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We present the general quantum-mechanical formula for the photodetachment cross sectiom ahéd
electric and magnetic fields with any orientation and the comparison of the quantum-mechanical cross sections
to the cross sections calculated from the closed-orbit thé&83050-2947P7)07006-6
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The photodetachment of Hin the presence of electric A=HXj, 2
and magnetic fields has been studied intensively both theo-
retically and experimentally. D] performed the quantum- wherej is a unit vector directed along the positiyeaxis.
mechanical analysis in parallel electric and magnetic fieldPefining the quantities
considering the light polarized along the fields; Peters, Jaffe,

and Delog 2] did this by using closed-orbit theory. ForH 1 Fi]\?
in perpendicular electric and magnetic fields, Fabrikaijt e=3Pxt X+ _C Pyt w_c ) ©)
gave the first quantum-mechanical analysis considering light
polarized along the electric field; Peters and Ddkkpre- and
sented the analysis by using both the quantum-mechanical
method and closed-orbit theory. For Hn the electric and HZ:%p§+ F,z, 4
magnetic fields with any orientatiofb], we calculated the
cross section by using closed-orbit theory. the Hamiltonian can be reexpressed by
In this paper we present the general quantum-mechanical
formula for the photodetachment cross section of il the Heoo 2 _L(F1 2+ H .
electric and magnetic fields with arbitrary orientation. As in —¢ o Py 2 zr ©)

earlier treatment$l-7], we assume that the effects of the
external fields are so small in the region close to the atomievhere the cyclotron frequenay, is equal toHy/c. It is easy
core that the fields can be neglected compared with the binde prove thate, p,, andH, are independently conserved.
ing potential. In the initial state Hmay be regarded as a Therefore, we can obtain the final-state function easily, and
single electron with zero orbital angular momentum movingthen calculate the photodetachment cross section for any lin-
in a central binding potentigB,9]. The initial wave function ear polarisation directlyf11]. The photodetachment cross
is written in the formi, (r) =B, exp(—kyr)/r, wherer is the  sections foix, y, andz polarizations are given in the follow-
distance from the nuclug, is related to the binding energy ing ways, respectively:

Ey(E,=k2/2) of the electron, an8, is a normalization con-

stant. After detached by the photon, the electron is carried 37Tw§’/2 4\BT e
into aP state in the field-free case, and travels quickly away Ix= 0o KR 2 mlndx Ai?

from the region near the core, entering a region where the

binding potential can be neglected and the electric and 2F1/\/w—c i "

magnetic fields dominate. In this region, the Scfinger (‘Ws— (X=X ))U (Xe), (6)
equation is separable in Cartesian coordinates. We take the
magnetic fieldH, along the positivez axis, and take the

electric fieldF in thex-z plane. The angle between the elec-  ; — 5 —
tric and magnetic fields is denoted lay For convenience, Y ko
we separate the electric field into two components: one is

n=0

3mwg” [ 4\RJ - Fy ]2
N 2
F2 E mln ;2 Al

n=0

F.(F,=F sina) in the positivex direction, and the other is % 2F /\/— (X, Xmln) U2(X,) @
F,(F,=F cosx) in the positivez direction. The Hamil- ~ (2F,y) 7B mte
tonian is then given by
and
2
H=E {p—— +Fx+Fyz, 1) 37-rw1’2
2" ¢ o= 00 —5— (16F, )1’32 f dXAi"2
where—Fx—F,z is the scalar potential of the electric field, oF /\/—
A is the vector potential of the magnetic field, which is de- ( ~BEa7 (XC—X?'”)) UZ(X,), ®)
fined by (2F»)
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where kq is related to the energ¥ of the electron E 0.002 T T T
=k3/2); X, and its minimum valuex{"" are related to the x—polarization

y component of momentum at the origin and its minimum Dot—closed orbit theory

value, respectively: Solid—quantum
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We

