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Fig. 1. Schematic diagram of cluster structure of two-di-
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ture diagram of H?**.

v(r)

P2 P Y ARt

(o) B3

o7 9 25 B PR AR G B (9 2Rk 5

H(x,y, t)= —%% — %%—FE( Yor 4+ V(z, y),
(2)
Hrb, E() B0, Ve,y) N H BT B

AE, r R BT T AR UG RO . X T 40 5E
ZER AR R AR IE X

e o

Horb n SRR S 8 T8, 2 R AL
HUT, € FRBDIRBHL, = \/(r — R,)" Fmi
FHE i ANEFMIEE (R, 2R354 i MR AT
JE AR, ACEIET N, = 8 Fl 24 (fFAL, #
RE i T 7R R A0 1A 2 .

K o 7 1 2t E(t) = Eo sin (wot) f(t),
By 1wy 43 5 27 WO Dk e, 37 16 I i 40 7 36
f() o, 5 PR 10 A RO K
i, WOGCHL R EETE DK M R 3 AL T
&7 /\F]ﬂ;ﬁ%%T AR ST R A I R E 1 5
e 13 B RO AL Iy T B UG I

Flw)= / (W2, . ) eaVV (g, )e"dt. (4)

Hob w R BHOE TR, e, R UT o 37514
(IEEDES =

2.2 BFIENEHAZHFETRE
SRIEOCT 5 A EAE S A m ORI S 4
TR Z 52 22k B2, 1 S BT | 388 473 b i 7 it
WOt 5 AR TAE P A R U I A L R, AR S
T Corkum!'?l = A5 () FEhl [ [R5 L 1T b
F3ABE: WHE B TaMmEd  BE S 1N
B, WL e, BV FTESMAVE R IARERZ FL B 1 25

v(r)

fe i ; (b) H#he i .

Fig. 2. Potential energy surface of cluster: (a) The potential energy surface of H¥*; (b) the potential energy surface of H?+.
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Fig. 3. High order harmonic generated from the interaction between intense laser field and H atom/H cluster: (a) I = 3x10"* W/cm? ,

A = 1200 nm; (b) I = 5x10" W/cm?, A = 1400 nm.
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Fig. 4. Electron dynamic behavior of linearly polarized laser interacting with cluster: (a), (c), (e) For H¥* cluster illuminated by the
laser with I = 3x10" W/cm? , A = 1200 nm; (b), (d), (f) for H?** cluster illuminated by the laser with I = 5x10* W/cm?,

A = 1400 nm. (a), (b) The relation between the return time and the return energy of the electron, where the black solid line repres-

ents the kinetic energy, the red dash line represents the total energy, and the blue dot line represents the kinetic energy from H

atom; (c), (d) the energy change over time, where the black solid line represents kinetic energy, the red dash line represents poten-

tial energy, and the blue dot line represents total energy; (e), (f) displacement variations with time along X direction.
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Fig. 5. Partial enlargement of Fig. 4(d)and Fig. 4(f).
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and return kinetic energy obtained by classical calculation and the return time.

SRS, IR AL I B R T A8 KR [l B e R
B/ ). 3k BRI BE A, ] R AR
RAL = HE A Gl )N, IR L R e X ]
AR T R, WL AR KSR T —Fp

AIRERAL.

RS il i B R s O 5 T e R

H &5 BIREAHEAE A & e 75 5 e, K BRI
Y5 0BT AR AR REA R0t #1 i i 1
G . E RO S WA AR i 3 it
e, BN RLES | RSN S AR R G R T 1) 22
B3 Ba. SRR ENEE S, By 2t
Kir, Haz gl A fha gh 7 . lad MRS i 1Y
LI K S REFI A RE BB ] A AT B0, e BAE
FL 3R (] 5 R A% A2 5 O A e T 2 R D B BERE
R AT ZhRE, [F i i 28 AR 1R

214203-6


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

¥ 1B ¥ Acta Phys. Sin.

