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Fig. 1. The classical trajectories of the detached elec-

tron of the negative hydrogen ion in a gradient electric
field.
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Fig. 2. The pictorial plot of a guassian short-pulse laser.
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Fig. 3. Schematic plot of 8 typical closed orbits (note: the actual closed orbit is spread along the z axis,

rather than the curve in the figure).
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Fig. 5. The influence of the laser pulse width on the autocorrelation function of H ion in a gradient electric
field. The electric field strength Fg = 500 kV/cm, the electric field gradient o =107% a.u., the detached
electron’s energy E = 0.5 eV. The width of the laser pulse is as follows: (a) 7 = 100 a.u.; (b) 7 = 200 a.u;
(c) 7 =300 a.u.; (d) 7 =400 a.u.; (e) 7 =800 a.u.; (f) 7 = 2000 a.u..

233201-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 23 (2015) 233201

A H BT A3 1T AR B8 (i, B O BE R
B IR a2 4Bk Er = 2000
au. = 0.048 pshf (E5(f)), A7 PU A2 A HL i
B W2 9N T, = 0.053 ps, To = 0.098 ps,
T3 = T4 = 0.151 ps, BLHF 3B 71 A HLE
(%) JE 0 B AR K T Rk 4 5 2, (LR AR AR A e
)R W22 225 0.045 ps A10.053 ps, JE 4235 T ik
R RE, DR O E BR P IRV B AN R, AR R
Tt 2. 3 2 Ik T FE R K B B
i, BT [FE I GRS, Bk ik & 1) B SR
BRI IAI A R SR A 2R IR s B AT AT LU i
DSCAR BT i I PR R T A 3R %) 98k B B g A v
IR R 5 (a)—(f) AT LG Y, T4 1 i
Jelk, B OCHK R H b B R A |, I B R
U 55 B 7 1 P B B0 1 ) B B SR 0 B G &R (H
F2 it A5 WO ik 8 BE B0 OR, [ JE D4 A AR B, EH
T AAARUE (8] R F-P5 08, IR AR O 2R e 247 2k

N, BATIE 2 WO E B T = 100 a.u., B
WoRERAE o =107° a.u., WHSAE Y 570
FE B R/ BB BR R B . B 6 25 1 T A
B AR BR FE HEL I R ) B DI o b A I T AN
L3709 BE AR AL O R (1) = 4L 4],

0.10 —

0.08 —

_0.06
=
0.04 —
1000
0.02 - ~
800 &
600 S
400 2
~
0 - 200 \f’
QQ
0 0.1 0.2 0.3 0.4
t/ps

K6 HIAHE Fo XS TAERE RIS T E SRR
BRI ) = 2 P (LA ROB Bk 98 B2 7 = 100 a.u., H
YR ERRE o =1076 a.u., HEHBETFHEER F = 0.5 eV)
Fig. 6. The three-dimensional plot for the influence of
the electric field F'g on the autocorrelation function of
H ion in a gradient electric field. The laser pulse width
7 = 100 a.u., the electric field gradient o =1076 a.u.,
the detached electron’s energyEl = 0.5 eV.

MIEL6 AT LUE H, 7 55 EEAR /NI i, B
KRR ECR ML T — AR50 E 0, I B %S 7

5ER JEE (VD3 ] A0 AN OZE n, [R1UA EI
GIGam. B TA T BB B T I R
Fo BRI 4EH.

