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New non-linear Raman spectroscopy with nanosecond chirped pulses
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This research project aims to realize highly advanced coherent anti-Stokes Raman
scattering spectroscopy with capability of quantum-state selection by implementing coherent control
methodology, such as chirped pulse adiabatic passage. In this project, we have succeeded in up-grading
the frequency-modulated coherent nanosecond pulsed light source that has been developed in our research
grOUﬁ, to achieve higher stability and controllability. We have also conducted theoretical consideration
on the application of this novel pulsed light source to the complete population transfer to highly lying
guantum state via rudder-climbing Raman excitation by multiple chirped pulses and quantum-state specified
enantio-selection via combined use of microwave radiation and chirped pulses.

CARS



B X C—19, F—19., Z—19 (GtaH)

1. WHEBHAR SO 5

BHONESGE 7R EDOHAEHICH
KT DI HIL, ITFEDO L—F—HJRD
SRR L L BB T IERR S RS S
NTETW5, Flcae—L o NTUrF AR
— 7 A F < H#EL (CARS) 1%, 4 F D EIC
A 70828 - [AHAIC BT 2 0 RO N B
PRGNS Z &, bl L 0 ERE DR
WERoT-EEFENKEINDETZD ) 4 X
DI S D Z & IR EPEOFRHI I H
TEX52EHEDOEL DAYy VAT HTE
WIZ, PRER BRI X 2 KRAERE I
R O E RN L 2 OSSR 72 2
W ERBELTETWD, —F., FERIEL
@R FREEFHAT 20 IcEx 0T
AU E23H VU, CARS & FDHIS TR0
>77,

AWFGE 7 V—F 1%, ab—L > FIERIEL)
RICE D EFREBOMEIEZ B L T, B
JE K e BN I A ATRE /e = e — L b
TRV AR & B L7 [Miyake &
Ohshima, Opt. Express 21, 5269-5274 (2013)],
AN ZFAT X, mVERERERR ML
PRFF L7 E £ T, REBOAMHIEIL Y T <
BFARED 2 — L v MEA DN ERKTHET
bbb, HTROIE—L 2 REEATIIL.
CARS 5 5 O RRL E MO AEHE ) B35
BcxsrZ liclEnEsTz,

2. WHEOHEM

AWFFERRE TIX, T BEEREfEE T =
b—L Y MIREEAER EHIE & WD Fiii e T
AT 4T EEANTHZ LT, fEtkD
CARSTHIZEB T Dk 2 2T AU v M &7
BRLTEYEEEEZED D L EHIT, W
XL A K D CARS KB W THIH &
NTWA%¥khae—Ly MaRzEF B
ORFFEBRICB W THER L, AEMWITE
W IREERIRMEZ A9 5 B CARSSy
KDOFELRLEHENLEXND Z E2EET
b, ZIZ Tk, R A— 703 E 2B
LI EHEER =2 e —L > M B
AR E NS Z iz kv, LR
SR O ZERIR - BERTAOEE S Klox LT A
AN, BEAGBRICE S a — L2 MREE
EEFEBET 5810, RROBERS S,

3. WD Ik

AMFFERRE T, e ERoae—1 v
MR BEAER O /RT A —F —E WA
fbE®5Z Lk, BEFIREROSHBE)
AT O WG EERIAT A L L L, W
BB BED —FEETH DT v — T HE T ~
1% (CARP) & FEBLT 5 72T, Hrllkts
T IR OB T -T2, MRS E T