Ai is the standard Airy functior10] with the prime in it
referring to the differentiation of the Airy function A§) with
respect tog; U, is the Hermite functiori10] with the prime
in it referring to the differentiation of the Hermite function
with respect toX.. ; o is the cross section in the abscence of 0'0000 . 4 s 8
fields,

total energy E (10 "a.u.)
2p?2 3
_ 64m°Bg ko

77730 (kKD D
The cross sections Eg)—(8) are valid for any orientation 0.002 : : :
of the fields. Asa approachesr/2 (or 0), they tend to be the
ones ata= /2 (or a=0). As the anglea is close tom/2, g;f_"i‘i‘;‘sze;“:fm theory
i.e., F,—0, the quantity (,/Vw.)/(2F,)%® will become Solid—quantum

very large. The exact Airy function can then be replaced by
its asymptotic expressiofl0], and Eqgs.(6)—(8) can be re-
duced to the results obtained by Peters and Delos in perpe
dicular electric and magnetic fieldd]. As the anglea is
close to 0, i.e.F;—0, the quantity (Z;/Vw.)/(2F,) 3 will
become very small. The exact Airy function are almost con-
stant in the interesting range ¥f.. Therefore, azxr— 0, the
Airy function can be taken out of the integral, and E§)
can then be reduced to the cross sectigin parallel electric
and magnetic fields given by Oud].

In the following, taking the range of the energyto be
from 0 to 8.0<10 ° a.u., and taking the electric and mag-
netic fields to be 18 V/cm ang T, respectively, we evaluate
the cross sections for several angles between the fields t 0.000 L L L
using both the quantum mechanical formula E%-(8) and 0 2 4 6 8
the closed-orbit formula Eqg46) in Ref. [5]. Figures 1-3 total energy E (10 a.u.)
display the cross-section spectra. The spectra are smoot..,
rising functions(cross sectioroy in the absence of fieldls FIG. 1. Photodetachment cross sectiémsi) of H- in the elec-

superposed upon which are oscillations. ) tric and magnetic fields with the angle of the fields being 85°. At
For large angle(for examplea=85°; see Fig. I the s angle, the oscillatory structures of both quantum-mechanical
closed-orbit and quantum-mechanical results have googh closed-orbit cross sections are invisible, so they are omitted.
agreements. Atv=45° (Fig. 2), the closed-orbit cross sec-
tions fory andz polarizations are basically consistent with oscillating structures, and the closed-orbit one has no oscil-
the quantum-mechanical results, but the closed-orbit crosating structures. They are completely different from each
section for x polarization deviates obviously from the other.
quantum-mechanical result. As the angle is very srtfal According to the above comparison, we see that, for large
example aix=>5°; see Fig. B the closed-orbit cross section angles, the closed-orbit results are consistent with the
o, has basic agreement with the quantum-mechanical crogpuantum-mechanical results; for small angles, the closed-
section o,, except that the closed-orbit cross section harbit results deviate greatly from the quantum-mechanical
larger oscillatory amplitudes. Fgr polarization, the closed- results, except foz polarization. Our preliminary calcula-
orbit cross section obviously deviates from the quantumitions show that the reason for these discrepancies at small
mechanical one, especially at small enerdgied~orx polar-  angle can be analyzed as follows. In the analysis of photo-
ization, the quantum-mechanical cross section has obviousetachment cross section of hvith closed-orbit theory5],

0.001

cross section
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FIG. 2. Photodetachment cross secti¢msl) of H™ in the elec-
tric and magnetic fields with the angle of the fields being 45°. FIG. 3. Photodetachment cross sectiéas!) of H™ in the elec-
tric and magnetic fields with the angle of the fields being 5°.

as in earlier treatmen{®,4] we considered only the central small. In this case, our preliminary evaluations display that
closed orbits and families of orbits around them. The centraéxcept the central closed orbits and families of orbits around
orbits are ones that start from the origin initially, and thenthem, there are other trajectories that start from the origin,
return to the origin after some time. However, as the angle isnd then return to the region close to the origin after some
very small, the “drift” velocity cF;/Hy will become very time. Although those trajectories do not return to the origin
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exactly, they can still overlap with the initial state, and thenorbitphotodetachment cross sections. A detailed evaluation
produce certain effects upon the cross sections. Therefore, a$ this problem is in progress.

the angle is small, it is not suitable to consider only the

central closed orbits and families of orbits around them; the One of us(Z.Y.L.) would like to thank Professor M. L.
other trajectories that return to the vicinity of the origin Du for many helpful discussions and suggestions. We also

should also be included in the calculation of closed- thank Professor S. L. Lin for his encouragement in this work.
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