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PHYSICAL REVIEW A, VOLUME 64, 037402
Reply to “Comment on ‘Photodetachment in combined static and dynamic electric fields’”

A. R. P. Rau
Department of Physics and Astronomy, Louisiana State University, Baton Rouge, Louisiana 70803

Chitra Rangan
Physics Department, University of Michigan, Ann Arbor, Michigan 48109
(Received 5 April 2001; published 8 August 2001

While distortion of the initial negative-ion state by a strong static electric field can have observable effects,
the effect attributed by the authors of the preceding Comifiigmgs. Rev. 264, 037401(2001)] to a cross term
between the detaching laser field and the static field is spurious, an artifact of their procedures. Other points of
dispute are also clarified.

DOI: 10.1103/PhysRevA.64.037402 PACS nuntber32.60:+i, 32.80.Gc

On the whole, the preceding Comméhf misleads, while expression for photoabsorption as given by the Fermi-
not confronting clearly the main issues of disagreement beGolden Rule of first-orde(in Ey) time-dependent perturba-
tween both groups of authors. There is, perhaps, only ongon theory.
point of clarification at the end. There are three topics: pho- The preceding Comment incorrectly states that we simply
todetachment in the presence of a static electric field, Volkovgnored the second term in E(RR.9. We did include it in
wave functions, and the ponderomotive potential. our numerical integrations to show that GS’s results follow

Photodetachment in combined field@$e original papers from that cross-term above, but not if that singularity in the
[2] inspired by theH ™ experiment dealt with the usual one- phase is removed with the replacement of @0®y coswt
photonE1 process of a weak radiation field of amplituelg ~ —1+ 30" It is of some significance that we were able to
with the added influence of a static fiefig on the outgoing reproduce both the GS and the earlier results within a single
electron. Two assumptions were clearly stated; the initiafcheme, thereby pointing to the specific source of the dis-
negative ion state was undistortedBy(note that the energy 2dreement. _
due to 140 kV/cm at distances less tha %6 less than 1% . Note als_o arecent papgs] that considered a pulsed Iase_:r
of the H~ binding energy and there was no residual inter- field, also finding no such cross-terr_n. Th_erefore, our caution
action between the detached electron and the atom left bg—f wh_at e See as a spurious gffect in their S matrix, anq now
hind (‘rescattering”). The Gao-StaracdGS) paper [3] guasienergy, treatments remains. We hg\{(e_ no problem in see-
claimed that there were further effects due to a cross-terr'gng that rescattering or dlsto_rtlon of the |n|t|al_ state by_avery
betweenE, and E, in Eq. (9) of Ref. [3], abbreviated Eq. trong Eg can lead to physical effects not included in the

> . o original treatments, but these are not due to the cross-term
(GS.9, which lead to a second term in E@5S.64. This is

: under dispute.
what our paperRR) [4] questioned because, regardless of Tpe preceding Comment advances as proof of gauge in-

the formalism, it makes no physical sense. In GS, this temMgependence that length and velocity forms give the same
was attributed to a strong laser field. Now in the precedingesylt. This was not the point of dispute as explicitly stated in
Comment, it is attributed to the strong static field's effect onrR at the bottom of the left column on page 2. Our point was
“both the initial bound state and the final state.” First, that isthat two alternative vector potentialfor the same field

at odds with GS’s use of the same unperturbed negative 0B sinwt give different expressions in Eq&S.7-9, in par-
wave function in Eqs(GS.24—2% as do RR and other pre- ticular of the disputed cross-term and, therefore, of its ef-
vious treatments. The continuous reference in the precedinigcts. To us, this is reason for caution, whereas the preceding
Comment to its Ref[10] only misleads because that paper Comment simply dismisses vector potentials with nonhar-
did include a distortion of the initial state 5, but GS did monic terms from use in the S matrix formalism. We have
not. Second, there is nothing in GS Sec. VB about theot encountered before such strictures on what wave func-
strength of Es so that such a term would seem to occurtions or gauge potentials cannot be used in the S matrix.
whetherE; is weak or strong. Particularly in the former case, ~Volkov functionsThe preceding Comment claims that we
but actually as long a&, is small, the approximation can be questioned by implication the Volkov wave function. We did

made at the start in the wave functions in EGS.9, by not question the basic validity of Volkov’s solution for a free
replacing exponentials by the first term beyond unity in theirelectron In-an electromagnetic field, either in RR or in the
P g exp y y y paper which is Ref[9] of the Comment. What we have

expansion. Upon doing so, the cross-term'& / ; . .
3p P 9 oz . shown is that there are alternative Volkov solutions for alter-
w*)coswt has no electron operators, and hence, cannot give

