arXiv:1904.05094v1 [hep-ph] 10 Apr 2019

High-energy bremsstrahlung on atoms in a laser field

P. A. Krachkov,l’zﬂ A. Di Piazza,LH and A. 1. Milsteinzﬁ

! Maz-Planck-Institut fiir Kernphysik,
Saupfercheckweg 1, 69117 Heidelberg, Germany
?Budker Institute of Nuclear Physics of SB RAS, 630090 Novosibirsk, Russia
(Dated: April 11, 2019)

Abstract
The impact of a laser field on the process of photon radiation by an ultra-relativistic electron in
an atomic field is investigated. The angular distribution and the spectrum of the radiated photon
are derived. By means of the quasiclassical approximation, the obtained results are exact in the
parameters of the laser field and the atomic field. It is shown that the impact of the laser field is
significant even for fairly average values of the laser field parameters routinely achievable nowadays.
Therefore, an experimental observation of the influence of the laser field on bremsstrahlung in the

atomic field is a very feasible task.
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I. INTRODUCTION

Quantum electrodynamics (QED) processes in atomic fields are of great interest from
an experimental point of view, because the principles of detection of charged particles and
photons at high energies are based on such processes. For example, bremsstrahlung and
photoproduction of electron-positron pairs are the main processes determining the propa-
gation of electromagnetic showers in matter. Also, they represent background processes in
the study of strong and electroweak interactions, as well as in the search for new physics.
For QED processes in an atomic field, the effective coupling constant for heavy atoms is
n = Za, which can be of the order of unity. Here, Z is the atomic charge number, o = ¢?
is the fine structure constant, with e being the electron charge, and units with h = ¢ =1
are employed. Therefore, in these cases it is necessary to perform calculations exactly in 7,
which is a nontrivial task.

The method of quasiclassical Green’s functions of the Dirac equation in atomic fields
developed in recent years has made a breakthrough in the theoretical description of the
fundamental high-energy QED processes in these fields [1]. The quasiclassical approach
allows one to obtain results for an arbitrary atomic potential, taking into account the finite
size of the nucleus and screening effects, and without requiring the analytical solution of the
Dirac equation.

Another important example of processes in external fields are QED processes in strong
laser fields. The recent rapid development of laser technologies makes it possible to produce
high-intensity laser fields (intensities up to 102> W/cm?), which opens up new opportunities
for experimental and theoretical studies of QED in the nonlinear strong-field regime ,18].

The influence of the laser field on QED processes is characterized by two dimensionless
parameters, £ = |e|E/mwy and x = (¢/m)(E/E.), where m is the electron mass, £ and
wo are the laser electric field amplitude and its angular frequency, € is the energy of the
incident particle and E, = m?/|e] = 1.3 x 10'® V/cm is the critical electric field. Here, we
have implicitly assumed that the laser field can be approximated as a plane wave, that the
particle is initially counterpropagating with respect to the laser field and that, in the case
of massive particles like electrons or positrons, it is ultrarelativistic. Several QED processes
in a strong laser field, such as electron radiation in a laser wave, pair production, photon

splitting, and others, are being extensively studied and we refer the reader to the reviews
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It is interesting to investigate how the presence of a laser field affects QED processes in a
strong atomic field. This question has been studied in detail exactly in the parameters £ and
x but in the leading approximation in 7. For example, the process of electron-positron pair
production has been considered in Ref. E, ], bremsstrahlung in Ref. ], and Delbriick
scattering in Ref. |. Calculating the probabilities of such processes with exact account
of the parameters of both laser and atomic fields is not an easy task, since there is no exact
solutions of the Dirac equation in the superposition of a laser field (even under the plane-
wave approximation) and an atomic field. However, the quasiclassical approach allows one
to find the Green’s function and the wave function of an ultrarelativistic electron in the
superposition of an atomic field and a laser field exactly in the parameters of both the
external fields, but approximately in the parameter m/e (we recall that ¢ is the energy of
the incoming particle). Within the quasiclassical approach, the investigation of ete™ pair

hotoproduction in the superposition of atomic and laser fields has been performed in Refs.
E, 13]. In these works, it was shown that the presence of the laser field induces a suppression
of the cross section of eTe™ pair photoproduction in an atomic field. This effect is similar
to the Landau-Pomeranchuk-Migdal effect (LPM) [14, ], which is the suppression of ete™
photoproduction cross section and the bremsstrahlung spectrum at high energies due to
multiple scattering by atoms in matter. In the case of electron-positron photoproduction,
in order to observe the LPM effect in matter photon energies as high as w 2 2.5 TeV are
necessary, which makes extremely hard the experimental observation of the LPM in this
case. To observe the effect of suppression of the ete™ photoproduction cross section due to
a laser field, one can also have much lower photon energies (w 2 10 GeV ) and a laser field
strength already available (10%' W/cm?).