Vol. 72, No. 21 (2023) 214203

[ 2 fE-5 1 [0] i 18] 1 56 AR fE5 TDSE 45 R AEIR 4
HIARTT. T3 HTRE S AN ST A A U D R L
A BB T I R OROR IS REDEAT TR He, A BIATi%
REH I 1o U - 5 119 32 8 R A TR A ] R G
b TR TR, [R5 5T 31 [l

1o YU IS AL RE AR A B2, 48 S — Rl ] RN
5 UK IS AL R e AR B2 -5 AT I ) SR
S7% 30k

[1] Ttatani J, Levesque J, Zeidler D, Niikura H, Pépin H, Kieffer
J C, Corkum P B, Villeneuve D M 2004 Nature 432 867
[2] Zhu X S, Zhang Q B, Lan P F, Lu P X 2016 Acta Phys. Sin.
65 224207 (in Chinese) [#LIBEFS, TRPSH, 2205 €, Fid%HE 2016
YRR 65 224207)
B] Yu SJ,LiWY,L Y P, Chen Y J 2017 Phys. Rev. A 96
013432
[4] SuN,YuSJ,LiWY, Yang S P, Chen Y J 2018 Chin. Phys.
B 27 054213
[5] Qiao Y, Huo Y Q, Liang H Q, Chen J G, Liu, W J, Yang Y
J, Jiang S C 2022 Opt. Express 30 9971
[6] Qiao Y, Huo Y Q, Jiang S C, Yang Y J, Chen J G 2023
Phys. Rev. B 107 075201
[7] Tao CY, Lei J T, Yu X, Luo Y, Ma X W, Zhang S F 2023
Acta Phys. Sin. 72 053202 (in Chinese) [PHFEE, T#AE, &3,
%R, THEISC, kA 2023 PRI 72 053202]
[8] Papadogiannis N A, Witzel B, Kalpouzos C, Charalambidis D
1999 Phys. Rev. Lett. 83 4289
[9] Hentschel M, Kienberger R, Spielmann C, Reider G A,
Milosevic N, Brabec T, Corkum P, Heinzmann U, Drescher
M, Krausz F 2001 Nature 414 509
[10] Goulielmakis E, Uiberacker M, Kienberger R, Baltuska A,
Yakovlev V, Scrinzi A, Westerwalbesloh T, Kleineberg U,
Heinzmann U, Drescher M, Krausz F 2004 Science 305 1267
[11] Sandberg R L, Paul A, Raymondson D A, Haedrich S,
Gaudiosi D M, Holtsnider J, Tobey R I, Cohen O, Murnane
M M, Kapteyn H C, Song C, Miao J, Liu Y, Salmassi F 2007
Phys. Rev. Lett. 99 098103
[12] @i C D, Rundquist A R, Murnane M M, Kapteyn H C 1998
Science 280 1412
(13] Corkum P B 1993 Phys. Rev. Lett. 71 1994
[14] Yang Y J, Chen G, Chen J G, Zhu Q R 2004 Chin. Phys.
Lett. 21 652
[15] Yang Y J, Chen J G, Chi F P, Zhu Q R, Zhang H X, Sun J Z
2007 Chin. Phys. Lett. 24 1537
[16] Cheng C Z, Zhou X X, Li P C 2011 Acta Phys. Sin. 60 202
(in Chinese) [B&F2, ARIE, Z2M5RE 2011 YFEE4H 60 202)
(17] Artemyev A N, Cederbaum L S , Demekhin P V 2017 Phys.
Rev. A 95 033402

(18]
(19]
20]

21]

22]
23]

(24]

[25]

[26]
(27]

28]
29]
(30]
31]

(32]
(33]

(34]
35]
(36]
[37]
(38]
(39]
[40]
[41]
(42]
(43]
[44]

[45]

214203-7

Liu Y, Guo F M, Yang Y J 2019 Acta Phys. Sin. 68 173202
(in Chinese) [XI#, ¥4, #EZ 2019 PRI 68 173202
Zhou X, Lock R, Wagner N, Li W, Kapteyn H C, Murnane M
M 2009 Phys. Rev. Lett. 102 073902

Yu S J, Liu Z Q, Li Y P 2023 Acta Phys. Sin. 72 043101 (in
Chinese) [TARLH, XIPTEE, Z2HEMS 2023 PFE4-3R 72 043101]
Ghimire S, Ndabashimiye G, DiChiara A D, Sistrunk E,
Stockman M I, Agostini P, DiMauro L. F, Reis D A 2014 J.
Phys. B: At. Mol. Opt. Phys. 47 204030

