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Abstract

from the development of ultrafast laser and its manipulation. The related researches have led to increasing

Ultrafast controlling of atomic and molecular quantum states has attracted intensive attention benefited

understanding of the interaction between intense laser field and quantum states of atoms or molecules. In the present
paper we review the research progress in this field, particularly focusing on the quantum control of molecular

rotation and dissociation in ultrafast laser fields, ionization of atoms and molecules in such ultrafast manipulated

laser fields, and prospects for future development.
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Fig. 1 Characteristic time scale and corresponding energy of microscopic material motion, and the modern optical

technology capable of achieving the corresponding time scale and photon energy
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Fig. 2 Schematics of (a) molecular alignment, (b) orientation and (c¢) unidirectional rotation irradiated by ultrafast laser
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Fig. 3 (a)-(d) Molecular orientation evolution at different
delay time irradiated by femtosecond lasers for
rotational states selected methyl-bromide molecules

and (e) evolution of the measured angular
distribution of the alignment and orientation with

different delay time and angle 0,5, 2
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Fig. 4 (a) Schematic of the quasi-three-dimensional polarization shaped light field. The laser propagates in the = direction,

wherein red and blue respectively represents the components of the laser electric field in the x and y directions; (b) the

projection of the laser electric field in the y direction; (c) the projection of the laser electric field in the 2 direction

0126007-3



Es i

1D alignment

I* ion images:

~
o
v

F* ion images:

5 () (b)—4EfE T 5 (o) () = 2 ELR & [52
Fig. 5 Schematics of (a), (b) one-dimensional alignment
and (¢), (d) three-dimensional alignment™"

FTL pulse (b) Sig. phase pulse

.‘ .i()

200 250 300 350 400

a

w

Do

—

(©

—
O

Intensity /arb. units
(=}
(2]

— O
)l
O’

Pixel /pixel
© o5
2 0
o
£
-0.5

~
s
—
o

2
(cos? O,y,)
o o
o ©

0 5 10 15 20

7 /ps
K6 (a)Z
Ce) FNCH 43 1) 2k de

7 45 A BRI e e () T ik o 745 19 23 T BB IR) 5 B (o) BRI 43 A 5 (D) A ] 4%

ForF 1 2 ) = 4EH Y Ghalfur S50 F) T
Y 7S S R v 5 R RFP OG5 77 A AR e PR — B
Bl A5 1 I S B L S5 A TCRREOE Ik o R
TR S5O Ll 5O AR EOE Ik ol A 80
PEE oy FHCA R CANEL 6 JIr7R) s De 4527 IF R 5k
S AR RO B 05k SE B CO 7§
(R IE 5 53 W) 32 05 ¥ BEASAE T 40 F 19 7K A
W MO HE 53 W pw) o A 7™ A B sl 250 1 8L
6 S IR WO, RO B A Tz 048 A 1
Fleischer /N W JFJR B A A THz LR MOE 5 S
OCS 731 7o 3 W 1a) 19 0F 5, R B0 8 300 2 3 4k 9
THz #O6Y , vl G — 28 5 435 B 1) J6 56 1Y 3 5 8
R T HRAEH]

i PR RO 7 T o T T SOk, AT
SEBLGY TR B iR . O SRy 1 B e e R L oG
T BT Sl W R R 5 7 2R AR X PR

(@
0.75

without FTLpulse | Sig. phase
pulse pulse

.
T * " TeTe &

0.65

0.60+ . . o

0.65+

1-abs((cos 6,p))

0.45 ! L
0 5 10 15

Experimental times

-

(8 10%¢

101

Cross-correlation

102

FAF AR E Y 2> T U 37 5

A Rk £ FH 4345 20 198 B 16 00 T3 A it 2k 5 (o) B B AR JBOTG ik o 1 £, 28 T 4R D

Fig. 6 Molecular orientation irradiated by (a) the transform limit pulse and (b) the shaped pulse, and (c) intensity integration of

the images; (d) the molecular orientation distribution under different laser conditions; (e), (f) time-dependent evolution

(black line and points) and theoretical evolution (red lines); (g) the envelope of the optimal laser pulse'™
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Fig. 10 (a) Experimental measured photoelectron spectra
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