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Enhancement of harmonic intensity by using He' ion chain model
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Abstract: In the present paper, we propose an effective method to enhance the intensity of the harmonic
spectrum by using the He™ ion chain model. Through solving the time-dependent Schrodinger equation,
the harmonic spectra from the single He™ ion and the He' ion chain have been theoretically calculated.
Moreover, the ionization probabilities, the time-frequency analyses of the harmonic spectra and the time
dependent wave functions have been used to explain the harmonic emission process and the electron mo-
tion. Results show that the harmonic intensity can be remarkably enhanced and the harmonic cutoff can
be extended by using the He" ion chain model.
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Fig. 1 High-order harmonic generation spectra of the single

He " ion and the He" ion chain. The laser field is 5
fs/800 nm, I = 5.0X10" W/cm?

T 5 2 BF 0 e o 32 5 v i LA
I B 2Ca) Fil 2(b) 45 I OGR4 B B A He ' B F
il He' BF4ER M S LR, RERTHL BB F8E
HEAE O W B R BR B A, B, 6 = — 0. 75T 1, =
—0.25T;2,=0.25T;2,=0. 75T. Bfi#F He' B T4
W Ze M B JLARBG OK 5 B it 25 A% [H] BE B 3 O M i L
FF /N S PG 2R 1T s R e R 1 i S AR Ak

K3 45 A He' B+ & He' 2§14 19 % 6
PR ML, (D BEE He B AR08 £, 1k
F 0 LB RGO (H B A ) BE B R IR R
[0 Y A N == B o S TSI I 5 2 = [l i
Ecuto“ = Ip + 3. 17 Up 51ZI§/% @%ﬁgﬁ%s wlﬂﬁ%’l
KRR He" BT AN 803 £ 0f . 38 I # 1k f B 15 31 4
i s T A R A% ] R 4G R B, 9 U A Uk BB AR S0
AN GD HiE He B D882 KR FBBE 2,
XA HL B AN ASUR] DR R A K A (LG L 3 AT LA
55T A AR B A2 & A [l R D, PR R
PR S TL 233G O, (B B 25 A% [A) BE B 3 K, il 7 5 48
VT BE AR A TRl ) LR 23 /). TR I S 3R D 4
S TUSR/N . SR B L BT R 18 U0 S e G R A
OB B AR A JEE A



AL, . AR He' B T4 B R1 IR 05 0 52 44 1R L 351

% 2
0.2
(a)
3
S 00
T
0.2 : : ,
2 -1 0 1 2
T

0 single He"

- J p— N=3,R=30 ~(b)

5 04 N=3,R=7.0

% ~-N=7,R=3.0 0.004
s N=7,R=7.0/ | I

c 0.2 0.002] i

S ! 1 yun

8 0.000eee e’
S 00 =3 2. 1 2
2 2 - 0 1 2

T

A2 (a)5{s/800 nmigk L& B, (b) £4 He' &-F
B He' & T4e9%8 FLE, T2 800 nm )k
5 75
Fig. 2 (a) Laser profile of the 5 fs/800 nm field, (b)
ionization probabilities of the single He™ ion and
the He' ion chain, T means the optical cycle of
the 800 nm field
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Fig. 3 Coulomb potentials of the single He' ion

and the He' ion chain
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Fig. 4 Time-frequency analyses of harmonic spectra

for the cases of (a) single Het; (b) N=3, R=
3.0a.u.; (¢) N=7, R=3.0a.u.; (d) N=7, R
=7.0 a. u.
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Fig. 5 Time-dependent wave functions for the cases
of (a) single Het; (b) N=3, R=3.0 a. u.;
(c) N=7,R=3.0a.u.; (d) N=7, R=7.0 a. u.

