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Re?l—time dynamic chiral structure control using electric vector field shaped
pulses
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In this stud%, we attempted to control the structure, especially the
chirality, of materials by using light with precisely manipulated electric field waveforms in the
terahertz frequency range. As a result, we detected transient circular dichroism signals of
metal-to-ligand charge-transfer transitions due to the change of ligand tilt angle caused by
photoexcitation. We successfully tuned the rotation direction, rotation frequency, and time interval
of the pump-probe pulse that rotates the polarization direction at terahertz frequency. We
demonstrated that the direction of the photocurrent in a semiconductor quantum well structure can be
switched by the vector waveform shaping pulses. Thus, we have demonstrated a new possibility of
dynamic chiral structure control by vector electric field waveform shaped pulses.



BlC—19, F—19—1, Z—19 @)

1.&nﬁ%é@®%§

AMFGTRRE Tl 7 7~V B OB IE 2 R CEE L7 e 2 VT ERE & <
WZXT7 V7 0 — ORI ZEBTX 50080 ) MEICHkERT 5, REEROMAINEZ, A IZBER L
7=y NVEGRIEEIEEINZ W, 7 VT 0 —05 5% E OMAIERZJEFANTHAE L7
Do, TOEBHREELLEZRETE D E W) RITH D,

AMFFEARFEF VL, ITARIMNE 7 = & ROV ZADELR 7 MV ORI L ZEREISHE L, >
BN R EZ A NTHELHTZZLICL V.. T T~ BB TORGIREEZEE I
AT LBMETE D 2 & AU BRI TEERE L7z, TR, lm%@%kiv\%ﬂ% IR
OGNSR FIEL A ZELADLOTHY . SHICFTANFRENTHRIETS Z
& T AMBIES B COME AR SICEBIEAT A LI T B 2 b b, EEiEn
WG TE DIETH D,

2. IEDOBE/

SEMOBFZEHNICTI W TIE, #EEF T VT 0 — KT L2 IREDE G I X OV KRB E
A%®%@ﬁ%ﬁr WCX G AR | F T VELGEE OV A W E IS LB, MEDOXZ Y

WARTE LT AR B SN0, S5 WEOX7 V7 4 — m%m BT D

#®@ﬂ£%%ﬁbo%®tbm$ﬁ%fi T TEEETE 7 OV A hif 12 K 2 RE 0 iR e 20 e
EEANT, BRENICENICEE SN 7 VT 1 —%2 7 v —T7 U ORI EHEO I TR
T5, —HADOXT7 VT 4 — %R OXF T NVEGEE VA EZRET5Z Lk T, ARG
LB EMEDIFELNEACT 20 E28IT 5, S5IE. EAXT VT 4 —OIF(ELE R KIC
T % X% T )VEGHRIE O foiifii & BRI BERE T 5,

3. HREDAE
(1) BRI 4R R e — Gtk o e B o RIE

BIRDX TN —F— SV RZRE L, 2O ) FA~Y—OEMREBILET D701,
REELA 2B U S/ D00 FRITIM AT, MEZ(b 2T 5 72 O R @k
(TRCD) 4yt 2 B/ L=, ARt (CD) oOMEIX, FICR v LAk E2HWT T
— 7 HORICRIEE A PR IE B AR YCICER L CRIERJET 5 ik E . ERREDO %
FUBHZ RS L TR 2 HE T 5 HENAW LN TE -, BiE OFETIE., BTN
RERRTDEME F N RET D, —F, BHEOIFIETIEL, FHBOWEICHERIN D05, AW
Ze T, 2o TR A B L7238 LU TRCD 45688 & BHJE L 7=,

X 112, BA%E L7= TRCD /e @E O 2 7~ d, CDIE S O/RHICIE, FRENZE LW AELS O MR
%®E@Abﬁ&Lfﬁﬁﬁt®7ﬂ%7ﬂwz%mwto@mlh%rﬁﬁ%ﬁibﬁﬁwﬁ
10°:1 ThbH, stz LI AFHTm—7 L 2%, 1/4 WERERXEE—LAT Y v Z—|Z
roT, EELEU@HﬁtﬂA%@iﬁﬁxLﬁﬁﬁﬂA“wﬁéhéoEﬁmﬁ%@%@ﬁ
FEFER . EERERIC Lo TOESE LTHRIETE %,

BE A fRRIEIIL, R 7 a—T7 S5 NEEZ AW, R 77O RETa—T7 U0 A0%, Fiv
FNFE oW T 7 AT FAEIERH /7 (10kHz, 35fs. 800nm, 0.6m]) O 2 mEk &5 3 maH
WAt ST, BBl D OZARIE, JF 3 v 3—T bkHz DOIREZLH L2k yeic k- Thl&
B S, =T HRHEN S O NEREZTD S BT a v =B R L7k %,
Oy AT T ERANTEE LT,