Vampa G, McDonald C R, Orlando G, Corkum P B, Brabec
T 2015 Phys. Rev. B 91 064302

Kruchinin S Yu, Krausz F, Yakovlev V' S 2018 Rev. Mod.
Phys. 90 021002

Li L, Zhang Y F, Lan P F, Huang T F, Zhu X S, Zhai C Y,
Yang K, He L X, Zhang Q B, Cao W, Lu P X 2021 Phys.
Rev. Lett. 126 187401

Qiao Y, Chen J Q, Huo Y Q, Liang H Q, Yu R X, Chen J G,
Liu W J, Jiang S C, Yang Y J 2023 Phys. Rev. A 107 023523
Véniard V, Taieb R, Maquet A 1999 Phys. Rev. A 60 3952
Vozzi C, Nisoli M, Caumes J P, Sansone G, Stagira S,
Silvestri S D 2005 Appl. Phys. Lett. 86 111121

Hu S X, Xu Z Z 1997 Appl. Phys. Lett. 71 2605

Tisch J W G, Ditmire T, Fraser D J, Hay N, Mason M B ,
Springate E, Marangos J P, Hutchinson M H R 1997 J. Phys.
B: At. Mol. Opt. Phys. 30 L709

Aladi M, Marton I, Récz P, Dombi P, Foldes I B 2014 High
Power Laser Sci. Eng. 2 E32

Donnelly T D, Ditmire T, Neumann K, Perry M D, Falcone
R W 1996 Phys. Rev. Lett. 76 2472

Feng L, Liu H 2015 Phys. Plasmas 22 013107

Numico R, Giulietti D, Giulietti A, Gizzi L A, Roso L 2000 J.
Phys. B: At. Mol. Opt. Phys. 33 2605

Vazquez de Aldana J R, Roso L 2001 J. Opt. Soc. Am. B 18
325

Park H, Wang Z, Xiong H, Schoun S B, Xu J, Agostini P,
DiMauro L F 2014 Phys. Rev. Lett. 113 263401

Tao Y, Hagmeijer R, Bastiaens H M J, Goh S J, van der Slot
P J M, Biedron S G, Milton S V, Boller K J 2017 New J.
Phys. 19 083017

Ruf H, Handschin C, Cireasa R, Thiré N, Ferré¢ A, Petit S,
Descamps D, Mével E, Constant E, Blanchet V, Fabre B,
Mairesse Y 2013 Phys. Rev. Lett. 110 083902

Moreno P, Plaja L, Roso L 1994 Europhys. Lett. 28 629
Zaretsky D F, Korneev P, Becker W 2010 J. Phys. B: At.
Mol. Opt. Phys. 43 105402

Bodi B, Aladi M, Racz P, Foldes I B, Dombi P 2019 Opt.
Express 27 26721

Véniard V, Taieb R, Maquet A 2001 Phys. Rev. A 65 013202
Li N N, Zhai Z, Liu X S 2008 Chin. Phys. Lett. 25 2508
Strelkov V, Saalmann U, Becker A, Rost J M 2011 Phys. Rev.
Lett. 107 113901

