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Fig. 1. (color online) Photoelectron energy spectra for
Ar atom at an intensity of 8 x 1013 W/cm? and wave-
lengths of 800 nm (dash line), 1300 nm (solid line) and
2000 nm (shot dotted line).
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THn =17, 19, 25 I I K N BO6HE
Fig. 2. (color online) RLE structures in ATI photoelectron energy spectra of Ar at 800 nm. The solid
lines of panels (a) to (c) are corresponding to the laser intensities of the 17, 19, 25-photon channel closings,
respectively.
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S TRER eV
), (b), (c) HHSRZ 3t L

Fig. 3. (color online) RLE structures in ATI photoelectron energy spectra of Ar at 1300 nm. The solid
lines of panels (a) to (c) are corresponding to the laser intensities of the 21, 23, 35-photon channel closings,

respectively.
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Fig. 4. (color online) RLE structures in ATI photoelectron energy spectra of Ar at 2000 nm. The solid

lines of panels (a) to (c) are corresponding to the laser intensities of the 35, 37, 51-photon channel closings,

respectively.
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Fig. 5. Ionization rate (in log scale) of Ar as a func-
tion of the parameter(Ip + Up)/w, for the wavelength
of 800 nm.
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Fig. 6. Ionization rate (in log scale) of Ar as a func-
tion of the parameter(I + Up)/w, for the wavelength
of 1300 nm.
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Fig. 7. Ionization rate (in log scale) of Ar as a func-
tion of the parameter (Ip + Up)/w, for the wavelength
of 2000 nm.
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W5 2 TE 5 (CC) 2k, AT iE— B IESE T H I
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SR TREOE T Ar BT ATIGH RS /9 RLE
SERI AT IR N B, FRATT R BB A 0 Ik A
JeoR AR N, BT RERE  RLE Al 58 & L.
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o U %% 3] (1 K K T RLE 3 g & 50 R o
IR 5 126 R, B Ar 5T ATT H 5522 05 3
EHHES (I, +Uy) /w HB KR — DT
HRLE4H, 45K, PLasbik By
5im e hh i B Bl R AL, 2 I Y R 7 RS
Xof B R ELTE B A AT A, type-T1 3 o HH ILAE
A CC, MAESH (I, + Up) /w EIKTHE CC A
5%—10% )X B <> H B type-1 3 58,

S

[1] Agostini P, Fabre F, Mainfray G, Petite G, Rahman N
K 1979 Phys. Rev. Lett. 42 1127

[2] Paulus G G, Nicklich W, Xu H L, Lambropoulos P,
Walther H 1994 Phys. Rev. Lett. 72 2851

[3] YuX G, Wang B B, Cheng T W, Li X F, Fu P M 2005
Acta Phys. Sin. 54 3542 (in Chinese) [fB%), T 1k,
FERHE, ZEmelg, 4540 2005 #3244 54 3542]

[4] Schafer K J, Baorui Yang, DiMauro L F, Kulander K C
1993 Phys. Rev. Lett. 70 1599

[5] Corkum P B 1993 Phys. Rev. Lett. 71 1994

[6] Hertlein M P, Bucksbaum P H, Muller H G 1997 J.
Phys. B 30 L197

[7] Hansch P, Walker M A, van Woerkom L D 1997 Phys.
Rev. A 55 R2535

[8] Muller H G, Kooiman F C 1998 Phys. Rev. Lett. 81 1207

[9] Muller H G 1999 Phys. Rev. Lett. 83 3158

143201-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1103/PhysRevLett.42.1127
http://dx.doi.org/10.1103/PhysRevLett.72.2851
http://wulixb.iphy.ac.cn/CN/abstract/abstract10869.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract10869.shtml
http://dx.doi.org/10.1103/PhysRevLett.70.1599
http://dx.doi.org/10.1103/PhysRevLett.71.1994
http://dx.doi.org/10.1088/0953-4075/30/6/003
http://dx.doi.org/10.1088/0953-4075/30/6/003
http://dx.doi.org/10.1103/PhysRevA.55.R2535
http://dx.doi.org/10.1103/PhysRevA.55.R2535
http://dx.doi.org/10.1103/PhysRevLett.81.1207
 http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.83.3158

¥ 12 Z R Acta Phys. Sin.

