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X-ray transition radiation emitted by high-energy electrons in a thin foil placed in a strong external
magnetic field is considered. The modification of the radiation properties resulting from the bending of the
particle’s trajectory in the magnetic field is investigated. It is shown that, due to the interference between
transition and synchrotron radiation, the total radiation spectrum can significantly differ from the simple
sum of the conventional spectra of these two types of emission. Both constructive and destructive
interference can occur in this case. The dependence of the magnitude of this interference on the electron
energy and the acceptance angle of the radiation detector is analyzed.
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I. INTRODUCTION

Transition radiation (TR) is emitted when a charged
particle crosses the interface between two media with
different dielectric permittivities. Generally, it has a broad
spectrum involving THz, infrared, optical, ultraviolet,
and—for ultrarelativistic particles—also x-ray frequency
ranges. In the THz and optical ranges, this radiation plays
an important role in accelerator physics, serving as an
effective tool for diagnosing the parameters of charged
particle beams [1-3]. X-ray TR is widely used for the
detection of high-energy particles [4]. Moreover, for a fixed
photon energy, x-ray TR can be emitted only by particles
with a Lorentz factor y exceeding some minimal threshold
value, which allows applying this radiation for separating
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light and heavy particles. X-ray TR is also applied as a
source of x-ray photons for various purposes [5—8]. Thus,
investigating the properties of TR under various conditions
is of great interest both from the fundamental point of view
and for the development and improvement of technologies
based on this radiation.

For the process of TR emission (as well as for other types
of electromagnetic radiation), a considerable role is played
by the parameter known as the formation length [ [9]. It
defines some effective region of space around the interface
(Ir is usually defined separately on each side of the
interface), which is responsible for the formation of the
TR pulse and depends on the particle energy, radiation
frequency, observation direction, and the properties of the
medium where TR propagates. If the particle motion is
somehow disturbed within this region (e.g., the particle
changes its direction of motion or crosses other interfaces),
the TR characteristics can be dramatically modified. It can
be considered as a result of interference of a conventional
TR for an “undisturbed” rectilinear particle motion and
radiation emitted by the particle as a result of the disturb-
ance. At high particle energies, the value of / can become
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macroscopically large, and such an effect may be unavoid-
able in a real experiment. This effect has been studied both
theoretically and experimentally for different types of
particle interaction within the distance /5 from the interface
and for various TR frequencies. Particularly, this includes
investigations of TR by “half-bare” electrons (this term
was introduced in [10]), when the electron loses its
conventional Coulomb field as a result of scattering
[11] or passing through an upstream target [12—15] before
impinging on the downstream target and generating TR in
the millimeter and optical wavelength regions. In these
works, both the effects of suppression and enhancement of
the TR intensity from the downstream target, compared to
the TR by an incident electron with the conventional
Coulomb field, have been predicted or observed. The
analogous effects of the formation length have also been
investigated for the x-ray TR by high-energy electrons in
multifoil radiators both earlier [16,17] and recently
[18,19]. In such radiators, the role of the mentioned
disturbance preceding the electron passage through the
nth foil of the radiator is played by the preliminary
passage of the particle through the (n — 1)th foil.

The effects associated with a large size of the formation
length and the half-bare state of the particle have been
theoretically and experimentally investigated also for other
processes taking place at high-energy particle interaction
with media. Initially, they were studied for bremsstrahlung,
which led to the discovery of the Landau-Pomeranchuk-
Migdal [20-22], Ternovskii-Shul’ga-Fomin [23-25], and
Ter-Mikaelyan [9,26] effects of suppression of bremsstrah-
lung by high-energy electrons in amorphous media. Further
investigations concerned the processes of diffraction radi-
ation [27], coherent x-ray emission in crystals [28,29], and
ionization energy loss [30]. In [31], the formation region
effects were discussed for the so-called edge radiation
generated at the entrance of a particle into a magnetic field.
In [32], the influence of a magnetic field on TR (in the radio
frequency range) emitted by ultrarelativistic particles inter-
acting with random density inhomogeneities in a turbulent
plasma under astrophysical conditions was investigated. It
was shown that the bending of the particle trajectory by the
field can lead to suppression of the TR intensity.