The LPM effect for bremsstrahlung is much easier to observe than a similar effect for
photoproduction. In fact, the formation length [ for both processes is given by the same
formula [ ~ \.g'/wm, where w is the photon energy, A, = 1/m = 3.9 x 107! cm is
the Compton wavelength, and where for photoproduction € and &' are the electron and
positron energies, respectively, whereas for bremsstrahlung ¢ and ¢’ are the initial electron
and final electron energies, respectively. Thus, unlike that for photoproduction, in the case
of bremsstrahlung the quantity ¢’ /w becomes much larger than unity in the soft part of the

spectrum w < €, resulting in an increase of the formation length [. Therefore, multiple



scattering has a stronger effect on bremsstrahlung than on photoproduction. This explains
why the LPM effect for bremsstrahlung has been already measured [16, [17] for incoming
electron with energy 25 GeV in the detected photon energy region w = 0.5 — 500 MeV.

In this paper, we study the effect of the laser field on the process of bremsstrahlung of high-
energy electrons in an atomic field. Calculations are performed exactly in the parameters
&, x, and 7, but in the leading approximation in the parameters m/e < 1 and mé/e < 1.
We show that the laser field greatly modifies the bremsstrahlung spectrum and the angular
distribution of the outgoing photon. As in the case of the LPM effect in matter, experimental
observation of the effect of the laser field on the process of bremsstrahlung is much more
favorable than that on the photoproduction process for the same physical reason mentioned
above in the case of the LPM effect in matter.

The paper is organized as follows. In Sec. [ we present the derivation of the matrix
element of the process. In Sec. [l we discuss the angular distribution and the spectrum of
the emitted photon. In Sec. [V}, we consider in detail the case of monochromatic circularly-
polarized plane wave. In Sec. [V] we investigate the case of a weak laser field. Finally, in

Sec. [VI] the main conclusions of the paper are presented.

II. MATRIX ELEMENT

Let an ultrarelativistic electron with momentum p, directed almost along the z-axis, and
energy € = \/m interact with the atomic potential V' (7) in the presence of a counter-
propagating plane wave, described by the vector potential A(t + z), with z - A(t + z) = 0.
We use the quasiclassical electron wave functions, obtained exactly in the parameters of the
atomic and laser fields but in the leading approximation in the parameters m/e, m&/e and
in the angles between the momenta of the final particles and the momentum of the initial
")

In the absence of the atomic field, the radiation process in the laser field is described

electron

in terms of a probability per unit time. This probability is well known |3, H] and can be
subtracted in the final answer. After such a subtraction is carried out, one can describe the

radiation process in terms of a cross section. At high energies this cross section reads

(2m)t

dw ,
do = |M|2:ddepL : (1)



where k and p’ are the photon and the final electron momenta, respectively, w = |k| = e—¢’
and & = \/m are the photon and the final photon energies, respectively, and in
general X | denotes a component of the vector X perpendicular to z-axis. Strictly speaking,
different quantities are conserved in the atomic field and in the laser field. In the atomic
field energy is conserved, whereas in the laser field (plane wave) the conserved quantities are
the transverse momentum p, and the light-cone energy p_ = p, + <. In the ultrarelativistic
case and in the counterpropagating setup, it is p_ = 2¢ + O(m?/?), such that within our
approximations the energy is conserved in the superposition of these two fields.

The matrix element M in Eq. () has the form
M= _ / dep U out) (T p) Ay e—ikl~p+ikiT/2w U;SE) (T, p) ’ (2)

where 7¥ are the Dirac matrices, e is the emitted photon polarization vector, T = (t + 2)/2,
and p = (z,y). The wave functions U2 (T, p) and U;?f;t,)(T, p) are the solutions of the
Dirac equation in the superposition of the laser and atomic fields, with x4 and y’ indicating
the signs of the electron helicity |[13]. The superscripts (in) and (out) indicate that the
asymptotic forms of U,Sfﬂ) (T, p) and Ulgﬁﬁi) (T, p) at large r contain, in addition to the plane
wave, the spherical divergent and convergent waves, respectively (we assume that |A(x)| — 0
for |z| — oo, without requiring the plane wave to be monochromatic).

