEEs L1 (2020).
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[4] Hendrick L B. et al 2006 J. Phys. B: At. Mol. Opt. Phys. 39 R263.
[5] Moana N. et al. Phys. Chem. Chem. Phys. 7, 1527, (2005).
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Rotational spectroscopy of methane dimer by time resolved Coulomb explosion imaging
(Tokyo Institute of Technology) Yuya Tobata, Kenta Mizuse, Yasuhiro Ohshima

[Abstract] We measured the rotational spectrum of methane dimer by time resolved Coulomb
explosion imaging. The observed spectrum consists of multiple series, indicating the presence of
nuclear-spin isomers with different internal rotation states of the CH4 unit. We determined the rotation
constant and the intermolecular distance for each series. This experimental finding shows that the
effective intermolecular distance depends on the internal rotational states. This result is important
experimental information for the construction of the intermolecular potential energy surface for the

methane dimer.
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[1] A. Hamdan, PhD Thesis, Department of Chemistry, Ruhr-Universitdt Bochum (Germany), December
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Radiative vibrational cooling of N2O* in the cryogenic ion storage ring RICE
(Saitama Univ.?, RIKENP, Rikkyo Univ.°) A. Hirota®, R. Igosawa?, N. Kimura®, S. Kuma®,
P. M. Mishra®, K. Chartkunchand®, Y. Nakano®, T. Yamaguchi®, T. Azuma®

The radiative vibrational cooling process of the triatomic ion NoO" was studied in a cryogenic ion storage
ring operating at 4 K. The storage time dependence in the vibrational peak intensity of the symmetric
stretching mode was measured in the predissociation spectra of the stored ion. The results manifested
the vibrational cooling time scale in the range of seconds for the ion. The observed behavior in the
excited states shows a reasonable agreement with a numerical simulation based on the rate equations of
radiative cooling process. It is found that, however, to explain the time dependence in the ground state,
more rigorous treatment is necessary for the excitation (ion production) and de-excitation (radiative
cooling) processes.

[F] 2011 FESE L2 IEET - R 10 T BRRF 902 TR 23D H A7z RIKEN Cryogenic
Electrostatic Ring (RICE) A4 ZFEV 7111, W Z KR D @ B 22RO L TR 4 72
JT- 501 A4 % 1000 oL EEFRE TEDEEE Th D, RICE 1TFFEL T4 — 2% Hl#L T
B2 B EIRD T RKRENWTTAL —AF R0/ N T OFEREN A RETH D, FRESNI= 0 1A
TN BB CHRAME S O F 2 K> TEONTRIEE S AS g | BRI IS U CHRE)
[ElERR BRI STy FAF B — 22 HET2ZE0 kS, 4 13 RICE OfMKIRER 4 H
WCRMEFETEHBERAA -0 FRIGE BT AL THD,

[EBR] AWF781L. RICE N TEMUIZIERR 3 10 T4 N, 0t OIRENG EELIZ H L LT
ST2bDTH D, NyOHIIRIFMEMEE—R | BT —R, IESFMHEET—RD 3 DOIREH hEAFF
DAF L THY, FRITHEEL TODZEAE—R I Fermi 18 & O Renner-Teller 2 $: (2 L0 HE7 %6
Ba R T ZENHLIL TS, EBRIE, £79° ECR A4 R HON, 0 — LT E ORFFEFEL
ZIAEEHN =V —H BE T2 L TR I C > TERSND P77 AN 35, B
OB CoNARRIRTZET, 2 T A4 OB HINET R T E2BIRIT 5090 D TH D,
N,OtDFE IRIEEBA 2L « X2 RERER I DWW T IREN LR B L B g E— R o
HMFHEE LT 3 DORREIZE B U TBIZITV, TR Z UKL CEREREM Z L0 0 A & EHER
(RO T-, T, IRERERRELL — R I S<HEGHH R IV HE AT/ AR BT,
[RREBLE] WEOHEE, FRERFRH 10 LN TIRENRAE A D EEERREICHE D TOER 7, D
EVIRBAEIZBL T D2 EITRPI LTz, AU OA A FREHEE TITEBLL TV, 3 515
FAF L LLTEIND COBRIGITH D, BEFRFHE CIL, B RES AR ICB WL ERE T 5
FERDPFOINTZA, FEEIRRE DA RO U IAE D MR ST, bR BB XM s £ — R R o
WMHDETHHH, FER AT e =X — &R OE AT — R DB E 2 N5 7-8
THHEZZHND, AWFFEICEY, 3 T 10 58 OBEEE— R B 53 2 IR BN HE R % i B
T&E,

[References] [1]Y. Nakano et al., Rev. Sci. Instrum. 88, 33110 (2017).
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Photoionization spectrum of aniline in superfluid helium droplets
(Tokyo Metropolitan Univ.?, RIKEN®) Arisa Iguchi®, Susumu Kuma®, Hajime Tanuma®,
Toshiyuki Azuma®

Superfluid helium nano-droplets at 0.4 K are produced by expanding high-pressure (> 1
MPa) helium gas from a cold (< 20 K) pulsed nozzle. Due to superfluidity, the interior of
helium droplets has almost zero viscosity and extremely weak interactions. Moreover, the
droplets can capture and isolate molecules easily, and can cool the internal energy of the
captured molecules to the temperature of the droplets within micro seconds.

We chose aniline as a sample, because its photoionization and fluorescence spectra in
the gas phase have been reported in detail. We first observed laser induced fluorescence
of aniline in helium droplets. Next, we produced aniline cation clusters and aniline-He
cation complexes by resonance enhanced multi-photon ionization in the droplets utilizing
time-of-flight mass spectroscopy.

BE 20 KIUTICAELA/SILR ) AU S BEEDERIINY VLT R EEHT 52 ¢
TO.4 KDBREIN) 9o+ /BBEED LN TES, BREMICL YA Y LEAE
IR L O THEEA»ERILHEL, AR TF2EHIHIR - RBET 52 0" TF, 75\
DV A 7 OMUADERE THIED FOARIRLF -2 REEE L TR T 2 L H HEE
H5., RREINN)ILEDHEE, TNETOFRUERFTRLDTFA 4 > OBKED KL
By L THWSZ xHMELTW5S,

REBRTIE, A4 MR EALBRUGOBERT=) > TLyFr LTAVE, £F
KR/ ZIL[DSEKLENY DLEICHET=") >R LAE, 7= >nL—H

—FRHELLIFDAEEZIT->7/. OPOL—H—IcL B UVHEIEIZLY, HEK 293 nm il
WT S «<Somnt— 27 ##AL, LIF ARIZ biLhs7=1) >N} f7L\,1§/i%ﬁZ0)$EE4’F
A& KT % phonon-wing *£URIL 7z. RICRITEHBEELITEICLY, HERHMES
A4 ME(REMPD) 2 BWT 7 =) YA F 4 > DEREFMEL 7=, zero—phonon—lme[Z]O),E
£293.5nmmIcBVT, / XILEE 13K
DRKEREBEFA (N> 10912 T 10”1
(aniline) , AF A > 7 5 X%—(n > 10) Aniline,
DEREHALK. 2, WESAZE = 107 - '
&#{LT % 2 ¥ T(aniline + He )1 + 4
SEEHE(n> 60) BB L. AR K
IVEBITICL 2EBP, SLRLERER
IZDOWTERT 5. 10" -

Aniline (Aniline-He,,)'

Aniline;

Intensity (a.u.)

[1] S. Kuma and T. Azuma, Cryogenics 10 L AR HA L

88, 78 (2017). 100 150

[2] E. Loginov, D. Rossi, and M. Drabbels, I ) L 0)m II;EMPI L
> RN VW z

P]lys. REV Lett. 95, 163401 (2005) (Gn”ine_Hen)Jro) %?TH#FﬁﬂE—%%*ﬁ'Z ~ 7 I\ L
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Pb0 730 X(09) —A(0%), B(1) BB OB e
(BIIRE:, FEABERY) O$AMEK - HEE: - BERK - BHER® - AR

High resolution spectroscopy of X(0")—A(0"),B(1)transition of Pb0
(Univ. of Toyama.?, Kyoto Univ.” Takehiro Suzuki?, Sei Shiraishi?,

Ryota Takabatake?, Masaaki Baba® Katsunari Enomoto?

We have performed high precision spectroscopy of lead oxide (Pb0) molecule. The
B(1) (v =2,5) and the A(0") (v. =6-8) transition were investigated by using cold Pb0
molecules. These lines were measured by comparing with resonances of an ultralow

expansion etalon.

Pb0 73 FILEF DAKABLIIIGAE— A MUELL]R, ~A 7 22 X 2 E#EhilE o 52
BIZRIAESh Wb 2], BxiZZNETIZ, ~U T ANy 77— HAHANT X 2 IKEAKE
e — A E AW B RRE D DI A T o TE T2, - OIIBMRIZ L » TRIES -
BRI R & v o [3] OIS BT & b U, —ER{ksn (Pb0) 431 B(1) (v =3-6) IREED )
IRRESY A 10 MHz Okt E B EE B C1T - 7= [4],

AAFZE CIEFERRIEE 2 L 0 3 B b S8, KV IRWHEFEIZ DUV T Pho D& 1T
o7, K TICEROEERXZ 7T, B/ALNEHOREIEK PO k2 LA L —HF—TT 7 L —
T a v L PO KK ZERT D, £D PO REAE He Ny 77 — T A LEZEEE D Z & TRIR
D PbO KEZEV LTS, ZOP0 a7 r—7 L—F—Th L, ®&tE2HhE
HIEE CBIII L TV 5, DIETOAFZE[4] Tkl vAaMTIic e — A LT L= 7%
BRIL TR, SEITEALVEZEBHA LB LVONETEIRIT A Z 21 Lz, 2tk n A
7 MVERIEIZIR IS S To MBI C & 20 T O8IEZ < 72 0 . RENTHIE TE o &R O
WEZTHZ ENRHEKD LD IThoT,

. . NIV A L —H—
He Xy 7 7 —H X

‘ o~ Ta—7 L=
@)

FTH7 415 —

PbO E A5  PbO 431

S

X 1. FHRAE ORI



B L= A7 SB[ 2 1TRT,
D7 Z 73 PO DfhiE A2 R VT,
ToOrI 7R ZorOFEETEZRLT
W5, =Zu ORIAEKSE L TERLTHE
FIZEDLYA R REHNTWD, 20
DI AT B AWTHRIAZERBE T

X0 (v =0) 725 B(1) (v =5) IRHEED 21>] ~D
B OIS E R 2 E Lz, FmsmEE o7 om0 |

3o 7= A0 (v =6, T)IREEDER A2 HIE L=,

a0 -

sigral intersity (arb units)

Z

L ClHERHENLZE = G+ B)'(J' + 1) = D{J'(J’ + 1)}?

