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Abstract

By using strong-field approximation, we theoretically investigate the selective enhancement of
high-order harmonic generation in a small spectral range driven by a multi-cycle three-color laser
field which is composed of an 800 nm laser pulse, a 1600 nm laser pulse and a 2400 nm laser pulse.
The results show that a narrow-bandwidth spectrum can be selectively enhanced with the inten-
sity increased by nearly one order of magnitude compared to the adjacent harmonics, which can
be attributed to the modified electron trajectories in the three-color field. Furthermore, it is re-
vealed that the central wavelength of the enhanced spectrum can be effectively tuned by changing
the time delay between laser pulses of different colors.

Keywords

Multi-Cycle Laser Field, Enhanced High-Order Harmonic Generation, Quantum Path Control

% B R A P R IE R IR 1

¥ A, FEE, FTAW
BN, BOR ST R TARER, WT RN

Email: 'ylyu@wzu.edu.cn

Weks HEE: 20184F11H16H; S HET: 20184E11H28H; KA HEH: 20184E12H5H

HE

ASCFI IR SRR, BFR T 2 A0 R FRKGERFEFEENE. £RRY, AAZA
HHF7800 nm. 1600 nm 22400 nm A&k, #EBRIFERRE R I RIAE— N ESR, FEFTIK

DERER

XE5H: Bot, PiEE, TR, £ RS b mUaE e, o7, 2018, 8(4): 177-183.
DOI: 10.12677/0e.2018.84023


http://www.hanspub.org/journal/oe
https://doi.org/10.12677/oe.2018.84023
https://doi.org/10.12677/oe.2018.84023
http://www.hanspub.org

Pt %

TH B B S SE Ff 1R VT DA SR S 9 e B R o B I TSR M, BIE T % B SR I AL

XK ia
Z ABOtIK, BIREEIE, BTHEES

Copyright © 2018 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

BEEBOCHAR M PSR R, SRBOE SV AR EAE RS S TRk E 100 . s RO 5
JEF- 53 TSP A BAE P AR R TER S, & BHTIRAS & R T R ANXUV) IR BT kiR
A RORA[1] [2] [3]. PG, mIEEFAERR IR T 0 T4 BT IEIRe) %I BE i mAes &
B FANMA -

HE, R0 TRl A T 2N . Seutah 522 0 0y () s Vs i 1% mh i S 1 it i
BB IR IEIRGE PR, IS B IR R PR, TR — SO BE T B X, A1
SR AE B — R GRS BT B s G O AR LR X . BT, R i =B R R IR T s
AEYIEE R, RO R B R R BT R, S B TR RO PR, RJE T
PA—E 2 5 REZ 45 A, [RIRDRELE g Hh SRR M Re i LG T B sUEE 5 HHoR (4] [5]. 7E— MO N,
FRAE BRSO T 1 RATIS IR T A2y “KPUE” R “HE50E” , BIRMEUE I BT S R 4 O AR S
BATEIN. Rk, NSRS AR Rk R, W 7N SUARARSR T RIR 7 R AR R XU B 2 (037
JZE[6] [7] (8]~ MRHEIT[9] [10]%5 77 kY R m UL EIX . R R TER, WA G .

A5, BRERCEIMCREMTRE . B HETEOCERF L 9Ky T B 0 N
W fE, W2RCE, SRR THA EEMFT AR, L85, B, R. Bartels % A\ AL
HIRZ) 800 nm WOk FIWABKERIE, FRAF T 27 IEURIIA 8 R RE, AHANM 25 k. 27 IR A
—EFREEIE R 11]. Wei 551 IKEE H A R4 77 170 T B 1K) 800 nm kit 5 400 nm. 267 nm {145 il fik i 42
A2 GG, i ARG TCECR 7 N AEALUCECE AR, SRIGFIG5R I 18 Y, 9% 3 5k 1 /N 4L
T FE EAHARVE PSR BN, AT SRAT AT (0 B AR S AN TR S R 12]. BRI DT, AN [E R T2
P& A A BRI IRER = ORI 7 &, AR A A =S [13] [14] [15]. Zeng 55 NFRHIFI
FARAR T AR F R 3 KRS 800 nm SOk 400 nm 3 fkik (240 & BOE Ik b BB 72 A 7w kAR i i
PEVEIEBR[13]0 Yao 2 NH H I FH (i 77 11 38 L P J7) 300 0o e Rk o 266 T A 0 3 42 1 v 1 U8 s S HF
IR T YOO B VE G B[ 14] . BLAR H A S250 = Fhn] LLIRAS A B s o e ik, (H S50 2% AR 2R
A, SRS RAT M .