The wave functions U} (T, p) and U2 (T, p) have the form ]:

2¢
% {1_ia'8”_ 4€0z a'A(T)] up’u/%exp [iq%—i/o drV(p_,T—r)] ,

2

: T
r7(ou o .m . 7 )
Uzg,ut)(T’ p) = exp {12—€T —wpLpt 2_6 drlp, — A(1)] }

(in) m? - i (" 2
Upi (T p) = exp y —im T HipL-p— o5 [ drlp. —A(7)]
0

; 1— 3 [e'S)
X Ay, [1—2 a-0,+ PP A(T ]/—exp [@qu /0 dTV(p+,T+T):|,

2T
\/:F q+ + — / dyA(y)

where A(T) = eA(2T) = eA(t+=z), where g4 are two two-dimensional vectors perpendicular

pi—p:l:T——l- *T), (3)

to the z-axis, where av = 7y, and where u,, , is the corresponding solution of the free Dirac

equation.



Within our accuracy, we write the matrix element M as follows

(1-aPae* (1 -a’)a ac* [oe"

M=t {é*MO i [ 4¢’ a 4e My - 2% M = % Mg} e

where the quantities My and M, 5 3 are some functions reported below. For definite helicities

of the particles, the matrix element M reads (cf. the corresponding result in Ref. [18]):

*
Oy €3

M= el [£0ru(—€"0pi My — My + M) + €05 (=60, My + M3 + M,)]

M0, 70 x W
e Mo ()
where A is the sign of the helicity of the photon and where 8, = p, /e, 6, = p/, /¢,
0, =k /wand 0,,=6,—0,.
First, we consider the term M;, which we represent as a sum My = M + M, , where the
terms M;" and M correspond to the contributions of the integral over positive values of T

and negative values of T', respectively. In the term M, we make the substitution

oT 1 /7
p%p—\/?q_—g/() dyAly)

and then take the integrals over g, and gq_. We obtain

MJ:/ dT/dpexp{—z'Al-p—iA”T—iAiT/Qs
0

+ 'i2€€/ /0 dT[A2(’T) — QEIA(T) : Op/k]
—z/o dr[V(p+76,,T +1) + V(p—Tep,T—T)]}, (6)

where A = p’ 4+ k — p. Similarly, we obtain for the term M

0
My = / dT/dp eXp{ — A, - p—iNT +iA2T/2€

+1
2ee!

© /O " A% () — 20 A(r) - 0]
—i/OOOdT[V(p+T(9p/,T+T)+ V(p—TOP,T—T)]}. (7)

The influence of the laser field on the bremsstrahlung cross section is most important at
high electron energies since the parameter x = (¢/m)(E/E,) is proportional to £ /m. Already

at relatively low energies ¢ = 100 MeV the formation length | = e¢’/wm? is significantly
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larger than the screening radius 7y, ~ Z~1/3 /ma (the so-called case of full screening). It
is this energy region that we consider in our work. In the expressions for the amplitudes
in this energy region, all angles in the integrand are small. Using this circumstance we can
make in the term M the substitutions T'— T — p - 0,, p — p + T, and the replacement
Vip+710,,T+71) = V(p+ 70, T + 7). Similarly, in M, these transformations are
T—->T—p-0y,p—p+T16, and V(p—76, T —7) = V(p—760,,T — 7). As a result

we have

=

0 =E(AL) [V (£Opk) + V_(6p1)]

=(8.) = [dp ewl-iap- ol Vio)= [ T d2Vip.),

00 +T
U (X) = / AT exp {zi / dr[(X — A(71))? +m2]} . (8)
0 2ee’ Jo
The remaining terms are obtained in the same way and the result is
M, = E(AJ_) [\Ilf(elep/k) + ‘I’i‘(Eepk)} ,

Mg = _AJ_E(AJ_>\II_(€0pk> y M3 = _AJ_E(AJ_)\II+(€/0p1k> y

/O X - A+ m2]} | ()

A _ [ L W
\Ili(X)—/O dT" A(£T') exp {ZQ&t&t’

By substituting Eq. (@) in Eq. (@), by summing over the helicities of the final particles
and averaging over the initial electron helicity, we find

7 = AL

25272

R(AL) = /dpldpg e~ AL (P1—p2) [e—iV(Pl)HV(pz) _ 1} :

