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 < Jp < 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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(1) Y.-C. Chou, C.-L. Huang, 1.-C. Chen C.-K. Ni, A. H. Kung, J. Chem. Phys. 115, 5089(2001).

(2) H. Liu, E. C. Lim, A. Nifio, C. Muifioz-Caro, R. H. Judge, D. C. Moule, J. Mol. Spectrosc. 190,
78(1998).
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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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Fig.l. 7& h ¥ 8,So M 14015, /3> FOESIARAEA T ML Dl

[11 M. Baba, I. Hanazaki, and U. Nagashima, J. Chem. Phys. 82, 3938 (1985).

[2] M. Drabbels, J. Heinze, W. Leo Meerts, J. Reuss, Chem. Phys.163, 193 (1992).
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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 Sumiyoshi9, 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 [CHsNCO]/[HNCQO]
= 0.032 suggests that an abundance of CH3NCO is held during evolutionary process of the
Sagittarius B2 region.
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[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, Ap.J, 459, 619 (1996).
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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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[1] Ishikawa, Kurusu, Yagi, Kato, Kasahara, J. Phys. Chem. Lett. 8, 2541 (2017).
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[3] ¥k D, 212 BoFRFEatime, 4A07 (2018).
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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.
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WIZETIE, BMERY =y bylEa VT, AFAFAE SCH: 2T 5F 47 =Y — 1D L —
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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.
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N —IE, Bz—0Dy DA A LT HAF =01 + 0 BB DA A LT L F —IEB2)
ZEINWTROOHND, Bz—pD ICBA L TH, FROFIETH A= R LX—Z2HH L=, #ER%
F1IZTELED D,

lon

74400 74500 74600 74700 74800 74900 75000 75100
Wavenumber /cm’!

1. Bz—oDy IZ8B1T 5. (a) A1 A Abzh=R iR, 2.Bz-Dy D= NVNFK =LA T 7T A
b)Y7 T T A A AR

fEE T RAX—E, KERETIINNT I AL FOFNR~30em T E/NINT LR L

MZ7eolz, BAEY VRMEARBTHREZ RNV X —ICEZER DD Z LR INETTHIENTET

WD, FEBRICEENRE S D 2 G2 OITARMEN D T ThH S, 72, Bz—oD 2B\ T

JLERRRE & A A AL RE R Hele T 5 L. BED ‘
Y0EEL hotm, Tt 7o FAT—L &1L BzrD DGR F— (em)

BZ_D2 BZ + D2

A T A —ITRBN TR R S A E A T

b5, —J. Bz—pD, Tl SLEERAEL 1 41k Bz-0D, Bz—pD;
IRRE THRE A =L 3 — O /N BIFRIL IS L 72 % Do(So) 275420 30515
Relgot, pDy DFAREHREN S j=1 TH D Do(S1) 251+18 274+14
ZEMD, T AL —HOEAROPNEEED Do(Ton) 322428 291422
MR THHATE D,

[ 3THik]

[1] M. Hayashi et al., J. Phys. Chem. A, 117, 9819 (2013).
[2] AR, EGmC. HOR TERFHTFE TR, 2018 453 A.
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KA EH L THEE NI Ti:Sapphire L—H—IZ& B
SRFEERIEKROE S RERES K
(BRK#E:, MPERSF7+ 1P =aFR - an=7 2K, FABEH 9)
OLLlE?H = - IR « - FHRER="> - FEILAT < - BIHIER ¢
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.

[iZtwic]

%R0 T DEIFRE L — ¥ — 3. BT IR AR O G 70 i 2 IR B o #H AL7E
EMRT 272008 NV —VTHb, RAIFINETIC, RvEVRFT7XL VDR E
DINE EFBRIROKEO B IRAED e H T TH Y, HER, LVEoRvEVERE
BB B/IRRILKED P EED T WD, O DKE RS TFDHEEHEICIE, BBER
BARHICHET 2 LERH 5720, INETIC, HKEHRKI LOFEE—FEHHEL LT
Ti:Sapphire L — % — D JEEEZHIEH T 2 > 27 2 Z2FF L7z, SHE, 2OV 2T 2%2H
WTC, 9-XAFAT YV TRy DEDRREDHEITo T2 9-AFAT VTRV, AT
B KIRIEIRE) (WESRIER) %2175 720, SR FHRRAKFEOHTHHEKE ST TH
%,

(8 27 4]

ZDOWIFRICH V7 ER S A7 Ld, AERICH T 2HEOERLFALDDTH S, 7
JHIRE L CHEA 742 nm @ Ti:Sapphire L —# — %\, H2 @izt 3o, B
ZEF X VAN—NTHEES THREERIE, ZD2OICERT AL, HEFHEE
X o THEZBIMIL 72, £ 72, Ti:Sapphire L —# — D& 0l L, ML =2 2%
FHEL L C L —F =D R % 1T 5 720 50168 U 725 % BRENJE AL fao D 22
Wy 7 2 — B L CREES R 7 bR, HEERa st EREDETE -}
DBUHI L 72, JEREBEE a 20X, 105525 100 RDE— F 23— ERFRICIA AR L% b
OHFETH B, E—FHEE fepn FX¥ VT - v R —7 - F 7%y MEAEEE fecro &3
5L, nHEHDE— FOREEENL nfiep+ fero & e 5, Ti:Sapphire L — ¥ — D JE R %
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Do
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JEREL 2 2 D — ¥ JEREE nfeep + fepo % Cs R FIFEHEE O BRI EICcn vy 7 L, T 5
1T, frea IR 2 X O ICHIfIT 2L, COXDELIF—EL D, LT, faoll
Lo Tl ZHHIT 2B TE L RO D,

LS|

Figure 1 13 9- X F LT v } 74k v D Si(0a))«—So(0a})iEFE L U Si(le”)«—So(1e") iR D
ARZMPATHDL, INLDBBEFEHMOERIELZ lom! DT, 2 0DBEBEL > T
B X T 5, 26931.6 e ST ICHE A K IERFR 2 v — 7 RO N2 A3, 4l
Si(le")«So(1e"E B D Q A nfRE nF Il nzd o Bbh s, QXY K
i P RS, FIEUIIC R BEDIEA o Twd, MiEiZEs X% 25MHz TH H ., I E T
DEET L R TEL, BIE. Z0BBE. Si(Ba))—So(0a)) B I X U Si(de’)—So(1e”)
B ICO W T, PGOPHER Z A L Tt 2 it T %,

Spectral Intensity [arv unit]

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

7 =T OARESEB) T, MASER IZHFIHEN TWHEEREE TH Y [1]. MEMLF
DIFER R BRI ZFIZ ORI SN TN D [2], Fexld, T OKRERIRE) 2 EHRAVIZ 2B 5
ZEICEDAA TS [3], TOERBIIE, T =T ONERIEEID b 255587 0%, 0
ZZERINNC BT DTN B D, AWFFE T, Starkk 77 L7 ¥ — 2@ ICHIEL, ZhaE
L TT U E=TIZOWTE HRIERBIGE DM 21T - 7D THE T 5,

[EER]

LIZEBROBEAX & | Starkk 77 L7 X —OHFLR o ORRERT, 77V 72—, T
(2o TEGOMHEN /NS <72 d, EHMICARE —7eBRZ2 AR T 5 4], ZAUTfED,
BB~ £ 5 B 1 IRHE (High Field Seeker: HFS) & 55\ \E#IC8E £ 5 B IRFE (Low Field
Seeker: LFS) s X L FIZoBid 5, @& FEMICH LT, 777X —HD 77 Y —
IZONWTY I ab—ya Ui, +ol o EEARR Lz, ZORREEID, —F
OFEMTHER L, & 5 —FHFOEMI+5 KV EHINL CTRIFA L7z, ZZRIM2 & IRED 5 EE %2 R
AET A 70T, g A 4 Ak (REMPI) A7 RV EBLAIL 72, 7 2 =7 O iR
BEB LAY MAORBARESLTVD 2 TER (CA4, « X14,) 2RI L= [5],

P TR T =T K (28%) & 025MPa D Ar TRT U 7 LTHWE, IhvE L
AT B L, RE) - BEREE A BRI L2 R E L TEA L, i, A%~
— & AUy M@l L7, Stark 7 7 L7 X —E R TR A2 S, SEIRIZ I, Nd:YAG
L —H— (Surelite II-10, 532 nm) Thhie L 7= % L —% — (ND6000, dye DCM, ~620 nm) O H
71% KDP fifidhs CREEICE# LRI Lc, ZZMAMAREE T, 27 —& Lo X & ERICE 2

electric field of )
Y Stark deflector oscilloscope

X“\1_¢z

velocity: ~400 m/s
NH; aq (28%)
in Ar (2.5 atm)

Surelite — ND6000 —
AutoTracker Il (KDP)

move vertically

Stark Deflector ~15 cm

source chamber electrode chamber ionization chamber

1. RERORAE,



LT, b= ERE OO BT HROATRE 21T 7,

(Stark T2 LY 2 —I2 &k DERDHNDZEIL]

212, Stark 7 7 L7 Z—D&EE%E 0kV,5kV
& U CZEMfmel Lc R e md, Bt L —9—
ENT RO R EFRE LIz L —F—0m X i
I — 27 by TR L LIRS TR 2R T,

HEICHWZHEE D 5> B, 647102 em™ 1
lvo, , IK]) =107, 1,1) 7 & DERIT, 63865.2 cm’!
IX10%, L) b OERICKHET D, T 7L T H—
WZEEAHINT 5 & EMamo T 7 FREHS
Nnic, 7 FOBEFH, 011X HFS, 071% LFS
LR T E B, HARMITI IR BRI 2R ZE R 0 AR 03
o EMIFF STy, BRI E ool H
ZEILE PROMASNL TREDORE E & 2 T b,

(R L1=5F# D REMPI A% ~)L]

312, Y=0mm, +3 mm |Z5%/E L 7= REMPI
AT MVERT, X, 0kV,0mm O —7
ko 7CHIAL U T AR 98 E 2 | Bl 2 67 o
TRV F—EBEHELZ T,

0kV,Y=0mm OAXY Izl |, IK|) =
11,1), 11,0075 OB HIE 7z, 63868 cm'’!
FUTD 5kV,Y =43 mm TOAXT kL TIL,
I,IKl) =1, 1)0O e — 27 OHPEH S iiz, HFS
HD AT Fv7ed T, Stark 2R E=%21F 5
M| =1DRERRIRSNTZ L2 E®RT D,
LFS THH0"HEDE— 7 NEN D 6471 1em™ f+F
TTITEZ R, —F, 5kV,Y= —=3mm TIL,
LES H3ED|], IK]) = |1,1) D E—27 OZBNBLI,
M| =1 RE SN, 5kV,Y=0mm THHI S
7o B —270%, Stark IR 21T 720 |],K) = [1,0)F
720, LKL M) = [1L,1L,0020RE S5,

(EX:2)|

Alrl, EREEEBIHO Stark 7 7 L7 X —F&
fR& e L7, SkVEINT 52 &T, 01&07 %
ZEMINZ T BERTRE Ch D Z & R LT,

(5% X#k)
[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).
[3] bBEF —Hf ki BER.KE FE#H: 17

T =7 RERHRE) O FEZE BN T T 2 19 (=
3 ForEgESs L1 (2020).