R 7 (a) h, BREGHEE Fo = 0.0 kV/cm.
BREF, E ORI R 4N R, REGTR:
BEHEIBE Fy = 0.0 kV/cm i, ARG HEY
TR T EER. Rk, SR TS —%H
HTE RN 2 P A POE 1 B AR R, AT
WFFERI 8 Ak RIS B I G b, R 4 %508
{10 J& B2 ST ), TR ORI pR i R T 44N [l
HIEME. EET7(b)H, B REGE Fo = 100.0
kV/cm. R, 25— 26 M GRUE RIS 5% I G
() AN AR ), TRk B SR Ik R 50 1 28 — AN [l )5
WA 53 SR RS 1 [ Vg, 3 T RN B — SRR — 2%
VH -G BIUTE (1 J8] ARG 2 [RIRE, O IR iR 25 1) 56
3ANENA VA 53 ZER PR AN, 73 T FHER 5 26 F1 5 6 % 1]
HEE R AR, BT (c) AR S R
Wk E Fo = 200.0 kV /cm B ) H CEE R £, 7T LA
B A T RNEE 24N [ )0 O 40 58 4% 4 B4R 1 [
IHUE. IR NE] Fo = 400 kV/cm, H X
TRRR VB LT 6 A LIRS B 119 =] A0 331 R
IR FEI 8 2% A BB A A — — X R, 5546, M
Kl fME7RTCAAEH, £t = 0.151 ps flt = 0.302
ps Ak, S BE BR B P UG & B A U0, I B B
EH RBmERR/ANRERN, FRWMT: 7
t = 0.150 ps &b, [B] V=0 FN ) & L 5 = 2 FIER
VY& B 1 R HAAE X B2, 75 ¢ = 0.302 ps &b, [A1)0E
RS LT (0 28 L A RN 28 )\ SR B8 1) ) A A X B,
M (14) FTEAE H, XL A HIER AR 58
g BB A %, S5 SRR O N R
. Mk, £t = 0.151 ps Ft = 0.302 ps ik, HX
EEC R 5 [ VA UG AR 7 B AR AR R AR

e, BATE R ® — T kb %% + = 100
a.u. M SHEEE Fo = 500 kV/cm ZBAZE 1)1
BT, AR LI B S A B TR B 1 B R R
Hisgm. B8 EH TENEFEMERTIA
SR R K HL I B FE AR I = 4 .

M8 FTLLE tH, 4 HI 16 AR /N IR 6, A
FE B 370 B O IE R E Y = AR g AR /N, R —
AN WY S0 [T U [ A IR R RS N, H
o6 P 6T 1 DRI BR 77 A R S SR, W ok
i %2 H AR BRI PR A - B 11 R 300k
SRS, T U ) A7 B SRV 1) i A

233201-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

Vol.

64, No. 23 (2015) 233201

¥ 12 ZF R Acta Phys. Sin.
0.10
(a)
0.08 H
~ 0.06H
= .04
0.02 H /\
0 | | A /|\
0 0.1 0.2 0.3 0.4
t/ps
0.10
(c)
0.08 H
_ 0.06H
= ol
0.02 H ” ﬂ j\
0 U MNC A
0 0.1 0.2 0.3 0.4
t/ps

0.10
(b)

0.08 H

0.06 [

|M(2)]

0.04

0.02

Lpy

0 0.1 0.2 0.3 0.4

t/ps

(d)
0.08

0.06 H

[M(t)]

0.04 H

0.02 -

0 0.1 0.2 0.3 0.4
t/ps

7 HISREE Fo NSRS IER R B3 1 DGR sR B e (L OBk BE E T = 100 a.u., HUIZTREERARE
a =107 a.u., MEHBTHEER E =05 eV.) BIFRIESIA: (a) Fo =0.0 kV/cm; (b) Fo = 100 kV/cm; (c)
Fo =200 kV/cm; (d) Fo = 400 kV/cm
Fig. 7. The influence of the electric field Fp on the autocorrelation function of H ion in a gradient electric
field. The laser pulse widthT = 100 a.u., the electric field gradient o =10~ a.u., the detached electron’s
energy E = 0.5 eV. The strength of the electric field is as follows: (a) Fg = 0.0 kV/cm; (b) Fo = 100 kV/cm;
(¢) Fo =200 kV/cm; (d) Fo = 400 kV /cm.

[M(1)]
o
-
o
T

0.05

0.10
t/ps

8 Gl G T LM L R 7 s B E N 1 SR IR R B

SO 4R (LR kP S T = 100 a.u., RIIZUESE

Fo =500 kV/cm, ¥EHBETHIREE E = 0.5 eV)

Fig. 8. The three-dimensional plot for the influence of

the electric field gradient on the autocorrelation func-

tion of H ion in a gradient electric field. The laser

pulse width 7 = 100 a.u., the electric field Fo = 500

kV/cm, the detached electron’s energy E = 0.5 V.

N T SETE A 73 M FL R RE X SR BB bR
S, BATH T AN R B BRI, B ORI

i 4K k9 FR.