DIRNTERL, DIHEBERE LT (FK 1),
ETIEEHIZ, B (v =2) & A(0) (v =8)
REEIZHOWTOHEIZOWVWTHHET HFE
Thb,

a0

70

B0 4

a0

20

0o+

0 -

.HJ_..

Lol

5250

BEL W54 W55 G55 550 5950 GeR4 RS
fre guency —683000 (GHe)

2. 27PbO @ X(07) (v'=0)—A(0") (v=7)R(2)

DEEA =27 F L ez & vy OEEES

1. 20020728Ph O @ B(1)IKAE vi=5 & A(0*)IRAE v'=6,7 D73 HEEK

state | v Isotope G(cm™) B(cm™)
206 24600. 89250 (9) 0. 249609 (3)
B(1) |5
207 24600. 48355 (10) 0. 249536 (5)
208 24600. 08427 (9) 0. 2494627 (13)
206 22366. 8361 (4) 0. 249123 (3)
A(0* 6
©5 207 22366. 4121 (4) 0. 249045 (4)
208 22365. 9972 (4) 0. 2489539 (14)
206 22801. 34197 (19) 0. 24754 (3)
A0 | 7
207 22800. 84537 (18) 0.247415(17)
208 22800. 3583 (3) 0.24733(4)

[1]S.Eckel et.al.,Phys.Rev. A 87, 052130(2013)
[2]K. Enomoto et.al., J.Phys. B 52,035101(2019)
[3]K. Enomoto et.al., Appl.Phys. B 122, 126(2016)

[4]K. Enomoto et al., J.Mol. Spectrosc, 339,

12(2017)
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Research of the 3 state of N> molecule considering as boson pair and fermion pair system
using NIR sub-Doppler spectroscopy
(Department of physics, Tokyo Institute of Technology)
Kyoko Miyashita, Hideto Kanamori

The % state of "*N, molecule is the simplest quantum system in which an equivalent boson pair and
fermion pair interact electromagnetically. It would be an interesting and unique research subject because
the quantization axis is not a priori determined in the rotating quantum number is zero. Focusing on this
point, the purpose of this research is to clarify the interaction of the fine and hyperfine structure of this
system. So we tried sub-Doppler spectroscopy for the D*Z,(v=0)-E*%,"(v=0) transition of N, molecule

to observe hyperfine resolved spectrum which has never been reported.

[F] "N FD L KB, RRAEVAEHE -1 OFHLEA—XHFOE, JILIH
FTHAEFORINEEFAEVAEHE -1 L LTEHMSHEERTIRLVVIILEE
FREABTENTES, COETIZEVWTEHIZEFLEMNER I NGV EEEFHN
N=0 ORETOFMAERY URET I A UHOEEERIIEKEVAREHERTHS, K
METIE. BRBESFALZZANT. BRREVEBFREVICERT 2 MMl R U B
BEARZAEL. TOHEEEREZH-LEHARNLRETILEZBEME LTS, SEEE
MR ET BHNHDFD DT, (v=0)-E’L, (v=0)E TIX MMHEEERIZBRICEA S TS A,
BMMEEEERICOVTIED EREDVTRIZCOVTERESATULAL, SEIZCDER
DEMEEEZHBT 5012, EFRNFERL—F—Z AV BMRIRSHIZK S Lamb-
dip ARYT FILDBIEZITLN, BONZARYT FILRICDOWTERE LT,

[FZEIN, BFD D’ (v=0)-E’Z, (v=0)ZBFE D Lamb-dip BIEDF=HDHRE L TIE 1.3um F
TH A 5SmW O ExceLight ¥ 7 7 4 /\—{f DFB #&{k L —4H—SLT4260-K515B % AL /=,
Lamb-dip [CK BIEBTDHZEEY HTF=HIZ. pump % 2.45kHz T chopper Z£if L. probe {
5% Lock-in amp AW TRHEBERH L=,

No BF D B33, (v=0)4REEIE. HEEE 99.999%MD N, BB KARERETSATETHIETER
Lo 75 ATIEAE 10mm, £ & 44cm DREBEEBT H R EILIZN, RE KA F £ E 100mTorr,
ME 2.0ccm £FHT7A—FHNDHL L WEEE 3kV. B 150mA DERBMETER L=,

(#FR - EZR]SEITTEMINFIERERIKRE &GS, DL (v=0)-E’Z, (v=0)D R(0):BF D Lamb-
dip AR MILEBAT A LTI LTIz, COARY MILEREIRT - QMM R U B HH
BESHERT I ALY —ELRE Figl £ 2ICFT . 2BEFACVAEHES-112&>TD
KEED N'=1 FELLIE 3 #EFL(=0,1,2)ITHH L. ERED N'=0 ERLITE—ERU=1)EGE D,
R(0):ZBF TId Case b NALIL L TLVE LD T, Fig.l DEKEATRT & 512 AJ=+1,0,-1 D 3 KDB
BHTEEL B, SHICROTIE.DEREBIEIVTNILERAEVABEE N0 FE2 %
BRAZEMD. Fig2 DEREIMNRT LS IZ A=+ [ZIX 10 AR, A0 IZIX 8 AR, AJ=11Z1F 4K
D AF=+1,0,-1 DEBEEEEREZEET ILELNH D,

Fig3 ISTRIERIATE LFE=RARY MLIE, 25H TRRBIRSILTT A ILAY0Ra—7



TI8EBELI-T—2Z 16[EHEBL. TOFEHNZEM--3DTH D, MHAEEDIRETA
EDHEMNZBEICHEL, TOHRE. A1 X1 RKDFEF--BLE—IDREHDE
—JIZHBELNFTTNWAHEEE LT, - A0 ITREBEDREDERDE—I HEE 1=
BELLTHBShE-C e, BHEEEERIRNZI—VIEAS £ 0 TRRESCELR

DTWHIENEREND, — A A1 [FEBDBRENNE | HlNMNVEEDDBEE TIEE
2 TULVELY,

BUEEBENTERICHBTETUN EERELTEF. T—4BEDOL—F—FAEHDIES
FENDERLEOMBEDNMIZ, D REDBEHRENEZ NS, DIRETIE., BET 5 C I, IREE
EDEF-MEMEERICHESHHARBRAR S EAMONTULVT, EEIC DL -EL, B
[CTEWNT v=1 DIRETIZARY FILIRIEN D KEDEEREFH N ITIKTF L TEA S Z EHE
BlENTLA[1], v=0 IREDOHIEIFREIC L 2 BAREHER T 5012, E—BHHEEBELTE
DR()D J=1J"=0, F'=2F"=1 DEHZ BIE LI=-#ER(Fig4). FWHM H' 83.7+0.6MHz T &
2Tz, BIEAMRREIC K B2 R RY MILIRIEA NICLHIT 5 ERET D & RO)TD 1| RO EBHMME
EDORIBIEFE DD 2MHz BELHESIND, BREISNZARI FLTH, ZTHITHIET HE
—IODRBLNTTVEIELSICHLRADID., ELLIREMNZLDT I K1 AZLITHET D
DIFEREELGKRREGE > TS,

ULZBFEZAE-SBOBEL LT, £9(E D KEDATHARBEOZENRD /NS LY P(HDX
RY)MILDBEEZHEI DD ENDLETH D, F-. AIHBHEOZEICLDHARY MLIRIE
DEEHZHHEWEAZITSHIC, RO)E PQZEFES I ABOELBLIEZEEAT S

CEEETELTLS, =2 =0
N J J F J F
] A
2 2 ; 2
) 0 0
0 0 i = T 1
1 a 1
1 315 1 1
1 AJ=1 A0 AJ=+1 AJ=-1 AJ=0 AJ=+1
Fig.2 R(0)D B A Z\Z)
Fig.1 R(O) DA E AE IS B ig.2 R(O)DBHHEMEE1F A3 5
-~ -
= 0.08 z |
E  0.03 83.7MHz
2 ] @
-2 0.06 4 — —
-:% S 0.02 |
m L
,'é 0.04 :
5 ]
ﬁ p—
— 0.02 4 0.01 \I\F/\V
T I T T T
0.00 0.02 0.04 0.06 0.08 0.005 0.010 0.015 0.020
-  Wavenumber (c m‘j ’ Wavenumber(cm )
Figd B—iBMHlgE %D R(1)DE
Fig.3 R(0) Lamb-dip B &5 g4 B ’M’"‘mfg’*?ﬁ ”( YDER
S &k (J’=1J"=0, F'=2F"=1)

[1] H.Kanamori, S.Takashima, and K.Sakurai, J. Chem. Phys. 95 (1) (1991)
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Development of acoustic resonator for detection of elastic wave distortions
in the para-H2 crystal by IR spectroscopy
(Tokyo Tech.?) Ryosuke Saigusa®, Hideto Kanamori®

In order to clarify the origin of the phenomenon caused by the local distortion in the spectroscopy in
the para-H- crystal, we developed acoustic resonator which artificially produces the distortion using
the elastic wave. In this report, we conducted a simulation experiment using water instead of para-H-
and established a method for measuring the spatial intensity distribution of elastic waves using a laser.

[&]
DFEFERTHAINTIKEERIEFERORKERTHY . BEREFOBYESIKFIFE b+
URIILHRICE Y ERMICRBAEEEEZ DN TS [1], NSKFFBRDD A TIEHESRIZE
BT EF4IL EKFORF—TINRFICKDEFRMGHEEDRBAAMBEAZL > THFELE
mOAFEoNED., TOERBRETHICIEHMBAIATVEGL, ZZTEAMEIL., EHRICHEERE
BATHIET, ATHICHBE L ERANDEAZSNMBENLDFEERAVTHELET S
ET. NIKFHBBEDEAREICETIMEER/ILZBEELTIHREEHT LD,
TOE—BEE LT, NIKEHRRICHEEREZEAT SO0V RIRFEZHFDOHIRESE
DRAEPDELLEDZMN., NSKFRBERIH K A —F—DEETERIND-ORRERNE
BTV, TITNHAIKFRHEEORDOYICKEZAWEEETDYIaL—2a ERETo
fzo Flz. HIRFNHOBEEERDEREENMEZE=FI—TEHIENDVELLGELIN, £
DE=OIZT2FzL—F—TYLT7 URELOEBRZERICOVTHIR
&9 5,

[EER]
@ Hik
1 0)J: SHEHERDIZEEIL (1om x Tom x 6em) D E < A
BOETVEF (HEIRFBKES 9. TMHz) 3 ROFKIRSIEL T
BRYUMITEHI & THEETREKPICHRESE -, HBiRFOM
MNMAIICRICETVHRFEZERE L TRYMFITS I L TH
MKZEE L. RIRFOB KB ZIRE19 5 & THIRBOHIR
FEZERIE LT,
@ JYLTUEEL
COHIRFBT.HIEROETAMRICK L TEEG AR S He-
Ne L—H—%FBBIEDHE. TVILTUBELICK>TL—H—
DERE, S BEROBRKBE A= 1T T b LERRELER A A
BET D, LA Y—MERNETULT S HEARSDE— M - 4
EERHET S L THERODERMBEM MZFMELZ, £, X 1: VERR U7- itk e 3