In the present paper, we discuss a different statement of
the problem about the influence of the external magnetic
field on TR, which can be relevant for various laboratory
experiments involving x-ray TR, as well as TR detectors.
Specifically, we consider x-ray TR emitted by multi-GeV
electrons in a thin target placed in a strong external
magnetic field. It is noted that for realistic values of the
magnetic field, even in the x-ray range of frequencies, the
formation length [ can be larger than the typical distance
on which the electron deflects to an angle of about 1/y
under the impact of the magnetic field. In this case, the
particle leaves the typical radiation cone of TR with the
opening angle ~1/y within the formation length, which

results in a modification of the radiation characteristics.' It
can be considered as a result of interference between the
TR and the synchrotron radiation (SR) emitted by the
particle in the vicinity of the target. It is shown that such
interference can be both destructive and constructive,
resulting in a decrease or enhancement of the total
radiation intensity compared to the sum of independent
TR and SR. It should be noted that in [33], the influence of
an external magnetic field on TR emitted at a particle’s
exit from a conducting target was investigated for much
lower frequencies, where the radiation properties differ
from those in the x-ray range. Namely, the consideration
presented in [33] is valid up to infrared frequencies, where
the target can be regarded as an ideal conductor. The main
attention there was devoted to the study of azimuthal
asymmetry in the TR angular distribution.

Placing the target in the external magnetic field is a nice
way to remove the background radiation coming together
with the incident electron beam. For instance, if the target is
placed in the center of the deflecting magnet, the inves-
tigated radiation from the target (e.g., TR or bremsstrah-
lung) propagates in the direction between the background
and the final direction of the electron beam. However, such
a configuration requires taking into account the influence of
the magnetic field on the TR characteristics, which are
investigated in the present paper. In particular, in measure-
ments of bremsstrahlung, this modified TR is itself a form
of radiation that should be carefully subtracted from the
total signal (this was precisely the challenge the authors
encountered in the experiments at the DESY II test beam
facility, which motivated the present investigation). The
results obtained in the present paper are also of interest for a
better understanding of the operation of particle detectors
based on x-ray TR, when they are placed in an external
magnetic field [34,35].

II. METHOD OF CALCULATION

Generally, in order to calculate the TR spectral-angular
distribution, it is necessary to solve the Maxwell’s equa-
tions with proper boundary conditions on the surfaces of
the target. If the radiating particle moves along some
curvilinear trajectory, such an approach can be cumber-
some and application of simplified methods is relevant. An
example of such a method has been introduced in [36,37]
for investigating the influence of multiple scattering of the
particle in the target on TR. Let us adjust it for the
conditions we are presently interested in, which correspond
to ultrarelativistic electrons and radiated photon energies
exceeding several keV. The discussed method is based
on the well-known expression for the spectral-angular

'As in the case of the Landau-Pomeranchuk-Migdal effect,
where the particle leaves the typical cone of bremsstrahlung
within the formation length, which results in the suppression of
this radiation.
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FIG. 1. Passage of a particle through a target in vacuum.

distribution of radiation by a charged particle moving in
vacuum and with position r(z) and velocity v(z) [38]:

d2I e*w?

S . 2
e / dm x v(r)e-mr /| (1)

(So]

where e is the charge of the particle, @ is the radiation
frequency, and n is a unit vector along the observation
direction. Expression (1) has the form of an integral over
the waves emitted by the particle at each point of its
trajectory, which can be formally considered as real
electromagnetic waves. If such a wave penetrates through
a layer of medium on its way to the detector (e.g., when the
particle passes through a target), it acquires a different
phase shift compared to propagation in a vacuum. This is
due to the fact that inside the medium the wave vector is
given by the expression k = wny/¢/c, where ¢ is the
dielectric permittivity of the medium.

Let us consider the case where the particle moves
rectilinearly along the x axis and normally passes through
a plate of thickness L situated in vacuum in the region
x€[0,L] (see Fig. 1). Consider the waves emitted by the
particle in the region x < 0, which pass through the plate on
their way to the detector. Due to the axial symmetry, one
can just consider the waves propagating in the xy plane.
A wave that traveled a distance Ar gets the phase shift:

KAr = k,Ax + k,Ay. )

For ultrarelativistic particles, the major part of radiation is
emitted at small angles 9 << 1 with respect to the particle’s
velocity. In this case, one can estimate: k, ~ w/c and k, ~
@9/ ¢ (both in vacuum and in the medium since € ~ 1 in the
x-ray range). Taking into account that Ay = JAx, we
have [k,Ay| ~ |k, Ax|9%.