64710.2cm™ — 5kV
------- 0 kV
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-6 -3 0 3 6

Y / mm

2. BBICLHERMAHTOEL, Y EHFRR
[FL—H—ERFROXRE L=,
10) « [0%) 1) <107)

' HLIKD

nstiparpoappglapi.

63858 63868 64701 64711 cm’!
3. Stark TILYE—IC& HEFIRER

MNEZT-7UEZT7IZT S REMPI R
Y kL,

[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.

[FFaa] ARt awiic@ < oM EER X, BRIEAEMORECIE R E 2 RESIT 5
FERTH D, Frio, 7AFNVERLEOHEERITIZE A EOHEILAEWMHETE 7O EE T
b, KT A X 2 BAK(CHY), 137 VX VEREOMENEHOR/NETLTHY . D
G AT I AP {RD 2 LT, TAFAROSFBANCE L TH+F L~Ur0a Lt
Lbd IS, —RIZ, /IR F7 T AL —DOFEEEIZIE~ A 7 a6z LA
HRBEB ORI TR /o TE T2, LvL, A X 2 2 BIROKABM-E— A > M
Ted L{iddbdUhsnetEzoh, v~ 7 alEnatomEMfizRETH 5, =2 TR
eI, KARIG A OFBIZEDL L THAFEE/R 7 — 1 VB A A — T ZICHS S FEEE
AR e E W T, A X2 2 BEROHEERRETGT 5222 I E Lz,

[SEBR] X 1 IZ5EBR A — A &g, BE D TR AR L 72 (CHap 12X LT, AR 7 (B
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WHRAAF IV AEFHE LT, TO%, BIEREZBN T = A MRPRL—F— L2 (71
— 73 : FIRYE, 800nm, ~70 fs, 2000 TW/em?) Z RS LU, (CHa) > 248 H L7z 7 — 1 U fEsiafe
28> T CH Z it & /70, CH OB A EESARIL Y — v BB RTO 2 8RO 551 [Hdh 7y
MaRWT 5, 22T, N7 =7 v —T7HOKMZE At 25 L7203 5 2 EfRH kD CHy
DA FESAZBEBRBIT 5 Z LT, N7 HFEROEGES A F I 7 2280 LT, KBIER
A THOLNTZEGEO LRSI A—2ZHH L, TORE N —R%Z2 77— =Ll 5 L
TRz AR "LV EST-,
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EJ‘EX‘D =
BEEST v FETTREER T755h a
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/ At 2y p
e ';‘" '(Z'Jzi VR
:> W J;‘ :> ::‘\ I
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QS To-T% =
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iRE - Bz Y —OU R
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[RREBEIM 21T, 72 A N T B —THOHBTHA UT-A A2 OZER 3 %773, CHa' (n
=2-4) BBl = 7c, CHy',CHs I, CHy ORI K> THE LT EE 2 B, 22T, CHY
DZEMDAICER T D E, DRI DRAZ VHEBEERNA A AL I N TICHKT HE DD
TREREZHEGEFOHIIIFBN S vz, EEIMUORLME Y, 2 BED 7 — o g
THEL, Kk 7= CHY D FITRR S5, — i, BERICKT 5 2 BROFIERIT
1%REERBEL LN, 7—a BRA AV T EHAWDZ LT, 2BKHKDOEE%E
BIRICBRT D LN TE T2,

B 3z, Ay TIREE DA A AESAORERIZELEZR~T, 2 TR T HORL
FIENZKT DA A O AEZO & L, #HNT XA —H{(cos’0)x 7 v > F LTWD, ¥ 3(a)
IZRWWT, RN TR ERZ A (531 2 5 S8l 2 M Gl 7 w1 - 7R is 97 5)
WBLI, EDO%, BRI NBIN D EERSY A F 7 ABRBI S iz, X 3O~ L
— A7 =V L, X 3(b)DEEBEEE O AT MV EET,

B4 3(b)D AR MVZIZZHE D B — 7 BBV TN D A, (RITERIRE CEN 2 EHEOM (X
T@A,% T/RT) ZROTHTZENRTE, 2N E TOMIEIZ I X, (CHy), F CHy
2=y MIUZIFEBICEEE L TEBY . CHy HEKRIZK T 2 SHOBA BV BMEEkOX ¥ T 7
Z—N2BAEPTHLIRFEND LEZLNTVD [1], 204, 28K LTIEEH6 ED
A BMERRNFE L, TO% %20 CHsONEREEAIZEI L TR 2RIk 5, [\l
BB L L CIINEEERR BN B 2D ) — XNBND Z L1 . AR OBIHIRE R L
B LTS, F72, VU —XICBTHE—7 BRI ENG~4B L72 b, FEHDE—
7 @25 B &K, 2250 CHy i FHOHMZ RN T 5L, @A, xDZNEHITx LT,
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BRI, E BRI L U (CHy), O A 2Bl xf LT, =R F— L L ED T
RIEEEED R D BTV A2l FEMTOZRIAXF—TIFTE L, “EEPTITA X U HKE
IXIFIFABICEEETE D Z EARBIN TS, Fo, BANERRD & RZES T FEEEE L
BB LW RERNHETEY . CHy 2= v NOWNERRERRIEN B 72 5 & T BfR 4y 7R EEEf
DEIL D L) AEIOFERER LB XIELTND,
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[1] A. Hamdan, PhD Thesis, Department of Chemistry, Ruhr-Universitdt Bochum (Germany), December

2005.
[2] V. Duarte Alaniz, T. Rocha-Rinza, and G. Cuevas, J. Comput. Chem. 36, 364 (2015).
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Radiative vibrational cooling of N2O* in the cryogenic ion storage ring RICE
(Saitama Univ.?2, 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 N,O" 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 FEoE LI PEET - R 10 T ERRF 902 TR 23D H A7z RIKEN Cryogenic
Electrostatic Ring (RICE) A ZFEV 7111, W Z KR D @ B 22RO L TR & 72
JT- 501 A4 % 1000 FOLL EEFRE TEDEEE Th D, RICE 1TFFEL T4 E— 2% Hl#L T
B2 B EIRD T RKRENWTTAY — A R0/ N T OFEREN A RETH D, FRESNIZ0 1A
TN BB CHRAME S O B 2 K> TEONERIRE S AS T | FRERE R IS TR E)
[ElERR BRI ST F A E— 22 HET2ZE0 kD, 4 13 RICE O MKIRER 4 H
WCRMEFETEHBERAA -0 FRIGE BT AL TD,

[EBR] AWF781L, RICE N CTEMUIZIERR 3 10 T4 N, 0t OIRENG EELHIZ H L L <7
ST2bDTH D, Ny OHIIRIFMEMEE—R, BT —R, IESHMHEET—RD 3 DOIREH hEAFF
ODAF L THY, FRITHEEL TODZEAE—R I Fermi 18 & O Renner-Teller 2 $: (2 L0 HE7 %6
e R T ZENMLIL TS, EBRIE, £79° ECR A4 R HON,0 e — LB(TE ORFFEFEL
ZIAEEHN =V —H BE T2 L CRIMIREEIC > TERSNDTPE T 77 AN e 35, B
OB CoNARRYIRTZET, 5 T A4 OB HNET R T E2BIRIT 5098 D TH D,
N,OtDFE IRIEEBA 2ET « X2 RERER I DWW T IREN LR B Lt B g E— R oD
KRR LT 3 DORREIZHE B U TEIIIZITV, TR UKL CEREREM Z L0 oA & B HER
(R T, Fio, IRERERRELL — R I S<HEGHH R ICIDBHS AT/ AR BT,
[RREBLE] WEOHEE, FRERFRH 10 LN TIRENRE DA D EEEIRREIZIE D OB 7, D
EVIRBAEN BT D2 EITRPI LTz, AU OA A ZREHEE TITEBLL TV, 3 {15
FAF LU TEIND COBLRIGITH D, BEFRFHE CIL, B RES A ICB WL ERE T 5
FERDPFOINTZN, FEEIRRE DA B WO U IAE D MR ST, bR BB I M i £ — R R o
WHDBETHHH, FJER AT e =X — A E R OE AT — R DBEIE 2 N 5728
ThHHEZZHND, AWFFEICEY, 3 T 58 OBEE— R 53 2 IREN D 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 KIUTIZARUA/SWLR ) ZLHh 5B EBEEZDERIINY) DLAZA 5 EHT 52 &
TO.4 KDBRENYILFT/REEERDLZ N TES, BREMICLYANY D LRERER
IREMEASE O THEER»ERICHL, ABNDFLEHICHIR - BET 22 e TE, o
OVA 7 OUANERETHES FOARI AN X —2ERE T TART 2 LA ET
H5. BRIEIN)ILEOHZEE, TNETOFUERFTRLLDTFA T > OBRKEDAE
By L THWSZ 2B LT3,

REBRTIE, XA A MR EALBRGOBEE R T=) > > TLpFr LTAVE, £F
WESE/ ZL[1]0 ERLANY I ATREICEET = VAR LAE, 7= >0l —+
—FRHELLIFDAEEIT->7. OPOL—H—IcL B UVHEEIZLY, EK 293 nm il
WT S, «SRenE— 7 2 8RB L, LIFZRRZ FPAOLTZY > e~ 9 LREL OREE
AIZERET % phonon-wing &AL 7z. RICRITEMEESEICLY, HBRHES LT
A A LREMPI) 5 AWT 7 =) > hF 4 > DEMK %S L 7=. zero-phonon-line[2] MK

£ 293.5mm =BT, / ZVBE 13K Aniline (Aniline-He )I
DRERBHETAI(IN > 1091T 10° "
(aniline) , AFA > 75X —(n> 10) it

DEREHERL. &7z, RETAZXE 5 10 - ' |
&i#{bd % 2 ¥ T(aniline + He ) F % % Aniline,
SHEEH(n> 60)EBAIL. ART b L

