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Development of a high-precision mid-infrared molecular spectroscopy system
using buffer-gas cooling

(H A B2 )

REMZEE  MILKRYE BEA  #if  Okayama University Yuki MIYAMOTO

This project aims to develop a high-precision mid-infrared molecular spectroscopy system based on buffer-
gas cooling. Recent progress in the production and control of ultracold gas-phase molecules has opened new
opportunities in various fields. Buffer-gas cooling is a versatile and robust method applicable to a wide range of
molecular species, including relatively large molecules that are difficult to study with conventional techniques. The
principal investigator has previously demonstrated high-resolution visible spectroscopy of buffer-gas-cooled large
molecules, and the present work seeks to extend this capability to the mid-infrared region, where vibrational
transitions provide direct information on molecular structures and intramolecular potentials.

During the project period, two key technical developments were pursued. First, a narrow-linewidth mid-
infrared light source based on difference-frequency generation was constructed using near-infrared pump lasers at
871 nm and 1064 nm. The main optical components and setup have now been prepared and are ready for mid-
infrared light generation. Second, a new buffer-gas cell incorporating a Vespel thermal isolation section was designed
to suppress condensation during molecular introduction. Future work will demonstrate spectroscopy of carbonyl
sulfide near 4.8 pum in the buffer-gas cell and then combine optical-frequency-comb stabilization with a mid-infrared

enhancement cavity for sensitive precision spectroscopy of cold large molecules.
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Figure 1. Block diagram (a) and photograph
IS0,
HWP,

(b) of the mid-infrared laser system.

optical isolator; BS, beam splitter;

half-wave plate; DCM, dichroic mirror; FC,

fiber coupler.
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Figure 2. Photograph of the buffer—gas cell

ER
WORRBEIL, PHRIMERAE DI TH D, FFIT,

RIEEREE T 7 A N—~D 1 7Y T hZR D L)
AHThdEEZOND, DD, KT L—HF
—DZEME— FOMBEEZEPINATO L L b, W
HRMHRON AR b ik L T <,

LU=y 7 7 —H ABMCHOWTIEL, E X
DEENRKE L Lozl HE~OEY TR
BN AEC DA D D D, T DOHEITIE, ANEZRES
NEHIDIRE, BEALOTZDDOMIENNLE L 72D,
F 7o, BKIRBREE FIZB W CL Vespel & 8iERELOHE
AL VT LI DGRBS D720
DENH LT DER B D,

ZO®%IE, MR LIe Ny 77— AN EHEEI
FRIE L, 4.8 um RSN & ROt A VAR =V 55+
ZAMBNDEA L THRREETT O, FR Lz
IZL 0+ BT VNIEA L, WIUE S
OB AZ BT, ZOIFERC LY, B LI-HaRSE
IR EFH AN Y 7 7 —H ARV ERARE DR T HEH]
D IEAREEZ R D,

P bzYEmofiEs LTiEdz 9 2T, R
(X ARAR Y 7 L —F—DNERE e a b~Da 7
ATV, FEAET 2 RIS 0 B e e i &t JE
WHAEE Zm EEw 5, &5, FRISEIRSR A
BAT D Z & CRINUEE 2 @D, mEIRI S+ % 5t
Gl LTeEmiEE « REE RN e~ R S
Do

MEOFEE

EFIER R

1. BARME [Ny 77 —HABEI N0 DR
IRRESN SR EIS T - FE Y VR
T (2024)

2. BAMM [Ny Ty —HABHINIZAZ LT
2T = DESFEEART MVORENT] H
AWELF2x 2025 FHEFRE (2025)

3. EARMEM [~ o7EEE T rniEy v
e FEBOHEE ) # 25 Bloyfoitihsts
(2025)

4. EARME [~ra7EEE s T hreiEE v
e FEBORETE ] HAWE Y 2026 FHZ
KRex (2026)

5. BARMM TAECEYIRE AWy 77— A%
oy 1 DI HAMESES 2026 F4&
ZFRE (2026)