(€% + ) fr + gu|? + m*W®[ fo + g0l?]

fo=9('0y1), go=V_(0,),
fl = ‘I’j_‘(flep/k) — 5/0p/k\11+(€/0p/k) ,
g1 = UA(e0,1) — 0,9 _(0,;) . (10)

In Eq. ([I0) we have subtracted a contribution independent of the atomic field (corresponding
to the term —1 in the square bracket in the expression of R(A,)). The expression (I0) to-
gether with Eq. (II) defines the differential bremsstrahlung cross section in the superposition
of the atomic and laser fields. By integrating over p/, one obtains the angular distribution
of photons at fixed w. Then, taking the integral over k, one obtains the expression for the

photon spectrum.



III. ANGULAR DISTRIBUTION AND SPECTRUM OF PHOTONS

In order to derive the angular distribution of the process, we substitute Eq. (I0) in
Eq.(D), pass from the variable p/| to '8, and take the integrals over €'8,;, p1 and po,

using the relation
/dp [e- Vet tivViem®) 1] = —8mn*x* [L — logma — C] , (11)
valid for full screening within the Thomas-Fermi model ] when logmaz < L. Here
L =10g 1837273 —Re (1 +1in) — C, (12)

where C' is the Euler constant and ¢ (x) = dInT'(z)/dx. Then, the differential cross section

can be written as the sum of two terms:

do  doy N do
dwdk,  dwdk, dwdk,’
doq 4oy

2
dodk, p——_) Im/dﬁdTgﬁe { 2L —C + i logm + i1 F((1)

x [(14i¢) (v-v-+D)—v_-b]

_fu_.(v—bl)_D_(l_e—z'Cl) {D‘l"v"v_—l-z'v_c'bl} }’
1

d0'2

dwdk,

. 2am? i s .
_Zwm‘le /d’TldTgﬁ’ { [QL —C+ 25 —log7_ + ngF((’g)}

X [i— 7 (1+iG)(D +0-0,) +7 by (v+v,)]
—2i4+7 (v—">by) - (vy —by) —C+ 7D

. b
+ 7 (1—€_ZC2) [iw+v~v++D} },

G2
o 1 1
Ty =T1 £, bz&pk, b1:b_/ éalx, b2:b_/ éd%
m o T  T—
1 2ee'T ) )
vi:'Aﬂ:TZ_b’ v:A"'l_ba A’F:_A( 2>a Cllebla C2:7__b2,
m wm

(.U2

€242’ (13)

T1 1
r =Ty +/ (A, —b)’dr, F(z)= / dte"“*logt, D =
0

+72
Note that the contribution do;/dwdk, is given by the terms in Eq. (I0) proportional to

fogs and to f; - g7 , whereas the contribution doy/dwdk, by the terms proportional to | fo|?

and to |f1|%. The terms |go|*> and |g;|* do not contribute to do/dwdk, . Using Eq. [I3) it is
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possible to obtain the cross section do,,/ds dp, of ete™ pair production by a photon with
the energy w in combined atomic and laser fields, where ¢ is the produced electron energy,
p is the electron momentum, and p, is the transverse component of p with respect to k.
In order to do this it is necessary to perform the substitutions p - —p, ¢ - —¢, k — —k,
and w — —w.

Taking the integral over k; in Eq. ([3) we arrive at the photon spectrum

do dam*w drdry K Ty .
Q0 _ 2NV g [ IR 0] fop — 0+ —1og 22 4 icF
dw m2e2D T3 ‘ iy s Ty TiCE)

9
X [ 177—'17'2 +iC81- 82 — (B+81) (B —82) + Drima(1 + z()]
+
31T T o
- 12+(ﬁ+31)'(,3—52)—D7'17'2—C12
T+ Ty
— (1 — e‘ic) [DﬁTz + nr + i(sl — 82) P + 81 - 32] ,
T+ C
71 o Aq-dT 2 T1 —7
o=/ acgr - UmAtE e p=2 [ adre 2 [ A,
—T2 T+ T1T2 T+ Jo 7+ Jo
1= TlA"’l - 2/ A dr, sy = 7‘2A—72 - A dr. (14)
T+ —T9 T+ —T9

Note that the term doy/dwdk, does not contribute to the spectrum, because do/dw is
determined by the interference of the terms in Eq. (2] corresponding to the integration over
positive and negative values of T' (fo and go, f1 and g1, respectively). Using Eq. () it is
possible to obtain the cross section do,,/de by multiplying Eq. (I4) by the factor £?/w? and
by performing the substitution ¢ - —¢ and w — —w.