Feit M D, Jr Fleck J A, Steiger A 1982 J. Comput. Phys. 47
412

Saalmann U, Rost J M 2008 Phys. Rev. Lett. 100 133006


https://doi.org/10.1038/nature03183
https://doi.org/10.1038/nature03183
https://doi.org/10.1038/nature03183
https://doi.org/10.1038/nature03183
https://doi.org/10.1038/nature03183
https://doi.org/10.1038/nature03183
https://doi.org/10.1038/nature03183
https://doi.org/10.7498/aps.65.224207
https://doi.org/10.7498/aps.65.224207
https://doi.org/10.7498/aps.65.224207
https://doi.org/10.7498/aps.65.224207
https://doi.org/10.7498/aps.65.224207
https://doi.org/10.7498/aps.65.224207
https://doi.org/10.7498/aps.65.224207
https://doi.org/10.7498/aps.65.224207
https://doi.org/10.7498/aps.65.224207
https://doi.org/10.7498/aps.65.224207
https://doi.org/10.7498/aps.65.224207
https://doi.org/10.7498/aps.65.224207
https://doi.org/10.7498/aps.65.224207
https://doi.org/10.1103/PhysRevA.96.013432
https://doi.org/10.1103/PhysRevA.96.013432
https://doi.org/10.1103/PhysRevA.96.013432
https://doi.org/10.1103/PhysRevA.96.013432
https://doi.org/10.1103/PhysRevA.96.013432
https://doi.org/10.1103/PhysRevA.96.013432
https://doi.org/10.1088/1674-1056/27/5/054213
https://doi.org/10.1088/1674-1056/27/5/054213
https://doi.org/10.1088/1674-1056/27/5/054213
https://doi.org/10.1088/1674-1056/27/5/054213
https://doi.org/10.1088/1674-1056/27/5/054213
https://doi.org/10.1088/1674-1056/27/5/054213
https://doi.org/10.1088/1674-1056/27/5/054213
https://doi.org/10.1088/1674-1056/27/5/054213
https://doi.org/10.1364/OE.446432
https://doi.org/10.1364/OE.446432
https://doi.org/10.1364/OE.446432
https://doi.org/10.1364/OE.446432
https://doi.org/10.1364/OE.446432
https://doi.org/10.1364/OE.446432
https://doi.org/10.1364/OE.446432
https://doi.org/10.1103/PhysRevB.107.075201
https://doi.org/10.1103/PhysRevB.107.075201
https://doi.org/10.1103/PhysRevB.107.075201
https://doi.org/10.1103/PhysRevB.107.075201
https://doi.org/10.1103/PhysRevB.107.075201
https://doi.org/10.1103/PhysRevB.107.075201
https://doi.org/10.7498/aps.72.20222436
https://doi.org/10.7498/aps.72.20222436
https://doi.org/10.7498/aps.72.20222436
https://doi.org/10.7498/aps.72.20222436
https://doi.org/10.7498/aps.72.20222436
https://doi.org/10.7498/aps.72.20222436
https://doi.org/10.7498/aps.72.20222436
https://doi.org/10.7498/aps.72.20222436
https://doi.org/10.7498/aps.72.20222436
https://doi.org/10.7498/aps.72.20222436
https://doi.org/10.7498/aps.72.20222436
https://doi.org/10.7498/aps.72.20222436
https://doi.org/10.7498/aps.72.20222436
https://doi.org/10.7498/aps.72.20222436
https://doi.org/10.1103/PhysRevLett.83.4289
https://doi.org/10.1103/PhysRevLett.83.4289
https://doi.org/10.1103/PhysRevLett.83.4289
https://doi.org/10.1103/PhysRevLett.83.4289
https://doi.org/10.1103/PhysRevLett.83.4289
https://doi.org/10.1103/PhysRevLett.83.4289
https://doi.org/10.1103/PhysRevLett.83.4289
https://doi.org/10.1038/35107000
https://doi.org/10.1038/35107000
https://doi.org/10.1038/35107000
https://doi.org/10.1038/35107000
https://doi.org/10.1038/35107000
https://doi.org/10.1038/35107000
https://doi.org/10.1038/35107000
https://doi.org/10.1126/science.1100866
https://doi.org/10.1126/science.1100866
https://doi.org/10.1126/science.1100866
https://doi.org/10.1126/science.1100866
https://doi.org/10.1126/science.1100866
https://doi.org/10.1126/science.1100866
https://doi.org/10.1126/science.1100866
https://doi.org/10.1103/PhysRevLett.99.098103
https://doi.org/10.1103/PhysRevLett.99.098103
https://doi.org/10.1103/PhysRevLett.99.098103
https://doi.org/10.1103/PhysRevLett.99.098103
https://doi.org/10.1103/PhysRevLett.99.098103
https://doi.org/10.1103/PhysRevLett.99.098103
https://doi.org/10.1126/science.280.5368.1412
https://doi.org/10.1126/science.280.5368.1412
https://doi.org/10.1126/science.280.5368.1412
https://doi.org/10.1126/science.280.5368.1412