&=




EEEARNEA SN KPIHFEDN
Bum ODA—RS VT LEBRALEER

DEICHRBET S LT, EEREOARIE $
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[#ER L EE] B
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X 2 [CEEFROEIRFEEZETLI=,
9.6MHz ®E—2 X Q fEA 500 FEDF L v
RiEEZEE D22 o=, FSR &

50KHz 5 90KHz RS % Eisi= 2t L 9.3 9.4 95 9.6 9.7 9.8 9.9 10.010.1
t=. FSR OERFEITHIRSFR lon, F&E [MHz]

1500m/s &4 2 & T5kHz T & Y SER & SR AS R 2 : SHRIEOIRIHE

EL %, COBREFATHBAOEELLICER
THLRELILTHATE D LHIM LT,

@ JYLTUEEL |
B3 (CMEOEMBEATER L, B _
HERDEITAMZEZTRY . ERRESMIE 79um 200 o
DEAPEZEOBEK T INIEEREE 9. TMHz DR 100
BEOFREE—HTDH, COERMS ., FFED/N |

NN Y S A T A T T S

400 '

[uv]

0o+ L
SKEMRBICHTHERT, TULT URERR L N ) N
ERAVTREROEMBESTEART I L [urm]
MATREIC D S h B, B 3 : B{ER D ZERBRBE S A

HEEEROFEEN TV ILT UBELIC & - THEH
Hont=h, T THE=5IE DB ELEREF R
Itd B &R A= M4 IZHIEHEDIZH—RS Y
BLERALBEME TR =HFER L, KL
(& He-Ne L—H'—T., KENFHE MR D ETHR E R
LTW3, h—RS5 U5 LHGEMETE K DT
Sh.BIRICESS| L= C & CHEEERZAIRIET
5 ENTE, NIKFRHFERTOERRTIL, 58
EERICE>THEBIT HF I FKEFFZEEIE
5T ENTREICHED EHFIND,
SEOHRMNS., BAZEEICL-EVHIRES
FEHOHRIRFOEREBETOREKAESHD
E-A—FEEREITEHILENTE, SEOHE
TEHEEZRANSERICKA TRKDOERMNIT K 4: h—FRT7 U FLE2BALRIE
ABMESHIREIZH D, BERNOBETF

SE X
[1] C. M. Lindsay, T. Oka and T. Momose, J. Mol. Spectrosc. 218, 131-133 (2003)
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Analysis of hydrogen Q,(0) peaks induced by CH:F in para-hydrogen crystal using
two IR lasers
(Tokyo Tech.?) Akira Nakaigawa?, Hideto Kanamor i®

We studied hydrogen Q; (0) peaks induced by CHsF in para-hydrogen crystal. Some of these
peaks have been found in our previous studies to originate from the same CHsF- (ortho-H,) ,
cluster. This time, we confirmed the change in the splitting of the para-hydrogen peak
due to the ortho-para conversion of CHsF.

[Femi] 737 KB REL IS T I Fe btk & & Z) ZENmbENT
BY, ZOPIZZL O CHsF % R—7 L7284, 2D 12 H0
Bt A4 M2ix n @0 A MkFE E(12- n)ﬂﬁ]@/\77k7ﬁ)ﬁﬂ%@“
HEEZHNDDT, Nk CHsF-(orthoH2)n 7 T A X — L IEA
T3, (Fig.l 28)

CHsF-(orthoH2)n 7 7 A % —® CHsFivy3/N> R(C-F #E#h) & X5
KZEDEIEZ(QuUONIZHOWVWTIE, FTIR % AV /=#F%2[1] 2k - Figure 1 nfHd AL FKHE
THEEOE— I BHFEET 22 EBMBNTNDS, FAITINET (AR EA2-DED /T kFE
1285 k#ED Qi(0) E’»*?E*ﬂ:ob VC CHsF-(orthoHoan 7 7 A% p5 i 70 72 CHaF-(ortho Ha)a
—WCEENDAN MKFEOK n LTI BRI H L%, 5 2 % —(23 n=2))

B LT 5,

— TR UA N NAKFBOKE RS 1 6_""l"""""""I""'""

CHsF-(orthoHo)n 7 5 * 5 — i & 3K ~F (a)

14

DO QOE—7NELTWND Z & LR 1-2:_ _
LTHEY. ZOHZUSWTIEARR A o 0.8F E
NELIBINTNS g 04F 3

2 TRAEIORLY 5255 T (). P
U DO E— 7 ORIEEY ST § '

5723 DRI & 17 - - (b) |
[Z28x] HIEICHW DR SIE para—H2 &
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20ppm H L <X 40ppmIBAL7ZH D%
K IZHWEIN U2 Fe Bk & F£HF, £ WEETERRETERETEE L i T FNRRTEREEY
H%IKTT=—Ur /L CAERLE, M 1039 40 1039 50
JEEFEEO R L=V —Z Mo, —  Figure 2 FrH#%IEIZ L 5 CH3Fivi/S FD n=1 t'—
DU para-HxQuO)E =2 =MD 2.4um i gofl, SRR 1.3 B2 1) & 5 % ()
@ DFB L—3— (TOPTICA. DL 100 )0 1oy 2 oysfp Be(b) sk 5 & F12 A0 e

DFB) Th %, b 9 —2i& CHsF:ivy /3 ZICHEIEND, QEFE=ZADE—2TT 4 v T 40T
NAH® 9um ?ﬁ@%%ﬁx’?‘ ] L=
L7=BR o7,

—(Hamamatsu QCL)Z% B & #x(Z18 L CTH
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ST L EDARY MV EEET D Z & T orthoCHsF & para-CHsF 2337 KED AT U h.
RDWEDENEHD ZENTE D,

ZOREREMN Fig.2, Fig.3 THh 5, Fig.2 IZ CHsF DAY ML TH Y, FEimic ks 8—7
OEEEZEL TV E LD EB(LEII=ZADOY =7 (2B END, —BREDO/NEVWE—2
2% para-CHsF Hi3e, F872% ortho CHsF Hisk, —HFHEDPRKEWE— T ITOWTIXEEMA D 7530
TV WSIRERIRREIC X 0 32 2 & AT s 2] [B] ChERE Shuds 0 | ARSEBR T b [AIERICHERR
STz, —HTNRIKFEOARY FIZHOWNTE Figd (R L7z L ) ICHERRIEIC L - T—H# oD
E— 7 B L5 O E— 7 BRI A Z ERER SN, 20— 7 O E%E CHsF
DY —7 ORDHE L 25 2 & TRIKEOE—7 O—EIZOWT para-CHsF HkTH S
Z LR, CHsF OFATHIE CTRIFEE SN TWEE—27 LRICHEKEEFF > TWD Z E MRS
7=

ZDO—J T orthoCHsF i3k & B 2 55 /3T KFEDE—7 H[E U CHsF-(orthoH2)n 7 7 A X
—MOEBIEEL TVWD Z E GRS, NI KEOE =7 NEEITHR L T LEAIZOWNT
IZ CHsF DAV b= RN BBl 5 Z L 30D ZDOBEEIZ SO\ TR Th 5,
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S,*CI'Cl & S,*Cl, DBRBEY A ¥ AN TE S Bl E e &
AU N-7 8T R
(BTABR EUAEREA") ORFHET - SHEA " - EEEM

Study of ortho-para symmetry through the comparison of hyperfine constants of S;*>CI*’Cl and S,*Cl»
by microwave spectroscopy
(Department of Physics, Tokyo Institute of Technology, Japan 2,
Department of Chemistry, National Chiao Tung University, Taiwan ®)
Naoko Hara?, Hideto Kanamori®, Yasuki Endo®

[Abstract] S,*°Cl, has ortho-para symmetry based on permutation symmetry of identical particles.
Previous studies have reported the existence of interactions between 0-p states in molecules and the
detection of optical transitions between ortho and para levels. On the other hand, S,*CI3Cl doesn't have
0-p symmetry. The purpose of this study is to investigate the difference depending on the existence of
0-p symmetry between the effective Hamiltonian of these two molecules. The measurement of hyperfine
splitting have advantage in the centimeter-wave band where the Doppler width is narrow and can be
observed separately. Hyperfine structure splitting of low quantum states was measured using resonator
type FTMW spectrometer combined supersonic jet at National Chiao Tung University. The nuclear
quadrupole coupling constants y and the nuclear spin-rotation coupling constant C were determined by
analyzing spectrum. And then, the determined molecular constants of CI nuclei of the two molecules
were compared. It was shown with this experimental accuracy that there was no difference with or
without 0-p symmetry in the nuclear quadrupole coupling term Hq from the comparison of y and the
nuclear spin-rotation coupling term Hysr from the comparison of C.

[ 7] S235Cla 43 VT ZEARL 1 DA FE I IS W o AL bR T (o p)XFREN & D, AT
WFFETIE N O op REERMA AAEA OTFEN], KO o-p NG FES O R [2] 3 s &
NTWb, —FHT, TORNLIKTH S S35CI17Cl 23 F1% op FEEFFZ72\0, £ZTZOD
22D FDEPININV F=T UZBNT, op MIFMEOFEEIC L OMEREZED Z &%
Hiy & L7c, BZUERAR AAEHIE He DIEHAIAN o-p IRHERIFH BAEHICBEfRT 572, op
XFREDOE HEIZ L A MERS AT & U TN ERE AEAE (BIEEE) 3% 60n
%o TDI, WS SHOEBE~A 7 all oM a2 T, BV EFE AR R E R
ETHI EE LT,

[ - FER] BIHEESHOMEIX, Fy 77 =@k 1R 1 AR TERITE 5
BTN AR TH D, ENLEERZERKFOBERY = v bEHAVE em O IERS
M FTMW 43t a T [BIERR RS FLER ARV Il [ETERE RS 2D T BRI G 2 L 7o
AT MVERE LTZ, 632 K ([Adz&E 3 J=2~10,Ka=0~4) OE— 72O\ T, &1
DIFBEATV, /N RIEEZHWTEDI NIV b=T 2 RE Lz, GUERE—FH5EM) o
EHERZZT 0.4kHz & 72 2 L AT, MGG & L ik, BIUEMBHE A EHE HeDiE
B, ARGV E Hysg DER C 2 E L, #ERITE 1177,

[t « BER)] A EIE L= EE L S35CL 04y a4l i L <, 2505510
Hamiltonian (ZOWTOEMmEIT O, 2200+ CIXEMRET#N R L5720, y kAL