B RRATE & LB RN, o = 1071
aw., TFEERME 9 (a) frox. ATLLE H, HEH
KRB R —NEDAE, I Bk [ )0 5 305
HL 15— 2 P G OB AR L. SRR T g
B BEAR /NI, W37 SR VR R 2 07 In) AR ARAR /N, A
Y HEMEmE Fo = 500 kV/cm A, #3786 B 1Y
S A DL Z S AN TE. Rk, B T R M A E
MIES) R G AR R, R — 2R 42 il
J7 A R A PUE. BT, B ORIk Eh R —
A TEl g, M A AR A SRR I OGRS B
FKELRB 80 Hob)AHEYa = 1077
a.u B EOCECRR 2L, T LAE H, A 9 (a) A L,
6 52 L 37 s 0t S L S Bl 7 AR T RS, I A
B PVTE ) S ARG I, DRk B ORI B e [ T U )
ANEOEM. B, FERRRE AR, A S R
Fo =500 kV/cm #HEL, HIZHE B TIREUN, B
T RS UIE R A BN AN, Hoph L 2% 1A
B BUIE R A R R BEOR, BRI 3R (] B T H S i 1

233201-8


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 23 (2015) 233201

T BB 55, DR kG B SG 16 ek i mh [ ) 06 ) 250 {E
FHXTEL /N, BEAE FR I8 BE I G I, FL 37 FE ot
B FL IR B WA AT I . B Y L i R
K#a =1076 au.(K 9 (c)), KW B RBAZEH H
BT 6/ P B A [B] U 0 A0 3 1 8 2% A
HREMN L HHEHEE K o = 1075 a.u
IF, FIHF Se S 5m I A LE, b6 B F 3 B RS ) o 32

0.10

(a)
0.08 H

0.06 H

[M(t)]

0.04 H

0.02 H

0 0.1 0.2 0.3 0.4
t/ps

()
0.08 H

0.06 H

|M(t)]

0.04 H

0.02 H

0 . I . I A |
0 0.1 0.2 0.3 0.4

t/ps

MRz, 551 5% P S B AN S 2 5% P E B R AR 22 1R
/N, DS SR TR R K [ 5 A Bl g AN A A
[ YU A AR B B [RIRE, 55 5 2k T BB AN S 6 2%
PH B B A 30 AR 2 AR VDS, DR 3 7 2 P A
TGS N B ] A U IR, PRLIE F OR BR BR h
A A [N I, L8] R Ve PR A7 B IR 1A A
T3l

0.10
(b)

0.08 |

0.06 [+

[M(t)]

0.04

0.02

t/ps

0.20

(d)

0.15 [+

@)
<)

0.05 1

0 L | s s
0 0.1 0.2 0.3 0.4
t/ps

Ko AR Iz B0 0 S 08 T O R Y B R B RR B e L ik 88 % — = 100 anu., H1I798E Fo = 500
kV/cm, MEHETFHEEREE = 0.5 eV.) BFHESHN: (a) a=10"" au; (b) a = 1077 a.u,; (c) a = 1076

au; (d) a=10"% a.u.
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Study on the photodetachment wave packet dynamics of
H™ ion in a gradient electric field”
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Abstract

Using the combination of the time-dependent perturbation theory and the closed-orbit theory, we put forward a
calculation formula for the autocorrelation function of H ion in a gradient electric field, and then calculate and analyze
the autocorrelation function of the system. Especially, we discuss the effect of laser pulse width, electric field strength
and the electric field gradient on the autocorrelation function of H ion in a gradient electric field. It is demonstrated that
when the laser pulse width is very narrow, far less than the period of the detached electron, the quantum wave packet
revival phenomenon is significant. A series of sharp reviving peaks appear in the autocorrelation function, which are
caused by the interference between the returning electron wave packets travelling along the closed orbit and the outgoing
electron wave packets. However, with the increase of laser pulse width, the quantum wave packet revival phenomenon
becomes weakened. When the difference between the pulse width and the period of the closed orbit is not very large,
the reviving peaks in the autocorrelation function become widely spread gradually and the oscillatory structures get
flattened. This correspondence will vanish finally due to the interference between the adjacent peaks. In addition, our
study also suggests that the background electric field strength and the electric field gradient in the gradient electric field
can also have significant effects on the autocorrelation function. With the increase of background electric field strength
and electric field gradient, the period of the detached electron’s closed orbit gets shorter, the number of the revival
peaks in the autocorrelation function is increased gradually, and the quantum wave packet revival phenomenon will be
enhanced. Therefore, we can control the autocorrelation function of the hydrogen negative ion by changing the laser
pulse width and the external electric field strength. Our results will provide some reference values for the experimental

research on the wave packet dynamic property of atoms or ions in external fields.
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