DR D51 TiE, IREICEERD = %L ¥
— I~ BT om BETHY . S 5T
DT THEEEMEEZ ST 572012
1L 1GHzZ LA F O fiRBEE FF - T2 BB & X
Nz, 7VANEE LClE7— VU = BH#o %
Mo ns L EE R T~ afEak Z
T 72DIZiE MViem LU EDE SRR RSV L
b, THHOEFETEMET DI,
H—ftt— RO — R ENMAHLH L, K
FHcEly 42 & cF vy —7 UL R E LT,
X5, KT A R Y v 7 HElE (OPA) &2
THER LV ETHZHEET L L0
VAT MMEREBRA L, 22T, Fy—
THEEFEFEDHZ LRIV AHEIET DD
(2. BWRIBEEZER LT WHEAT AN
7 3% (OPO) Tid/a < . RERZFFi= 72
OPA ZHWBZ L L L=, /% OPA OF|
FHE, SV 2D REEE DR S VAR
OESICE2HEEMECKRTIZL Y, BN
SV A L— A FE SR AR M 2 PR E
ENTLEY, EBICY—FRELT ow %
D 2 EIXAHIMEN NS N EEERT D,
INHORMEEIRT D701, SRR
e K L —— (ECDL) O H 7312 %F L T2 AR
ERMEISH L THEER Ty — 72182 L
7=t%. Yb iRsIN~7 7 A 73— (YDFA) IZ & - CTHij
EHEET 5 2 & C e i&IbiEgR Th 5 OPA O
HFREEROAHEERR TS L L Lz,
M1z, 8ELE L—Y—2 2T LD
Zaxd, T OPA Tix Nd:YAG & —@&aiik
IR E LT, ECDL /5 D H—iiE
E— RO N EMHRTALTY 7 LL<
X7 A4 RT7—IZv— KK ELTHEATSHZ
LT, B ET D107~V BERORRE
EERE ST 2D ANRERICELN D,
— RYEITIE, 7OV ABIIC RE ZEIIN L3
2R IR g (AOM) D — R [EIHT A2 V5,
BonT= L 2RO — RIT, BROCFE
Fies (EOM) IC AS L CALARZEF$ 5 Z & T,
JEARETF ¥ — T Mz 5D, AOM 3 K TUEOM
~O RF F51Ehi L —H — D5 IREV K L
RIS TWD, AAHZERIZ LD JE B o
D [w, + msin(w, t + @,,)] & J& A H
TS, 22T m AERES. on TR
W DJEBEL, o 1L OFEAHTH D
I, s Z2oh L EEEEXRTL T
B IE5EHE 2 O, o 13670 2 O A 28 O
WL 0 REREICT D, MAHETH SN
726X, 975 nm FE(R L —H— (LD) bk

YDF
€1
=

Arbitrary
waveform

gen?ralor ‘ill’
é o

DM

i == — >
i BBO BiBO DM BS
Nd:YAG

Prism

K1 :F 8T v —7 UL 2P OB



Yb IRINT7 7 A R—IZ k> TR SN D,
FEBIIZ OPA 1T K 0 g S 7= e D OFe
FEORIEIT e~T u & A (OH) iz kv
172,772 LOPAHIZE—LRATY v X
— | ZEWTERFTO T — FkE E AOM2 |2 X
VEEE Y 7 S REPTE L A S
. EE 7+ NEAA—FPD)IZED 2D
Zo0Noe— MEEEET S, oL
Yay NCERERET DD, 190
292 2 AL ED e — kA2 BT D LB
HD, AHFEDO/ VUV ANEIL 8 ns FEED =0,
JEWE 7 M % 800 MHz & #%iE L7,

B Lo —1r 2 FRFEICBWT
NAERZINZ 72 0NGA (K2 ) X, JE
WD -l AE & LT 69 MHz 235 b vz,
ZOfEIE, 74 ns 2L AD FTRATH % 60
MHz & 1RIEZE L <. BEOD W HEIEN THhN
TUWD Z & DR T & 1=, 5 E i %% 45 MHz,
m = nDZEFHTiL, 300 MHz D B ETF v — 7
EHERTE, £/, AR E L2801
LOXA I 7I2L Y downlup T v — 7 & 1E
DTz ENTER (M2EBLOAH),
F vy —T D KA E LTiE, BHIED OH DOJFE
Wt 7 F DR I 2 E RS T H
510nsd 7= 600 MHz £ CHER TX T\ 5,

1

500
-10 -5 0 5 10 =10 -5 o 5 10-10 -5

2 : OPA 5@ OH 1575 (k) & g Acde b

AJPEHIEL WL, B tHEEETdHh 5 OPA
IZBW\ T BiBO ZIEfEfEm & L THWTE
7o h, SREBE K< . BRI ITHE MW
RN SR SN ENHH L, T2
T, LV EBEERENEV LBO ZIERIELE
FHRLELTHHAT D LIICER LT, LBO
1% BiBO & Ehifig LT OPA IR MKW D T,
ATEHEE A © YDFA & 425 C 3 B9 5 &
N AT LDOERELT-T-,

4. WFTERE
COFRNEREF A L2 e—1L U MR
FIRBEERIEIZ O\ T, BRI mEt 2z 7=,
A OPA YR Tl = % /LF —7575 0-400 cm ™
DOFPERA T FANET A RT—%
HET6ZenTE5, ZOmMFIZK 2D X
PRASTRIRASEI N E e G A DN -
< UBELERE A T AU, GRIREED B FR
TR EBH TN TESH
&%, % Bloch FRERXZHEMIZHELS Z &
(28> THESR L7z, HFIZ, 7L ZFEBRE A 10
HREZH L CTLAMBE O RITHEL