Pump
\@I\u PBS
sample Schematic of pump-probe
spectroscopy

; O Right CPL O : I : Pump pulses ~ Sample
: + + | Balanced JL___' -

S
O Left CPL o | detector

" ————— | Polarization states of probe pulses }

[X| 1. TRCD 4y Y2 E ORERK

delay 1 (fs~ps)




(2) BRI T 7~V HIREDE SRR E O RfE

FHAMEIESRZ IR E Loy MVESIR RIS 2 R R AR o 77 e — 7@ IR 9
DI, T T~V R FROETZIEI S HREEE R 7OV A L IRE) & e
B HZENTELRIBPEIE T a0 —T L R E TN Z 6T B 2B Lz, 250
JV A DIRYEIEER ST A, RYEEERE R, SV A@EZMSLICEET 2 2 e TE 5, X 2 ICBA%E
L7z L—P— L AR 2 v, ZOMEIL, ~ A 7V TR AR L ORI E— L A
TV o B—TL—P =L 2%V EHD2HHDORSICHEET D, V7 —5 & HT —ADKED
2TV ML TENRTFNRDOL—V—ULADZ A I T HHE L, T 7~ BERECCR
NG EMNERET 2 70— OV ARERT D, S DICEKEERSLO TR B8 V, H 2% E T 5
Z LT, FEROFEEIZ L R NEEET AR TV ANERT D,

Laser Pulse

Twisted Pulse
2 R LTeT 7~ B ECCIREN IR 5 AR 7 -7 v — 7 UL 2 DA ki

4. BHIRMRE

(1) *FNVEBHBEH A SNVARFCED5FXT U T 1 —FHREOEBRAIRIE

3. (1) TRHFE L2 3&E 2 W TR O T = A e U PLEEK [Ru (bpy) o1 O HER) 72
T F A LA RE LIS, THUSND, TOR 3(a) ik, KSR O T o F A~ —H
(SRR > 7 7 — AV U (+ E7213-CSA) OBIRSUTIRA LTSV T, TRCD 43EsR o
Ta—T OV ADHE O THE SN SEBROEZ R L TN D, F 7172 CSA 1% 266nm (258
WD fEHERT, Liio T, JeRhE A0 O 50, %7172 CSA THMlid 2 Z &
MWTE D, 72 CPL &4 CPL OFMIEOZENMEL, =T v F A~ —OIRAHICIZIZRHI L7,
el IR CHEIE T, [Ru(bpy) ] KIEIR &2 RERIC, R 0AE CD MR 21T 7R o 7c, 2 D8RI,
b S D &AL OBRARZNLT 2 2 EAMON TR Y . £ OBRICEE-RLAL T BB H)
B (MLCT) (&> TORHDZENT D, K 3(D)ICAT & 912, IEQRIEFIR TR {E 523
‘o,

(a) (b)
| .
ch SIgnaI of CSA Experimental setup
6.0 Pump laser:400nm 200nJ
A \
A A At A Probe laser:266nm 2pJ ‘ 2
= 4 A 20 o AlLeftCPL T N
s .
3 20 12
@ L .
< A Right CPL 10 MLCT transition of
o L] Ruthenium complex
£ ° 8
r—u>100/ 50% 0’ 50% 100% a | U WM e TTTeess
< 2.0 . . O¢ N
oo L] o differential < \
w "
signal x5 ;
° L4 -4.0 ¢ . a4
A A A A A A PY R (N | St S
A A A watar(x5)
0.25 mol /L ) ) 0.25 mol /L 04 -
(+)CSA100% enantiomeric excess(%)  (-)CSA100% ) S £60 S0 i5a0

Delay(fs)

3@ FT NI I T 7 — AR BKIRIRDOEFH CDE 5. (b) % F /72 [Ru(bpy) 31 /K IAHR
DRI S #E CD E 5, (400nm Jihkd, 266nm 7 2 —7)



(2) BRI T T~V HRENE S MR B L B o A

3. (2) THHFE L7~ A WAy 7~ a—7 UL 20§ 2 4 121, SFeiEICLES
BN TNV AFEFE R TRT LT 2.0 7T~V THREFRREEZL, To—7 U020
R NIRRT R LI L DICEVIEN 0.7 7T~y ThllinZz LTW5, Vi & V, Of7 &R
RINBR T -7 a—T7 L AOREMRE R E S, ZOFNZBWTIL 9 EafigEE ST
W5, 4(a) TR T2V RA L7 a—T 0L A E[E—OREHE Y TH D DIITxt L, Vo OALE
ZEINTZ LT 4(b) TIEWEERE 20D Z ENHER SN, ZD X I, 4D T —DNE
T D700 TR TN T T~V BRI CREET 50 0 7 -7 1 — 7 )L A Daliig g7,
BIERJE R, 2 DD/ VUV A DORFFEIRZ MRS 5 2 S ITP Lz,