Vol. 64,

No. 14 (2015) 143201

(21]

22]

23]

Muller H G 1999 Phys. Rev. A 60 1341

Cormier E, Garzella D, Breger P, Agostini P, Cheriaux
G, Leblanc C 2001 J. Phys. B 34 1.9

Wassaf J, Veniard V, Taieb R, Maquet A 2003 Phys.
Rev. Lett. 90 013003

Potvliege R M, Vucic S 2006 Phys. Rev. A 74 023412
Potvliege R M, Vucic S 2009 J. Phys. B 42 055603
Kopold R, Becker W 1999 J. Phys. B 32 1419

Kopold R, Becker W, Kleber M, Paulus G G 2002 J.
Phys. B 35 217

Popruzhenko S V, Korneev Ph A, Goreslavski S P,
Becker W 2002 Phys. Rev. Lett. 89 023001

Hasovic E, Busuladzic M, Gazibegovic-Busuladzic A,
Milosevic D B, Becker W 2007 Laser Phys. 17 376
Milosevic D B, Hasovic E, Busuladzic M, Gazibegovic-
Busuladzic A, Becker W 2007 Phys. Rev. A 76 053410
Milosevic D B, Hasovic E, Odzak S, Busuladzic M,
Gazibegovi’c-Busuladzic A, Becker W 2008 J. Mod. Opt.
55 2653

Milosevic D B, Becker W, Okunishi M, Prumper G, Shi-
mada K, Ueda K 2010 J. Phys. B 43 015401

Quan W, Lai XY, Chen Y J, Wang C L, Hu Z L, Liu X
J, Hao X L, Chen J, Hasovic E, Busuladzic M, Becker
W, Milosevic D B 2013 Phys. Rev. A 88 R021401
Quan W, Lin Z, Wu M, Kang H, Liu H, Liu X, Chen J,
Liu J, He X T, Chen S G, Xiong H, Guo L, Xu H, Fu
Y, Cheng Y, Xu Z Z 2009 Phys. Rev. Lett. 103 093001

24]

[25]

143201-7

Blaga C I, Catoire F, Colosimo P, Paulus G G, Muller
H G, Agostini P, DiMauro L F 2009 Nat. Phys. 5 335
WuCY, Yang Y D, Liu Y Q, Gong Q H, Wu M Y, Liu
X, Hao X L, Li W D, He X T, Chen J 2012 Phys. Rewv.
Lett. 109 043001

Agostini P, DiMauro L F 2008 Contemp. Phys. 49 179
LinZY,WuMY, QW, Liu X J, Chen J, Cheng Y 2014
Chin. Phys. B 23 023201

Keldysh L V 1965 Sov. Phys. JETP 20 1307

Faisal F H M 1973 J. Phys. B 6 L89

Reiss H R 1980 Phys. Rev. A 22 1786

Lohr A, Kleber M, Kopold R, Becker W 1997 Phys. Rev.
A 55 R4003

Figueira de Morisson Faria C, Schomerus H, Becker W
2002 Phys. Rev. A 66 043413

Milosevic D B, Becker W 2002 Phys. Rev. A 66 063417
Chipperfield L E, Gaier L N, Knight P L, Marangos J
P, Tisch J W G 2005 J. Mod. Opt. 52 243

Frolov M V, Manakov N L, Pronin E A, Starace A F
2003 Phys. Rev. Lett. 91 053003

Frolov M V, Manakov N L, Pronin E A, Starace A F
2003 J. Phys. B 36 L419

Manakov N L, Frolov M V 2006 JETP Lett. 83 536
Krajewska K, Fabrikant I I, Starace A F 2006 Phys. Rev.
A 74 053407