The expressions (I3) and (I4]) are obtained for an arbitrary phase dependence of the
potential A(T") and any values of the laser field parameters. Below we consider in detail

some special cases of A(T).

IV. MONOCHROMATIC CIRCULARLY-POLARIZED PLANE WAVE

For a circularly-polarized monochromatic plane wave we have

/
. 4ee Wo

A, = [cos(Q7) e +sin(Q7) es], Q= (15)

wm?
where e; and ey are two unit vectors perpendicular to z-axis, wy it the laser angular fre-

quency, & = |e|E/mwy, and E is the amplitude of the electric field of the laser. In this case

9



the expression of the spectrum considerably simplifies and it reads

T 2.2 2
dw m2e2D T i

2
do _ Aoy o [dndn e”+[1+%<f+ﬂ{ {2L —C+ zg —log 12+ z’CF(C)}
T.

x [@(zz — ()= G+ Gyl + iC)] AT GGy (1- e ) {Gl + 02y z%] } ,

T+ T+ T+ ¢
G = -1 [%(7’+) +2f(1y) — 262 cos2(T+Q/2) — D} , flr)= 52¥,
Ga = | ) = r) + 5= ot) = )| (0 m)etr) = 2 |1 = S 02
C=1poe(1y) — T3e(m) — Ta3e(T2) (16)

where D is defined in Eq. ([I3]). If one passes in Eq. (I6) from the variables 7, and 7 to the
variables 7 = 7, and y = 7{/7,, one finds that for Q = 1 + £2 there is a divergence of the
integral at large 7. The condition Q = 1 + £? is equivalent to the relation

. 482000
T om2(1 4 €2) + 4ew

*

w=w

(17)

Now, for optical lasers (wy ~ 1eV) we have ewy/m? < 1 for electron energies up to & ~
20 GeV, and below for simplicity we write all expressions in the leading approximation in

the parameter cwy/m?. Thus,
« 4e 20)0
W= ———
m?(1+¢?)
The quantity w* is nothing but the maximum frequency of the photon produced in a collision

< €. (18)

of the electron with the energy ¢ and a circularly-polarized plane wave with the frequency
wo. The divergence is related to the cascade process when an electron radiates a photon
in a pure laser field and then scatters in the atomic field (or vice versa). Exactly at the
resonance (2 = 1+ &?) the expression ([I0) is not applicable because the relation (IT]) used
in our derivation is valid under the condition logmz < L ~ log(1/mr..). As a consequence
of this condition, we find that Eq. (IG]) is applicable if |w/w* — 1|(1 + &%) > 1/(mre )%
This statement follows from the asymptotics of Eq. (I6) obtained at |w/w* — 1| < &:

do dan’&2w* 1 lw—w*(1+&)] 1
dw ™~ 321+ @) — w)? {L P [ “ } : 5} -

We emphasize that, for the case of a circularly-polarized laser field, due to the conservation
of the z-component of the total angular momentum the absorption of more than one laser
photon is strongly suppressed in the ultrarelativistic regime under investigation. The ab-

sorption of two laser photons, in particular, can occur only if the electron helicity changes
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sign in the emission process and the emission probability with spin flip is m? /&% times smaller
than the probability of emission without spin flip.

For w < w* and any value of £, we obtain

do 16n%a

1
0 T L D og(1 4 €2
dw 3m2(1+&)w * 2 og(1+&)

+5| - (20)

In the angular distribution in Eq. (I3]), there is also a divergence in the integral over 7

at a frequency
w* nw* 829217
w = = —, U= —F""">57,
T 1+ m?(1+¢&2)

where n > 1 is an integer number. This divergence is also due to the possibility of a cascade

(21)

process.
In the vicinity of wj at £ < 1, we have the following asymptotic form for n = 1 and
lw/w* — 1| < &:

do 8an?&2eb* wy
dwdk; — 7mA(1 +b2)4(w — wp)

2 [L—5/2+log(b+1/b) + log |w/wy —1]] (22)

where b = 6, /m.

Analogously, for w < w; and any value of £, we have

b 8772%2%3{{L—3/2+10g(1+U)+%10g(1+§2)} <1+u2>+2u}- (23)

dwdk;  ™mA(1 4 u)

Finally, we note that in all cases there is no divergence for a finite laser pulse, due to the

finite duration of the interaction of the combined laser and atomic fields with the electron.

