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Fig. 1.

He atomic potential curves (atomic units adopted).

(color online) Graphic displays of the

Dashed line, the effective soft Coulomb potential
curve; dotted line, the linear potential of the laser
electric field; solid line, the synthetic potential; dash-

dotted line, the ionization potential energy curve.

2.2 HeFFHh BB FREFMNEIKEITERE

AR 3L B X He J5 75 B BR 58 32 WO6 A H
N HL 0 BE A I R AT B AT, H b W AE R R Y
T0.04—0.12 a.u. Z [A], X} W% 58 4 0.73—5.6 x
10Y W /em?2, J) W7 8 85 ik FE o 2 06 1 B aE 2
% 27 H B9 1) Keldysh 28Ny = wy/21,/Eo 4, %
8 A5 S R BUAR T8 BN 0.4—2.0, H AT L0 Ty B 7
P A 3 L e B R 8

K M BF 9 AV T B He R 1 19 55 3
MR 2R, XN Helf FRESREREL =
—24.58 eV, L N[V (z) +1] (12N T HEMN
). RABHTFIERL, NMABRETETE, 4

153201-2


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

¥ 12 Z R Acta Phys. Sin.

Vol. 65, No. 15 (2016) 153201

BB BR H A7 58 B Y F = 0.09 a.u. I, 3 o5 Kbt it
B B AL an B 3 B, 0t 2R RE ¢ = 30 a.u., &
BTN t = 50 awu., BESZLENTN ¢ = 100 a.u.,
FKIEBOCI BIE R N R IES 22 508
B, B PEA EA (A MBI 11
2 N EURH HS 1 AL 98¢ R 450 i P 1) £ 23 AT, ) 4
TN, SRR H TR BB PR ) (wex, t), REERA
P N3 BB (2, t), 2t > 30 a. B,
N [1) 25 R i R 5002 T e A R P T, DR oRAL T
WA IR R RS H BT, &
FRCH 22 N A H 1AL H 7 P AE 2 0 45 P 1) 11
A5, BB RN DR L § (2, 1),
150 1 s A = T A I v = e S =A< (0
R ] R B, S B A H I AL IR U
J (Tex, t), BRI [A] 73 A7 35 B SAUE, X Ui B LT 58
REE AR, 2k G, BT AR,
LU AR ) X) B TR 2 L S R I () 7L B ERHE
W R AR FAH GRS IR FE A ).

0.9
7 Input noise

w O0.7F £ —y(z, 0)
B
g e V()41
< 0.5
&
~
=
B 0.3H
£l

0.1

-0.1

"—20 —-15 —-10 -5 .O 5 10 15 20
z/a.u.
2 HeJ{ TR RE A

Fig. 2. The wave function of He atom in the ground

state.
0.06
"""" t =30 a.u.

" 0.05 t =50 a.u.

5 f —1t =100 a.u.

=]

g ]
8

-

3
-~

O
=)

0 el i i i 1 i
0 100 200 300 400 500 600

z/a.u.

B3 (TR ) AN [ 2100 R 5 e B 4 At
Fig. 3. (color online) The Magnitude of v (z) for dif-

ferent times.
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Abstract

The question of how long it takes for a particle to tunnel through a barrier, which was first put forward by MacColl
(Phys. Rev. 40 621 (1932)), belongs to the fundamental process of quantum physics and has been the subject of
intense debate since then. Many efforts have been devoted to addressing this question about how to define, explain and
measure this tunneling time, but widespread controversies still exist in theories and experiments. Attosecond physics
offers insights into ultrafast electron dynamics in atoms and moleculars on the attosecond (107*® s) timescales, and
therefore, ionization of atoms or moleculars in a strong laser filed allows for tackling this question in an experimentally
and conceptually well-defined manner. The tunneling ionization dynamics of electrons plays an extremely important
role in the field, since tunneling is the first crucial step in strong field ionizations of atoms and molecules and underlies
virtually all present experiments in attosecond science. In the present paper, the tunneling ionization time of a single-
active electron tunneling through a He atom subjected to a step static electric field, defined as a nonvanishing positive
time delay between the instant of switch-on of the step static electric field and the one of ionization, is obtained from
the numerical solution of the time-dependent Schriodinger equation in one dimension. The results show that the time
delay between the instant of maximum probability current at the potential barrier exit and the one of switch-on of the
step static electric field and the time delay needed by the ground wave function evolving to the continuum, which can be
expressed as the transition element of the incident and transmitted parts of the wave function, are both very close to the
Keldysh time explained as the time it takes for the bound electron having velocity v = i\/m to cross the tunneling
barrier. Compared with the definition of tunneling time delay in other literature, the one of the ground wave function
evolution to the continuous state is much consistent with the actual ionization process. The reason why the electron
tunneling time cannot be defined as the time delay between the maximum ionization rate and the instant of the laser
peak field is that the wave function could penetrate the tunneling barrier earlier if a few-cycle optical field is adopted in
experiment. According to the analysis in this article, an experimental method of measuring the actual electron tunneling
ionization time using the optical field synthesis technique is proposed. The results of this paper will be helpful in tackling

the problem of tunneling time in strong ionization.
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