IS L 2EEY, SR 3EBER = ”_ig
IZDOWTERT 5. o

[1] S. Kuma and T. Azuma, Cryogenics o _wﬁwﬁlﬁm_\#ﬁmmﬁrm

88, 78 (2017). 100 150 200 250 300 350
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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 DAKAEBLIIIGAE— A MUELL]R, v A 7 22 X 2 E#EfilE o 52
BIZRIAEShTWa 2], BxiZZnETIZ, ~U T ANY 77— HAHANT X 2 IKEAKE
D=L E AW E SRR DM 21T > CTE T2, ORI K> TIRIE S iz
MBI R & v o [3] O AL & b L, —ER{kn (Pb0) 431 B(1) (v =3-6) IREED H)
IRRESY A 10 MHz Okt JE B ARG B C1T - 7= [4],

AAFZE CIEFERRIEE 2 L 0 0 B b S8, X0 IRWHEFEIZ DUV T Pho D4 %17
o7, K TICEROEERXZRT, B/ALNEHOREIEK PO k2 LA L —HF—TT7 7 L —
Ta L PO KUAZART 5, £ D Pb0 XUk %Z He Ny 7 7 —H A LHEIEDH Z & TIRIE
D PbO "L EEV HL TS, ZOPO a7 —7 L —F—TChhZ L, #tEtE
HEE CBIAIL T 5, RTOME 4] CIEEREHe v /MTIc e — A s LTI L1+ %
BHL TR, SENITEALZEBHLELONE CEEITS Z Sl Lz, Zuc Xk 22
7 MVERIEIZIR IS S To MBI C & 20 T O8IEZ < 720 . ENTHIE TE o BB O
WEZTHZ ENHEKD LD IToTE,

S A L —H—

Juo—7 L —H%—

Tz 42—

PbO E#EAR  PbO 431

S

X 1. FHAE ORI



Bf5 L= A7 s Lofi %2 2 1R T,
D7 Z 73 PO DfhiE A2 VT,
TorI 7R ZorOFEETE2R LT
W5, =ZuORIAESE L TERLTHE
FIZEDLDYA R REHNTWD, 20
DI AT K AWTHRIAZEREE T

X0 (v =0) 75 B(1) (v =5) IRHED 21>] ~D
B OIS ERE 2 E Lz, @& H o7 oo |

o7z A7) (v =6, ) IRREDER 2 IE L 7=,

a0 -

sigral intersity (arb units)

Z

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

DIRNTEL, DHEBERE LT (FK 1D,
HETIEEHIZ, B (v =2) & A(0) (v =8)
REEIZHOWTOHEIZOWVWTHHET HFE
ThD,

a0

70

60 4

a0

20

0o+

0 -

.HJ_..

Lol

550

BEL W54 W55 G55 S50 5950 GeR4 RS
fre guency —683000 (GHe)

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

DfEEA =27 P L ez & u vy OFEEES

F 1. 20020728ph O @ B(1)IKRE vi=5 & A(0*)IRAE v'=6,7 D/ HELL

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(O* 6
©5 207 22366. 4121 (4) 0. 249045 (4)
208 22365. 9972 (4) 0. 2489539 (14)
206 22801. 34197 (19) 0. 24754 (3)
A(0Y) | 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 T 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] "No 3 FD L KB, RREVAEHE -1 OFHLEA—XHFOE, TJTILIH
FTHAEFORINEEFAEVAEHE -1 L LTERSHEERTIRLVVIILEE
FREABTENTES, COETIZEVWTEHIZEFLEMNELERING VO EEEFHN
N=0 ORETOFMAERY URET I A UHOEEERITEKEVAREHRTHS, K
METIE. BRBESFALZZANT. BRREVEBEFREVICERT 2 MMl R U B
BEARZAEL. TOHEEERZH-LEHARNLRETILZBEME LTS, SEEE
HEET DN FD DT, (v=0)-E’L, (v=0)E TIX MMHEEERIZBRICEA S TS A,
BMMEEEERICOVTIED EREDVTRIZCOVTERESATULAL, SEIZCDER
DEMEEEZHBT 5012, EFNFERL—F—ZAVBAMRIRSHIZK S Lamb-
dip ARYT FILDBIEZITL., BONZARY FILRICDOWTEE LT,

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

No DFD B3, (v=0)4REEIE. FEEE 99.999%D N, BB K[ARERETSATET B ETER
LTz 75 ATIEAE 10mm, £ K 44cm DREBEEBF H R EILIZN, R KA F £ E 100mTorr,
ME 2.0ccm £ FHT7A—FHNDHL L WEEE 3kV. Bt 150mA DERMBMETER L=,

(#FR - EZR]SEITTEMNRFERERIKRE &GS DS (v=0)-E’Z, (v=0)D R(0):BF D Lamb-
dip AR MILEBBAT A LTI LTIz, SOARY MILEREIRT - QMM R U B HH
BENHERT I ALY —ELRE Figl £ 2ICFT . 2BEFAEVAEHES-112&>TD
KEED N'=1 HERLIE 3 #EFL(=0,1,2)I2HH L. ERED N'=0 ERLITE—ERU=1)EGE D,
R(0):ZBF TId Case b NALIL L TLA LD T, Fig.l DEKEATRT & 512 AJ=+1,0,-1 D 3 KDB
BHTEEL B, SHICROTIE.DEREBIEIVTNILERRAEVABEE N0 FE2 %
A5 EMD. Fig2 DEREIMNFRT LS IZ A=+ [ZIX 10 AR, A0 IZIX 8 AR, AJ=1IZ1F 4K
D AF=+1,0,-1 DEHBEEEBREZEET ILELH D,

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



TI8EBELI-T—42Z 16[EEBL. TOFEHNZWM--3DTH D, MWHAEEDIRETA
EDHENZDBEICHELz, TOHRE. A1 X1 RKDFELEF--BLE—IDEHDE
—JIZHRBLMNTTWSHEEE LT, £z A0 EREBEEDREVEHRDE— HEL -1
BELLTHBShI-C e, BREEEERIRNZI—UIEASH £ 0 TRRECEL

DTWAHAIENEREIND, —A. AJ=1 [JEFTDRENNE L, N VVEEDHEEE TIEE
2 TULVELY,

BB ENTRICHBTEULN>FERELTE. T—2RBEFOL—F—RERBDIES
FENDEBRLOMBBEDMIZ, D REDBEHRENEZ NS, DIRETIE, BET 5 C I, IKEE
EDEF-MEMEERICHESAHARRAR S EAMONTULVT, EEIC DL -EL, B
[CTEWNT v=1 DIRETIZARY FILIRIEN D KEDREREFH N ITIKTF L TEA S Z EHE
BENTULS[1], v=0 KEOFIEARZHICLLSBRBEEHERT H-0IC. E—EBHEBELR
DR()D J=1J"=0, F'=2F"=1 DE# Z BIE LI-#ER(Fig.4). FWHM H' 83.7+0.6MHz T &
1=, BIHAfRREIC K D RARY MILIRIEA NICHBIT B ERET S E RO)TH | RADBHMMAE
EDORIBIEFE DD 2MHz EBELHEESIND, BRI SNZARI FLTH, ZTHITHIET HE
—IODRBLNTTVEIELSICHLRADD., ELLIRENZLDT I X1 AZLITHHT D
DIFEELZIKREZ > TS,

ULZRFEZAE-SBOBEL LT, £9(E D KEDORTHARBEOZENRB /NS LY P(HDX
RI)PMILDBEEZHEIDDZENDLETH D, T, AIHBHEOZEICLDHARY MLIRIE
DEEHZHHEWEAZITSHIC, RO)E PQZEFES I ABOELBLIEZEFEAT D

CEEETELTLS, =2 =0
N J J F J F
] A
2 2 ; 2
, ) 0 0
0 0 3 3 0 1 ;
1 a 1
1 315 1 1
1 AJ=1 A0 A=+ AJ=-1 AJ=0 AJ=+1
Fig.2 R(0)D B A Z\Z
Fig.| RO)DHBAEEIEFIH B ig.2 RO)OBHHMHEE AR
-~ -
= 0.08 z |
E  0.03 83.7MHz
2 ] @
-2 0.06 4 N —
-:% S 0.02 |
n L
,'é 0.04 :
5 -
ﬁ p—
— 0.02 4 0.01 \I\F/\V
7 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 H—B##iEE %20 R(1)DE
Fig.3 R(0)® Lamb-dip B E g4 8 ’M’"‘mfg’*?ﬁ ”( YDER
S E Xk (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.

(&)
DFEBRTHAINTIKEERIEFERORKERTHY . BEREFOBYESIKIIFE b+
URIILHRICE Y ERMICRBAEEEZ DN TS [1], NSKFFBRDD A TIEHESRIZE
BT DI EKFEORF—TINRFICKDIEFRMGHEEDRBAAMBEAZKL > THFELE
mOAFEoNED., TOERBRETHICEHMBAIATLEGL, ZZTEAMEIL., ERICHEERE
BATHIET, ATHICHBE L ERADEA ZSNBENLDFEERAVTHEET S
ET. NSIKFERBRDEAREICETIMEER/ILZBELTIHREEHT LS,
ZTOE—BRELT, NSKFRRITEEREZEAT 5-O0FV/IRFEZHFDOHIRSF
DRAEPDELLEEZMN. NSKFRBERIIH K A —F—DEETER SN D -ORRERNE
BTV, TITNHAIKFRHEORDOYICKEZAWEEERETD I aL—2a ERET-
fzo Flz. HIRFRNHOBEEERDEREENMEZE=FI—TEHIENVELLGDLIN, £
DE=OIZT2FzL—F—TYLT7 URELOEBRZERICOVTHIR
&9 5,

[EER]
@ Hik
1 0)J: SHEHERDIEZEIL (Tom x Tom x 6em) D E 1< A2
BOEIVEF (HRIRBKES 9. TMHz) 8 ROFRIREIEL T
BRYUMITEHI & THEETREKPIZRESE -, HBiRFOM
MNMAIICRICETVHRFEZERE L TRYMFITS I L TH
MKzEEE L. RIRFOBKBZIRE1T 5 & THIRBOHIR
FEZERIE LT,
@ JYLTUEEL
COHEIRFBT.HIEROETAMICK L TEEG AR S He-
Ne L—H—%BBIEDIE.TVILTUREICE>TL—H— |
DEREN S BEROBRKB A= 1TL T FLERRELER A A
ST D, LAY —SEESE T ILT U HEESDE — MME - ?
EFRHET S L CTHERODERMBEM MZFAELZ, £, X 1: VERR U7- Btk e 3

&=




HHEERNEASNIZKPICHFEN
Bum Oh—RSF LEHRALELEEK
DEICHRBET S LT, EEREOARIE
AT,

[mV]

[(#ER L E%]