Cl-S fEaMhz 2z #h & ¥ 5 (xy-2) EAERERIZ R 1 AERRE LT BHHEE e

Zfa L T 21T 9 $,35CI37Cl
F9 2 2045 T D BCl K DR VU EARFE A 35¢1(1) Refl1] 7C1(2) Ref[1]
VER TR 14 (1':X,}§Z) % bl LT A Xaa —7.1679(8) —7.176(5) —7.2032(8) —7.196(5)
Xaa * K? 0.75(22) - 0.62(22)

TSR Y, yaldZUEBE—A L @ &

BIGANT VIV qi ZHWT qi= yi/e@ B Pl Pt
Yob —16.389(1) —16.379(6) —11.874(1) —11.874(7)

EREINDTEW qiDIE L TERLTND, Yoe 23.557(1)  23.555(6)  19.077(1)  19.070(7)
Qi DHITFRERFT 1 2D T, AERZEIT | (-2 [0200 - 0.088(17)
2, Thb b I EMAH A/ERTE HelZ Xab —48.98(3) —48.0(6)  38.87(3)  39.3(5)
B \T{EUﬁ%&F 78%2—5 op ﬂ‘ﬁﬁ‘lﬁ@ﬁﬁ Yre —22.19(8) —23.8(11) —17.58(8) —15.0(10)
\= kAR X FL e o 7. RIT 5C1 Yac —30.63(2) —30.69(16) 23.52(2)  23.68(11)

o . i 1.08(5)  0.8(2) 0.81(5) 0.8(2)
B LSCIED yum R LR Z X 2 (1T Fos A = b
Y, 3BClLEZ L 37CL & TIIAZ U EARE — A & 0412) - 034(2)
b Q MEERDT-D, A TOEDLL - ogic = 0.398[KHz]
Q4/6%7 =1.2686(4) [3]% FvTHIMEAL
LT%, 2 0fkR otk | 0 Y 7

1 &7, ZOLEHERELZEZD o

p XIFHPEOH I X B AR R S R 1.002 \

MNolz, A REiEfEAEERIZ OV T |
0.998 I

—_—

}

E q::(3>Cl in S335Cl5)

1. iR CIRETE 72 2 DD+ D 35C1
BEORHATEIZ DWW T U= #5413

AT, A EEREEREk o | 000 qu(*Cl in S,3CF7Cl)
B g K+ gr L RliZES B &= HWT 1 2o05F0 BCLEED 45D HBk
Ci=giBiRii (1=a,b,c) Lt FEIN5H7-D. Rii

DL LTRLTNS, TORR, % | x ¥y oz

FPHCT1 2B A D Z LT >72D T, 4 (5Cl in $,%5C1,)
B2 A VA Hivee (<o T | t weams e
b, o-p SHFRED G M L A& IR s | 1002 ‘l I M

VAW AYII Y 1 l

I | T
0.998 H 1 q;;(®5Cl in S,35CIF7Cl)
—li q;;(7Cl in S535CI1F7Cl)
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Si: B4 AV DIREFHEERZH S BEEFIEEBTE
(EERE" - BEH® - RAKE - 4 z—FT KR X! - XiEXY)
OfRAHEF *, AT ", 1FKE*, K-,
HAZE *, WAEFEX?, REIT", V. Zhaunerchyk?, K. Hansen® ¢

Slow electron detachment process via weak vibronic coupling for Si2™
(Tokyo Metropolitan Univ.2, RIKENP, Toho Univ.,
S. Iida?, S. Kuma®, J. Matsumoto?, T. Furukawa®,

Gothenburg Univ.%, Tianjin Univ®)
H. Tanuma?®, H. Shiromaru?, T. Azuma®, V. Zhaunerchyk!, and K. Hansen® ¢

Slow electron detachment of Si>~ on the 10 ps time scale was observed using an electrostatic ion
storage ring. We observed the detachment spectra whose well-resolved peak structure was assigned to
ro-vibrational transitions of the anion. According to this result, the slow electron detachment process is
explained by the contributions of three transitions. First, Si>” in the X ?X", is excited to the B 2Z*, state
by laser absorption, and then it is shifted to the A *I1, state via weak coupling of electronic and nuclear
motions. Finally, Si,"in the A 2I1, state is neutralized by vibrational auto detachment and thus detected

as a slow electron detachment process.

HFZERIRL =D FIEXEFHRMBEICK D ITVRKE TRRITFENIN DA, NERERHRIZKY
ZTOBEFHIRILF—ZRBIRILF—~AEFBRET D, F-ARNGERRICBUEFHIR
LWF—AEDBETIBELEFEET S5O, BERFAFEAFTUVICEVWTERETHEEIY £
FFEIMICEVEREFRBEBENCNETHRESN TS, —AT. 2 BFRFIEZTDOKE
BOVEEINSEFMEKELIRBBEKEDIRED Y T U J 12K 5NERERBARR Y D
SN, ChFECEEEFHRMBREIESHAVEZEIONTEYREEHINTLALY,

AFETIEFHER A4+ UERY) Y (TMU E-qingZAWNT, YU SRIZARLTWS Sis-
[CL—H—REFEBEH L AEFHREICEYPHEELIZSLZY D ITOERATLICEMIMIz2D
DBREBEANTHRE L=,

AAXVER) VTICKYER 2 RFRFTH D Si” ORVWVEFHBE & EEE TR BE 2 85
BIZHBEL. 10 uss A—F—DEBEEFHBEBEOSAKI Lz, SoITREATZE OPO L
—H—ZFRANTHEER%E519 52 & TS, DIRE - REMEARY FILERIELT=,

1.0 -

ARIZRE L 7= Si,” DIRENEERFIER X5

= xperimen — Prom TD - ‘ ,r |
MLERT, ShERERETHSD X T4k Sosl 0 bemeatty WWMW ]
BEODIH 200 om BIZ A CILREBEATAEL  § 080 lf | ‘M
THY. TDA TLKENS PHEEEKRED -gw- ;‘n ;,“.‘”5 ”. Iﬂ ‘\H || |‘ﬂ ‘ﬁ I ||
T NEHEBBTHS, Cof, BRE 22| | ] i
HITHRUB & ATz Prompt 13 A 2T, — °5, DR _ 0 - e el
Sk HEVBFHEBETHE, —HT ¥ 000 CETTL T
[ (288 L 1= Delayed [ X 227, — B 2X, A 8°%° ] F :ﬂ: @’ JM
SIREMEERERTHE S ABBLEE 7% "U %'\JF ﬂ \”W ‘~c| |,|\ }|| |'

Ry - — ~ Q . _

EBFHABECTHD, COBRN S, Pl 220 | ] um' \|

KEEE LTAALHBEST S Si, DEEEF
Bt BEDOHEZBHEOMZ LT,

0
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B H At -
Microwave Zeeman Effect of Methanol IV
(Univ.of Toyama?, NAOJ/SOKENDAI®) K. Takagi?, S. Tsunekawa?, K. Kobayashis,
T. HirotabP

We have already observed microwave Zeeman effect of CH3sOH with uncertainties of

about 5% and determined four diagonal elements of rotational gtensor including the effect
of internal rotation of the methyl group [1,2,3]. Now we have started the study of Zeeman
effect of CH30D and observed o - and = - component patterns of several low J K
transitions at a magnetic field of 7.5 kG.
CHsOH 75 CHsOD ~ A F TCliA% A M 1,010,010 [1,2,3] & LCCHsOH 3D~ A 7 1
WB—~ R E R > TELN, TNT XKUY 22155, A2 61E, CHOD 25, Z
Doy DR A =P —ITBR SN TWRWD, FHEEA T IR E RNEEREV RO H 5
77 F & LT CHsOH & O THIEDH 5501 Th 5,

FT. AFETOZLEMHEICELDDHE, BUEETIIAY ) —VDOEMA—F—DE—~
VERNRIT WL O OERB TEIl ST 5(4,5,6,7], EFEF TOMGOEERET D720
X Z O FOEEGERIZKT 5 g KT RNUETH DM, 4 % TlE preliminary 728 O L)»
o T-l8l, Fxldk, FELTIVEEBETOY—~ U2 RollEIcEE, BiE gKFT Y
DRy ZRTE LT, ZAUT XYW CHsOH 437 O ff 2 DRIEER IR L T 5% DORFET
gRTHRETEHI I T,

L FE TOEmNRE N EEZ DD L ZHNOMYE B OL LT, & 5EHRIEMNOE—~ %)
RIZOIRMLD g Wy &g, & LT AW =—g;u,P,B (1)

ThHEX D, T T, i3+ 1, /h=0.76226 MHz / kG Thd, HDHERE 21
® Zeeman #HRIL, P,=M & LT Av=—(0;,M,-9;M)(x,/h)B 2)

THY. g, 1% Internal Axis Method (IAM) DERERZ &Y

1 !
@T=]UHJQMU%>+9MU%)+gwﬂf)+gﬁﬂm)+1%APJ%)+gMU%PJ] (3)

a,b,c: [AlfsH, p't PNERIEIEL A S A
THz2 b E LR, HiUE 4AEPNEEENSOFFERLTNWD, 22T
P'= P, — PP, 4)
T, Pl EATF RO MEE RO a #liEs T, Zid“Internal rotation axes” JEIER[9]Ti

LAY HHES) & L CoNEREEOMERREET (EpiEp=1,/1). A% —LD
B—~ 2R 1,10 E Tk, WEEHREEEE D a il & A F LV EEO RS —8 LT\ D &y 5 bl
BOBNEIT, g T > Y VOIRfRSrg (3 £ Vg, IFIEH L, Z O3l 2L E TR
AtUMERR L7-, L L CHsOD  TiEZ ORI D L7272 W2 ERTRIND DT, LIkD
fEHT Tltg, & LT Eq.(3) &5,

FBRA72E TIE, BIGEEICK R A NA 72, RAITIZ T TR0 L HP LI DT
HHN—RDOEZ 150mmOA (FAY L) Z 74mmOERETH2WEDbE, BSH
FICH 9 —® M TES 300mmE LZ2bD T, ZOMOBEOMRSIIH 75kG ThbH, —
FRMEITH 1.7% TH 5, B35 O5E S 13 DO EERRFIZ H2CO @ 1o1-000 £ 720X 212- 1ufRDOE
—~ URNRAE LEIET D, BAET (I,11) K OBEEATRL 220 —REME S LT,




CHsOD OB —~< U ZhROBIE #5 : £ T5KkG, IRE : RT7 47 A4 ARET, low J, K BB
MREID v =0 DA) [10,11] 2R, TOE—~ 2 HED o -7 —(AM = +1) KR n-$4
—(AM=0)%8BHIL, B—~v &% WE L7 (Table 1), % s (TR bIMUDOE —~ L pisy
M DORIE TS 7.0 kG ICHE L2~ L7z (CHsOH @ s &g [ 1, 2]072®),

Table 1. Observed Zeeman pattern and splitting s at 7.0 kG

A/E | Transition | Freq (MHz) | AM| | pattern s (MHz) 2
L1 A | 101000 45359.07 1 doublet 0.486 (0.04)
L2 E | 1o-00 45344.23 1 doublet 0.482 (0.04)
L3 A | 11— 000 177924.44 1 doublet 1.16 (0.04)
L4 E |11-00 64302.09 1 doublet 1.33 (0.03)
L5 E | 11—00 155533.09 1 doublet 1.40 (0.03)
L6 A | lio-1n 133924.44 0 doublet 1.48 (0.04)
L7 A | 212—1n 89355.12 0 triplet 1.14 (0.05)
L8 A | 21— 10 92075.59 0 triplet 1.09 (0.05)
L9 A | 322—2n 136055.26 0 quintet 2.09 (0.02)
L10 | A | 321—29% 136102.22 0 quintet 2.10 (0.02)

Tablel D&/ L3 & L9 Ofdy; 7.5 kG THHIL 7B —~ R 7 aRd,

03
*
*
02 7 $
L 2
o1 $ 1 0%, i e
3 2 d
9 3 % ‘ g y b c
1779225 17 317 ') 1779245 *Z R 1 26 1779 i a -
- b
2 * '
a b
P B < AX ¢ 1 ¢ ¢ 13

0.
-0
0.

