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Electron spin manipulation by high-intensity terahertz pulse

H. ShidaA, I. TakazawaA, Y. IshitaniA, M. NakajimaB, K. MoritaA

Graduate School of Electrical and Electronic Engineering, Chiba University, Chiba 263-8522, JapanA

Institute of Laser Engineering, Osaka University, Osaka 565-0871, JapanB

Abstract
When the electron spin is irradiated with a high-intensity terahertz (THz) pulse, it is accelerated in a short time 

of several picoseconds due to the electric field and has a large momentum. By the spin-orbit interaction, a spin 

with a large momentum. experiences a large effective magnetic field and rotates around it. Therefore, it is expected 

that the spin can be rotated and manipulated in a short time. We applied a THz pulse with a maximum electric field 

intensity of 27 kV cm⁄  to the photoexcited electron spins in the (001) GaAs/AlGaAs multiple quantum wells at 

room temperature. When the THz pulse is not irradiated, the spin is observed to gradually relax with a relaxation 

time of 50 ps . On the contrary, when the THz pulse is applied, the spin orientation is not inverted, but it is 

confirmed that the spin Kerr signal is rapidly modulated during 2 ps . Spatial resolution measurements are 

performed before and after the time this signal modulation is observed, and it is found that the electron spin moved 

by about 2 μm by the THz pulse electric field. 

1.

2

= ℏ × (1)
Rashba Dresselhaus 2

Rashba

Dresselh

- 161 -



aus

Ⅲ-Ⅴ (001)

= ℏ⁄ = , , 0
= 2 −0 (2. 1)

= 2 −0 + 2 − 0 (2. 2)
[100][010] [001]  Rashba

Dresselhaus Dresselhaus= − 〈 〉 〈 〉
3

[1]

[2]

Hebling
[3] 1 MV/cm

THz [4, 5]

THz ( )

( ) ( ) = − ( ) (3)( )

THz
[6] THz

,

THz

2.

1 kHz800 nm  

(001) 60 GaAs/AlGaAs

Rashba

Dresselhaus

Kerr

Kerr

Kerr

27 kV cm⁄ THz Fig. 1

- 162 -



3.

Fig. 2 Kerr

THz

Kerr 13 ps Fig. 2

Fig. 1 THz

Kerr TH

z 50 ps TH

z 13 ps 2 ps

Ker

THz

13 ps
THz [110]

Fig. 3(a) Fig. 2(a) THz

Kerr Fig. 2 9 ps 15 ps T

Hz

Fig. 3

(b)

Fig. 3(b)

Fig. 

3(c) Fig. 3(c) THz

Fig. 3(a) Kerr F

ig. 3(a) THz2 μm
THz

Fig. 2

THz

LO(2. 2) Dresselhaus

LO

DP
[7]

L O

≤ 77 K

Fig. 1. THz

Fig. 2. THz THz

-20 0 20 40 60 80

-0.2

-0.1

0.0

0.1

0.2

Ke
rr 

si
gn

al
 (a

rb
. u

ni
t)

Delay time (ps)

-4 -2 0 2 4
-10

0

10

20

30
E TH

z (
kV

/c
m

)

Time (ps)

THz

- 163 -



Dresselhaus

THz Fig. 1| |(≳ 10  m )(3)
THz| |

THz

4.

(001) GaAs/AlGaAs

THz 2 ps Kerr

THz

[1] Y. Kato et al., Nature 427, 50 (2004).  

[2] D. Loss et al., Phys. Rev. A 57, 120 (1998).

[3] J. Hebling et al., Opt. Express 10, 1161

(2002).

[4] H. Hirori et al., Appl. Phys. Lett. 97,

091106 (2011).

[5] H. Hirori et al., Nature Commun. 2, 594

(2013).

[6] K. Yamaguchi et al., Phys. Rev. Lett. 105,

237201 (2010).

[7] M. I. D’yakonov and V. I. Perel’, Sov. Phys.

JETP 33, 1053 (1971).

(a)

(b)

(c)

Fig. 3. (a) THz Kerr

 THz  (b) 
 (c) 

9 10 11 12 13 14 15

0.03

0.06

0.09

0.12

Delay time (ps)

-3

-2

-1

0
Ke

rr 
si

gn
al

 (a
rb

. u
ni

t)

Pe
ak

 p
os

iti
on

 (
m

)

-80 -60 -40 -20 0 20 40 60 80

0.00

0.02

0.04

0.06

0.08

0.10

Ke
rr 

si
gn

al
 (a

rb
. u

ni
t)

Position ( m)

Delay time
 12.0 ps
 13.0 ps
 13.6 ps
 14.0 ps
 15.0 ps

-80 -60 -40 -20 0 20 40 60 80

0.0

0.2

0.4

0.6

0.8

1.0

N
om

al
iz

ed
 s

ig
na

l (
ar

b.
 u

ni
t)

Position ( m)

Delay time
 12.0 ps
 13.0 ps
 13.6 ps
 14.0 ps
 15.0 ps

- 164 -