ARIBAFE LTz b—H — L A DR EEETRE AR X, RIS g 2 H L 72 1E ko Fik
EHRDE BRETXDL/VARBN 7 = 5 NPT 7 ETEIAL, Elan] 77 AD L —
P OV ABEICHZ D DB DT, LVIEWHESCHEEZ eSS E TE D,

(a) (b)

BEtEYn  EEHEUO REEtEIY D sstEvo
“SO0—77/%L R 7|'\°D7’/\°)Jz2 ZO—J/VLR R TINVZR
Ixawu. 1 i

£ ST 1 EThm
0.7-THz
Iy a.u. 2.0-THz 2.0 THz
-1 INVRFERR 9 ps L LRSS 9 ps
12 9 3
0 0
Time [ps] Time [ps]

4 REEBCER SRy 7 -7 a— 7 1 2 OFIEE]

(3) N7 MNWEBWIBEL NV R K BT OREHBIRIA~NY &7 1« il

ABFFETIZ, 7 MRV 22 X > T n 1l GaAs/Alg sGap -As 285 R — 7" B+ JF 1%
EWONERD TRV EZ D Z L2 LTz, X5 1R X 51T THz SRR GRS 2
ZROABLOEORIEA LY 7~V R 2850 F— 7 B I HIE IS L TR B ARGz 585
S, AU CHUEMHAEERICE > THER T o mae sty v U 7 0OBEDOERE L TH
MU Tz, R0 FOMENE FRDLEF RN ERTH T U T 4100 L, AERITZEE T OR
DAL EWVOYWHENEBENEBEES DR R TN VT o B e L, T o FER E A HlE

BRI
QP

)\gmgrpjﬂ SPD BRUNF./ LR
QPO ERUNRS/ LR
EEEF(REV-1/2)

V+

GEEF(REV+1/2)

‘ FERETHFHM @

V.
5: 7 MVEIGEEIE SV A e W T BRI PRS0 7 U T o BRI

s 3 EFROSE . £ OEERIFRED HER SN 2 AEE &2 MEIAAINT 2 Z L2
Do TOIZH, MAEHES+h (-h) D7 hAGOEERZ, -2h (+2h) Z AV CERAY I EhE
THZENTED, ZHUEY MAEBEIZ L - TAERK S RmIENEEL LT < 2 CIVR
/L2 N T < CIERRICB W TEIL SN D, AERTIE, AF LR CIURIE VAN D
DT~ U DEEE A 0 72D 50THz £ T Sz, JetEZmas (PEM) ZHWT, Alth
RISV ADNY T 4 % 50 kHz T Uiz, SCHMEA s 2 i L7 1% O EEZSHI3 1 A
DAKHRED 10°LAFTHD Z &b, B LTEHENANY T AKFTHD Z & EENDT,
NV UT A IRFT DNEEE, vy 2 A T T AWT 2 AR L7z,



6 (CARZEBRIZIT THEEE L7 MAVETIBEE K OGHIIS AT L md, X7 NVESHK
EI STz /SV AL, He 7 T A A A% » MNTC 5K IZHRIE & 4072 (001) GaAs/Alg sGao. 7As 2550 N
— 7B IHIEEICER SN TR — AR EEORmICAS Lz, REREHO L —F—RAK

rOBEAITH 100um THoT,

OvH A 7T, A -268 °C

V,-V. BB
graﬂmﬁ \
7

L—H—3IE SR AR
JE £ :700~900 nm
/N)LRIE: 20 fs
RLNEH/ LR

6 : AHFIETRHFE S ILTOLESBIY OfI R & EERELE X,

TR T L IR ENO R EF ORFORBEGETH D 50THz (TS <I1E L, T
LHDRLTINL NG CTEFOROBA DR E AL, & OET T W2 T 581
ARADZEICHII LT, TORR, SIM OREZZ A2 TR LIURIE L 2 DTFERRO~Y &
TAERWINTTH LT, EBNOEOFFIINEE L, 228, HEEOEIIL, FAF DL
BICOHEL, EARFOHEITIIE TR oTo, ZORRIT, R— A —HEIEE OB D T7
A, RLCIREE NSV ADT N =T~ T 2 X THI S TV D Z & 2R L
T2,

ABFFECTBI S NCHRIT, IV A 2T 2 RIS E EN 5 BB RMD 2 Wiz T
YU TH D, S OIS, MEFHOEREMZREH LG T~ el 35 2 L2k b, AY
AR A C 2 NEBERF SN AMMHB SN D72 E AUZETIE, 7~ ViEfeRea OBLR 2 BLIY
INTND,