Fig.1. The 0 -component pattern of Alu Fig.2. The = -component pattern of A 322

—000 (LL3 in Table 1) at 7.5 kG. — 291 (L9 in Table 1) at 7.5 kG.
The components a and b are for M =*+1 The components a,b,c,d and e are for M =
of A 111—M = 0 of Ooo. -2,-1,0,1 and 2, respectively.

Table 1 DE—~> 5% s % Eq.(3) 1ZHEo THEHT L722Y BUWKEE Ty & gap (B £ DGpa)
B BRI oTe, TIVHOEREID H 7oL, R UIVREIORIERIEV > DOER
DE—~ U REBIT L ENUETHY, SHBROPETH D,

References [1] &A% )L/ B fa R, 4020 emF7E2x(2017). [2] R+, RS
(2018) [8] MZE#. FE#Fss (2019) [4] W. H. T. Vlemmings, A&A. 484, 773 (2008). [5] A.P.
Sarma & E.Momjian, ApdJ, 730, L5 (2011). [6] W. H. T. Vlemmings et al. , A&A. 529, A95(2011).
[7] E.Momjian & A.P.Sarma, ApJL, 834,168(2017). [8] C. K. Jen, Phys. Rev. 81, 197(1951).
[9] C.C.Lin & J.D.Swalen, Rev. Mod. Phys, 31,841 (1959) . [10] K. Kaushick, K.Takagi.& C.
Matsumura, J. Mol. Spectrosc.82,4142(1980). [11] T.Anderson et al. ApJS. 67, 135 (1988)
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FeRay PC-BRED b R NVEEHEEAOEZE
(LKBEE - LKRFH & - AEBZEKR) OHPEE—, FKHEMN, ZElRH
Tunneling-Rotation Interaction of *C-Substituted Tropolone

(Kyushu Univ., NCTU) oKeiichi Tanaka, Kensuke Harada, Yasuki Endo

Abstract Tunneling-rotation spectrum of BC-substitutes of Tropolone has been observed by FTMW
spectroscopy to determine the tunneling splittings AE;; for the 5 substitutes, C-21, C-37, C-46, and C-5,
together with the differences in the zero point energy 4;; between the BC-i and PC-j substitutes.

The normal and C-5 species have an symmetric potential for the proton tunneling and the C,,(M)
symmetry together with the tunneling-rotation interaction between the tunneling levels. The C-21, C-37,
and C-46 pairs, however, have an asymmetric potential and the C4(M) symmetry. As the results, they have
several extra tunneling-rotation interactions both within and between the tunneling pairs C-i and C-j which

brought the analysis to the frequency accuracy of FTMW spectroscopy of about 1kHz.
[Fa] baRviix7 BREERLEYT,

SEESRREIE H R T 00 b o R LBRIC L 0 b ok
MVRIERD (078 07 NSRS D (AE=0.97380 h
Cm—l) 1)0
oz ld, FIMW 26 ERZ1TWV hrRn > B ) //r\\
0 7

BEHIRD b o IV NI DN THEAE i L7z 2, ﬁu‘“\

k4 gl
Be @k osiER— 1 0L 5 IcERT 5, C-1 N~
F5 L ONC-2 AL b o R EENC LV HVCAE H H

B B0 EIEIRIE (O, OOBEEBSRESE 907 08 80 N0

DI T o MO, BRZ IR~ i N
(EB) D7 Ay 1372w’ ThAE. CIE €T T \
3
BLUC4 & C-6 [EHKH]TILZE DFEA; 1T LY \
4

/INEL(0.572,0.140 cm™), 72 C-5 BEHKITHR
IRIRT v VRO, (-1_51 —T—’ b (53-2
Z DOFERA; D/NE N C-46 DIITBL Y T L 13
ERIC bR VREZ RN, AyOREZR C12 D
LTI N R VEEIDHE S VTR S 2 SO
WM (C-1 & C-2) \TEL D ENID Tz, ZDERILZE OEA; BT O b R V5)

ZUE AE FEE DR CTH 5, 72, C-37 DHUTZEOH BRI HR ST 5,

KFRIRRT 2 2 % IU(Cop= i) & FF OB TR0 C-5 A TIEL, b RVEIMENL (078 0) I
K& ANEN, Hoo= F(uJy + JoJa)y DAFET DM, ZAUTIEMERRE Ly & b o RV EERES R
KT2HD0THD, NIRRT v v )L ERD C-46, C-37 35 LN C-12 OF TIIRFMEN
Co(M) XY CsM)~ET L, L0 8 b o 3oV Esi AR 2 752, AFETIE hriny BC
BRI OB AT LT, b R VRESEB O ZEM & R 2542 Ai0 L LT,

X15C-1 & BC2BMEORT ¥V



[f#tr - BL] BT+t
C-5 Bk CITIEIE% L &1 | Interaction Constants for the C,(M) Symmetry Species

B AL VEH B4, F=16.456
RERREA(F=] MHz) | C-46 C-37 C-12 w/l)
L 15879 MH z) 235 DAL,
S DERES L8 LR F 15.9961(30)  14.3427(58) 8.876(33) | Julut/u/a 0
JVEHEER DY 0.6kHz 2D D = —7.49(165)* — iJ., o

- = C E Zo A
RETHAIAL, L2l A 1.82(24) 3.86(22)  5.21(47) 1.2 off
R R T v & ST
Hio Co12 72 B ORRH Gl F, 2.23(62) 5.65(54) — Jotla
MHz DK & 725855034 D, = 0.684(148)* 12.02(153)%| . d
ST, ZHUE C-5 LIS TIE o 0.55 1.28 0.88 *kHz
Be oifiic L b st

CoiM) 735 CM) I[E T 2720 Th 5, bbb G [EREE » O FIEDOHEIRIC X v [F%
REEDOZHNE (FV S S)FRFF ST, REERIEEXIZ L D5 74 p OB DBRGFERE 2D,
o TAK, WEFBEDOUEN N =72 EAERNFER & 72D, BIZIE, IBERE Lyg) 1 h L
JERE g DEABTH D . 5607 b VR BEA/ERERF = <ul Lp(@ll> 13850 FDEERF, &
F =2cs Fy DN H S, Z 2 Te,s X M FVEIVESOREEES lu> = cli> + slj>, 1> = sli> - clj>
DIFETH S, —F7 C-46 & C-37 DM TIE, b > FRAYESNDORATE Fu = <ul Lp(g)u>=(s>c%) F,
PRE ST (F 1), MHFIETEOBRICH DA, FEEIMEIEZ OBIRZE B 3% 2),

EPERESR La(q) DR AIHIE
MHz

[AlHETEEL A = <u/ll La(q)lu/1>"C
boHMN, TOIERATH A =

<ul La(g)l1> 7> Cs(M) 771 TH
BICRESNZ(FE), Al -4 &
DIEE 1 MHz FRO 84 5. 2
%o ET 1RO =AY F ) Hif D 8
CRHf8 . FEXRTMA)S C-12 & C-37 ®
DFTRO BN (F1), Z

16 C-46
Cci5

C(M) :
F, = <ul#g)lu>

C-21
0-89

BT L0 FERIEIE (1kHz) T
BUNE A 2 B LTz, ! AE,=0.9738 cm’!

F = <ulFgll>

REEDIRAITE T RLF 0
—D7E Ay DN & D
L C-5 TIE¥ex ThH DM, X2 HEFEHREHR FRIARE F. GEHAER)
C-46 (43,57), C-37(25,75), C-21(9,91) &2 IZHDT 5, 2 BAN PRI C-37 DI TIE
5 OO AAERERS LI, IRAGEIGHAE T U O BIERIZIES 785 C21 TIX L D720

B2?) EHTHHTHoT, BAETEDEORITIT - DORIERITH AEHIZFE L 720,
IRREIRA DHIZD 205, 95) & TR SN HIEREIET O B0 EHK 0-89 (Ag=1.9cm™) D FBR % ik
HTND,

0 10 4 A, 20 30 om!

1) K .Tanaka, e al. J. Chem. Phys. 110, 1969 (1999). 2) K. Tanaka, et. al, A2% L04 (2019).
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(0H2-HCN OWNEREEE > RO I VY = v b4k
(FUINKRBE - B) oW B - Mo FE—
Millimeterwave spectroscopy of the internal rotation bands of (0)H2-HCN
(Kyushu University) oKensuke HARADA and Keiichi TANAKA

The ortho- and para-H>—HCN complexes have different structures, H» is attached to the nitrogen and
hydrogen end of HCN, respectively, for (0)- and (p)-H, complexest!- 2. We have measured the j=1-0
internal rotation band of (0)H,-HCN, where j is the quantum number for the HCN internal rotation. We
assigned most of intense lines to the X;-X¢ and I1;-Xo bands using the double resonance of the internal
rotation transitions and the ground state rotational transitions, although only two lines, R(0) and P(2), were
assigned to the Z;-Xo bandl®!. In the present study, we have extended measurement and assigned R(1) and
P(3) lines of the the X;-X¢ band, from which we have
determined the rotational constant of the X state.
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IR-IR double resonance of the 2v; A, - v; band of methane
(AIST?, Keio Univ.” Hiroyuki Sasada®®, Sho Okubo?® Hajime Inaba? Shoko Okuda®
sasada@phys. keio. ac. jp

Abstract: We have carried out infrared-infrared double resonance spectroscopy of
the 2vs; A, — v3 band of methane. The vs;band transitions are pumped using a 90.5-THz
difference-frequency-generation (DFG) source frequency-controlled with an optical
frequency comb, and ten tetrahedral components of the Q(1) to Q(4) transitions from
the pumped levels are observed using another 88.4-THz DFG source with a sub-Doppler
resolution. The transition frequencies are determined with an uncertainty of a few
tens kilo-hertz using the OFC.