® Hirs
B 2 [CHEMEROERIFEZRL Iz,
9.6MHz M E—% [ Q EA 500 FED S L 4
REFEEFE DD ENDLIL o=, FSR (X

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 OEREITHIRSFR lom, F&E [MHz]

1500m/s &4 2 & T5kHz T & Y ER & SR AS R 2 : SHREOIRIHE

£ L%, COREFHEHHADRERLITER
TOEEEILTHATES LHI LT,

@ FYNLT ERE, |
B3 St RDEmMmESTE R Lz, EmE _ °° 7
WHERORITHBETRY ., ERBRESFIE T9un = 200+
DEHEFHOERTINIEEKES 9. Mz DBFE 100
ROXERE—HBT D, COERBRN S, FRON |

[N N Y N A T T T

400 "

[uv]

o4 1
SKEMRBICHTHERT, TULT URERR L N R ) N
ERLCEEROEMBEANTEAET S fum)

MAREIC D L PFE NS, R 3+ BRAEB D ZERBREL S AT

HHEEEROFEEN TV ILT UBELIC & - THEM
Hont=h, T THE=5IE OB ELERF R
td 2B &R A=, M4 IZHIFHZDIZH—RS Y
FLEFRA LBEMER TRV ZHRFER LIz, Rk
(& He-Ne L—H'—T., KENFHE M RDETHR E R
LTW3, h—RS5 U5 LHTEMETEF K DI HEE
Sh,BIRICESS| L= C & CHEEERZAIRIET
5T ENTE, NIKRHFERTOERRTIL, 58
EERICE>THEBI A4 FKEFFZEIE
5 ENTREICHED EHFIND,
SEOHRMNS., BARZEEICL-EUVHIRES
FEHOHRIRFOEREBETORERKAEESHD
E-A—FEEEITEHLENTE, SEOHE
TEHIEEZRANSERICKA TRKRDOERMNIT K 4: hV—FRT U FLE2®ALRIE
ABMESHIIREIZH D, BERNOBETF

SE 3
[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.

[Fram] 787 KFBARES TS s BEfgE s & Z) ZEnmenT
BY, 2oL Ao CHsF & K—7 LA, 20 12 H O
BATHEY A M2iE n oA hkEE02- n)ﬂﬁ]@/\77k7ﬁ)ﬁﬂ%@“
HEEZHNDDT, i CHsF-(orthoH2)n 7 7 A X — L IEA
TW5, (Fig.l &0R)

CHsF-(orthoH2)n 7 7 A % —@ CHsFivy/3 2 R(C-F #K#E)) & X7
K FEOIEIEZ(QLONIZ OV T, FTIR v 7=m%e[1] 2k~ Figure 1 nfldA4/L k3R
THEEOE = BHFET 22 EBMBNTNDS, FAITINET (AR EA2-DED /T kFE
(28T KFED Qu(0) Ii"“*?ﬁ*ﬂl“)b v C CHsF-(orthoHo)n 7 7 A% 5 70 72 CHsF-(ortho Ha)a
—IZEENDAIAINNKEZEEOE nIcL>TCE—I N8G5 % 25 2 52— n=2))
el LT 5,

— TR UA N FKFEOEZ FF 1 6_""""""'"""I""""'
CHsF-(orthoHo)n 7 5 % 5 — i b 3K ~F (a)

14

D QO E— 7 RE L TN = b bR 1.2 E
LTHEY. ZORZUSWTIEARBR A o 0.8F E
NELBINTNS g 04F 3
2 TRAEIORLY 5255 T (.0
KU B O ©— 7 ORI A P 6T 30

2 12 DD EBRIT R 21T = (b) -
[Z28x] HIEICHW DR ESIE para—H2 B
A (5% ortho-H2: ~ 1000ppm)iZ CH3F %
20ppm b L < (E 40ppm IEA L7=H D%
K IZHEN L7 R BIcR & 1T, 20
#%IKTT=—V 7 LTERLE, #l 1039.40 1039.50
IO IR L= =& HV o, —  Figure 2 FFRIFGHEIC L5 CH3F:vi/S Y KD n=1 ' —
Dif para-H:QuO) T =7 =MD 2.4um 7 gogsfp, SEBERE 1.3 B2 (@) B) & 5 R ()
® DFB L —#— (TOPTICA, DL 100 FIOE— 2. ZOTHEb) &3k B b Eir = A0 B

DFB) Th%. &9 =D CHaliva 3oyt 7 QAP E— I CT 4 9T 4
RA® 9um frﬁ@%?ﬁ%# I L=
LB o=,

—(Hamamatsu QCL)Z% B & #x(Z18 L CTH

L parbvrvileragl ||||||||I||||_l-

residual



Wiz, 2O B0 L —P—EEATT D ERR Lo by
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SRAT AN —FMoT ERERENO  § 0.157 -
et AR R L7 S 0102 ‘ | |k
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-5 KR ST ARERER I > T H R QO E— 7 BEDZ b, FERIERR D 1.1 KR
ROREE & D, £DT ortho CHsF & (LB & 5 BEHBOTEY) & 2 D3E(FEY,

paraCH3F TlI/XZ7/KFE L OHEAERHMN
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HEND ZEIZHEH Lz, ZHAEFIHTIUTHERIERER D AT ML & fEERD D FEF A 72
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RDWEDENEHD ZLENTE D,

ZOREREMN Fig.2, Fig.3 Th 5, Fig.2 IZ CHsF O A7 ML Th Y, FEimic ks e—7
DEABEEZRLTVDE0)E RS EE(LEIFI=ADE =7 1IhEI SN, —HBEEDO/NSWE—2
2% para-CHsF Hi3e, F872% ortho CHsF Hisk, —HFHEEDPRKE VW E— 7 IZOWTIXEEMA D 75’/)
TWRWSIRERIFREIC X 0 35 Z & et s [2][B] CHERE S s | ARSEBR T b [AIERICHERR
SINTc, —HT/NTIKFEDANRT FUTHONTH Fig.3 1R L7 & 9 ICKFREIC X > T—H o
E— 7 B3 L O — 2 BEINT 5 2 ERER SN, b0 —2 O EE L CHF
DY —7 ORDHE L 25 2 & TRIKEZEOE—7 O—EIZOWT para-CHsF HkTH 5
Z LR, CHsF OFATHIECTRIFEE SN TWEE—7 LRICHEEZF > TWD Z E MRS
72

ZDO—J T orthoCHsF ik & B 2 5% /3T KFEDE— 7 H[E U CHsF-(orthoH2)n 7 7 A%
—POEBIEEL TWD Z e bR S, NTKEOE =7 NEEITHH L T LEAIZONT
I% CH3F O AL b="TEAFLAMI BB 5 5 Z L 00D ZOHEBIZ O W THRFF Th 5,

< BB >

[1]K. Yoshioka and D. T. Anderson, J. Chem. Phys. 119, 4731 (2003)

[2]A. R. W. McKellar, Asao Mizoguchi, and Hideto Kanamori, J. Chem. Phys. 135, 124511
(2011)

[3]Hiroyuki Kawasaki, Asao Mizoguchi, and Hideto Kanamori, J. Mol. Spec. 310, 39 (2015)
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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 ?,
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 E I IS W e AL bR T (o p)XFREN & D, 1T
FFETIE N D op REERMAR AAEA OTFEN], KO o-p LG FES O R H [2] 3 s &
NTWb, —FHT, TORNLIKTH S S35CI17Cl 23 F1% op FMEEFFZ72\, £ZTZOD
20D FDEPININV F=T VBT, op MIFMEOFEEIC L OMEREZED Z &%
Hiy & L7c, BZUERAR AAEHIE He DIEHAIAN o-p IRHERIFH BAEHICBERT 572, op
XFREDOG HEIZ LA MERNS AT & U TN ERHE AERAE (BIEEEE) 3% 60n
%o TDI, WS SHOEBE~A 7 all o a T, V0 EFE BAEH e E R
ETHI EE LT,

[ - FER] BIHEESHONEIX, Fy 77 =@k 1 K 1 ARy TERITE 5
TN AR TH D, ENLEERZEKFOBERY = v bEAWE em O IR
L FTMW 43t & T [BIERREEAS FLER ARV I [ETERERS 2> T BRI G s 2 L 7o
AT MVERE LTZ, 632 K ([Adz&E 3 J=2~10,Ka=0~4) OE— 72O\ T, &1
DIFBEEATV, /N RIEEZHWTEDI NIV b=T 2 RE Lz, GUERE—FHEM) o
EERZZT 0.4kHz & 72 2 LA TE | MGG & Uik, BIUEMBHE A EHIE HeDiE
B, ARG BV E Hysg DER C 2 E LT, #ERITE 1177,

[t « BER)] S EE L= EE L S35CL 04y a4l i LT, 2505510
Hamiltonian (ZOW T O a7 9. 2200 CIXEMRET#N R 5720, y2kAkL
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R 1 AERRE LT BHHEE E

L TH AT O,
£ 2 505D SCLZORZI EHEH AL
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qi DT T 1 72 DT, AERE
e, T b I EMH A /EHE HelZ
BWTHIERELZEZD op XFEOHE
IZ XA MEIIRE S e o 72, IRIZ 35C1
B ECIEED yuZ i LT iR A 2 12
RY, BCLEZ & 37CLEZ TIIEZ U EARE — A

Vb Q BNERDIED, R TODLL -
Q4/6%7 =1.2686(4) [3]% FvTHIMEAL
LTW5, & DRER x oD HITRAZEH T
1&700, ZOGAENERELBZS o
p RFEOF I X D AE TR S s
Molz, BAE EESEAEERIZ DN T
X, T CIRECTE 72 2 D4y 1D 35Cl
BEORAIEICOW TR LA A X 3
T, A B RIS AERER CIE
B g N¥ gr &EHAER B % Hu\T
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—

S,35cP7cl
3CI(1) Ref[1] 37Cl(2) Ref[1]
Xaa —7.1679(8) —7.176(5) —7.2032(8) —7.196(5)
Yaa * K2 0.75(22) 0.62(22)
Xaa *J? —0.14(2) —0.09(2)
b —16.389(1) —16.379(6) —11.874(1) —11.874(7)
Yia 23.557(1)  23.555(6)  19.077(1)  19.070(7)
Gtop — xeo) *J2 10.12(2) 0.088(17)
Xab —4898(3) —48.0(6)  38.87(3)  39.3(5)
Yo —22.19(8) —23.8(11) —17.58(8) —15.0(10)
Wi —30.63(2) —30.69(16) 23.52(2)  23.68(11)
Can 1.08(5) 0.8(2) 0.81(5) 0.8(2)
Ciy 0.43(2) 0.36(2)
iy 0.41(2) 0.34(2)
oc = 0.398[kHz]
X y VA
1.004
1.002
| }
0.998
q:i(*°Cl in §,%Cly)
0.996 E q;; (*3Cl in S,35CIF7CD

1 22905 F0 BCLED yi D

DL LTRLTND, TOMR, M | x ¥y 2
FPAT 1 2Mx 22 L3 oToD T, EM 2 (5Clin $,35C1,)
1.