https://doi.org/10.1126/science.280.5368.1412
https://doi.org/10.1126/science.280.5368.1412
https://doi.org/10.1103/PhysRevLett.71.1994
https://doi.org/10.1103/PhysRevLett.71.1994
https://doi.org/10.1103/PhysRevLett.71.1994
https://doi.org/10.1103/PhysRevLett.71.1994
https://doi.org/10.1103/PhysRevLett.71.1994
https://doi.org/10.1103/PhysRevLett.71.1994
https://doi.org/10.1103/PhysRevLett.71.1994
https://doi.org/10.1088/0256-307X/21/4/017
https://doi.org/10.1088/0256-307X/21/4/017
https://doi.org/10.1088/0256-307X/21/4/017
https://doi.org/10.1088/0256-307X/21/4/017
https://doi.org/10.1088/0256-307X/21/4/017
https://doi.org/10.1088/0256-307X/21/4/017
https://doi.org/10.1088/0256-307X/21/4/017
https://doi.org/10.1088/0256-307X/21/4/017
https://doi.org/10.1088/0256-307X/24/6/029
https://doi.org/10.1088/0256-307X/24/6/029
https://doi.org/10.1088/0256-307X/24/6/029
https://doi.org/10.1088/0256-307X/24/6/029
https://doi.org/10.1088/0256-307X/24/6/029
https://doi.org/10.1088/0256-307X/24/6/029
https://doi.org/10.1088/0256-307X/24/6/029
https://doi.org/10.7498/aps.60.033203
https://doi.org/10.7498/aps.60.033203
https://doi.org/10.7498/aps.60.033203
https://doi.org/10.7498/aps.60.033203
https://doi.org/10.7498/aps.60.033203
https://doi.org/10.7498/aps.60.033203
https://doi.org/10.7498/aps.60.033203
https://doi.org/10.7498/aps.60.033203
https://doi.org/10.7498/aps.60.033203
https://doi.org/10.7498/aps.60.033203
https://doi.org/10.7498/aps.60.033203
https://doi.org/10.7498/aps.60.033203
https://doi.org/10.7498/aps.60.033203
https://doi.org/10.7498/aps.60.033203
https://doi.org/https://doi.org/10.1103/PhysRevA.95.033402
https://doi.org/https://doi.org/10.1103/PhysRevA.95.033402
https://doi.org/https://doi.org/10.1103/PhysRevA.95.033402
https://doi.org/https://doi.org/10.1103/PhysRevA.95.033402
https://doi.org/https://doi.org/10.1103/PhysRevA.95.033402
https://doi.org/https://doi.org/10.1103/PhysRevA.95.033402
https://doi.org/https://doi.org/10.1103/PhysRevA.95.033402
https://doi.org/https://doi.org/10.1103/PhysRevA.95.033402
https://doi.org/10.7498/aps.68.20190790
https://doi.org/10.7498/aps.68.20190790
https://doi.org/10.7498/aps.68.20190790
https://doi.org/10.7498/aps.68.20190790
https://doi.org/10.7498/aps.68.20190790
https://doi.org/10.7498/aps.68.20190790
https://doi.org/10.7498/aps.68.20190790
https://doi.org/10.7498/aps.68.20190790
https://doi.org/10.7498/aps.68.20190790
https://doi.org/10.7498/aps.68.20190790
https://doi.org/10.7498/aps.68.20190790
https://doi.org/10.7498/aps.68.20190790
https://doi.org/10.7498/aps.68.20190790
https://doi.org/10.7498/aps.68.20190790
https://doi.org/10.1103/PhysRevLett.102.073902
https://doi.org/10.1103/PhysRevLett.102.073902
https://doi.org/10.1103/PhysRevLett.102.073902
https://doi.org/10.1103/PhysRevLett.102.073902
https://doi.org/10.1103/PhysRevLett.102.073902
https://doi.org/10.1103/PhysRevLett.102.073902
https://doi.org/10.1103/PhysRevLett.102.073902
https://doi.org/10.7498/aps.72.20221946
https://doi.org/10.7498/aps.72.20221946
https://doi.org/10.7498/aps.72.20221946
https://doi.org/10.7498/aps.72.20221946
https://doi.org/10.7498/aps.72.20221946
https://doi.org/10.7498/aps.72.20221946
https://doi.org/10.7498/aps.72.20221946
https://doi.org/10.7498/aps.72.20221946
https://doi.org/10.7498/aps.72.20221946
https://doi.org/10.7498/aps.72.20221946
https://doi.org/10.7498/aps.72.20221946
https://doi.org/10.7498/aps.72.20221946
https://doi.org/10.7498/aps.72.20221946
https://doi.org/10.7498/aps.72.20221946
https://doi.org/10.7498/aps.72.20221946
https://doi.org/10.1088/0953-4075/47/20/204030
https://doi.org/10.1088/0953-4075/47/20/204030
https://doi.org/10.1088/0953-4075/47/20/204030
https://doi.org/10.1088/0953-4075/47/20/204030
https://doi.org/10.1088/0953-4075/47/20/204030
https://doi.org/10.1088/0953-4075/47/20/204030
