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Take home messages

State-dependent molecular alignment is crucial to interpretate

optical dipole force

+ alpha

0.01%, 0.76%, 2.09%
J = 0

J ≠ 0



When we go from atoms to molecules

|j, j> |j,0>



When we go from atoms to molecules

정렬 혹은 배향
(alignment or
orientation)

무작위
배향

단일 양자
상태

입체 특이성 약화

입체 특이성 약화
감소

입체 특이성 보존



When we go from atoms to molecules

분자에 적용 불가능한 원자 제어 방법

⸫반복적인빛의흡수와방출이어려움

- 빛의 흡수와 방출 반복

- 원자에 전달되는빛의운동량으로제어

- 원자에 없는 양자 상태들이 존재

(진동과 회전 양자 상태)



When we go from atoms to molecules

분자에 적용 가능한 방법들

⸫반복적인빛의흡수와방출가능

- repumping- 빛의 흡수와 방출 반복

- 원자에 전달되는빛의운동량으로제어



When we go from atoms to molecules

분자에 적용 가능한 방법들

Stark decelerator Zeeman decelerator



When we go from atoms to molecules



When we go from atoms to molecules

분자에 적용 가능한 방법들



Molecules in the laser field

 The interaction potential between ground state CS2 molecules 
and a laser field of intensity I
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 The interaction potential between ground state CS2 molecules 
and a laser field of intensity I

 I = 0   spherical harmonics
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Molecules in the laser field

 The interaction potential between ground state CS2 molecules 
and a laser field of intensity I

 I = 0   spherical harmonics
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 I > 0   pendular states
2B U H J
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Molecules in the laser field

 The interaction potential between ground state CS2 molecules 
and a laser field of intensity I
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 I = 0   spherical harmonics

2
0 BH J

, ,j MY j M

 I > 0   pendular states
2B U H J

,
, ( ) ( ) |J M

J M jj
I C I jM  , (0) |J M jM  



Molecular alignment

 Expectation value of cos2  degree of alignment
2 2 2
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Molecular alignment

 Expectation value of cos2  degree of alignment
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 Approximated interaction potential at the adiabatic regime
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Adiabatic and  nonadiabatic alignment

TDSE

TISE



Molecular alignment and optical dipole force

 Expectation value of cos2  degree of alignment
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 Optical dipole force



Molecular alignment and optical dipole force

 Expectation value of cos2  degree of alignment
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Molecular alignment and optical dipole force



First experimental study

H. Stapelfeldt, H. Sakai, E. Constant, and P. B. Corkum, Phys. Rev. Lett. 79, 2787 (1997).
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Single longitudinal mode



Single longitudinal mode

• When the seed laser emission frequency is within the 
bandwidth of a pulsed laser cavity mode, a Q-
switched pulse will develop more rapidly at this 
frequency than at a frequency created from 
background spontaneous noise emission. 

• Consequently, the pulse developing from the seed 
signal will saturate the gain medium and extract the 
energy at the seed laser frequency before any pulse 
can develop from noise emission.

• This essentially inhibits the amplification and growth 
of any pulse that might develop from noise emission.



Our efforts (2003. 5. 16)
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Our efforts (2003. 11. 6)



Our efforts



Rotational temperature matters



Rotational temperature matters



The first potential project as a PI



Other can do what you plan to do

S. M. Purcell and P. F. Barker, Phys. Rev. Lett. 103, 153001 (2009)



Other can do what you plan to do



Which you could have done



Rotational temperature matters



Which you could have done



State-dependent molecular alignment

 Expectation value of cos2  degree of alignment
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State-dependent molecular alignment

 Expectation value of cos2  degree of alignment
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Effective polarizability

, ( )U
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• alignment-including state-dependent 
polarizability
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Our work on the optical force exerting on aligned molecules

The peak intensity ଴ ଵ଴ W/cm2

To measure the the maximum ௬ ,
௪బ

ଶ mm

Thus, ଴
ଵ଴ W/cm2

As a result, the estimated ௬

Lin Cir
81 bar 13.6 10.7
2 bar 8.3 7.6

Unit: m/s



Our work on the optical force exerting on aligned molecules
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Manipulating translational motions of molecules

transverse motion longitudinal motion



Trajectory simulation

Calculation schemes

Kim, Lee, Kim, Kwak, Friedrich and Zhao, Phys. Rev. A 94, 013428 (2016) 



Trajectory simulation

Calculation schemes

• IR beams

pulse width t = 10 ns

waist radius w0 = 23.5 mm

• molecular beams (12C32S2)

vz,mp = 560 m/s 

vz = 56 m/s

Trot = T = 1 and 35 K

Kim, Lee, Kim, Kwak, Friedrich and Zhao, Phys. Rev. A 94, 013428 (2016) 



Calculated velocity change by trajectory simulation

Deflection ,
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- for T = 1 K

- for T = 35 K when only velocity 

changes are considered  
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Kim, Lee, Kim, Kwak, Friedrich and Zhao, Phys. Rev. A 94, 013428 (2016) 



Calculated velocity change by trajectory simulation

Dispersion ,
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Kim, Lee, Kim, Kwak, Friedrich and Zhao, Phys. Rev. A 94, 013428 (2016) 



Calculated velocity change by trajectory simulation

L. Y. Kim, J. H. Lee, H. A. Kim, S. K. Kwak, B. Friedrich, and B. S. Zhao, Rev. A 94, 013428 (2016)

transverse motion
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Good approximations

Sun, Kim, Zhao and Chung, Phys. Rev. Lett. 115, 223001 (2015) 
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Alignment-neglecting state-dependent polarizability

• good approximation for low rotational temperature (T = 35 K) 
and low laser intensity (I0 < 1011 W/cm2)



Good approximations
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Alignment-neglecting state-dependent polarizability



Good approximations

Dispersion

10 20 20 10 W/cmI  
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Demonstration of the molecular alignment effect in their scattering 

from an optical standing wave

Limit of the approximation

Rotational-state selection of nonpolar molecules

0.01%, 0.76%, 2.09%
J = 0

J ≠ 0

( )JM I( )JM I 
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Molecules in an optical trap and in a fast beam

ICAP 2016
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Molecules in an optical trap and in a fast beam
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Molecules in an optical trap and in a fast beam
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Molecules in an optical trap and in a fast beam

ISMB 2015
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Molecules in an optical trap and in a fast beam
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Take home messages

State-dependent molecular alignment is crucial to interpretate

optical dipole force

Literature survey is really important
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