A st AAE T Hysr (2OWT

b op RIFMEDOAEC L A& ITMmIE | 1002 Il .
niginoiz, 1 l TT
0.998 I E qu(*Cl %n 52*3CIF7Cl)
[Z%&30k] [1] A.-Mizoguchi, S.Ota, | 0996 9u(*7Clin $;7°CI7Cl)
H.Kanamori,Y.Sumiyoshi, and 9 35ClEEE SICLKED 415 D HBS
Y.Endo, J.Mol.Spectrosc.,250,86(2008)
[2]H.Kanamori, Z.T.Dehghani, 115 a b ¢
A.Mizoguchi, Y.Endo, Phys.Lett.Rev. .
119,173401 (2017)
[3]Atomic Data and Nuclear Data Tables 1.05 { ’
111-112 1-28 (2016). 1T L 1
[ EHENEBRRE D FREHRS 0.95 ’ ) Ri(*5C1 in $,%5Cl,)
(£X,2019) 09 R (35Cl in S,35CI¥7CI)

X 8 29o0453FD3BClLEED Cyd sk
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Si B4+ VDIREFHEERZH S EEEFRHABTE
(HMKHE - R - REKE -/ = —FTHRY K- KiEX®)
OfRHET *, ARE" BEXE?: HIIK -,

HEZE *, WAEFEX, REIT", V. Zhaunerchyk?, K. Hansen® ¢

Slow electron detachment process via weak vibronic coupling for Si2™
(Tokyo Metropolitan Univ.?, RIKEN®, Toho Univ.°, Gothenburg Univ.%, Tianjin Univ®)
S. Iida?, S. Kuma®, J. Matsumoto?, T. Furukawa®,

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 FIEXEFRMEICK D ITVRAKE TRRITSENIN DD, NERERHRIZKY
ZTOBEFHIRILF—ZRBIRILF—~NEERET D, F-ARNGERRICBUEFHIR
LWF—ANERET IBELEFEET S0, BRFAFEAFTVICEVWTERETHEEIY £
MR VEREFRBEEENCNETHRESNA TS, —AT. 2 BFRFIEZTDKE
BV IS EFMEKELIRBBEKEDIRED Y 7 VT I2 K 5NERERBRARR Y D
B, ChFECEEEFHREBREIESHAVEZEIONTEYREEHINTLALY,

ARETIEFHER A4+ R Y (TMU E-qingZAWNT, YU SRIZARLTWS Sis-
[CL—H—RFEBEH L ABEFREICEIYPHEIELIZSLZY D ITOERATLICEIMIz2D
DEREBEANTHRE L=,

AAXVER) VTICKYER 2 RFRFTHSD Si” ORVWVEFHBE & EREE TR BE 2 85
BIZHBEL. 10 uss A—F—DBEBEFHBEBEOSAIKI Lz, SoITREATZE OPO L
—H—ZFRANTHEER%E519 52 & TS, DIRE - BEMEARY FILERIELT=,

ARIZHIE L1z Si,” DIRE)EIERFIFE R RO 10

FLERT, S FEERETHS X 54k Sos| T pem®) f
REDHF A 200 em? £IZ A AL KEEATFEL § os | |

THY. SOAMRES SRERERED 2ol [ | || N

T, ARHEEBTHE, CORD. BEE £oof | | | | Pd,hlf
#IZEBH & Ntz Prompt X A 2, — T, DBH _ © QQJMﬂQ;ﬁ;”V“

ISk HEVEFHBBETSHS, —HT, % 500 e e

FE#& %Rl L 1= Delayed [£ X 27, — B2y A &8°°[ * g'2  ° ° T
SIREMEEEREZRZTHMYE S, AERLI-E %;0,4

EEFHEBRETHD, COBENS, g 2 %2 |

JREEE LT A AL AEET 5 Si, OEREEF 17650 17660 17670 17680
Bt BEEOHEZHEOMN LT, Excitation wavenumber (cm™)
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AR ) —=NVGFDO?A 7 aEE—< R IV
(BILKRHE , EMNRXE! BFRD) OFARNEFEL 2« H)IEH =2 /IRPIBY 2+
B H At b -
Microwave Zeeman Effect of Methanol IV
(Univ.of Toyama?, NAOJ/SOKENDAI®) K. Takagi?, S. Tsunekawa?, K. Kobayashis,
T. HirotaP

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 JK
transitions at a magnetic field of 7.5 kG.
CHsOH 75 CHsOD ~ A F CleA% A v 1,0,1I [1,2,3] & LCCHsOH 3D~ A 7 1
WB—~ R E W > TELN, TN T XKUY 2215 %, 42 61E, CHOD 25, =
Doy DR A —F—ITBH SN TWRWD, FHEA Y IR E RNEEREV RO H 5
77 F & LT CHsOH & O THIED & 5501 Th 5,

FT. AFETOZLEMHEICELDDHE, BUEETIIAZ ) —LVDEMA—F—DE—~
YERNRIT WL O OERB TEIl ST 5(4,5,6,7], EFEF TOMGOEERET D720
X Z O FOEEGERIZKT 5 g FRNLETH DM, 4 F Tl preliminary 728 O L)»
o T-l8l, Fxldk, FE LTI VEBETOY—~ U2 RollEIc kS, BiE gKFT Y
VDR 2 RTE LT, ZAUT XYW CHsOH 437 O ff 4 DRIEER IR LT 5% DORFET
gRTHRETEHL DT T,

A F TOEmNRE N EEZ DD L, ZHNOMYE B OL LT, & 5EERIEMN O —~ %)
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: [AlfH, p't PNERIEIEL A S A
TH2 b5 E LR, HUE 4 EPRNEEENSOFFERLTCND, 22T
P'=p, — PP, 4)
T, Pyl EATF RO MEE RO a #liEs T, ZiE“nternal rotation axes” JEIER[9]TI

LAY HXHES) & L CoNEREEOMERREET (EpiEp=1,/1). A% —LD
B—~ 2R 1,0 E Tk, WEEHREEEE D a il & A F LV FEO RIS —8 LT\ D &y 5 bl
BOBNEIT, g T > Y VOIRSRSrg (8 £ Vg, WFIEH L, Z O3l 2L EE TR
At UMERR L7=, L2 L CHsOD  TIiEZ ORI D L7272 W2 E R TR EIND DT, LIk D
fEHT Tltg, & LT Eq.3) &5,

FEBRA72E TIE, BIGEEICKRB A MA 72, RAITIZ T TR 0 L HP LI DT
HHN—RDOEI 150mmOA (R4 Y L) Z 74mmOfRETH2WEbE, RS
FCH 9 —® M TES 300mmE LZbD T, ZOMOBSEOMSIIH 75kG Th b, —
FRMEITH 1.7% Th 5, B35O3R S 13 DO EERRFIZ H2CO @ 1oi-000 £720% 212- 1ufRDOE
—< RNRAE LEIET D, BAET (I,11) K OBEEATRL 220 —REME S LT,




CHsOD ¥ —~< ZhROFIE W : FT5kG, B . RT7A4 T A AEE T, low J, K BEBHR
NEBO v =00%4) [10,11] #8B0, 20OF—~v 28D -2 —2(AM = £1) R34
—(AM=0Z#H L, ¥—~r @z E L7 (Table 1), 2% s i3 bIMUDOE—~ ks
OGRS 7.0 kG (A L7=M% R~ L7z (CHsOH @ s &l [1,2]107290),

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 | 2110 92075.59 0 triplet 1.09 (0.05)
L9 A | 322—2n 136055.26 0 quintet 2.09 (0.02)
L10 | A | 321—22% 136102.22 0 quintet 2.10 (0.02)

Tablel D& L3 & L9 Oy 7.5 kG THHIL 7B —~ 2R 7 zaRd,

03
*
+
02 g
<
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Fig.1. The o0 -component pattern of Al
—000 (L3 in Table 1) at 7.5 kG.

The components a and b are for M =*+1
of A 111—M = 0 of Ooo. -2,-1,0,1 and 2, respectively.

Table 1l DY —~> 5% s % Eq.(3) 128> THEHT L7228 BWKEE Ty & gap (B £ 09pa)
EPO BRI oTe, TIVHOERERD H 7oL, R TIVREIORIERIEV > DOER
DE—~ U REBIT L2 ENUETHY, SHBROPETH D,

(11w AR F LR B RN, 23 20 eif5E42(2017). (2] W&, RpFEs
(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)

Fig.2. The = -component pattern of A 322
— 291 (L9 in Table 1) at 7.5 kG.

The components a,b,c,d and e are for M =
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Fa®Ray BC-B#EED N RVEEBHAEIERDOEE
(LKBEE - KT - AEBZEKR) OHPEE—, FKHEMN, SR
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 AEj; 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 C-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.
[l beRe il 7 BRFERILAY T

HEREBIIHRETO 28Iy Fok
JVRIMERT (07 & 0712245 (AE,=0.97380 h
cm) b,
Fx X, FIMW S %EBR %217V frRo o Be i
02

AR b o LI U THEAE, 5 L7 2, N Ay -

BC BHAOLATAZR L O LS ICEET D, C-1 7
BLOC2EHRIRIE b o FVEBNC L Y BV H H

B B0 EIEIRIE (O, OOBAEBSRESE 997 08 80 N0
DR T » o AR, BT L ¥ ’ g N/

(ZE)DF Ay 13-1372cm ThH 5, C3 & C-7 W :
BLUC4 & C-6 [EHKH]TILZE DIEA; 1T LY \
/INEL(0.572,0.140 cm™), 7= C-5 BEHAKITHR PN 6 . ¢
RART v LR, C_S _T_’ b (5:_2

Z DFERA; D/INE N C-46 DIITB Y1 L 1F
ERIC bR VNREZ RN, AyOREZR C12 D
AT N R VEEIDHE S VTR S 2 SO
WP (C-1 & C-2) GRS RDFNRGD T, FDOEHEIXZE DA BT D b Rvsy
ZUEAERE DR CTH D, £72. C-37 DHITZ DOPME A e 5,