V. WEAK LASER FIELD

The effects of the laser field depend on the values of the two parameters, £ and y =
(ewp/m?)E B, H] As it was pointed out above, for optical lasers the relation y < £ holds
up to electron energies of the order of 20 GeV. For a routinely achievable intensity of
I = 10"W/cm® we have that we have € = 0.51 at A = 850 nm and x = 0.015 for € = 5 GeV.
Since A, o &, we can expand Eq. (I4]) with respect to A, for €2 < 1 and write do/dw as
the sum do/dw = do,/dw + do;/dw, where

g? 2 1é
1+ = )42
< > 35) +95]’

11

do,  4an®

dw miw



doy dam*w / dridry T T1T2
— = R T+ 2L —C+i= —log—=
dw m2De? T3 ‘ Ty s Ty

» {_27’71-7'2¢ . (B_'_ 51) . (ﬁ — 32) —|—iDT17'2(¢+ C)]
+

+ w +20- (51 — 52) — 8182 — Z'D7'17'2(¢5 + QO} ) (24>
+

with the used notations given in Eq. (I4]). For the case of the circularly-polarized monochro-

matic plane wave considered above, all integrals can be taken and the result is:

doy  4dan?e? 1 6L(9°—7)—3y°+1
UI_MRe{L+§+6 oDl el (1)

dw — m2De? 18 (2 — 1)° 2
BB B -29b+(G-Ty)h 1. (i)}
8 12 (42 — 1) 27y
_ 8y36—, {L(?f -1 (R2L+ 1) (T -5) | (yh —b)
el ¥ T2y3 (y* — 1) 12 (y* = 1)

- (L - g) (yly + 1) + (y — 1)Li, G) 4+ (y+1)Li, (—é) ] } | (25)

where y = w/w*, Iy = log(1 — 1/y?), I = log[(y + 1)/(y — 1)].

In the vicinity of the resonance (at |1 —y| < 1) we have

doy 4an?&2w* 1 1
—=——  _|L+-log|l - I 2
dw  3m?(w* —w)? - 2 0|1 —w/w] 6 (26)
Outside of the resonance we obtain
do; 161%E2a 5
— = L—— 2
dw 3m2w 12 (27)
for y < 1, and
doy  16an?x3c” e?  64¢ e?  1756¢
I STV (s /Y (S 28
dw m2w3 + e2 T5¢ + g2 2025 ¢ (28)

for y > 1. This asymptotics agrees with the corresponding result in Refs. M, @]

In the region w > w* radiation in a pure laser field is almost absent for the parameters
regime under investigation, such that this region is the most appropriate from the experi-
mental point of view in order to observe the impact of the laser field on bremsstrahlung in
the atomic field. For 1 > w/w* — 1> 1/(mry.)?, the term do;/dw becomes of the same

order of the term do,/dw even at & < 1, which is easily accessible experimentally. This
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statement is illustrated in Fig. [[l, where the ratio (do;/dw)/(do,/dw) is shown as a function
of wat £ = 0.5 and ¢ = 5GeV (corresponding to x = 0.015), when w* = 371 MeV. It is
worth noting that these parameters can be achieved by modern high-power lasers without

tightly focusing the laser energy such that the plane-wave approximation is well justified.

4L ) ) ) ) ) ) ) ) ) ) ) ) ) ) i
7 3|
T
I
—
S
1
2o a0 a0 a0 s
w [MeV]
. doy/dw . .
FIG. 1: Ratio do/d as a function of w at £ = 0.5 and £ = 5GeV (corresponding to x = 0.015).
Oq/dw

For these parameters it is w* = 371 MeV.

The figure clearly shows how the presence of the laser field substantially modifies the

bremsstrahlung spectrum.

VI. CONCLUSION

In the present paper, we have investigated in detail the impact of a laser field approxi-
mated as a plane wave on the process of photon radiation by an ultra-relativistic electron in
an atomic field. We have derived the corresponding angular distribution and the spectrum
of the radiated photon. By means of the quasiclassical approximation, the obtained results
are exact in the parameters of the laser field and the atomic field. In particular, we have
shown that the impact of the laser field is significant even for fairly average values of the laser
field parameters, which are routinely obtained in the laboratory nowadays. This makes an
experimental observation of the influence of the laser field on bremsstrahlung in the atomic

field to be a very feasible task.
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