ARUDVARBE—FIZEBETdOF,HAMEICEL. ERNY FIEFNAFET, ¥ TRy
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FIEBAEREEY FoLF A AA— k(PPN NOZERFKET 0.5 THz O FARICETHR S

SG
L=
d

ECLD lock-in amp. -

/_T O J\ O detector

Nd:YAG absorption cell

InGaAs detector

T laser \,,-i
OFc | < @) L O J optical fiber
o s e
PPLN |- tical b
/ optical beam
O l O J coaxial cable

1. EREEE, ECLD: A EAIRE LA L —F —, LD RRIBE Tk L —F—. PPLN:
REEYFILFAHA— b, OFCHREEMAL, FOCRARMNILE—, SGIESHESR



Nv, N FBBEMET 5, —H. ZRIEFEARL—HF— (D) & Nd:YAG L—F—m5DHk
[Z2BEDOPPLININT 88.4 THZ DHRFAKELY ., v /N0 FORRBERMMN DS 2v; A KEA
NEHRETO—TT 5, ECLD & Nd:YAG L—H—DHRIRFARKIEENENERY R LEREN
#7100 MHz 0 OFC M BEH#EE— RICRARB L Trv /Ny FEBORLERESE 'ICRFAL TL
%, EBFREBGCOMNDD 3.1 kHz MIESLK T ECLD MERH % #RIE 300 kHz TRIKHKZEHR
L. BILEBBLE-7TO0—TH% InSb HHI[ZTHREL lock-in amp. TRIAAEUREREZ L TL
%, RIREIILIEZRKE50 om, A2V DERN
(1.3 PaT. WiEkETO—TRiZtIL
hTRBELTELR>TWS, @ 2 F 2v,

1 MHz A-v,QQR)F, BEBDARY MLETRY, &
+—> BRODRARY FILDOIEIE peak to peak T

0.87 MMz TH%. COHEH% LD DEIRIC

2. ﬁﬁiﬂ']'c“*bf: 2V3A]_V30(3) F] %%5
DFRNFH_EHIBRARY L

TJ4—FN\yH LTTO—TXhARBEEBEAKB-RELL. TO®D LD & OFC DxifHE
E—FELEDE—FRARBZS DA RBEH Y2 — (FC) THRIET S, ECLD, Nd:YAG L—H
—. LD DERIFERFTTH 30 MHz DFENSTHEL. OFCOE—FDORBEZRET D,
203 AN FED QAN DD QUDTRIARFILRHLIZ1 0OKDEBRZLTEHAIL.
EBERBER 10 kHz OFEMNSTRE Lz, R1EZO—HETT. ChoDEBER

x1 AEHR

B | BEEBERE Jn—J&#® T0—JEBERY
/ MHz / MHz

v, QQ)F, | 90488 114.3633 | 2v;A-v;QQ)F, 88 460 336.07

vy 04)A | 904687211857 | 2v;A-v;Q0(4)A, 88 507 067.09

Bhbv,= 2 AKREBODFERERE LIz, COKEDEETESH BHIRBEEIKED B"&
YREWT LI 4 TEEICEEBINTUL =M, SO ENERINTE. TRIARIILE
EANELTHRASAZ-0. BEOAFEADTUVILEOHSNRHEERELEFTHS
EMIICLHTHLMIGE ST,
FAFN_EREBDNEIEY T Ky TS —DBENBRICHLND, AREE. ChiITHh
AiE#a LZzHAEDLOENE. —AFEBCTHRATELAVSIRIMEREDREE H I ATEE
THHAZEZIILOHTRLT,

SE

1) S. Okubo, H. Nakayama, K. Iwakuni, H. Inaba, and H. Sasada, Opt. Express, 19,
23878 (2011).

2) M. Abe, K. Iwakuni, S. Okubo, and H. Sasada, J. Opt. Soc. Am. B, 30, 1027 (2013).
3) A. de Martino, R. Frey, and F. Pradere, Chem. Phys. Lett., 95, 200 (1983).

4) A. de Martino, R. Frey, and F. Pradere, Chem. Phys. Lett., 100, 329 (1983).



L25

DAFIVRR T 4 Vo OFEEERER DA
(LB, RREMKAE) OMURH - - JIIBRE - AEE"

Observation of the pure rotational spectra of dimethylphosphine
(Sophia Univ.? Tokyo Univ. of Science®) Takahiro Oyama®® Yoshiyuki Kawashima?,
and Nobuhiko Kuze?

Rotational spectra of dimethylphosphine and its *C isotopomers have been observed using a Fourier
transform microwave spectrometer. The species were produced in a supersonic jet by discharging
trimethylphosphine diluted in Ar. The observed lines in the ground vibrational state are split into three,
EA (AE), EE and AA, by the internal rotation of the methyl groups. The molecular constants including
the centrifugal distortion constants have been precisely determined. Assignment of an unidentified line in
the circumstellar envelope IRC+10216 is carried out using the determined molecular constants.
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Infrared laser spectroscopy of difference bands of the NOj; radical

(R JIE RS, FE
(Okayama Univ.) K. Kawaguchi, J. Tang

Three difference bands of NO3, (v1v2v3v4a)=(2000)-(0001), (1000-(0001) and (0010)-(0001)
band, have been observed in the 1643, 685, and 690 cm’! regions, respectively, with an
infrared diode laser spectrometer. These bands are thought to be observed by intensity
borrowing from the electronic transition B’E‘-X*A,* through vibronic interaction. The
molecular constants of the vi=2 and vs;=1 states have been determined. The v; - v4 band was
not assigned because of the weakness compared with the v; - v4 band.
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Dispersed fluoresence spectroscopy of NOjs - out-of-plane vibrational levels -
w5 B
[LETIKE, FHREFEHRH

Masaru Fukushima
Faculty of Information Sciences, Hiroshima City University

We have observed laser induced fluorescence (LIF) of the NO; B %E’ —X 24} system
under jet cooled condition, and measured dispersed fluorescence (DF) spectra from single
vibronic levels of the B %E’ state. The vibrational structure of the DF spectra obtained by
the excitation of the 0+770 cm™! band shows some fluorescence bands terminated to the out-of-
plane vibrational levels, a2” and e”, e.g. the fluorescence band to the e” level of v + v4.  The
present observation indicates that the vibronic level at 770 cm™ above the vibrationless level of
the B 2E' state has any contribution of the 1» and v modes and/or that the B 2E’
fluorescent state has any out-of-plane geometry. It is also indicated that the out-of-plane
vibrational levels are important to analyze the vibrational structure. The observed intensity
distribution of the spectra indirectly shows that the level closely lying the v fundamental at
1053 cm! has contribution of 314 (I = 43), but not vs.

(FiR] BARL—Y—FES/KZE (LF ). 8LV 2BHIBAREHHE ( 2C-
RAWM ) ZF|FLT.NO; X %4, YATLDRNEBEDHEBELEH TS, &I,

Neumark D®FZE4 JL—T (L Slow photoelectron velocity-map imaging EZZFALVT. 18K
& NO; DENREERAAVABFARIMNLERKLE: 1], ZCTIE. K. 71X
RIMILDE v (@) BEEFNAVFIZRESN TV ~1000 cm™ FRISICHHIRENELIAY.

CDHBFARIMLDILIE v (@) EIRBENS. LTS [T EAIF. 2D v &
BREISGEELI2DDEMNHHIETHKREL [2]. 34O Hirota [3] (&, BLRISHLT=/N
UREEY v NUFDORMIEIIMEIEIZEDVWT, COFHICRESINIZEMNE [ =
+3 %42 3w (o) ERBLTULVS, Neumark 2 IL—TDEERTIL, NO, DEIREIHESE
DAAAEBEEISENIRILF—ZFRALT NO; ZA4A4 1k ( EFRLHE. photo-
detachment ) St RETIRBEFDEEIRILY— ( DFY. EFHREDOEDBE T
FILF— ) OEMAHFZEAEL, BIRBEGICEALT. XEFEE ( 2FY. ZHHH
DIER ) EXEFOEBIRILF—LDEKREFEMEFZR L TLVS, Neumark H5DIREDIR
BE, v WNORICEATAZDIRFEN v () EFNVFOEKFEEIZIEL, DFY., vy /N
VRDIRFEEDS & NUFDIKRFHE—HTEH. EVLVHERBERTHL.LAL.COD
Neumark ¥ )L—T DRERFERIL. HLLD 3u(a’) EDRBELFELEWL, BEESIE,
3u (ar’) ZELLIX ar THAD., v BEEDL 2w () BELGELRFELRY. 1= 43 #£D
NoTHD. (Tl ERDFOEARIOETEN =0 A = ELTHAIZEM D DHL
FT.A=1%%D Tl BFTHAHIZ. 2 ﬁa\%l:tt&'ch\awé%am:/\5”’&%9
CEIZFELILTWS, ) BRADIRETIE 3vs ELD ar’ & a’ DHRIEH 160 cm™ &,



MEYRZFOD, CNEREHEEERAICKYZELRITHEBESINGL [= 4+3 [2XDBDEL
THY. Neumark T IL—TDIERIE. COERDBRELFBLELY,

AREETIE.NO; B %E' — X 24, YATLDIRBEMI LD (I 58 (DF) AR
ORILERIEL. ZDIREMEEN D vi () BEF/N\URHEDREERE L=,
[EER) EERFZELE . BRHESRBOIL (2,
(#5582 -E%) NO, DFKMEEICHD B *E' —X 24, EFEBORIARIMLIE, i
BN\UENTO—FTHAZENBRESNTHY. LIF BIEARINLTEREKTHS, “NO,,
"NO; IZBLT. ZNZEh. 4 E.5 @ DIREEMIOLDTAHDEARINLERIFELT =,
NHMNI35,0+770 cm™ /AUF ( B—X ZERBD 0 /AVEMD 4770 em™ [128HB/\UK
NE ) ZMELTHELNT= DF ARIMLIE, BIMEBELIZIRBEINDEE (a” ©
e NUR ) BERBISNh TWSRT. B THDS, CORRIRUIZIE, 0° /AU RZEmE
LTHELNT- DF ARIRILDIREIEEN ., 21 NURHEZBERELTEATEY. F0
FIZIE v BEFILEENTODD. 2D 2w + w EEEIRENURIE. 0 NUFDAR
IRILHIZRESNTNS3DD 3w (a) (@) BELY (¢) EMEIFERLGDIIRILF—IC
BB, 2w FELIE v RFEAELTHEY.ZO 2u+ v ELEIRENVREF. n+u D
& HABLIREBTES. 2D & NURUMZE v (@) EFICHELT v+ w 65
D a” NIFBEDEIMREIEMMNERB SN, $FIZ MDD ARINLTIEIZEAEE A
SNTULVEL w+3u(a’) O a” NURDPRBERASNhTLSDIZIFFEB SN D,