& ®

L IR A SCHR H — B A He™ B 7 BE A

TR SR 384 i T8 5 it J3E LK % S A 3 i A L B Y U R
ZEREWLHEE He BT BOY L F iR RER

A

e 5 R 2% 2 T A RIS 588 5 (G i 25 A% (1) 1R 25

B4R U AR L B S A 90 5 R 2 3 U U/ A D
5. BEJS A5 R E LA R BURE S R  Fr L S

=)

TV LA T 45 T I o R N i L R AL

RE T 22E A F) ) AL )

SE 3k

[1] Krausz F, Ivanov M. Attosecond physics [J]. Rev
Mod Phys, 2009, 81. 163.

(2]  Uiberacker M. Uphues T. Schultze M, ef al. At-
tosecond real-time observation of electron tunnelling
in atoms [J]. Nature, 2007, 446: 627.

[3]  Goulielmakis E, Schultze M, Hofstetter M, et al.
Single-cycle nonlinear optics [JJ. Sciences 2008,
320. 1614.

(4]  BEE. L8 DHBEESY S YT R T2 [ E X
FUOEE RS MEmL] B S FHEER,
2017, 34. 108.

[5]  Corkum P B. Plasma perspective on strong field mul-
tiphoton ionization [ J ]. Phys Rev Lett, 1993,
71. 1994.

[6] Sansone G, Benedetti E, Calegari F, et al. Isolated

single-cycle attosecond pulses[ J]. Science, 2006,
314 443.

[7]

(8]

(10]

[11]

[12]

(13]

[14]

[15]

[16]

[17]

[18]

(19]

e, EEF. FBUE. RATTRE ST L0t
WK E) He JF 7= A 19 oA BIRS K ob [T, JRF5
Sy F A, 2015, 32 437.

AU, A, XV R R O BRI R Ak 2%
GiAE T 0 7 U i K 65 AR SZ BT D ik e iy 7 A
L1 755 7Y R, 2016, 33: 105.

Lu R F, He H X, Guo Y H, et al. Theoretical
study of single attosecond pulse generation with a
three-colour laser field[J]. J Phys B: At Mol Opt,
2009, 42. 225601.

Li P C, Zhou X X, Wang G L, et al. Isolated sub-
30-as pulse generation of an He' ion by an intense
few-cycle chirped laser and its high-order harmonic
pulses [J]. Phys Rev A, 2009, 80: 053825.

Feng L Q. Chu T S. Generation of an isolated sub-
40-as pulse using two-color laser pulses: combined
chirp effects [J]. Phys Rev A, 2011, 84 053853.
Feng L. Q, Chu T S. Intensity improvement in the
attosecond pulse generation with the coherent super-
position initial state [ J]. Phys Lett A, 2012,
376 1523.

Ishikawa K. Photoemission and ionization of He® under
simultaneous irradiation of fundamental laser and high-
order harmonic pulses [J]. Phys Rev Lett, 2003,
91: 043002.

Feng . Q, Chu T S. Intensity enhancement in at-
tosecond pulse generation [J]. IEEE ] Quantum E-
lect, 2012, 48. 1462.

Lu R F, Zhang P Y, Han K L. Attosecond-resolu-
tion quantum dynamics calculations for atoms and
molecules in strong laser fields[J]. Phys Rev E,
2008, 77. 066701.

Numico R, Giulietti D, Giulietti A, et al. High-or-
der harmonic generation from a linear chain of ions
[J1. J Phys B: At Mol Opt, 2000, 33 2605.
Burnett K., Reed V C, Cooper J, et al. Calculation
of the background emitted during high-harmonic
generation [ J]. Phys Rev A, 1992, 45; 3347,
Mohebbi M, Batebi S. Two states hydrogenlike model
for high-order harmonic generation and an isolated at-
tosecond pulse generation in a He' ion[]J]. Opt Com-
mun, 2013, 296. 113.

Antoine P, Piraux B, Maquet A. Time profile of
harmonics generated by a single atom in a strong e-
lectromagnetic field [ J]. Phys Rev A. 1995,
51: R1750.



