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Controlling charge resonance enhanced ionization of X, isotope
molecules for generating high-intensity attosecond pulse

FENG Li-Qiang
(College of Science, Liaoning University of Technology, Jinzhou 121001, China)

Abstract. Using the characteristics of harmonic generation from X; isotope molecules (Hf , D, and
T, ), an effective method to generate a high-intensity spectral continuum and isolated attosecond pulse
has been theoretically proposed. It is found that, driven by different pulse durations, Hy , D; and T,
can enter into the charge resonance enhanced ionization region, respectively. When the half-cycle of the
laser amplitude region is exactly in the charge resonance enhanced ionization region, the harmonic emis-
sion peak with the maximum emitted energy happens to have the optimal harmonic intensity. Further,
by introducing a half-cycle unipolar pulse in this region, the selected harmonic emission peak can be ex-
tended, showing an intense spectral continuum contributed by single harmonic emission peak. Through
superposing the harmonics on this spectral continuum, the pulse duration of 42 as isolated attosecond
pulses can be obtained.
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Fig. 1 The time-frequency analyses of harmonics driven by different pulse durations (a~c) and the ionization probabilities

and internuclear distances driven by different pulse durations (d~1)
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Fig. 2 Laser profiles by adding half-cycle unipolar pulse with (a~c) and the time-frequency analyses of harmonics for

the cases of (d~1)

0.004

_HQ- - -DZ_'_'TZ

0.002

—_——————————————

Attosecond pulses/arb.units

42 as L 0
0.000 J AN N N

6 7 8 9 10 11
tT

B3 H; Dy AR TS ¥k o = 4 ey A Bk b
Fig. 3 Attosecond pulse generations from harmonic
spectra of Hy , D, and Ty

i BT R AR LS KSR H
Dy FI Ty B0 A U MO 5 8 AT LA ST o i 2
WS X I H i X el B — B U DTk A
B R FRZIE NGRS X IF B ANEBOLIERY 90 1K

160 Y AT 2R AT 3 PR TETE 42 as BIPRAL B FD
Jik e, an il 3 .

4 & ®

ARSCHEH —FRAIH He (D) A TS OGS R
FRAG = o IS BT RP Ik s i) k. 5 FEAS ATk
SOOI R L HY (DS T 4r FAE O R IR
e Sl 1 DB E A R A i LRI i P 2 I 5 (LA
15 T-H, (17 T-D) LK 20 T-T, ) . X B nlfifif
KRS RE AR I fe e B B AR m i . B
FEPRR A I 51 AP ) 30 B 7 PT {322 305 U8k g ik
PE— 2 A (AR R Lacay = 7. 1 T_H;r\tdelay: 8.1
T-Df UK taa= 9. 6 T-T5 ), T 4575 th o —fiE
UG TR T BRI e R B T 22 XL e AR
WOEBEIX E & NS Al 315 3 ANk ik 42 as 1)
ik .

034006-4



B33, AT XS R &y

ERACES

3R R

135 5% A R % 58 A&

SE Lk

[1]

[2]

(3]

[4]

[5]

[6]

7]

(8]

TR, SRR, JHE. =R mIREOCH A K
PR Bl ST 7 AR A B i P 1 BT RR Bk eh L. TR
S5 F YA, 2020, 37 95.

TR, XU, 22 0. R W BBOL IR 6 4 iRk
BFEI]. KPS0 FYH%MR, 2019, 36: 268.
Feng L Q. Molecular harmonic extension and en-
hancement from H; ions in the presence of spatially
inhomogeneous fields [ J]. Phys Rev A, 2015,
92. 053832.

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

LiY, Feng L Q, Qiao Y. Improvement of high-or-
der harmonic generation via controlling multiple ac-
celeration-recombination process [ J]. Z Naturforsch
A, 2019, 74: 561.

LiY, Feng L. Q, Qiao Y. Selective enhancement of
single-order and two-order harmonics from He atom
via two-color and three-color laser fields [J]. Chem
Phys, 2019, 527 110497.

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.
ar sk, BB G %S He JRF 345 & ok 2
keV RIRB IR o [T]. PO R %2240 B ARFH#A M

[10]

[11]

[12]

[13]

[14]

[15]

2020, 57 130.
TSTER . XA, TR R AR S50 T AL T
T pAB R Kb 1], R 50 F 9 4 H,
2019, 36. 82.

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.

Feng L Q, Li Y, Meng F S, ez al. High-order har-
monic and attosecond pulse generations from Ryd-
berg state driven by the spatially inhomogeneous
field [J]. Mod Phys Lett B, 2017, 31: 1750029.
Liu H, Castle R S, Feng L. Q. Internuclear distance
R-distribution of high-order harmonic generation
from Hy and its isotopes [J]. Chem Phys, 2017,
485-486; 1.

LuRF, Zhang P Y, Han K L.

tion quantum dynamics calculations for atoms and

Attosecond-resolu-

molecules in strong laser fields [J]. Phys Rev E,
2008, 77, 066701.

Liu H, Li W L, Feng L. Q. Chirp control of multi-
photon resonance ionization and charge resonance
enhanced ionization on molecular harmonic genera-
tion [J]. Chem Phys Lett, 2017, 676 118.

XURT s SEBR. 28 TSGR EE R T A B X B b
ko sZmg L1 ] 57 540 7 % 8% 4k, 2019,
36 459.

ettt bbb oAb bbbttt bt
{3l AATH: :
oSG R A X TR O T AR R g 2D PR RTRD RO (). IR AR
; 2021, 58: 034006.

-

R

j. P& . Feng L Q. Controlling charge resonance enhanced ionization of Xj isotope molecules for generating high-in- +
+ tensity attosecond pulse [J]. J Sichuan Univ: Nat Sci Ed, 2021, 58: 034006. +

et et bttt bt et s pee

034006-5



