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Fig. 1. (color online) The ground state wave func-
tion (a) and the potential function (b) of long-range
model atoms(black solid line) and short-range atomic
mode(red dotted line)
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Fig. 2. (color online) HHG spectra from the long-

range model atoms (black solid line) and the short-

range atomic mode (red dotted line)irradiated by the

laser pulse.

X FARRAE IR AT, R AR S 1 B T
CAA P S B 45t R, B 3 i By 1

PRI . T TR T, BT RO,
FEAF IR AT 1 Ay SRV ™ A, IR “ 487
Wity VX, SEAEEME AL, K
REARE R L 10 1 O 8 A R A 4 i mT LR L
PR I AR SR O VR T B AR, 1B 345
A R I 2 A e A R AT T o I TR
e B RT DUE Y, R A 7 1 i B KT
FIARM 7. 7E B R [RIE 45 BT AR 51
B 750 i BB I R RO AL, AEHOGEE R, KRR
T EEEASAGE DY 0.93, TR R A AR AR Ji 7 (i
*ﬁ%%ﬁl%?m&l&%%m*%ﬁ&&A

TR 81 T 7 e e A R I 8 A L I RO
TCRE MR AR AT R Ak, i B R RN B 25 A f 1) 37
PR HER R, AZBOCREET, 1A EA
EAZ, MHEBEMAZERZ, T RS T,
“HISRARE KT AR T, SBOEERCR

e TR AR A i 1
R TR 2 A R AR SR R I R ) 2

o, BRATINS A 28 (V0 R S BEAT T B 715200 #r, A
K4 fros. BT BUE B 38 A R 2 F
ANJE A — AR g, ERT DATE I A ) A
A% IR A DA e = UK (B A% 1) 1 I A I
R 0T RIEZ, FEREANFE N A7 75 9 2% e 2
BT, — AR IR Y N I 2R R, RS

FEOE AR R AR BRIR (8] 21 81 5 77 A2 8, AR
KL (S). 55— SR 2 AL i 111 FEL 37 DAL L 2
HEE BT Ho I E LR TiE s R T, S
St HL 3% 7 TR s B P 9 T S S ) i 3 [ 31 R
ST AR AR . AU AE LG, BT R
FL FEL 2 i R (] R S i 7 I TRV R, RO
KA (L) AEIFRT LA HY, 36T s 2 1 (1
LR (B 7 A2 R g R T 5, A 2 L3 ) A A i
FEMZEIRZ: W TR T, 3 2% U A 1 i
U S i PR AT T AR R T, AR L A A
%ﬁﬁAﬁ?ﬁﬁﬁm%%ﬁf

1.00 F=
0.98

. 0.96[

% 0.94F

¥ 0.92F

= 0.90F

— s

0.88 i%*%ﬁﬂ:liﬁ%i (a) ]
0.86 f

0.07 -
0.06 | — e ST
0.05 F k*£$A1tE:Fﬁ*A

0.04
0.03
0.02
0.01f (b)

i

1) fo.c.

K3 (MTIRG) KR (L6 AL R (BEskg) i
TAESERROCHGT T (a) 2B TATEM (b) HERT
A1 = B TR AR £

Fig. 3. (color online) The time dependence of the
ground state population (a) and the ionization prob-
ability (b) from the long-range model atoms (black
solid line) and the short-range atomic mode (red dot-

ted line) irradiated by the strong laser pulse.
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Fig. 4. (color online) The time-frequency analysis of
the harmonics from the long-range model atoms (a)
and the short-range atomic mode (b) irradiated by the

laser pulse.
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harmonics

BT T V8 A S T R BRI EOE S 4
FHIF), FE L S JE 7RO F 3 R (138 B i TR A
). DR, 7= A 0 I A S PR A [ 2 U5 ER] - o e 2
JR PRI BRI Z 0. £ LHEFRBEOCSECR, R
TR B BUE T B A S H TR R
S MV R ) S AR L B o TR 114 K ) e g
2 B T I %) E IO H 3 AN R A 3R R AR
A2 FE R e FE e, 6 4 H T BRI B3 o
A Eo = 0.045 2644 T % 7 345 s 50 B8 18 O
M AT U H ) KRR 5 BT T 1 1 34 22 e 5 B
TR T, R 7AW LR 2 i 3
22, HACTR 2 B (1005 R BU7E BOK X3 1)) L%
SR TR T E L, R LRE 7 S A2
JURSE R, S TAHRRE R, A ERT S

THB R I RN, 7 AU T B I 2 Y
WK, R 1 RE R IS, 7T LA AR
X T AU VR T, LI P U O A S I BRI
. XMk o T AR I T R LA S i I Y
JEPRAE T AR T LA I B 2 H S T iR B
e BT KB 42 TR IR 5 AT A i 60 1) 22 18 o3 A
XA TR M, P A 5 3245 50 D9 R M. T )
TRER T, AHEOCHRIIER T Hk, x4t
25 {3 TE AN E AT DI R B 2558 AT PO UK A,
UEAE SR aa i, LB LR RO, I, X+
RAEAR Y 7 AR S, AT LA B 3t W % 280 i A
B, TR R R, PR R AR

Vs(x)—0.045z
***** W,(z)—0.045z |

1 1 1 1 1 1
—-15 —-10 =5 0 5 10 15 20

[VAZYER'E

6 (MTIRE) FiES KSR R POt RIS 2%
EIR R R

Fig. 6. (color online) The potential function of the sys-
tem of long-range model atoms (black solid line) and
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intensity of the laser electric field reaches the peak. .
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Abstract

By numerically solving the time dependent Schrodinger equation, the harmonic spectra generated from the atoms
are obtained. The atomic potentials are modeled by a short-range potential and a long-range soft Coulomb potential,
respectively. It is found that using the same laser parameters, the intensity of harmonic spectrum from the short-range
atom is lower than the one from the long-range atom. However, in a high energy (near the cutoff) region of harmonic
spectra, their conversion efficiencies are almost the same. The differences in emission intensity among harmonic spectra
decrease as the harmonic energy increases. We calculate the time dependent probabilities of the ground state and
ionization. It is found that the ionization probability of the long-range potential is larger than that of the short-range
potential. There is no large difference in ground probability between the potentials of two models. The high harmonic
generation is a stimulated process, and its intensity is proportional to the product between the amplitude for ground
state and the amplitude of the continuum state. Thus the product of the long-range atom is larger than that of the
short-range atom, and the emission spectrum presents a similar character.

In order to analyze the mechanism of the intensity difference between two models, we perform a time-frequency
analysis of the harmonic emission spectrum. The analysis is selected of the wavelet of the time dependent dipole moment.
From the emission profile of the harmonic analysis, we find that the harmonic generated from long orbit plays a dominant
role for the short-range atom. The amplitudes of electric field are large for the long orbit harmonic emission, thus the
ionization mechanism of the atom is the tunnel ionization. For the short orbit, the instant field for the ionization is
weak. Thus the short orbit plays a small role in the harmonic emission from the short-range atom. Using this feature
of the short-range atom, we generate an isolated attosecond pulse. The short model atom is widely used to study the
ionization of the plasma. Thus this work will contribute to the research on the high-order harmonic generation from the

plasma.
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