TN ERARE L, CARP IESED Ca
NRARNBRFETHDZ L2 EERICHL
T AT ENTET,

F72. Y4 OPA O N RigiX 20ecm™ T
bV, ZOFHIZH DEED TV — K% RIRE
\CHEIEFRECTH D Z L AIEH LI-, &ERSy
MBEIZ OV T HHEERMICER 2 M T2, >
T, ZEMOBET v WA H—DF )
RNV ANTERTLZERARETHY, E
BRI, J=052>5456>8, ) FukR
TIXHIHS A D 90% % fi etk g~ i) T =
HZEnmEREZ (K3),

'Y

9 O
o ®

o

it =
)
16)
14)
12)
10)

Population

o £
N

-5 0
Time/ns

X 3 : CARP T L % [El#5% PR b

EHIT, BOPAIZEBWTIX40GHz T
PEFHZSFAMN FEBLCE | B A R X
¥ U7 — O EERBO~ A 7 vl
\CREBICFERT D Z ENFETH D, £ T,
K4 EIZRT LI, FE T~ o iELmE &
~A 7 viRIZ L DELXINBEBORTT
WAaRGIER T IENTELEHFHEEIND,
B EICINE, R4AFTrRT LT, 2
DD BVERRE T2 < Kot o T RN
R, BIEREERNTFRBEINEB L L
DL o T,

a) b) , c),
N Y Mﬁw
o 1y [ gy 1 /Wm

- |
|\l |
2) o2 02
m| | Lm

Population

Time/ns Time/ns

4 BTN X D RS

5. FreRFiHLE
(WFFEAREE T TR

UdERERm 30 (3 1)

@ S. Kunishige, T. Katori, M. Baba, M. Hayashi,
H. Hasegawa, and Y. Ohshima,
“Spectroscopic study on deuterated benzenes.
1. High-resolution laser spectroscopy and
rotational structure in the S; state,” J. Chem.
Phys. 143, 244303-1-8 (2015). E#HdH Y .
DOI: 10.1063/1.4937950

@ K. Mizuse, K. Kitano, H. Hasegawa, and Y.
Ohshima, “Quantum unidirectional rotation
directly imaged with molecules,” Sci. Adv. 1,
e1400185-1-8 (2015). #A#H v . DOI:
10.1126/sciadv.1400185



@ H. Akagi, T. Kasajima, T. Kumada, R. ltakura,
A. Yokoyama, H. Hasegawa, and Y. Ohshima,
“Isotope-selective ionization utilizing field-
free alignment of isotopologues with a train
of femtosecond laser pulses,” Phys. Rev. A 91,
063416-1-7 (2015). HEFedH Y |
DOI: 10.1103/PhysRevA.91.063416

(k) (G 26 1)

@O K. Mizuse and Y. Ohshima, “High-
resolution spatiotemporal imaging of
molecular rotational wave packets,”
Computational Chemistry Symposium-
The main symposium of ICCMSE 2016-,
Metropolitan Hotel, Athens, Greece,
2016.3.17-20. (Invited)

@ Y. Ohshima, “Frequency- and time-domain
investigation on intermolecular vibrations of
molecular clusters,” PACIFICHEM 2015,
Honolulu, Hawaii, USA, 2015.12.15-20.
(Invited)

@ REREH ., L — =N ToHF DOIER) & Bl
T 5 AR REVRL 27 4R 255 10 [A]EE
F I — ARLFRFERT AU
HIX, 2015.11.20, (FAFFa#EEH)

@ Y. Ohshima, “Coherent nonlinear optical
manipulation of molecular vibration and
rotation,” 5th Asian Spectroscopy Conference,

Univ. Sydney;, Sydney;, Awustralia,
2015.9.29-10.2. (Invited)
® Y. Ohshima, “High-resolution laser

spectroscopy of van deer Waals complexes to
probe intermolecular interaction,” 2nd
Symposium on Weak Molecular Interactions,
Gakushuin  University,  Tokyo, Japan,
2015.3.5-6. (Invited)

® KEFE®, L —F —ThHF OEE) 2 #E
T 5 ALE KPR 26 4EEEER 10 [BIEE
X AR RS AR
2015.2.20, (FifFakiE)

@ KREFH. F 7 V0BT 25560
BTREBR L A ARyt S v E U [ SRR
26 FEFEUGEES [F xR T~
RF NN S S NN SFNE SNIIN =13 V)N
i, 2015.1.8, (FEfFa#H)

K. Mizuse and Y. Ohshima, “Taking a movie
of rotating molecules,” International
Workshop on “Coherence and Control in the
Quantum World: Current and Future Trends”,
Weizmann Institute of Science, Rehovot,
Israel, 2014.12.15-18. (Invited)

@ KEE®. 7 FiEB) &6 &> TRIET 5,
FORTERAEF R I — W TER
¥ MR E BIX, 2014.12.3, (FARFETH)

Y. Ohshima, “Coherent nonlinear optical
manipulation of molecular vibration and
rotation,” Indo-Japan Workshop on “Frontiers
in Molecular Spectroscopy: Fundamentals
and Applications to Material and Biology”,
Todaiji  Cultural Center, Nara, Japan,

2014.11.26-27. (Invited)

@ K. Mizuse and Y. Ohshima, “Taking a movie
of rotating free radicals,” The 33nd
International symposium on free radicals,
Olympic Valley, USA, 2015.8.2—7.