TEARSCH, FRAMRE T — 2 B =G0kt 7 R, SRR ATIE R e DOl . g5 RE
P 368 Tk 1) Pk e 10 P JE AR BRF ], AT A w3 S RO AS (R 9% B3 B s — N . I AR BT 45 R A LT
I BN TELRS B T A Az .

2. HipER
AR ST B T B I A R DA R [ 16], SRAMON I T B M , (MR 2 0 B A

DOI: 10.12677/0e.2018.84023 178 HEHT


https://doi.org/10.12677/oe.2018.84023
http://creativecommons.org/licenses/by/4.0/

JEAF B S . R R RIE N
x(t) = ij:dr( jdz (p” (t,z') -4 (t))dx (pst (t,r)— A, (t - z’))
xE(t —r)exp[—iSS, (t,z')]exp(—f; w(t')dt’) +ee

Hortt, E(1) . A(r) S BN IEEOR IR I 5 R, 1=t~ Ry TAEROE T S AI . w(c) N
FAEWORI R IObEF %, A ADK BBENOMIRA]. p, . S, R AL USSR S s
AR, AR N:

e+ir/2

(1)

po(6,7) = Lirdt’A(t’) Vi )
1 2 1 t 1 42 2
Sa () =1, =5 pa (o) + o[ dra(r) (3)

d NERITFERE TG, AR RER T RIBRGEAERE T, Rk
'27/2 (2]p)5/4 P

4 (pz+2[p)3

“)

I, 9%,
3. BRERIERIEER S

ERRLHER, FRATR A E0E Bk K258 800 nm. 1600 nm & 2400 nm HIEOE Rk 2 A ik
TR RE Y B9 16 £5.32 fs LA 48 fs, BBk 55 B N 4% H O I 6 435 - SO sR 40 il 2.2 < 10" W/em?,
1.0 x 10" W/em? % 1.0 x 10" W/em?. A &80 RIE R A :

E =E, exp[—Zln(2)~tz/rf]-cos(a)lt)+E2 exp[—Zln(Z)'tz/rzzJ-cos(a)zt)
+E, exp[—Zln(2)~(1+7;,)2/132}cos(a)3 (1+1,))

H, E . E, X E, 75124 800 nm. 1600 nm % 2400 nm BOGIKMH HEIZRE, o o, X o, 558 =8
FE IR, 7 o, Moo, RSB0k A TE . T, 0 2400 nm B0k S 5 A RO E Rk b
Z [B) PRI REIR B [

B, @HMhE, IR T, %R 1.55 fs, W=BORAERKMER T, AR FNe)m i
Wik 1 R, MWE T ATLUEREH, mSEHEIE XS FRER mik 550 L FREREV), 1H 190 eV i
R I RIS — MRS N T AR ISR, B R B T RPERREE T 190 eV [t
BRI U R . I BTR,  SESRE S DU B S LT, WL 4 eV, G BLM AR 5 ) AT
DAAS 21— V. S5 8 2% 1) BT D ik

3.1. FEIRRT A% 13 B R RN

N T RE— DRI B 1 UGBS IR R M OG R, 1 2 4 A R B IR B ] T 2 P JEE ) 3
SRS 43 14D v R VS VR o 1] 2(a) P AR B (AT SRR S LA 1,15 £5~1.95 s, AHATRE 2 (] (BT [R] [RIBE A 0.25 fis.
SLER, B QAR N [A] PR3 0, 2 el O TR KT I K, M AE IR N [R]A 1.95 fs B, IR O B A S BRI,
FHHEPE RN A [ 2(b)F ZEIR I ] 2B T 9 8.95 £5~9.75 fs. B4 ZEIR B (]2 1d 2400 nm [ —
AN AR, BRI EAR AT LLAS B 5E . I RN AT 7T R A2 22 O e kb, AR A

)

DOI: 10.12677/0e.2018.84023 179 HEHT


https://doi.org/10.12677/oe.2018.84023

10° | ' ' 1

4eV

05

200 220

Intensity (arb.units)

0 100 200 300 400 500 600
Photon energy (eV)

Figure 1. High-order harmonic spectrum driven by the laser field synthesized by a 16 fs, 800 nm pulse, a 32 fs, 1600 nm

pulse and a 48 fs, 2400 nm laser pulse. Inset: The enhanced harmonic spectrum in a linear scale
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Figure 2. The enhanced high-order harmonic spectra at different time delays: (a) 1.15 f5~1.95 fs and (b) 8.95 £5~9.75 fs
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Figure 3. Time-frequency analyses corresponding to high-order harmonic spectrum in Figure 2 at the time delays of (a) 1.35
fs, (b) 1.55 fs, (¢) 1.75 fs, (d) 9.15 fs, (e) 9.35 fs, (f) 9.55 fs.
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Figure 4. High-order harmonic spectrum driven by three-color field of the different durations (R = 0.5~2.0)
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