https://doi.org/10.1088/0953-4075/47/20/204030
https://doi.org/10.1088/0953-4075/47/20/204030
https://doi.org/10.1103/PhysRevB.91.064302
https://doi.org/10.1103/PhysRevB.91.064302
https://doi.org/10.1103/PhysRevB.91.064302
https://doi.org/10.1103/PhysRevB.91.064302
https://doi.org/10.1103/PhysRevB.91.064302
https://doi.org/10.1103/PhysRevB.91.064302
https://doi.org/10.1103/PhysRevB.91.064302
https://doi.org/10.1103/RevModPhys.90.021002
https://doi.org/10.1103/RevModPhys.90.021002
https://doi.org/10.1103/RevModPhys.90.021002
https://doi.org/10.1103/RevModPhys.90.021002
https://doi.org/10.1103/RevModPhys.90.021002
https://doi.org/10.1103/RevModPhys.90.021002
https://doi.org/10.1103/RevModPhys.90.021002
https://doi.org/10.1103/RevModPhys.90.021002
https://doi.org/10.1103/PhysRevLett.126.187401
https://doi.org/10.1103/PhysRevLett.126.187401
https://doi.org/10.1103/PhysRevLett.126.187401
https://doi.org/10.1103/PhysRevLett.126.187401
https://doi.org/10.1103/PhysRevLett.126.187401
https://doi.org/10.1103/PhysRevLett.126.187401
https://doi.org/10.1103/PhysRevLett.126.187401
https://doi.org/10.1103/PhysRevLett.126.187401
https://doi.org/10.1103/PhysRevA.107.023523
https://doi.org/10.1103/PhysRevA.107.023523
https://doi.org/10.1103/PhysRevA.107.023523
https://doi.org/10.1103/PhysRevA.107.023523
https://doi.org/10.1103/PhysRevA.107.023523
https://doi.org/10.1103/PhysRevA.107.023523
https://doi.org/10.1103/PhysRevA.107.023523
https://doi.org/10.1103/PhysRevA.60.3952
https://doi.org/10.1103/PhysRevA.60.3952
https://doi.org/10.1103/PhysRevA.60.3952
https://doi.org/10.1103/PhysRevA.60.3952
https://doi.org/10.1103/PhysRevA.60.3952
https://doi.org/10.1103/PhysRevA.60.3952
https://doi.org/10.1103/PhysRevA.60.3952
https://doi.org/10.1063/1.1888053
https://doi.org/10.1063/1.1888053
https://doi.org/10.1063/1.1888053
https://doi.org/10.1063/1.1888053
https://doi.org/10.1063/1.1888053
https://doi.org/10.1063/1.1888053
https://doi.org/10.1063/1.1888053
https://doi.org/10.1063/1.119342
https://doi.org/10.1063/1.119342
https://doi.org/10.1063/1.119342
https://doi.org/10.1063/1.119342
https://doi.org/10.1063/1.119342
https://doi.org/10.1063/1.119342
https://doi.org/10.1063/1.119342
https://doi.org/10.1088/0953-4075/30/20/006
https://doi.org/10.1088/0953-4075/30/20/006
https://doi.org/10.1088/0953-4075/30/20/006
https://doi.org/10.1088/0953-4075/30/20/006
https://doi.org/10.1088/0953-4075/30/20/006
https://doi.org/10.1088/0953-4075/30/20/006
https://doi.org/10.1088/0953-4075/30/20/006
https://doi.org/10.1088/0953-4075/30/20/006
https://doi.org/10.1017/hpl.2014.32
https://doi.org/10.1017/hpl.2014.32
https://doi.org/10.1017/hpl.2014.32
https://doi.org/10.1017/hpl.2014.32
https://doi.org/10.1017/hpl.2014.32
https://doi.org/10.1017/hpl.2014.32
https://doi.org/10.1017/hpl.2014.32
https://doi.org/10.1017/hpl.2014.32
https://doi.org/10.1103/PhysRevLett.76.2472
https://doi.org/10.1103/PhysRevLett.76.2472
https://doi.org/10.1103/PhysRevLett.76.2472
https://doi.org/10.1103/PhysRevLett.76.2472
https://doi.org/10.1103/PhysRevLett.76.2472
https://doi.org/10.1103/PhysRevLett.76.2472
https://doi.org/10.1103/PhysRevLett.76.2472
https://doi.org/10.1063/1.4905861
https://doi.org/10.1063/1.4905861
https://doi.org/10.1063/1.4905861
https://doi.org/10.1063/1.4905861
https://doi.org/10.1063/1.4905861
https://doi.org/10.1063/1.4905861
https://doi.org/10.1063/1.4905861
https://doi.org/10.1088/0953-4075/33/13/319
https://doi.org/10.1088/0953-4075/33/13/319
https://doi.org/10.1088/0953-4075/33/13/319
https://doi.org/10.1088/0953-4075/33/13/319
https://doi.org/10.1088/0953-4075/33/13/319
https://doi.org/10.1088/0953-4075/33/13/319
https://doi.org/10.1088/0953-4075/33/13/319
https://doi.org/10.1088/0953-4075/33/13/319
https://doi.org/10.1364/JOSAB.18.000325
https://doi.org/10.1364/JOSAB.18.000325