Krajewska K, Fabrikant I I, Starace A F 2007 Laser
Phys. 17 368


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1103/PhysRevA.60.1341
http://dx.doi.org/10.1088/0953-4075/34/2/101
http://dx.doi.org/10.1103/PhysRevLett.90.013003
http://dx.doi.org/10.1103/PhysRevLett.90.013003
http://dx.doi.org/10.1103/PhysRevA.74.023412
http://dx.doi.org/10.1088/0953-4075/42/5/055603
http://dx.doi.org/10.1088/0953-4075/32/15/102
http://dx.doi.org/10.1088/0953-4075/35/2/302
http://dx.doi.org/10.1088/0953-4075/35/2/302
http://dx.doi.org/10.1103/PhysRevLett.89.023001
http://dx.doi.org/10.1134/S1054660X07040135
http://dx.doi.org/10.1103/PhysRevA.76.053410
http://dx.doi.org/10.1080/09500340802192464
http://dx.doi.org/10.1080/09500340802192464
http://dx.doi.org/10.1088/0953-4075/43/1/015401
http://dx.doi.org/10.1103/PhysRevA.88.021401
http://dx.doi.org/10.1103/PhysRevLett.103.093001
http://dx.doi.org/10.1038/nphys1228
http://dx.doi.org/10.1103/PhysRevLett.109.043001
http://dx.doi.org/10.1103/PhysRevLett.109.043001
http://dx.doi.org/10.1080/00107510802221630
http://dx.doi.org/10.1088/1674-1056/23/2/023201
http://dx.doi.org/10.1088/1674-1056/23/2/023201
http://dx.doi.org/10.1088/0022-3700/6/4/011
http://dx.doi.org/10.1103/PhysRevA.22.1786
http://dx.doi.org/10.1103/PhysRevA.55.R4003
http://dx.doi.org/10.1103/PhysRevA.55.R4003
http://dx.doi.org/10.1103/PhysRevA.66.043413
http://dx.doi.org/10.1103/PhysRevA.66.063417
http://dx.doi.org/10.1080/0950034042000275379
http://dx.doi.org/10.1103/PhysRevLett.91.053003
http://dx.doi.org/10.1088/0953-4075/36/23/L01
http://dx.doi.org/10.1134/S0021364006120034
http://dx.doi.org/10.1103/PhysRevA.74.053407
http://dx.doi.org/10.1103/PhysRevA.74.053407
http://dx.doi.org/10.1134/S1054660X07040123
http://dx.doi.org/10.1134/S1054660X07040123

) I8 % 48 Acta Phys. Sin. Vol. 64, No. 14 (2015) 143201

Resonance-like enhancement in high-order
above-threshold ionzation of argon at different
wavelengths®

Wang Pin-Yi" Jia Xin-Yan"" Fan Dai-He? Chen Jing?!

1) (Southwest Jiaotong University, Quantum Optoelectronic Laboratory, Chengdu 610031, China)
2) (Beijing Institute of Applied Physics and Computational Mathematics, Beijing 100088, China)

( Received 8 December 2014; revised manuscript received 18 March 2015 )

Abstract

Quantum S-matrix theory and “uniform approximation” method are used to study the resonance-like enhancement
(RLE) structures in photoelectron spectrum of high-order above-threshold ionization (HATT) for argon atoms subjected
to strong laser fields at different wavelengths. Our results show that both in the near infrared and mid-infrared fields, the
RLE structures in the photoelectron spectra will appear, which manifests as a group of adjacent HATI peaks that show
a significant enhancement when the laser intensity increases only a few percent. The RLE occurs precisely when the
laser intensity satisfies the channel-closing (CC) condition, and this further confirms the explanation of CC mechanism
of the RLE. More importantly, we find that with increasing laser wavelength, the resonance-like enhancement and
suppression will appear alternately in the photoelectron energy spectrum, and this alternation phenomenon will be more
pronounced as the intensity increases. This phenomenon may be attributed to the interference of “quantum orbital” of
electrons which collide with the core at different return time. Since in the condition of long wavelength, the alternation
phenomenon of the RLE is more pronounced, the RLE is distributed from the low-energy regime to the cutoff-regime in
the photoelectron energy spectrum, thus making the RLE broader than that in the case of short wavelength. This may
be used to explain the experimentally observed extension of the RLE energy region at longer wavelength. In addition, it
is also shown that similar to the case of the near infrared laser fields, two types of RLE structures are also found in strong
mid-infrared laser fields, where type-I enhancement occurs in the region 5%-10% below even CC for Ar atom whose
ground state has an odd parity, and its intensity dependence is comparatively smooth; and type-II enhancement appears
exactly at the channel closing and has a particularly sharp intensity dependence. And both types of enhancements are

due to the constructive interference of a large amount of quantum orbits.
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