KRR T v 2 % IUCop kR B FEDBLIT 10 C-5 BHUATIL,  F 2 R VEIERL (07 & 0) i
RETRAEANEN, B =Fady + Jolo)s DIEAET 203, ZAUTIEME RS Ly & b o VRS
KT2HD0THD, NIRRT v v )L ERD C-46, C-37 35 LN C-12 OF CTIIRFMEN
Co(M) XY CsM) T L, L0 8 b o 3oV alstl AR 2 752, AR T hriny BC
BRI O BAER Z fffr LC. b oV REGEB OFEM A AT 2 4 B L Lz,
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[figdr - B8] HoH+&
C-5 Bk CITIEIE% L &1 | Interaction Constants for the C,(M) Symmetry Species

I FLAE 25, F=16.456
REfRREA(F=] MHz) | C-46 Cay C-12 wi)
L 15879 MH z) #E 541,
S DEHES L8 Lk F 15.9961(30) 14.3427(58) 8.876(33) | Jalv+Julu 0
JVIRIEZERS DS 0.6kHz FE D D — —7.49(165)* — iJ. o

N NG H > N
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R 2R T v &
£ Cu12 72 P ORRICIE F, 2.23 (62) 5.65(54) — JJwtlyJ, d
BMHz DK %250V D, = 0.684(148)* 12.02(153)* e d
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Be oz X 0 stFED

Coy(M) 725 C(M) IIE T+ 5720 Th5, 7205 C [HllslE v ORFMEO I L v [F%
RO (A bR ST, EEEEEXNC L D550 T A p DHBREEL 72D,
> TAK, DEFBOWEN N M AEERNTE & 725, BIAE, BHRME Lyg) X Hrxn
JERE g DEAECTH D 45607 b VR BEA/ERERF = <ul Lp(@)ll> 13850 FDEERF, &
F =2cs Fy DGRBS, 22 Te,s 13 b RIVBIEN OIRREIRA u> = cli> + slf>, 1> = sli> - clj>
DRI TH %, —J57 C-46 & C-37 DAL TIZ, b > FIHERN ORI AE Fu = <ul Ly(g)lu>=(s>-c%) F,
WRFE ST (F 1), MEEEOBRIZH D5, KREILZ OREFRE R =3 2),

EPERESR La(q) DR 4IHIE
MHz

[AIHETEEL A = <u/ll La(q)lu/1>"C
HOD, TOIEXNAE A =
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DIEE 1 MHz FRO 84 5. 2
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1
1
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1
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1
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I
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REEDIRAITE T RLF 0
—D7E Ay DN & D
L C-5 TIE¥ex TH DM, X2 HEFEHEHR FIATRE F. GEXAR)
C-46 (43,57), C-37(25,75), C-21(9,91)& A IZHDT 5, ¥ BAM PRI C-37 DI TIE
5 OO AEAERERS LI, IRAGEIGHE T U O RIERICES 785 C21 TIX L 0720
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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 ORNEREEE Y RO I VY = v b4k
(FUMKRBE - B) oMW 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, Hs is attached to the nitrogen and
hydrogen end of HCN, respectively, for (0)- and (p)-H> complexes!! 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;-X¢ 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.

Juew

[FF3f] Ho-HCNIZH, & HCN 355 fha LT FEEIK T,
H, & HCN [ZZNENNEEEEZ L TWD (X 1), HalX
WEBEHRRTE ji I KV BARDEAE Y I 8B, ju =0
T para- (In2=0), jiz =1 TliX ortho-’k#%E (In=0)Th %, i
2 T(0)H2-HCN $EAEDILEREE (juen=0)" NI, jy, D5y
FHNA Y (ky, = 0,1) (2K D ZODUERL, By (ky, =0) &
o(ky, = 1), MFIEL ., Iy HERLD 7 8Z0 HEAL L V) 40 em! = T I,
BEWZ R LX — 2R, Do MA5IE, HCN O[]
HE D N IR BE (juen=1, Kkunen=0,1)D Bl HERT X 1, T 1(kuen=0,1)
SO ZOWEIBERRER - 20 L OTL- 20 234 L 5 (K 2),

21X, Hr-HCN O[R[EE A7 b1, 2] & @5,
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PR IS [ i Jl e IR BB C oD s [B ik v

2
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B & 0%, Sl SRS E R 0 Do
CHILEZ R OB ATV, Z- (0)H,-HCN

o 3y RO P2), R0)F L O~
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R(1), RQER ZIHE L1Z[3], 2. b :

WRBIX, J=1 VE(LDLIED H D D () e

Mo Ty, HERERIEL, RET IM,-Z,
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= JE B B 2 LR L 774 T ke B o I
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L7=OTHET D,
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TWbEEZLND, BITE, 2 REDELITEEZOREDT-DH, Z1=Z¢/3 KO RQ)EBED

BREED TN D,

[BEE) MUK E Y Gunn FEa%. #H KLV Klystron ZBED Lz, TEEICELIEHT 5,

[1]M. Ishiguro, et al., J. Chem. Phys. 115, 5155 (2001).
[2]M. Ishiguro, et al., Chem. Phys. Lett. 554, 33 (2012).
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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 vsband 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—FIXEBETdOF,HAMEICE L. ERNY FIZFNAFET, ¥ TRy
TS—nREEN K EXE KSR L OFC) 12X Y 90 THz DB EE B kHz DFRHEMNE T
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AR TIHILBIED CWEBERANTALZ D2 v, A~V /3 ROFAFNZELES*
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Nv, N FBBEMET 5, —H. FZREFEARL—HF— (D) & Nd:YAG L—HF—m5DHk
[Z2BEDPPLNINT 88.4 THZ DHRFAKELY ., v /N0 FORRBERMMN DS 2v; A KEA
NEHETO—TF 5, ECLD & Nd:YAG L—H—DHRIRFARKIEENENERY R LEREN
#7100 MHz 0 OFC MBEHEE— RICRAERB L Ty, /Ny FEBORLERESE 'ICRFAL TL
%, EBFEBGCOMNSD 3.1 kHz MIESLK T ECLD MERH % #RIE 300 kHz TRIKHKZEHR
L. BILEBBLE-TO—TH% InSb HHI[ZTHREL lock-in amp. TRIAAERRFZ L TL
%, RIREILIEZREE50 om, A2V DERH
(1.3 PaT. WiEkETO—THiZtIL
hTRBELTELR>TWS, B 2 F 2v,

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

0.87 MMz THb. COHEA% LD DEIRIC

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

TJ4—FN\v o LTTO—TXhARBEZEBEAKRB-RELL. TO®D LD & OFC DHxifE
E—FEDE—FRARBZS DA RBEH Y2 — (FC) THRIET S, ECLD, Nd:YAG L—H
—. LD DERIFERFTTH 30 MHz DFENSTHEL. OFCOE—FDORBEZRET 5,
203 AN FD QAN DD QUDT RIANRFILRHLIZ10OKDEBZELTEHAIL.
EBERBER 10 kHz OFHEMNSTRE Lz, R1EZO—HETT. ChoDEBER

x1 AEHR

B | BEEBERE Jn—J&#® 70— JEBERY
/ MHz / MHz

v3QQ)F, | 90488 114.3633 | 2v;A-v;QQ)F, 88 460 336.07

v30(4)A | 904687211857 | 2v;A-v;Q0(4)A, 88 507 067.09

Bhbv,= 2 AKREBODFERERE LIz, COKEDEETESH BHIRBEEIKED B"&
YREWT LI 4 TEEICEBINTUL A, SO ENERINTE. TRIARIILE
EANELTHRASAIZ-0. BELOAEADTUVILEOHSNRGEERELEFTHS
EMIICHTHLMIE ST,
FAFN_EREBDNEIEY T Ky TS —DBENBRICHOLND, ARE(E. ChiITHh
AiE#a LzHAEDLOENE. —AFEBTHRATELAVSIRIMEKREDREE H IO ATEE
THHAZEZIILOHTRLT,

SE 3
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23878 (2011).
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3) A. de Martino, R. Frey, and F. Pradere, Chem. Phys. Lett., 95, 200 (1983).
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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.

[F) U AddEmict >~ THEDTETH Y | mziﬁ@ﬁ%%&ﬁé)/ﬁﬁ% AR
EHOTAR VYRR EICHHESNTWS, & ZANRTOFHICEIT DFAEEIT, Rk
ﬁ%?%é%%k%NTU%OLﬁ@woé%%ﬁ&’@iiﬁﬁgﬁi%%%gﬁkbf
BN L7020 T, FHAWFOMO —DThH 5D, T OFIEEOIK S 3 ORI 2 MHE N D |
Ezef el SNz ) 2 ETbF L, PN, PO, CP, C,;P. HCP, PH33 X U8 NCCP »
TR THY ., HAED 5 U EOREI RS FIIMHI T Y, TA<ItREFINDK
REN LIEBEORBIZHEN, TNE TR TE o712 U v 2 EemE 2L FEOBmH b
A% AIREIC D L PREEND, L., UV raEtelb RO ER K SCBIHNC & B 72 S 7
T — ZIFBUR TIE - Tl de .,

U AFLIRAT 42 P(CHs)H (BLF DMP) 13, U v % &is bk M‘
M$%@m$@6bﬁﬂl)%ﬁﬁﬁ%f%éfx74yﬁi Y

ZRITTHRE SN TV D Z &b ZFZERIC DMP 23MF7ET % 7]
b@i+AL%6&%z6héo_hif_%@E%EﬁMki
O R F LD RIS D E[2] S S ST D, UL, i
DABEAREE 2 CITRE SN TE 5T, KRB LT 2 B R
IRIBR AN O TRIX I E TRABEE 572, & 2 CARIIE T
PR 72 BB R SCBLI D 72 8 LDMP%iU%@”C*%@W@
fEEER OBLHIZ 1TV, £ D ﬁ%%ﬁ@%%ﬁ&i%ﬁoko
[FEBR] BRI D, FPERZBICRESIN TCWABEEY =y FEfAGDLEZT7— ) 24
i~ A 7 ok, BEOEmEE VA MEEE R KOV A 2 XV (PDN) 238 A
L7z, X 2124 EER L7= PDN OfX 2 7”7, mﬁﬂixT/ux§®$ﬁ F7a Ll

K1 SAFILHEAT 4V

DEM T + V23 L OEMRO R Ok TR S5, =7/ '
AT DBINT D 500 ps 1o, BRI 2 kv OF | I 15
a5z b T BEHY = v h I DMP %EBZLKO PR L s
Fo. TVANOBINZ OIS TE LD L 910, EREE 4 B | ‘0 BWEIA LY B
AN HTE, FEAE. b AR 34 LR RE L ﬂﬁ ek

Wk a2 T OET HcE 2 E S Ez, 2O, AL Parker Hannifindt 8
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ZWZiX, PUATFNVERATZ 4 0o BIXOXTEF LU 2T VT
Y TO03NETHRLIZL DA H W, X 2. VER% L7= K& ) A v