https://doi.org/10.1364/JOSAB.18.000325
https://doi.org/10.1364/JOSAB.18.000325
https://doi.org/10.1364/JOSAB.18.000325
https://doi.org/10.1364/JOSAB.18.000325
https://doi.org/10.1103/PhysRevLett.113.263401
https://doi.org/10.1103/PhysRevLett.113.263401
https://doi.org/10.1103/PhysRevLett.113.263401
https://doi.org/10.1103/PhysRevLett.113.263401
https://doi.org/10.1103/PhysRevLett.113.263401
https://doi.org/10.1103/PhysRevLett.113.263401
https://doi.org/10.1103/PhysRevLett.113.263401
https://doi.org/10.1088/1367-2630/aa8029
https://doi.org/10.1088/1367-2630/aa8029
https://doi.org/10.1088/1367-2630/aa8029
https://doi.org/10.1088/1367-2630/aa8029
https://doi.org/10.1088/1367-2630/aa8029
https://doi.org/10.1088/1367-2630/aa8029
https://doi.org/10.1088/1367-2630/aa8029
https://doi.org/10.1088/1367-2630/aa8029
https://doi.org/10.1103/PhysRevLett.110.083902
https://doi.org/10.1103/PhysRevLett.110.083902
https://doi.org/10.1103/PhysRevLett.110.083902
https://doi.org/10.1103/PhysRevLett.110.083902
https://doi.org/10.1103/PhysRevLett.110.083902
https://doi.org/10.1103/PhysRevLett.110.083902
https://doi.org/10.1103/PhysRevLett.110.083902
https://doi.org/10.1209/0295-5075/28/9/003
https://doi.org/10.1209/0295-5075/28/9/003
https://doi.org/10.1209/0295-5075/28/9/003
https://doi.org/10.1209/0295-5075/28/9/003
https://doi.org/10.1209/0295-5075/28/9/003
https://doi.org/10.1209/0295-5075/28/9/003
https://doi.org/10.1209/0295-5075/28/9/003
https://doi.org/10.1088/0953-4075/43/10/105402
https://doi.org/10.1088/0953-4075/43/10/105402
https://doi.org/10.1088/0953-4075/43/10/105402
https://doi.org/10.1088/0953-4075/43/10/105402
https://doi.org/10.1088/0953-4075/43/10/105402
https://doi.org/10.1088/0953-4075/43/10/105402
https://doi.org/10.1088/0953-4075/43/10/105402
https://doi.org/10.1088/0953-4075/43/10/105402
https://doi.org/10.1364/OE.27.026721
https://doi.org/10.1364/OE.27.026721
https://doi.org/10.1364/OE.27.026721
https://doi.org/10.1364/OE.27.026721
https://doi.org/10.1364/OE.27.026721
https://doi.org/10.1364/OE.27.026721
https://doi.org/10.1364/OE.27.026721
https://doi.org/10.1364/OE.27.026721
https://doi.org/10.1103/PhysRevA.65.013202
https://doi.org/10.1103/PhysRevA.65.013202
https://doi.org/10.1103/PhysRevA.65.013202
https://doi.org/10.1103/PhysRevA.65.013202
https://doi.org/10.1103/PhysRevA.65.013202
https://doi.org/10.1103/PhysRevA.65.013202
https://doi.org/10.1103/PhysRevA.65.013202
https://doi.org/10.1088/0256-307X/25/7/048
https://doi.org/10.1088/0256-307X/25/7/048
https://doi.org/10.1088/0256-307X/25/7/048
https://doi.org/10.1088/0256-307X/25/7/048
https://doi.org/10.1088/0256-307X/25/7/048
https://doi.org/10.1088/0256-307X/25/7/048
https://doi.org/10.1088/0256-307X/25/7/048
https://doi.org/10.1103/PhysRevLett.107.113901
https://doi.org/10.1103/PhysRevLett.107.113901
https://doi.org/10.1103/PhysRevLett.107.113901
https://doi.org/10.1103/PhysRevLett.107.113901
https://doi.org/10.1103/PhysRevLett.107.113901
https://doi.org/10.1103/PhysRevLett.107.113901
https://doi.org/10.1103/PhysRevLett.107.113901
https://doi.org/10.1103/PhysRevLett.107.113901
https://doi.org/10.1016/0021-9991(82)90091-2
https://doi.org/10.1016/0021-9991(82)90091-2
https://doi.org/10.1016/0021-9991(82)90091-2
https://doi.org/10.1016/0021-9991(82)90091-2
https://doi.org/10.1016/0021-9991(82)90091-2
https://doi.org/10.1016/0021-9991(82)90091-2
https://doi.org/10.1103/PhysRevLett.100.133006
https://doi.org/10.1103/PhysRevLett.100.133006
https://doi.org/10.1103/PhysRevLett.100.133006
https://doi.org/10.1103/PhysRevLett.100.133006
https://doi.org/10.1103/PhysRevLett.100.133006
https://doi.org/10.1103/PhysRevLett.100.133006
https://doi.org/10.1103/PhysRevLett.100.133006
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
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 72, No. 21 (2023) 214203