In the x-ray frequency range, the target permittivity can be
writtenas e = 1 — a)f,/co2 + ipc/w, where w,, is the plasma
frequency of the target and u(w) is the energy attenuation
coefficient of the target, which we calculate on the basis
of [39]. Since yuc/w and @} /w?* are small quantities,

2
Verl—o5+ -, 3)

Therefore, to second order in 9, the first term in (2) makes the
following contribution to the additional phase shift of the
considered waves inside the target (i.e., in the region
0 < x < L), compared to the corresponding phase shift in
the absence of the target:

L 2L
Ay =22 (Ve— 1) m =2 (1= 8/2)
+%(1 —8%/2). 4)

The typical values of the relevant parameters considered in
this work are as follows: an aluminum target with thickness
L <50 pm, a radiation ’frequency2 of  ~ 15 keV, and a
detector acceptance angle smaller than several mrad. In this
case, we have w3L/(2wc) ~ 10 and uL ~0.1, and it is
possible to neglect the quadratic terms in (4). This also allows
neglecting the contribution of the second term in (2) and
presenting the resulting additional phase shift (due to the
presence of the target) for the waves emitted in the region
x <0 as

@3l iyl
P
-t —. 5
2wc 2 )

Ap =

The waves emitted inside the target acquire the same
additional phase shift as (5), but with the substitution
L — L —x = L — vt. Generally, these waves have a differ-
ent amplitude compared to those emitted in vacuum. It is
associated with the additional factor /e, which appears in
front of the formula (1) when it is derived for a particle
moving in a homogeneous medium with permittivity &
(together with the substitution wn/c — /ewn/c in the
exponent) [40]. However, since in the x-ray range € is very
close to 1, we will consider the amplitude of these waves to
be the same as for the waves emitted in vacuum. For the
same reason, we neglect the refraction of the waves on the
surfaces of the target. Naturally, the waves emitted after
the target do not acquire any additional phase shift.

In order to obtain the spectral-angular distribution of TR
in the considered case, it is necessary to add the obtained
phase shifts to the argument of the exponent in (1). As a
result, neglecting the small terms yc/w in the denomina-
tors, one gets the well-known expression [41,42] for the
spectral-angular distribution of the number of TR photons
(d*N/dodw = (hw)~'d*1/dodw):

’We assume that the Planck constant 7 = 1 (it is written
explicitly in some places for the sake of convenience), thus
identifying frequencies and photon energies.
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&N  a o, 1+e* —2e/2cos(L/lf)
dodo o o (y 2+ 922G 2+ 9+ wy/w*)?’
(6)
where a ~ 1/137 is the fine structure constant and
2¢
lp = (7

o+ 8 + 0}/ 0?)
is the radiation formation length inside the target.

III. ANGLELIKE TRAJECTORY

To illustrate the influence of particle deflection within
the formation length on TR, emitted as the particle passes
through a target, and the arising interference effects, let us
first consider a simplified and idealized case of particle
motion along an anglelike trajectory. Let an electron
traverse a target and immediately deflect to some angle
y at the exit of the target, as shown in Fig. 2.

Applying the method described in Sec. II, one obtains
the following result for the radiation spectral-angular
density in this case:

d*N a
dodo ﬂ—we_ﬂadﬂjyp + 211, ®)

where J, and J, are defined as follows:

efyL/Z

0(0)

oiL/lr _ p=HL/2 il /lr

+ —_
r2+ 9+ w0 Oy)

Jy:19sin¢{ } ©)

where Q(y) =y 2 + 9% + > — 2y9 cos ¢ and

s ¢[ —uL/2 eiL/lr _ o=HL[2 ]
J, =49dcos + —
) 00)  y?+ &+’
(x —9cos ) oiLlr. (10)
0(x)
Egtector

O
A

FIG. 2. Anglelike trajectory. y is the electron deflection angle,
L is the target thickness, and d is the distance between the target
and the detector.

As in (6), we have neglected the quantity —iyuc/w in the
denominators of the second terms in (9) and (10), since it is
small compared to wf, /@? under the considered conditions.

In (8), we additionally took into account the radiation
attenuation in air on its way to the detector, just multiplying
d*N/dwdo by the factor e 9, where p,(w) is the energy
attenuation coefficient in air [43]. This was done to ensure
better consistency with our subsequent analysis of radiation
for realistic circular particle trajectories in a magnetic field,
where attenuation in air is taken into account. It is
motivated by the fact that experiments on x-ray TR by
high-energy electrons, where the photon energies are
typically higher than about 10 keV, can be performed in
air without vacuum equipment, as reported, e.g., in [18,19].