[FER - B22] AT CHlE STV a0 EE[1]% ot
|2, 5-26 GHz O#iPH Tl 21T 572, 1554172 DMP ® A
N7 M E 3R T, BERITIA T AILONEIEERIZ K
S>TAE(EA), EE. AAD=DICHEL, EblcENER
NRy T T7—CT RIZHGHELTZTA LTSN,
b it L O ¢ BUERIZ ST, DMP T 32 A, ¥C —f&E#ifk
T 6 AHE L7z, 15 DAL lE A 2 XIAM[3] CHEtT L
72o DMP O FEHEZFK 1IRT, ZZTEFD O & ¢
IE. AFLEONEEREENCEI LT, a5 AER
FOZED ab Tl ~DOHEM T & b DAEEZRT, &
(1], [ 1 25 DS EE 708 SCHRIE[ AV b~ C 3T B L (32 2)

P(CH,),H
3137303

200[EIFEH

AE, EA

5868.6 5868.8
Frequency (MHz)

3. P(CH3)2H DAY v

ﬁ‘t‘ﬁé&ﬁi&%}y&ﬁgf%f:o fcﬁja\ jﬁ'ﬁk 1 1 ﬂ%ié%’bf:“/)‘?"wﬁX74"/@§j\¥E§i

TIX 258 GHz T A % 20211 EIRE LT
WS ARFRAT Tl 301-312 &R LT, £72,

P(CH3),H P(**CH3)(CHa)H

WESNTVEEHSNOERENE O A /MHZ

W 5 RO B~ T, A F LD PR ?%ﬁ
BAREEE Vs (em ™) DR X SEEPN T THD

FURXFNARRAT 42 PCHS[AIB LTE S A iMHz
AFNVIRAT 4 P(CHa)H[B] & BT D & A IMHzZ
P(CH3); (802-1120) > P(CHs)H (804.81) > 4,/MHz
P(CH3)H2 (685.2) L 72~ 7=, ZAUIATFIIVILD ok IMHz
BN 2 5 L IICSIREEN K Lz dulHz
LEZLNG, T, PLERLERICEE OxM
Wz 7m DRFALT L ACoNT, TR D ‘F’3 ;ian
AROKIG LB T4 Y ORBBRRESL 0
TWAM[6]. DMP TR bNZehoTo,
TIXEHR LV VR OLFEE—E OE N E o)
KL TWDHEDEEZBND, N (b-type)
RE SN+ ES Z I 222/ T N (c-type)
BEINTWARMBT A I DMP ©F A o _olkHz

16071.85495(46) 15903.73356(86)
7018.91177(85) 6830.70904(71)
5402.90932(87) 5272.20788(45)

0.0069431(90) 0.009027(74)
—0.030882(33) —0.02184(30)
0.113290(28) 0.113290°

0.0023525(11) 0.00235251°
0.004285(23) 0.004285P
0.224(92) 0.224°
1.62(46) 1.62°
803.58(23) 803.60(21)
158.92 158.92
38.872(58) 38.872°
141.128(58) 141.128P
180(26) 180°
21 6
11 0
3.3 2.2

MIENDTHE AT 72, ZOFEE, Ziurys »  “Ref.[1]. " Fixed
NEJEZE IRC+10216 TH#E L= RFET A o~ # 2 3 EB D SRR & D

U112035[7]7%% DMP @ 100 10-91 ¢ ¥ D T A8 % 44

Present work Previous works

112035.4 MHz & HIE DiE#FEAN T L7z, 7=

T 101 10-90 o 5 (112431.7 MHZz) 35 .18 101 69,5 _Va/em™

Ao IMHz
2L, B FOREICITREIARDT A O—ED B, /MHz
VIETHD, ZDTA O A\ILFEFEEDIRE  Cy/MHz

16071.85495(46) 16071.87%
7018.91177(85) 7018.19%
5402.90932(87) 5403.61%

803.58(23) 811.2(32)°

7% (116553.5 MHz) 3B 5133 TH D23, 7k *Ref. [1].

b Ref. [2].

NG ZDOEEEEETO T A Y —_ A T TWigwy, EERH¥HIZ, R 7 un
SREIRHNZAER Lo U o 2 &8 Tt F OISR O\ T L ST 5 T ETH D,

272 3k [1] Nelson, J. Chem. Phys. 39, 2382 (1963). [2] Durig et al., J. Chem. Phys. 67, 2216 (1977).
[3] Hartwig & Dreizler, Z. Naturforsch. 51a, 923 (1996). [4] Chatterjee et al., J. Mol. Struct. 265, 25 (1992).
[5] Kojima et al., J. Chem. Phys. 35, 2139 (1961). [6] Wollrab & Laurie, J. Chem. Phys. 48, 5058 (1968). [7]

Ziurys et al., ApJL 445, L47.
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NO; 7 ¥ 71 /LD Difference bands D 7R4+ L —H —45 3
Infrared laser spectroscopy of difference bands of the NO; radical

(L) IO FORRR, B
(Okayama Univ.) K. Kawaguchi, J. Tang

Three difference bands of NOs, (vivav3v4)=(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
observed weakly compared with the vs- v4 band, and the analysis is in progress.

[FF] NO; 7 U Vo RLJRIREE (C4y) IRENEE X BB R RRED & OIREM AMEH
V' = hs(qe+Q3—+ qe—Q3+)+h4(qe+Q4—+ 9.-Q..)

DNRDZBLAL, vs, VIRENE DB E L VRS 220 . Fo, vIRFIOMEZFTHELZNET
vz EFIFEB S TW Ry, L LN 6K 1123 K 9 72 vi=1 7>5 @ Difference bands
FREENE vi=Lvi=1 IREEDS BB FIREBOME ZF OO TEFEBET— A ML, BFED
difference bands £ D 5i< 705 Z L WIFF S D, ABFFETIE, ZHVE TOESIRSETITE
HIENTWRW vi=1 IREED D FEE A 152 B TR Z A 4 — K& v 3 0 difference
bands ZIE L7z DO CTHET 2, RBwEE - AENIT4EESICEY vi=1 T1 2, vi=1IR
RET2 OO¥EMZBHIL TWD, 7272, TORmRIXOEERT vi=1 £I13FE L TW WD T,
Bl DIEET53 ik TlE Babin Z[2)I381D T vi=1 ZBI L7z & FRL TWD, 2B v=1 D

RV DR v=3 T BRI OV TIEANIE T TR (1010)

AT NVEFE L, BT — 5 Ll L 2000

B TE AM ST, e 2000)
(8] HRok 4 A A4 — KL —+—i% Laser . .

Analytics fEDIRAEFRIRE LT TEIET 5 IH "g 16004 2P24 cm

DY AT LEHWz, EXERIREVIZES 1 o 1400_- 1643 Cm“

mB0 mm® D7 7 ZET, NOs 7 AMATMIE & 4

40 cm IZPE > Tk — X — %X 140°C |ZHNEN 2 1200 - (0010)

F5Z LIk NOs T UHAEERLE, FT 3 1000 ; T

ST~ A 2 B TR TR LT FIR T & S ] : | 660 cn”

HNOs OBUSIC k0 A LT & 7228, 2k~ 8 8007 :

CHPESDNO ER L TVDZ L&, 1927 S goo gl 4t 0100)

om™ Ry RCREER L7z, NOs s HER e T . 5 (0001)

DHBIN SN DT, B CRBH LR T S = :

NO, & KB 5701, HUX > REETH A 200 - 1054 cm’’

7 MVERIE LT, ; - (v,v,v,v,)=(0000)

[BIH A ~2 v L fighr]
. (2000)-(0001)/3> K 1 NO; DIEE) = /L X —Ufir



LLRT(1010)E’-(0000)A’ 32 F(2024 cm™ YD fitt T, AK=2 R DR E [E1#54E B VEH 233850
Siv. FEMEHT HHHTF(2000)AMREED 45 FEE KR D X 9 IZHRE S -[3],
E(2000) =2008.768(23), B=0.454518(56) cm™,
2 Z CHEEEER CITIEME/KIE 0.206 amuA? L ¥ OFEMEICEE L TV, AFEERTIX
(2000)-(0001)/3> | 1630-1661 cm™ 45 L= L Z A, %< OFRVNO, vz /3 KD A~

MO HRIC, ERHERSECORBR SN D A7 MUVRBBRHTE =, ZhbziEo
FTTF—% &g L7722 A1 % OWIGRE THIE S v TWe, (2000) & (1010)fE OFE A
VEf 28 /T2 = 2L X —175% T, (1010)-(0000)/3 > K 444 A, (2000)-(0001)104 74
O RIBHENTIC X W E(2000)=2009.1225(13), B=0.453970(28), C= 0.2256027(82) cm™ & #iE
Sz, 1EPEXRIEIT 0.455 CHEGHME 0.206 L W K& W OIhoiRRE L DIRAICE D L Bbh
%o FI-AREAEMEREIL-0.002497(24) cm™ TLLETOME 0.002528(19) & —FH L T\ 5,

II.  (1000)-(0001) ~X> K & (0010)-(0001)/3 >

fEifsk 666-708 cm™ DD 1 2 DE— KT, F—H B TE 722, NOy vy /32 RO
AR MVHRIZEE ST e, NOp 2SR D I WEEI D 27 MLV &2 2 1R d, 22
Ty NO; DAY R VERIE HITRAN 57— 2 B X OE Ul 2 IREETO A7 hL & OH#gIC
LVBRELTWD, TICIT LS & R UAk=2 B ORI R E/ER 28 O 7= = 3L ¥ —1T
& Ao, & OMAERERETIREEE Q DITHIEHR, WEIFBBDIREAEZBE L T
—0.0028 cm™ ZHIHIE & L7=, (1000)-(0001)/3 R TIEA B U320 v=1 REED A £« il
EHAVERER aer DNENE LD DT, HFAXT MO A Y U5 5HTIRIT IEMEIC T
T& 5, £ - AEOHIENNCE Y R R4 Y 2023 1051.26+0.06 cm™ L & S
TUWTC, [FHEREEZ (2000 K EEDE S BAE S L @B E W Z 072 ) EfEICTHETE, Zh
B 2107 T, RE LEEEEROESE . N R4 D oEEsEE L L. BllShT
WD RN AR VEIIEICE 20O T, WO BIFREEZED T D, TRV TV,
ICIRE S, Nv RA U U0 1054.306021) em™ = U A U fEA 4L 0.029447(71) em 7 SR E
S, M2i2Zzn o rEHERWEFHEARY M LRT, BE - AlECI VBRIl Sz
2ARD I HOOED 105531 em™ 1L N=2, K=2, J=1.5 ~DEBL L L TR TE 28, 9 0¢
OICHY T B EMITRH S o7z,

[BEE] L —V =it 258> QU2 &, Flove-vy N0 REIEIZ W CERRW 272V 7= H
HkE—fE e R B L ]
N,Os B D= DAY F A Y —
EERSE T EREWEEERBE ] | ] | 1‘ ! {
+. A A= RL—F—HFT5E ol ' LA bl LU
LTCWETE W& A2 ] calculated (1000)-(0001) band spectrum (C = 0.2271 cm’)

L FET, . 'R(15,14) 'R(14,11) 'R(13.8)
=, error ;
41l ly P : . .'“' .r'-' i

RIECTENECT: MR 0 e »

7| Observed diode laser spectrum

(2018, ) < 6i) | calculated (0010)-(0001) band spectrum
[2] Babin et al. J. Chem. Phys. . RO.7) R(11.10) R(13,13)
Letters, 11 (2020) 395. Th oot e b b o b ol
[3] Kawaguchi et al. J. Mol. Lo ”'“_s;j;_'o_"'_ me——_— 6_9'4_5_ =t _;;'5_0
Spectrsc. 344 (2018) 6. wavenumber (cm”)
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Dispersed fluoresence spectroscopy of NOjs - out-of-plane vibrational levels -
w5 B
[LEMIKRZE, 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 vi fundamental at
1053 cm! has contribution of 314 (I = 43), but not vs.