@ S. Kunishige, M. Baba, Y. Ohshima, M.
Nakajima, and Y. Endo, “Microwave and
high-resolution  laser  spectroscopy  of
deuterated  benzenes,”  Symposium  on
Advanced Molecular Spectroscopy,
Meguro-ku, Tokyo, Japan, 2015.7.18-19.

@ M. Hayashi, S. Miyake, and Y. Ohshima,
“High-resolution  excitation  spectra  of
benzene-containing  van  deer  Waals
complexes,”  Symposium on  Advanced
Molecular Spectroscopy, Meguro-ku, Tokyo,
Japan, 2015.7.18-19.

A. Mizoguchi, Y. Ohshima, and Y. Endo,
“Fourier-transform microwave spectroscopy
of the Rg-NaCl (Rg = Ne, Ar, and Kr)
complexes,”  Symposium on  Advanced
Molecular Spectroscopy, Meguro-ku, Tokyo,
Japan, 2015.7.18-19.

@ K. Mizuse and Y. Ohshima, “Control and
real-time imaging of molecular rotational
wave-packet dynamics,” Symposium on
Advanced Molecular Spectroscopy,
Meguro-ku, Tokyo, Japan, 2015.7.18-19.

M. Hayashi and Y. Ohshima, “Sub-Doppler
electronic spectrum of the benzene-D,
complex,” The 69th International Symposium
on Molecular Spectroscopy, Champaign-
Urbana, USA, 2014.6.16-20.

@ Y. Ohshima, “High-resolution laser
spectroscopy of benzene clusters with atoms
and small molecules,” The Gordon Research
Conference on Molecular and lonic Clusters,
Lucca, Italy, 2014.4.27-5.2.

A 25 KB R, A S L KSR
DTRERE R A A T 7 AD< )LF L
A & R A A — 7 F9 Rl 4y
TRF RS, R TERY, JaEE R
X, 2015.9.16-19,

R, SIERM, fEHmZ. AR,
ML, BRANIRR. KEFHB, 75 b
B ZENZ X 555 2R L2 N,
FINCARIREY A A 1k, 56 9 7 FFF
AfEme . B LR, B B,
2015.9.16-19,

BT RERM . XA A > OFRK
IR ANEDBIYE & A NMR 23 EIEA~ DG
M. H 9l pFRERRmE. RARTHER
. A ERX, 2015.9.16-19,

@ KHEER, KEBHH., TR IO T 7
BT DHEERHE RS A I 7 ZADOEHEA A
— V7 ARG NFREIGHRES . BT
THERZE, B H BIX, 2015.6.1-3,

@ BEEEMR— L KEHH. KHHA A ORREK
TR EIE & A NMR 0GB ORF%E, 558
|\l FRFERRER S INERE, RIKE.



2014.9.21-24,

@ ARWE AR, K., Frilmgaliisz i
W2 IR R & A F X 7 A D EIRFH]
A A=V, H8E HTRENRE.
IR RE, RN, 2014.9.21-24,

@ K. Mizuse and Y. Ohshima, “Unidirectional
molecular rotation dynamics probed with a
newly developed ion imaging apparatus,” %
30 Bl fLAROGSH RS A 7 — VIRES, i
B i, 2014.6.4-6,

@ H. Akagi, T. Kasajima, T. Kumada, R. Itakura,
A. Yokoyama, H. Hasegawa, and Y. Ohshima,
“Improvement in selectivity of isotope-
selective ionization utilizing molecular
alignment and angular dependent ionization,”
%5 30 [A] ALPUSH RS A 27— VIRES,
T, 2014.6.4-6,

KMEECR, KREEEH, “Control and real-time
imaging of unidirectional molecular rotation,”
AR FIRGEHS . BYEEDTIERT,
Fnytifi, 2014.5.26-28,

(Z Dfth)
(1) MR TERFHERLF R WFE=EL
W T —-<

http://educ.titech.ac.jp/chem/faculty/researc
h_lab/

(2) BRI LERF R LA sE R b
B REHEE
http://www.chemistry.titech.ac.jp/s_ohshima
html

(3) KEMEE F—Lb =
http://www.chemistry.titech.ac.jp/~ohshima/

6. AT
1) rEERELE
KE  FE# (OHSHIMA, Yasuhiro)
W TERE - RERH T 2508
Hx%
iffge 8 %5 : 60213708