0+770 cm™ NURMBD DF ARIRILTIE, vo DTAST Ly avE, ( £ TTIEEWN
M) LEEREECERRISNTODEDD ., LEED a” NURERE. »w EFLEOHEEFE
L8R RIEEL ., IREAEBLAISN TLVEL, 20 DF ARIMLIZIFK KA v EZITRE
LTLY% 1500 cm™ IZHHIRENERE 1v» EETEFMLEDIEEET v + v DLLERGECE
BENTEY. ZDEEL v EENVFKYRWNEETH S, RIZ. 2D 1500 cm™ DR
BEMN v+ v DBEE.CD v HBEBOHNEENITERNVEREZLDOILITHY ., fih
D v FEBEIFMEMMNELELGO>TLED, LA > T, MENTIEHSH. 2D DF R
RIFILDIREEE L, 1500 cm™ DERM vy THHIEFTRELTNDEEZOND,

ZD 0+770 cm™ NURREZTHLNF=ARINLOIREFEEND. B %E' — X 24,
RUIRARIM LD T A—F7E 0+770 cm™ fEE(E. B KEED 2w EB L v EFHHEE
ERLEZEERL ( ARJELEEE ) LIRBEND. X %A, HKEED 2w & v [ 760 cm™
FEICHY IR IRIILF—DBEANSEZATHLIERDODND, SHIZ. TAHRARTE
JVICEIMREIE—FNERIESN-2EMD, B IREDETEEENFTEEIND,

0+770 cm™ NURUNDRARIRILDSE, 0+1637 cm™ NUREDARIILIE,
0+770 cm™ NUFMIEDARIMILERUIREEEZE O TS, ZDTF=H. B KED
1637 cm™ fEEIIE. v & 2w, . BEU. v & v LOBEEMAHEEERL-EEHEER
bbd, 2. COEVIRIILF—EBIEIE. T RDEFINEMNMETL TS EIEHLZD T,
MR EILERARTEETHD, D, B HREED 948 & 1440 cm™ fEEEZE . Th
Fhov & v+ v SEEEIRERIBEGT A HRARIMLNAIESINTLNS,

[1] M. C. Babin, et al., J. Phys. Chem. Lett. 11, 395 (2020).
[2] M. Fukushima and T. Ishiwata, 68th ISMS, paper WJ03.
[3] E. Hirota, J. Mol. Spectrosco. 310, 99 (2015).
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Vibrational wavefunctions of bent molecules

- expansion using the 2D harmonic oscillator functions -

' E B
LEMIKF. FHREFHER

Masaru Fukushima
Faculty of Information Sciences, Hiroshima City University

It is well known that the wavefunction of the isotropic two dimensional (2D) harmonic

oscillator is expressed using Gauss function, e~(B?/2 and associated Laguerre polynomials,
—(B7)? —i

LX) 5 () = Nyyy B (BOY LYy ((Br)?) e~ B1*/2 e=89 | \where N, and r are

normalization constant and the radial cdordinate, respectively, and B = \/uw/(h/2m), where

uand h are reduced mass and Plank constant and where w = /k/u is normalized frequency

calculated from force constant, £. In this study, we have calculated vibrational wavefunction
of bent tri-atomic molecules adopting expansion procedure using the wavefunctions of the 2D
harmonic oscillator, ¥, (r) = X c;¢p,,;(r).  The radial potential function for the bending
mode of the bent molecules are assumed as V(r) = k, r? + k, r*, where k» and k4 are force
constants for the quadratic and quartic terms, respectively, of the radial » coordinate.

[(F] BRFRICEVWT. BERS FEREMAFOEARETE—FZH—MICHEITT 5FiE
(FEW, S FDOEEETIE. BERRS FIE. K (prolate) MIMITHFELTHETESL.
ERSFTEDFE (o &) BYDEEE—AUEN 0D T, Ka> 0 O EERFEEHNER
KIZEBEWWOON, Ka=0 DHELDEEICHELHEBIRTED, R E (near—prolate) *#h
IXNFIXERDFEDT, R FOREDHSMNSIEL. BERDFEE D FILFHEBEAER
NTWS. EEZRD. —A. ZEAKRIEFL. ERPFTIIMEE—FTHLDIZHLT.,
BHSFTIIEBEE—FELVSKELEVVDHS, EHL FOLEAEFHEREESX
SFELEVESICEH IRTIRFESHELTCREROD., ST LIICHLIEXEEXZST,
FRRIGRFADBHDIERIN . TD1DIXERBEEDBRRETZIT 2> 0 BELFKELTLE
5. ELVSEETH S, (ANEHEEY FEBICTFRESITEND, RELEGKEEY FTIL.
MMEMEMFERLLD, CNIE SREME TIL. SnEE#EYDHEHELNRENKT 5-OTHS,
ZEMDFELEUTHD,) HIZ. ERDFOEHEE X2 ODOMIGEREZED FEHBEIR
FELT2DDEFH (n,ny) TRIENTESIN . c DS DEEAM ) ~DERLE
a BIEY DIREIBEHNEICLHBEZERIR (n, [) LAIEBETH S, &HIZ. Cohen—-Tannoudii
SNHFE [1] TEHERYELERYDIREIAEBIE (2, 1) ZAVVERBELREINTL
%, Herzberg &, faERTUIvIL Vi) & VY=V =ar? + pr* OHEBEERATHRS
. ZDFEE ( Renner-Teller AE{ER ) &ML TULD [2]. KBAETIE. CORHRT
ALETEHOEAE (REEEENFEREE. DE) RTUoIvIILEEMSFEEEL.
ZOREEHEBETERS FOEAET—FOEEREMTHSIEFEA2RTHRFMIKRSE (2D-
HO) M RENREM TR T ACEFHAT-. CORBRAIX. HOOIFLHEITIENLDD.,
BRI AN TOT. FHREEEVERDODNIN. KMETIE. SNhETIZEL -2 (&
BHoNd) (e, n) RETEHRARD2REARD 2D-HO IZ&BTHEREHELIZR



THRENHDHERL TS, LEDHEERICKYEFEALEEM Y FOEARTUIVIL
(EERAFIRENTIXIEND, FEREAHDHE— MR DOAFIBELIERIBELL THRRATETH D,
[EER) &I windows10 £® ubuntu IRIBEBATITLY, EHREMREIZIEXER [3] Z#Fl
AL B . BEEE n=1.r=1 GTEREEFHIETITO
[(HBREEZER] £9 . 1XTHBE. DFY. ARBEFECHRTUOvILERFIRE O K ENEE
# |In) TOERRAZEHA-, LHENTWASEIIZ, THER (n+ 2|24 n) GEIX, A0
RBDOAFEEF d.d" DoBHITKFESFEREZRVIZTET . Vx) A x DIEEAR
TXRIED T, FEALEEORBEHL. BF/NUTATHBEL TS (REHEEIZFELL,

2D-HO MEEIREEL |n, 1) (L. Gauss BAEIE Laguerre {E BB THRIND HEE [2]
TlE.2D-HO OAELERYDABFHEDNDLIDNDEEFIILTEREINTILNS 2DNDH

At el® j ~ el 10 i @
i = Slr-gm - wws w =Tt

T )er MBEEF 7 (L. CNODEFEEFERHAW: af +d, TRIEMNTE,. ThoE
FAWTITHIER (ng +2, n, +2|f*ng,n,) GTEZE (OGYFREEMEEDRYIRL)EE
M) RKHBZENTED, CNHDITHIERIE (0, [) REANDBZICEBRTE, ThnlT
Brown & Jorgensen D XHR [4] &E—HLT=, THIERIL |l = Ing —n,| ICEALTERL
THY.Al1=0 OFRAZEELDO.FHEIEE | BIZTITo1z. =0 OFERERE2IZRT ./
=0 ORENEEIL. EEDOLEETIE r=0 THE BE) #2D22E0H5E, FEAEER
MERAFMRTOOVIILTIREND., BFEZREEDORSEEDORZHANTHETLIZES
A RAMER 0=2334 LEFAFMTEHH x=-0.115 AESN . FEFRAMENHILZYKEZL\VED
D . —ROTIRB T O X TERHTRIEE. DFY . SATA LI AT gELZ &M o 1=,
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[1] C. Cohen-Tannoudji, B. Diu, and F. Lalo€, Quantum Mechanics I, Hermann, Paris, France (1977)
(translated from the French by S. R. Hemley, N. Ostrowsky, and D. Ostrowsky).

[2] G. Herzberg, MM 111, D. van Nostrand Company, LTD., Princeton NJ (1967).

[3] W. H. Press, et al., Numerical recipes in C, Cambridge University Press, Cambridge, UK (1988).

[4]J. Brown and F. Jargensen, Adv. Chem. Phys. 52, 117 (1982).
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Collision-induced absorption of oxygen molecule observed by
photoacoustic spectroscopy
(Aoyama Gakuin Univ.2, Kanagawa Univ.P)
Wataru Kashihara?, Toya Hemmi?, Akio Kawai®, Tadashi Suzuki?

Collision complex of oxygen (0O2-O2) is transiently generated when two oxygen
molecules collide. At this short period, the electron clouds of molecules are distorted
and some forbidden optical electronic transitions become partially allowed. These
transitions are called collision-induced absorption (CIA). The CIA of oxygen plays
important roles in atmospheric chemistry. The CIA is a small but significant part of the
total budget of incoming shortwave radiation. In addition, it has been known that
singlet oxygen generated by the CIA has high reactivity and undergoes reaction with
volatile organic compounds in the atmosphere. However, the mechanism of singlet
oxygen products by the CIA still remains unknowns. In this study, we measured the
CIA bands of oxygen at around 477 nm by using photoacoustic spectroscopy. The
lineshape of the CIA cannot be reproduced by reported empirical model. These results
indicate that non-radiative deactivation process in the excited state produced by CIA
should be observed by PAS.

ERFEBIN(CIA)E. 7 FES LHAEE LB
RO FREIMBEEREZRRRL TEC 255K
WIRTHY . BEEBEBETOL FREEERZH
RHLTERGRHEEEA D, BRADTDHE
. KRHFD CIAIZEKY KIFHXORIRELH -5
L. ERBICHBLEWRNTIEHSH. KKDEK
FEHEITLIIATERTELGVEREINT
3 ", Ff= CIA Ik YERT 2 RGHAEL 07 [

20600 20800 21000 21200 21400
—FEREE. ARNOERMEEREENE R s 1000
ST BB/ TNS 2, LA L. BENF Fig.1 CIA of oxygen measured by PAS
D CIAIXMETHS=0. ERETODAEILRE
$THYERALTARIEEOHEBANITON TR, AME TIEIAZTESKEPAS)IZE T,
FER 57 FD 477 nm {80 CIA Z#EBRETIEREIZAIE Lz, Fig.1 IZPAS IZ&>TH bl
CIADARY FLERT, PAS ICKYERSNFARY MLERFEDOERK TR LIZE
A, BREEETIE—BLAEN -, CNEERMEETITARELZIRILE—, 2FD
EFIRILF—ICERININLTHDIEEZOND, ULEDFHERIE. CIA IZKVYAERKSH
HNERIREEDEMG REFE PASICKYEBBITELZLZEKRL TS, BRTIE, CIAIZEK
YUERBRSNDMEREIZOVWTERTDIFETHD,

015 — Fitting %
0.104
0.05 N e%

- ot
..I T | T

Photoacoustic signal / a.u.

