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The scattering amplitudes for the processes of inverse bremsstrahlung and pair production in a laser
pulse are given for scattering and nonscattering boundary conditions.

In a previous paper,' one of the authors (M.D.S.)
derived quantum field theoretically formal scatter-
ing amplitudes for electron-laser pulse (ELP)
interactions where the initial state consisted of a
single electron and a laser pulse, and the final
state consisted of a single electron, an arbitrary
number of photons, and the laser pulse which may
be different from the incident pulse. We mentioned
that extension to cases where there are several
electrons and/or positrons in the “in” or the “out”
state is straightforward. One simply applies the
reduction technique as many times as needed.?
The amplitudes in paper I were derived for either
scattering boundary conditions (SBC) or nonscat-
tering boundary conditions (NSBC). We have SBC
when the initial- and final-state electron and laser
pulse are noninteracting. For the experimental
configuration where the electron and laser pulse
can be assumed to interact even in the remote
past or future, we have NSBC.

In this paper we present formal results for
scattering amplitudes for the ELP processes of
inverse bremsstrahlung and pair production using
SBC and NSBC. We simplify calculations by as-
suming that the laser pulse is essentially un-
changed by the interaction and that vacuum polar-
ization effects are unimportant. However, the
case where the final-state laser pulse is very
different from the incident pulse can also be
handled by the methods presented in paper I.

INVERSE BREMSSTRAHLUNG

The scattering amplitude for inverse brems-
strahlung with NSBC is given by the equation

Sfi = (vu!<aout, P'IP, am)m . (1)

Here a™(x)=a°"'(x)=a(x) is the laser pulse rep-
resented as a plane-wave, coherent-state® wave
packet; p and p’ are, respectively, the initial and
final electron momenta. The expression for S
becomes

Sp=(2 [ dxdy U% OBy, WD, US), (@)
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where U}/ (x) and U} (y) are Volkov* wave packets
which satisfy the equations

Dy, U (x)=0=T%(y)Dy, ,
Dy, y=(-ir*8,+m—-ev’ a, (x)y, (3)
JDy, =10, 7" + mT - efr o, .

W is given by Eq. (1.3.4), i.e.,

we LT Wr()Pr(expl-if e (Ap + @)ax'D| )
(0] T(expl - ifJF-AFdx’])I 0)

(4)
In lowest order, we obtain for W the expression
W(0)=-35%(x, ), ()

the propagator for an electron moving in the laser
pulse, and the Coulomb potential given by the
equation

A
B ()= 5737 Ouo- (6)

Using Eqs. (1.4.2) and (1.4.3) with a(x) replaced
by a(x) + B(x), we obtain

$4(0)= =i [ dvay Ty, (0B 006 - UL ()
+ iefdxﬁvl (Y- Bx)U} (x)

+ %ezfdxdy T} (x)y+ B)SL(x, v)

Xy BUS (). )

The first term in Eq. (7) is the forward scatter-
ing amplitude and will be dropped. If we want the
scattering amplitude only to first order in the
Coulomb potential, then we drop the third term in
Eq. (7) also. Thus, the scattering amplitude for
inverse bremsstrahlung with NSBC to first order
in the Coulomb potential is

S0 = ie [ ax T (ery B (x). (8)
This amplitude agrees with results published pre-
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viously using time-dependent perturbation® theory. wave packets and 5, and 1-33, are the ordinary
For the inverse bremsstrahlung scattering Dirac operators; W(0) and S (;’(x, y) are still given
amplitude with SBC, we proceed exactly as before formally by Eq. (5). We find for the scattering
except that now Up(x) and U, (y) are free-particle amplitude the expression
—

70 =i [dxdyT, (0)6(x - y)D, U, )
~e [Ty hy -[an () + B U, ()

+3ze° fdxdy T, (x)y-[a™ (x) + B SL(x, yiv-[a™ )+ BO)] G (9) . (9)

We can expand the propagator S@(x, y) in terms of the propagator S$%(x, y) which describes the motion of
the electron in the laser pulse alone:

SPx, ) =53(x, )+ [ SE(x, 2,)( biely: Ble,)SH 2,y )z,

+ .[S%‘(x, z,)(- ziely B(ZI)S?,-(ZI, zz)('%ie)}" [3(2.2)5%(22, y)dzldzz +oeve (10)

Dropping the forward scattering term and to first order in the Coulomb potential, we have

Sp(0)=-e fdx Tpr (x)y+[@™(x) + B(x)] U, (x)

+ %ezfdxdyﬁ,:(x)(y-a‘" ()SF(x, Yy @™ (y) + v @™ (@)SF(x, y)y < B() + v BXISE(x, y)y- ™ ()

+(-3ie)y-a™ (x)f dz S§(x, z,)y Bz )S5(z,, y)y-a™ (y)J U, (y). (11)
That Eq. (11) is plausible is easily verified by setting a(x)=0. Then the amplitude reduces to

S4(0)= - fdx'U',:(x)y'ﬁ(x)%(x)

= ony| Z€% 0(pg = pl°
_-u(p,s)[(zﬁ)zwz—:lu(p,s). (12)

This is precisely what one expects to obtain as the scattering amplitude of an electron interacting once
with the Coulomb potential.

PAIR PRODUCTION

The pair-production amplitude with NSBC is given by
Sf( =out<aoutal,pl‘ain>our . (13)

Here, ¢’ is the four-momentum of a positron. With appropriate modifications to Eqs. (1.3.3) and (1.3.4)
and to first order in the Coulomb potential, we obtain

S =ie [ ax T (e BVE (), (14

where V:i: (x) is a negative-frequency Volkov solution to the Dirac equation in the presence of the laser

pulse a(x). This amplitude agrees with results published previously using time-dependent perturbation
theory.®

If we assume SBC, we find
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S;(0)=eu(p’, s’ fdxf:: )y lam (x) + B)]f 2@, s

+3esm(p,s0) f axdy S v-am (IS5, Y@ () + y-an (WS$(x, Yy BO) + 7 BOISH, Ve 9)

e (- hiewran () [ deSi, 2,y B )SH e, vy an )] HOW@, s (15)
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