ZDEDIT, XY MVEREIZEIE SV A & D FERFREIR % 7 ARG, BB
F O FRACHB RO DT e FE L RR 2R LA R FETH DL LEA L I,

T T 1 _
8 oo(@%%
61— g |
SERLN
— 4, ° B2EY — 400 pm
=1 &P
w [T )
S o, -
> R BEE
V-2 %&@@%@QE*%%?— ve| [ResiuE
B 5 ®
T4 by -
4 % v
B -6 R
81 | 1 | = =7arm
10 20 30 40

RUNDRERKE (THz)

X7 : WEEIESDR IR IV AD A b—7 ZJERBUEENE, BET 2R TR L A
DRLNDAEE REEF) ZNIEIESH ERAELZEBEDHENNIEL TV 5,



5 5 2 4

Wei Hao-Keng Ito Hironori Misawa Kazuhiko Luo Chih-Wei 45

Generation and manipulation of polarization-twisting dual pulses with a high degree of freedom 2020

Optics Letters 6663 6663
DOl

10.1364/0L.409672

D.Kinschel, C.Bacellar, O.Cannelli, B.Sorokin, T.Katayama, G.F.Mancini, J.R.Rouxel, Y.Obara, 11

J.Nishitani, H.Ito, T.lto, N.Kurahashi, C.Higashimura, S.Kudo, T.Keane, F.A.Lima, W.Gawelda,

P.Zalden, S.Schulz, J.M.Budarz, D.Khakhulin, A.Galler, C.Bressler, C.J.Milne, T.Penfold,

M._Yabashi, T.Suzuki, K.Misawa, M.Chergui

Femtosecond X-ray emission study of the spin cross-over dynamics in haem proteins 2020

Nature Communications 4145
DOl

10.1038/s41467-020-17923-w

Ito Terumasa Iritani Miyako Matsuoka Fumiaki Misawa Kazuhiko 11656

Time-resolved stimulated Raman scattering microscopy for robust quantitative chemical 2021

measurements in tissue

Proceedings of Advanced Chemical Microscopy for Life Science and Translational Medicine 2021; 1165606
DOl

10.1117/12.2582564

Hironori Ito, Tetsuo Nakano, Shintaro Nomura, and Kazuhiko Misawa 27

Polarization envelope helicity dependent photovoltage in GaAs/A103Ga07As modulation-doped 2019

quantum well

Optics Express

28091 28091

DOl
10.1364/0E.27.028091




Ito Terumasa Obara Yuki Misawa Kazuhiko 3

Invited Article: Spectral focusing with asymmetric pulses for high-contrast pump-probe 2018
stimulated Raman scattering microscopy

APL Photonics 092405 092405

DOl
10.1063/1.5030053

8 0 8

H. Ito, T. Nakano, S. Nomura and K. Misawa

Polarization envelope helicity dependent photocurrents in GaAs/AlGaAs modulation-doped quantum well

International Conference on the Physics of Semiconductors (1CPS34)

2018

Iwata Katsuya

High-Pressure Gas Measurement Using Time-Resolved Rotational CARS with Temporally Asymmetric Pulses

14th Pacific Rim Conference on Lasers and Electro-Optics

2020

Ito Terumasa

High-Contrast Depth Imaging of Skin Moisturizing Agent Using Phase-Modulated Stimulated Raman Scattering

14th Pacific Rim Conference on Lasers and Electro-Optics

2020




Ito Terumasa

Time-resolved stimulated Raman scattering microscopy for robust quantitative chemical measurements in tissue

Advanced Chemical Microscopy for Life Science and Translational Medicine 2021;

2021

Yuma Saito, Hironori Ito, and Kazuhiko Misawa

Time-resolved circular-dichroism spectrometer for coherent control experiments,

CLEO Pacific Rim Conference 2018

2018

Y. Okano, K. Goto, A. Kuramata, S. Yamakoshi, H. Murakami, B. Monemar, Y. Obara, Y. Kumagai, and K. Misawa

Coherent Raman Microspectroscopy for Non-Contact and Non-Destructive Measurements of Carrier Concentrations in Wide-Bandgap
Semiconductors

CLEO Pacific Rim Conference 2018

2018

Hao-Keng Wei, Leona Isogai, Hironori Ito, Kazuhiko Misawa, and Chih-Wei Luo

Twisted double-pulse generation via Michelson interferometer

2019 Annual Meeting of the Physical Society of Taiwan

2019




Hironori Ito, Tetsuo Nakano, Shintaro Nomura and Kazuhiko Misawa

Polarization envelope helicity dependent photocurrents in GaAs/AlGaAs modulation-doped quantum well

2019 Annual Meeting of the Physical Society of Taiwan

2019

(Yuki Obara)

(10752032) (12605)

(Hironori Ito)

(60724127) (12605)

(Terumasa 1to)

(60783371) (12605)