(Fiw] BARL—Y—FES/KZE (LF ). 8LV 2BHIBAREHHE ( 2C-
RAWM ) ZFIFALT.NO; X %4, YATLDEREBEDHEBELEH TS, &L,

Neumark D#FZE4 JL—T (L Slow photoelectron velocity-map imaging EZZFALVNT. 1B{E
& NO; DENREERAAVABFARIMNLERKKLE: 1], ZCTIE. K. 71X
RIMILDS v (@) BEEFNAVFIZRESN TV ~1000 cm™ FRISICHHIRENELIAN.

CDHBEBFARIMLILIEF v (@) ElRBENS. LTS [l EAIF. 2D v &
BREIGEELIZ2DODEMNHHIEETHKREL [2]. 34O Hirota [3] (&, BLRISHLT=/N
UREEY v NURFDORMEIEIIMEIEITEDVWT, COFICRESINIZEMNE [ =
+3 #£D 3w (o) ERBLTULVD, Neumark 2 IL—TDEERTIEL, NO, DEIREIHESL
DAAAEBEEISENIRILF—ZFRHLT NO; 441k ( EFRLHE. photo-
detachment ) St RETOIRBEFDEEIRILY— ( OFY. EFHREDOEDBE T
FILF— ) OEMAHFEAEL, BIRBEMICEALT. XEFEE ( 2FY. ZMEHH
DIER ) EXEFOEBIRILF—LDKREFNEFZR L TLVS, Neumark HDIREDIRE
B, v WNORICEATAZDIRFEEN w () EFNUFOEKEFEEIZIEN., DFY., vy /N
URDIRFEDN & NUFDKRFHE—HTEH. EVLVHERBERTHL.LAL.COD
Neumark 7 )L—T DRERFERIL. HLLD 3w (a) EDRBELFELEWL, HEESIE,
3u (ar’) ZELLIX ar THAM., v EEDL 2w () BELGELRFELRY. 1= 43 #£D
NoTHD, (Tl ERDFOEARIOETEN =0 A = ELTHAIZEMDDHL
FT.A=1%%5D Tl BFTHAHIZ. 2 ﬁa\%l:tt&'ch\awé%am:/\5”’&%9
CEIZFELILTWS, ) BRADIFETIE 3vs ELD ar’ & a’ DHRIEH 160 cm™ &,



MNEYRZFOD, CNEREHEEERAICKYTZELRITHEBESINGL [= 4+3 [TXDBDEL
THY. Neumark T IL—TDFERIE. COERDBERELFBELELY,

AREETIE.NO; B %E' — X 24, YATLDIRBEMI DT AF5E (DF) AR
ORILVERIEL. ZDIREEELN D vi () BEF/N\URHEDIREEFRE L=,
(EER) EERFZRLE (X BRFHESEBOILE (2,
(4582 -E%] NO, OFKMEEICHD B %E' —X A, EFEBORINARIMLIE, &
BN\UENTO—FTHAZENBRESNTHY. LIF BIEARIMLTEREEKTHS, “NO,,
"NO; IZBELT. ZNZEh. 4 E.5 @ DIREEMIOLDTAHDERARINLERIFELT =,
NHMNI35,0+770 cm™ /AUF ( B—X ZERBD 0 /AVEMD 4770 em™ [128H B /UK
NE ) ZMELTHLNT= DF ARIMLIE, BIMEBELIZIRBEINDEE (a” ©
e NUR ) DERBISN TSR T, BEIMTHDS, CORRIRVIZIE, 0° /AU RZERE
LTHELNT- DF ARIRILDIREIEEN ., 21 NURHEZERELTEATEY. F0
FIZIE v BEFILEENTODD. IO 2w + w EEEIRENURIE. 0 NUFDAR
IRILHIZRESNTNS3DD 3w (a) (@) BEY (¢) EREIFELGDIIRILF—IC
BB, 2w FELLIE v RFEAELTHEY.ZO 2u+ v ELEIRENUREF. n+u D
e HEEABLIREBTES. 2D & NURUSZE v (@) EFICHELT v+ w 65
D a” NOFBEDEIMREIZEMMNER RSN, FIZ D ARINLTIEIZEAEE A
SNTULVEL w+3u(a’) O a” NURDPRBERASNTLSDIZIFFEB SN D,

0+770 cm™ NURMBD DF ARIRILTIE, vi DTAST Ly aviE, ( £ TTIEEWN
M) LEEREECERRISN TODEDD ., LEED a” NURERE. »w EFLEOHEEFE
L8R HIEEC . IREAEBLAISN TLVEL, 20 DF ARIMLIZIFK KA v EZITRE
LTLY% 1500 cm™ [ZHHIRENERE 1» EEFEFMLEDEEET v + v DLLERGECE
BENTEY. ZDEEL v EENVFKYRWNEETH D, RIZ. 2D 1500 cm™ DR
BEMN v+ v DBEE.ZOD v HBEBOANEENITENVEREZLDOILITHRY ., fih
D v FEBEIFMEMMNELELGO>TLED, LIz > T, MENTIEHSH. 2D DF R
RIFILDIRBIEE (L, 1500 cm™ DERM 1y THHIEFTRELTNDEEZOND,

ZD 0+770 cm™ NURREZTHLN=ARINLOREGEEND. B %E' — X 24,
RUIRARIM LD T O—FR7E 0+770 cm™ fEE(E. B KEED 2w EB L v EFHHEE
ERLEZEERL ( ARJEVEEE ) LIRBEND. X %A, HKEED 2w & w [ 760 cm™
FHEICHY IR IRIILF—DBEANSEZATHLIERDND, SHIZ. TAHRARTE
JVICEMREIE—RFDERISN-2EMD, B IREEDIETEEENFTEEIND,

0+770 cm™ NURUNDRARIRILDSE, 0+1637 cm™ NUREDARIMILIE,
0+770 cm™ NUFMEDARIMILEUIREEEZLE > TS, ZDTF=H. B KED
1637 cm™' fEELIE. v & 2w, . BEU. v & v LOBEEMIAHEEMERL-EEHEER
bd, 2. COEVIRIILF—MEIEIE. T HRDEFINEMNMETL TS EIELZD T,
HEMTIREBEILERARTEETHD, D, B HREED 948 & 1440 cm™ fEEEZE . Th
Thov & v+ v SEEEIRERIBEGT A HARIMILNAIESINTINS,

[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 -
= B B
[EEMIKRE., [FHREFEMER

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,
—(B1)? —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 k2 and k4 are force
constants for the quadratic and quartic terms, respectively, of the radial » coordinate.
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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 (O2-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.
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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
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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
ENRLNTEY . BERBREIAIINODEREZALNTE-ODEALGFERETH S,
SRS FANY PLIZEWT., EFEREROMBEERE. EEROMNES T b
MIBOEILE LTENS=OH, AEICEEVSHREREBARBEENMDETHS, cNETIC
BRI, ERMICAMTDDFANY FLOREIZERNGEMEESNLATLELT, B
—E—FL—H¥—¢EXBARBILEFRAV VA TLZRFK Lz, SEHIF. ARLEZSXTR
TLEFALT, 12RV A7V bS5 VDAEEIT oD THRET %,

[EER)] AWEOEBRIRATLE
Fig. 1 2R3 ARITE RS 754 nm, Sngle mode Ti:Sapphire
H A% 900 mW OBE—F— K
Ti:Sapphire L—HY—TH5d, ZDOH
Nh%EE 2 5RRRBEEEICANL,
REH 377 nm. H A5 30 mW D4
NERESE, COENNLEEZETF
Y UN—RIZEAL, BEERDFIRE

_

R

Sgnal Generator

Controller

EXSth, Ny T7—HRE LTI B oom A

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

L., & TILNNREROEENZERER Fg 1 £ AT L

#}J4— (AOFS) #ELI-DBL.

Er LD AN EEREDYE. E— FE2RESIE Tz, Ti:Sapphire L—H—DERE % faser.
AOFS DERENELRE % fao. Er ALDBYRLEAKHE fep. ¥ VT -IToRO—T 472
Y FEBEE foeo. E— FREZE n, BRAISNIZE— FRAERZE fia & T5E. CTNHDM
= o8

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

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



fao IZ K 2 T fiaser éﬁ‘-ﬂ”ﬁud_é . &75‘\—6360
DEDVATLZRNT, SEIF12ARVAF7URSEUD 00 /N FOBIEZETo 1=,

[#58] Figure 2 ICAMIETH LN 12-RVXTF U MSEVDARY MLETRY, &
DX KL, Cs RFEHICOY I LIz Er AATRESATILS, 26527.6 cm-1 N D
26527.7 cm-1 [2HFT T Q AR S, EIREBEIC P A, SRBAICRENERASNT
W5, RIBIZKI15MHz THY . BERETHEEL-ARY ML B LT,

B7E. PGOPHER ZRWV-@TZEHTH Y. BETIEINIZOVWTHHRRS,

Sectral Intensity [arb. unit]

26527.0 2 4 6 8 265280 .2 4
Wavenumber [cm]

Fig. 21,2-RVXT7 U bS5V MD 00 /N0 FDRARY k)L



L32
NO: T P HhILD 610-630 nm FRELDF 5 REEL —H—93¢

(MERXSFI7+ F°, BRI OXRBR=° - ZHET - THEEX - F=EE®
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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