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Fig. 1. The change of three-color pulse electric field with
time (black curve), the change of driving field with time
(orange dot) and the change of controlling field with time
(blue dot): (a) During the entire pulse duration; (b) part of
the electric field ranges from —10 fs to 10 fs.
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Fig. 2. High order harmonic generation spectra from heli-
um atom irradiated by a three-color field (red solid line)
and a two-color field (black solid line).

054204-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 3B 3R Acta Phys. Sin. Vol. 71, No. 5 (2022) 054204

B 3 RS A T S Akt
553 JE TS [F] A 286 P e T R 4 I L e b v
Yy RN ] 281k, 18] 3(a) JE R By 2 A K R
S 0 ) R 37 5 B2 B sF () P A8 Ak, ] 3(b) DI B B
& 3(a) YA —10—10 fs RS I 3.
] e i O T X I ™ A A 2 B m R ) B 2 DX 3R
E, F, G HiRsre3. mIE 3 0L, A4S RNE
Yk Je =g, AR R I T DR B
R, FFE IR IRAR. B 5 EgH L,
“EGTE FA G XSG IEE S, ME E A
H X3 iR i — 0 A, XA s
AT A AR = UGk B . Be SR AT
ZRUESE, AR 7 R ROk A FIXHEE
BEJGE G IXE AT, FIX I8 i 37 8 (5 S ik
GABEZHTHE, A AT A SR n ik
RATHE, G X BRI E S SR A B EROLY
HR] DASRAS SE ZRE i, AR T2 R IS i Rk o7
BT R S BN A B A il R S
SEZR B H X R gdee. RBR, 751
% B X HL B R Bl R A SRR F X SR
BT EA, M7 AN SISO 5 e 2™ iR i
KTV, ASFI A5 SR A w3 U B R . 7
—“OSEIL T, B XBIGIEETE— L8NG R T
AT RN, IR LA 2I7E = @15 A 5
AR B T L S 37 I SE R DX 37 5 T D
F14) 55 M) =2 R R 7R R 3 Sk s e b, E G Xk
LI HIXBS B 2 577 A

0.2 F(a)
0.1F

0 _,_,\/\/\/ ) Pau——
—0.1F

—0.2

—20 —10 0 10 20

02 ()
01f E G

ol /’\\\\/“

—0.1F QA H

—0.2 ) ) . . . AN ) )

—-10 -8 -6 —4 —2 0 2 4 6 8 10
Time/fs

Electric field/a.u.

K3 =@ koeh e S B ] A2 p (3R () KOBUE Bk vl 37
e AR L (G k)  (a) B4Rk oha 3%, (b) ¥4
-10 —10 fs.

Fig. 3. The change of three-color pulse electric field with
time (black curve) and the change of two-color pulse elec-
tric fieldwith time (orange dot): (a) During the entire pulse
duration; (b) part of the electric field ranges from 10 fs to
10 fs.
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Fig. 4. (a) Variations of the three-color field (black curve)
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gion) with time; (b) evolution of the harmonics with ioniza-
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Isolated attosecond pulse generation from helium atom
irradiated by a three-color laser pulse
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Abstract

Isolated attosecond pulses enables the studying and controlling of ultrafast electron processes in atoms and
molecules. High-order harmonic generation (HHG) is the most promising way to generate such pulses, benefiting
from the broad plateau structure of the typical HHG spectrum. We theoretically investigate high-order
harmonic and attosecond pulse generation from helium atom in a three-color laser field, which is synthesized by
16 fs/1600 nm, 15 fs/1100 nm and 5 fs/800 nm pulse laser. Compared with harmonic spectrum generated by a
two-color laser field synthesized by 16 fs/1600 nm and 15 fs/1100 nm, the harmonic spectrum generated from
the synthesized three-color field exhibits high conversion efficiency and broadband supercontinuum
characteristics. The continuous spectrum range covers from 230th to 690th harmonics, and the generation of 128
attosecond isolated short pulses with higher intensity is realized after Fourier transform. This result is
attributable to the fact that the synthesized three-color electric field exhibits high-intensity and few-cycle mid-
infrared femtosecond pulse laser characteristics, which can effectively control atomic ionization and
recombination occurring within an effective optical period of the mid-infrared femtosecond pulse. This scheme
solves the problems faced by the current femtosecond pulse laser technology, i.e. the few-cycle mid-infrared

femtosecond pulse laser cannot have both carrier envelope phase stability and high power output.
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