” . : native phases or forms of the electric field, as is indeed easily
a nonzero fransition matrix element between difierent StaleGerified. Further, the solutions can be built on alternative
of an atom. By _contrfl)st,asmzula.r terms mvoIvnEg? alone in “starting forms,” whether plane waves as in Volkov's origi-
Egs.(GS.7-9 give (Eo- p/w?)sinwt whose matrix element nal work or on Airy functions if so desire@inore natural for
does involve that of the operatqr, leading to the usual applications involving an addition&,).
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The preceding Comment’s first paragraph has the strang@rough a treatment that does not suffer from such singulari-
criticism that we “insist that the phase of the laser fieldties, but vanishes in the— 0 limit. Here is a prescription
should be such that the laser field reduces to a static field ifor dealing with all values ofw consistently. Likewise, a
the zero-frequency limit.” Surely, that is a truism, that what- fully quantum QED treatment of both radiation and atom
ever the phase, the zero-frequency limit is a static field3hould also give expressions that remain meaningful what-
What we say is simple: any treatment such as GS's, with @&yer the value of». Note that in such a treatment, AR term
field Es+ Egsinwt, should give in the limit of zero-frequency 4oes not enter explicitly and only integer multiples of

the results valid for static fieltts alone, whereas with a field  5ceur in excitation and/or absorption as they shastek be-
Es+Egcoswt should reduce to that for the static fielel

+E,. The preceding Comment also states “it is unclear why P;)nderomotive potentialThe preceding Comment also

thhe V\i/ave ;‘L;ir;ci:ttlonnrguzstrhaf\r/e thencorrﬁecltdllml;m&\tj Or ;ti?fer m_charges that we question the “well-known ponderomotive
physics o €a ero-trequency nelds are very ditterent, otential,” citing two experiments. We have no problem with

one involves guantum objects, photons; the other involves %)hese experiments but question some of the interpretations of

static potential.” “The expectation that one can pass from : S , .
one situation to the other simply by taking the zero limit of the ponderomot_lve potent_|al in GS. With _regard to multipho-
ton processes, in a consistent photon picture, the engrgy

the parametew is incorrect.” Whether in a semiclassical or ) o .
second-quantized field-theoretic treatment of radiation-_ €i of an atomic transition can Only_ equal an integer mul-
matter interaction, surely can take any value from zero UPI€ Of fiw. Yet, their energy-conserving function includes
upward. It is one thing for the authors to ugnd point to the ponderomotive term that does not satisfy this require-
others who do Sodifferent formalisms foro=0 and non- Ment. In this case, there can be no argument that this is a
zero, but to make that a virtue, or claim that there is nostrong laser field effect, but their result violates a basic as-
consistent way of handling the limit and that it is even incor-Pect of the photon picture. This points to possible conflicts
rect to seek it, is unacceptable. between implicit assumptions that have been made. The

Whether one treats radiation classically or as a quanturffomment mentions that GS assumed an adiabatic switching
field, one should be able to develop a formalism capable off the time-dependent field, but clearly the forms used of the
handling the zero-frequency limit. We have aimed to do soVector potential or electric fields do not have explicit
providing such consistent functions for use in semiclassica$Witch-on and/or off factors. This might be the difficulty be-
radiation-atom problems. The wave functions behave proptause it was pointed out some years gjcthat such formu-
erly for all w, reducing appropriately to plane waves or Airy Iatlons ano_l the subsequent interpretations of the p_on_de_romo-
functions without extraneous, leave alone singular, phasBve potential should ensure that, at both asymptotic limits of
factors. It is such a factor that makes their wave functionf=—2 andt=c, the electron is out of the laser field so as to
exhibit “rapid oscillations” that the authors say “should be av0|£J inconsistencies. Formulations using the gauge poten-
treated properly.” That is what our procedure implementstial A need to pay attention to these questions.
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