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Fig. 1. (color online) Harmonic spectrum of He™t
ion in a combined 5 fs/800 nm and 12 fs/1600 nm
chirped two-color laser field. The solid black curve:
B8 = 0.25, ¢ = 0 (homogeneous case); The dotted red

curve: 8 = 0.25, ¢ = 0.00105 (inhomogeneous case).
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Fig. 2. (color online) The dependence of the kinetic energy on the ionization time (circular red curve) and
the emission time (trigonal green curve) for: (a) 8 = 0.25, € = 0; (b) 8 = 0.25, ¢ = 0.00105.
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Fig. 3. (color online) The time-frequency distribution in (a) a spatially homogeneous chirped two-color laser
field (8 = 0.25, ¢ = 0) and (c) a spatially inhomogeneous chirped two-color laser field (8 = 0.25, ¢ = 0.00105);

the classical electron trajectories in (b) a spatially homogeneous chirped two-color laser field (8 = 0.25, e = 0)

and (d) a spatially inhomogeneous chirped two-color laser field (8 = 0.25, ¢ = 0.00105).
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Fig. 4. The temporal profiles of the attosecond pulses
generated by superposing 50th order for spatially inho-
mogeneous chirped two-color laser field (8 = 0.25, € =
0.00105).

N T I G ] SE 2R X v 40 1 I R B A ik e
A, AT 7AES = 0.25, ¢ = 0.00105
4G O T I B RE SR 7 A Bty = 14T /we, to =
161 /w1, to = 1.8T/wy =M HL T ) — 4E A5 AL 51

1255 RV A S AN IS B M ik o ) 72 A, HeAth 28k
SETHRRHEE. BS54 T =M T R
S, T AR B =R 5O R BB S 2
U GTE R IR S 1. G LA, I ) S SR R B K
FE— 2 BB IR e WE B R . T3]
ARSI WAROW € 37 b - WA Ik 2 iy 1 1, AR AT i
WIS HAEOLT, RHEER A to = 1.67/w, I 13
WEFE R, BOEALBTE 1200 IRPHIE. M3RATHE K
P 1) S2E A8 B el /I AR 1] S 35 P 85 9B 14 S & 348 /0N T I
AR to = 1.67/wy HITEHL. BIAE 23 [A] 4R 48 2]
Wk X €0, 37 3 e 3 24 30k I ) S8 3R W] PASRAS ALK
I JRE FR G AR

104

to=1.4n/w,
102 --- tp=1.6n/w;
100 - tp=1.8n/w,
10-2
10-4

10-6

5P /arb. units

10-8

T T Y o F F F Y i i i e e |

10-10
1 1 1 1 1 L
200 400 600 800 1000 1200 1400

if;‘;‘iﬁiﬂé/(w/wn)

Bls (TR ) 757 a1k 35 SO WA UK XX 637 i R
MRS (B = 0.25, ¢ = 0.00105). H {052k R A 1T IR
Rt = LA /wr B W R T 20 A B 4R 2 I [H) 2E R
Hto = 1.6m/w BRI R G G 6050 R 22 2 B ] 2838
Hto = 1.81/w B [KIIE R4t

Fig. 5. (color online) The harmonic spectra in a

ol s e R M b M s M b e

10—12

spatially inhomogeneous chirped two-color laser field
(B =0.25, ¢ = 0.00105). The solid black curve: time
delay to = 1.47/w1; The dashed red curve: time delay
to = 1.6/wi ; The dotted green curve: time delay
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Abstract

We theoretically study high-order harmonics generation (HHG) and isolated attosecond pulse (IAP) generation in
a spatially inhomogeneous chirped two-color (5 fs/800 nm and 12 fs/1600 nm) laser field by solving numerically the
time-dependent Schrédinger equation(TDSE) for a one-dimensional (1D) model of He™ ion by the splitting-operator
fast-Fourier transform technique. Results show that the inhomogeneity of the laser field plays an important role in
the HHG process. The harmonic spectra exhibit a two-plateau structure, and the cutoff of high-order harmonics is
extremely extended to 851th order and the smooth supercontinuum harmonic spectrum is obtained in a chirped two-
color inhomogeneous laser field. To further understand the physical mechanism of HHG, we give a reasonable explanation
for the extension of harmonic plateau by using the semi-classical three-step model, the time-frequency profile of the time-
dependent dipole, and the classical electron trajectories. Explicitly, the harmonic order as a function of the ionization
time and emission time can be given by the semi-classical three-step model. If we define the path with earlier ionization
time and later emission time as a “long”electronic trajectory, and the path with later ionization time and earlier emission
time as a “short” electronic trajectory, then, there exist a few electronic trajectories that contribute to the harmonics in
cutoff region. Numerical results show that the short quantum path is enhanced, and the long quantum path is suppressed
in spatially inhomogeneous fields, and this is advantageous to generate an IAP. We find that the quantum path can be
controlled by increasing inhomogeneity parameter of the laser field. Effects of the time delay on HHG is also discussed.
We find that the smooth supercontinuum harmonic spectrum is obtained by adjusting the time delay. When the time
delay is to = 1.6m /w1, the cutoff of the harmonics can be extended remarkably. By synthesizing the 600th to 680th (80th)
order harmonics in the continuum region, an isolated 32 attosecond pulse can be generated by a spatially inhomogeneous

chirped two-color laser field with parameters 8 = 0.25, e = 0.00105, to = 1.67/w;.

Keywords: spatially inhomogeneous chirped two-color laser field, high-order harmonic generation,

isolated attosecond pulse

PACS: 32.80.Rm, 42.50.Hz, 42.65.Ky DOI: 10.7498 /aps.64.193201
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