1) S. Solomon et al., J. Geophys. Res. 1998, 103, 3847.
2) J.R.Acarreta et al., J. Geophys. Res. 2004, 109, D05204.
3) M. Sneep et al., J. Quant. Spectrosc. Radiant. Transfer. 2003, 78, 2859.
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Ab Initio Theoretical Calculation on Rotational Constants
and Averaged Bond Length of Benzene
(Kyoto Univ. 2 FOCUS®, Ochanomizu Univ.°) Masaaki Baba? Umpei Nagashima®, Tsuneo Hirano®

[t was experimentally shown that C-H and C-D bond lengths are almost identical in
benzene. We have explained this fact by ab initio calculations in which the C-H bonds
are observed as being bent in—-plane and out-of-plane. The averaged bond length is given
by the projection onto the inertial principal axis. The effect of bending vibrations
reduces the averaged bond length and cancels the lengthening due to anharmonicity in

the C-H stretching vibration.
L/
v(C-H)

(7] 2<DAEHSFTIX. C-H #HERKE
CDREREYLI-EMARVNCEARFSN 00
TW5, ThlE, CH ifERENCE 1+ 5 IEH
MEITE->T, EORBEMTOTYHES
Mo X, RTUI¥ILIRILTF—DR/IMEE #
PIEEHERI JYIRCGLIDENS. TR
IRILF—HINEL CD HEETHZDES
WHPhE L HEEMIC C-H EFHRERDITS
MR LGEEHTHA (A1), LM LA,
BEAVBALEAVEU D FOEDHREERR 0
2 FILIE, C-H #EE&RE C-D #BEEMNIZFEFE 09 10 ' 12 3

Bond length | A

BLTH I EERLTULV(],

Bif. BAIZEEBSEFHFN THA->T E1. C-H ##EIRBIOKRT > vILHR
RZ5] CEEREL, EERERIORDL
NABEERNEMTIHADOBRERTHEIEEZADL L. BEERMUAKOERBERNEEICHR S
NHEZEEZFILLE[2], COBBEZTEERNARSFTHEINVEVICEAL, EFEL ab
initio tHEZT> THEWEERZRD. I(C-H)=r(C-H)ZRIEL 1=

4000

3000

2000

Stretch Potential f cm™

ZP(C-H)

1000 ZP(C-D)

(#EREEE] ENREREARY MLOBHIMOROON-TEHZEARS L UVTHHERIL.
ZFNEFN I, (C-H)=r(C-D)=1.0864 A, Iy(C-H)=Iy(C-D)=1.0805 A THo1=, =15, &£
B LROONDTEFEESRFEEMHEICZ LD T, 91X CCSD(T)/ [aug-cc-pVQZ] THEE
BREIEDHEZT oz, TOHERIE., (C-H)=I(C-D)=1.0830A THo =M. FHIRZE
(TR EIRBOIEAMEN D FEEIND H(CH) > (C-HIPRYI->TWEWI ETHD. %
T, RTUVYLIRLF—HAZHELEZVDENS, RUEUHFOEERED 3 0R
FTDEEBEHEFBERELERARELRD T, NoE U F % [CsHsl-[Cyl-[Hg] P 32D T IL—TF
ST TEZD, £575¢. EBEICRTUOIVYILIRLT—DOB/MEZELEDZREFSH
FLARTENTE, A ->TRAD] EEZATCREEREKKT I ENTED, &5
(2. [CsH5]-[ColEB R IE[HG)ISLERZ EMBEYEND T, CMEFEHTRENLGEZRFHF
[CsH5'Cyl-[HolE LTERYERS &, Cy-Hy (Dy). HEADBMERE. ENLEAKRE. ARE



AR, ThENARK2(12RT 3D>DA—
ANWE—F, Letr, Ly , Ly TRIZED |, o
TE3, H1ITRLE Ly [CDWTEHEE Hpara
N=RT oo v LIRIILF—BERTILE
FAMEN LR KREL, I (C-H)=T,
(C-D)=1.0911 A, ry(C-H)=ry(C-D)=
1.0888A Tho1f-. Thh o, BEREIZ L,
LA EHRODHBEUVIEICD &Y HL C-HDIF
S5H. 24 mMARZIFTRL BB EMNRSH
tzo CHIZ. —IEMICEBINTLAEE
Thd, iz LT.C-HDENEA (L
) BEUERZER (L)) EBTE, K7 Lo
DU LIRLF—ITHEMIREELTE
GEBITE R FIRBFEHZR>THEL
LW, LAL. IRhOFHAEEIL, B

H AN, ELDEYKRELHEDBDT, z 2. R—ALE—F Ler, Ly, Ly
EMADEZEEEREIE. Ca-Hy AN Ca-Da

FYBELL LD, ERGHEICE>T, BEROERF. L ;TIE 1.7mA Ly TIE1.1mA &
KON, N ONMEBIRB TORESROBEUVDNE 24mA ZHBFRL T HEB ry(C-H)& ry(C-
DYDEIZ01mA &, FEEICINSWNI ENRIEESNT=,

Hmefa Horthﬂ

(#E38) SPMENHDERERT. RUEL0O C-HFEAHNEI. BRIZHNA>TRZSE
EZ2bHE. REICHHAIND, C-H OFHHFEERIE. FEHEERLIFLEAEEDLLELL,
ERMIZC-H & C-DOEHHKARBIFEALERLIZHS, COEZAFX., TTIZZELD=
BFRFTRISNTVT, RUEVICHBERATED I EARINT, BRFESFEKRIEKER
THH T I72LUBIRT7U S VAITERILCCENEZ N, C-HESHAEMNMIHA ST
WBEEZDE, ERTHASN-ADEMRIEBEILBSICHBATLIZENTE S, NU¥
VDEKFEBRATEON-ERERIEBOEIZIETHSN., ChFa)FVHEEERAOHREN
RKEWTEIZEBEEZONS,

[1] S. Kunishige, T. Katori, M. Baba, M. Nakajima, and Y. Endo, J. Chem. Phys.,143, 244302 (2015).
[2] T. Hirano, U. Nagashima, and M. Baba, J. Mol. Spectrosc, in press.

[3] M. Baba, et al., J. Chem. Phys.,135, 054305 (2011).

[4] M. Baba, et al., J. Chem. Phys.,130, 134315 (2009).

[5] T. Oka, J. Mol. Struc.,352/353, 225 (1995).
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High-resolution spectroscopy of 1,2-benzanthracene
with reference to an optical frequency comb
(Fukuoka Univ.?, Kobe Univ.?, Nicolaus Copernicus Univ.°, Kyoto Univ.%)
M. Misono?, S. Yamasaki?, S. Kasahara®, A. Nishiyama®, M. Baba®

We studied high-resolution spectroscopy of 1,2-benzanthracene, a prototypical polycyclic
aromatic hydrocarbon. In our experimental system, the frequency of a single-mode laser is
controlled with reference to an optical frequency comb. In the obtained spectra, the spectral
lines are rotationally resolved, and the linewidth is about 15 MHz.

(IFLHIZ] BRFAFOEFMEREICE, RAGEKRENIAFIIANEETSH
ENHLNTEY . BEREEIAIINODEREZALNTE-ODEALGFERETH S,
SRS FANY PLIZEWT., EFEREROMBEERE. EEROMNES T b
MIBOEILE LTERNSOH, AEICEEVSHREREFARBBEENMDETHS, CNETIC
BRI, ERBICAMTDDFARNY FLOREIZEANGEMERESNLATLELT, B
—E—FL—H¥—EXBARBILEFRAV VA TLZRHK Lz, SEIF. ARLEZSXTR
TLEFALT, 122RV A7V bS5V DAEEIT OO THRET %,

[ER] AWEOEBRIRXTLE
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NAESE 2 SFRREELZEICAAL,
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EX &t Ay T7—HRELTIE & oom x

Ar ZRLV=, Computer
Ti:Sapphire L—H%—3%®0 1 H %5 Prescaler

L., & TILNNRERDEFENRZLRER Fg. 1 2B R T L

#}O4— (AOFS) #&ELI-DBL.

Er aLDH AN EEREDYE. E— FERESIE Tz, Ti:Sapphire L—H—DERE % faser.
AOFS DERENELRE % fao. Er ALDBYRLEAKHE fp. ¥ VT -IToRO—T 47
Y FEBEEE feeo. E— FREZE n, BAISNIE— FRAERZE fiea & T5E. SNHDM
121,

fiaser + 2fa0 = (nﬁep + fCEO) + foeat ,

EWVWSEELH D, Er ALD fep & foeo & Cs RFEFETFDOEERFHIZO VI L. frca H—
EIZ# S & 512 Ti:Sapphire L—H—%#lEHT5&. COXDEBIF—FEEHD, LI=A>T,



fao IZ K 2 T fiaser éﬁ‘mﬁﬂd—é . &7(3‘\—6%60
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[#58] Figure 2 ICAMIETH LN 12-RVXTF U MSEVDARY MLETRYT, &
DExEHMIE, Cs BFEFICOYY L Er AATRESA TS, 26527.6 cm-1 m i
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W5, RIBIZKI15MHz THY . BERETHEEL-ARY ML B LT,

BE. PGOPHER R H#HTH Y., BETIEINIZOVWTHHRRS,
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High-resolution Laser spectroscopy of NO: radical in 615-630 nm region

(Kobe Univ.?, Kyoto Univ.®)Shunji Kasahara?, Kohei Tada®, Michihiro Hirata?, Takumi Yoshizawa?

Hyperfine-resolved high-resolution fluorescence excitation spectra of the A 2B, «X 2A; electronic
transition of '“NO; radical have been observed for the vibronic bands around 15885, 16218, and 16321
cm! by crossing a single-mode laser beam perpendicular to a collimated molecular beam. Recently, we
reported the hyperfine structure of the 9Ry(0) lines (k = 0, N = 1«0 transition) in 14500-16800 cm! energy
region. The determined Fermi contact interaction constants shows a sharp decreasing in 16200-16600 ¢cm’!
region, and it may be caused by the interaction with the other electronic state. In this work, we have
observed the rotational structure for 15885, 16218, and 16321 cm! bands to find the perturbations.
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