High-order harmonic platform extension and cluster
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Abstract

By solving the time-dependent Schrodinger equation for the interaction of the intense laser field with the
two-dimensional model of H ion cluster, it is found that the high-order harmonic plateau produced by H ion
cluster is wider than that generated by a single H atom. The interaction between intense laser field and cluster
is decomposed into three processes: internal ionization, classical motion under the action of external field and
Coulomb field of the cluster ions, and recombination. After internal ionization, the particle is deemed classical
and its motion follows Newton’s equation of motion. By studying the classical trajectory of electron and the
variation of kinetic and potential energy with time, it is observed that during the electron’s returning, the
additional kinetic energy is required as a result of the reduction in potential energy. Furthermore, the
correlation between return energy and return time obtained from the classical model is in good agreement with
that obtained from time-dependent Schrodinger equation. In this study, the cutoff energy of high-order
harmonic generated by clusters is compared with that of a single atom, indicating that the extension of the
platform of high-order harmonic by clusters is primarily caused by the Coulomb effect of other ions surrounding
the parent nucleus. Additionally, the influence of ion spacing on the cutoff energy of high-order harmonic is also
investigated, and a possible relationship between the cut-off energy of high harmonic and the cluster expansion
is established.

Keywords: high-order harmonic, cluster, Coulomb potential, expansion
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