The photon spectral density can be obtained via numeri-
cal integration of (8) over the detector acceptance region
defined by the angle 6,. For the analysis, we choose the
following values of the relevant parameters: the target
thickness is L = 50 pm, the target material is aluminum
(w, = 32.86 V), the electron energy is E = 4 GeV, the
distance between the target and the detector is d = 150 cm,
and the detector acceptance angle is 6, = 2 mrad. The
calculated radiation spectral densities registered by the
detector (which we further call spectra, for simplicity) for
various electron deflection angles are presented in Fig. 3.
The figure demonstrates a noticeable modification of the
radiation spectrum, compared to that of TR for a rectilinear
particle trajectory (y = 0), when the deflection angle
exceeds 1/y. The pattern of this modification is rather
diverse: in some regions of w, the radiation is suppressed,
while in others, it is enhanced. A more distinct picture is
obtained if one considers the total number of photons N in a
certain frequency interval, which are registered by the
detector. For instance, Fig. 4(a) shows the dependence of
this number in the range w € [5,25] keV on the electron
deflection angle y. Here we see that with the increase of this

1.2
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FIG. 3. Radiation spectra for the case shown in Fig. 2 for

different particle deflection angles.
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FIG. 4. Major overall characteristics of the emission for the case shown in Fig. 2. (a) Total number of photons registered by the
detector and (b) ratio # = N/(Ntr + Np) characterizing the interference effects.

angle the value of N first increases and then drops. The
increase of N is caused by the contribution of bremsstrah-
lung emitted as a result of the particle deflection at the exit
of the target.3 With the further increase of y, the intensity of
this radiation increases, but its destructive interference with
TR results in the decrease of the total radiation intensity.

Figure 4(a), demonstrating the total radiation intensity,
however, does not provide a distinct picture of the magni-
tude of the discussed interference. This magnitude can be
characterized by the ratio n = N/(Ntg + Ng), where N is
the total number of emitted photons, Nty is the number of
pure TR photons emitted for a rectilinear particle trajectory,
and Ng is the number of pure bremsstrahlung photons
emitted for an anglelike trajectory in the absence of the
target. The dependence of this ratio on y, presented in
Fig. 4(b), shows that in fact the interference between the TR
and bremsstrahlung in the considered case is destructive in
the whole region of the deflection angles, regardless of the
fact that the total radiation is enhanced compared to the
pure TR for y less than several 1/y. The situation is
analogous for other acceptance angles 6, and electron
energies as well.

IV. CIRCULAR TRAJECTORY
IN THE MAGNETIC FIELD

Let us now consider radiation of an electron which
moves along a realistic circular trajectory in a magnetic
field and crosses a thin target (Fig. 5). For a distance of
d = 150 cm between the target and the detector, a detector

*Let us note that by bremsstrahlung we presently mean just the
radiation due to the particle deflection at the exit of the target, and
we do not include here the radiation due to multiple scattering of
the particle inside the target. For sufficiently thin targets con-
sidered here, this radiation can be neglected. We also neglect the
impact of the particle multiple scattering in the target on its
trajectory.

acceptance angle of less than several mrad, and a magnetic
field of 1.5 T, as we presently consider, the effective part of
the electron trajectory near the target that contributes to the
detected radiation amounts to several cm. In this region, we
can neglect the inhomogeneities of the magnetic field,
which are present in a real magnet. Moreover, the exact
shape of the particle trajectory outside this effective region
is not important, since radiation from that part is not
detected (as assumed), allowing us to choose it in the
most convenient way. For this reason, the particle trajectory
is chosen to consist of three parts: straight line followed by
a segment of a circle of radius R, followed again by a
straight line. The particle deflection angle y on each side of
the target is chosen to exceed the half of the detector
acceptance angle 6,/2 by not less than 10/y. We neglect a
rather weak influence of the air on the process of radiation
emission in the present case (i.e., instead of air-target
boundaries, we consider vacuum-target boundaries), taking
into account just the influence of the air on the radiation

propagation by the factor e #<,

Detector

FIG. 5. Considered electron trajectory. Here y is the deflection
angle on each side of the target, L is the thickness of the target, d
is the distance between the target and the detector, and R is the
curvature radius of the trajectory.
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Applying the method described in Sec. II, one can obtain
the following expression for the spectral-angular density of
the number of emitted photons in this case:

2

2
d°N — a 3
dodw 472w

. (1D
where:

J = ¥T(—y) — T(x) + ¢"F(—y.—L/2R) + F(L/2R.z)

RTCU EZZ daX(a)exp #g(a) — RWTW —l—%
(12)
and
w=—ulL/2— ia)f,L/Za)c,
g(a) =a— Psinacos9 — (1 —cosa)sind cos @,
X(a) = e,9sin¢ 4 e (a — 9cos ),
F(a,b) = “’TR / ” deX (x) exp [iwRg(x)/v],

T(y) = —2iX(x) expliwRg(x)/v]/ Q(x)-

Here # = v/c is the dimensionless velocity, e, and e are
unit vectors along the y and z axes, and Q(x) is the same
function as Q(y) in (9).

In order to obtain the number of photons registered by
the detector, one has to perform numerical integration of
(11) with respect to the detector acceptance region. For the
analysis, we use the following values for the corresponding
parameters: aluminum target thicknesses of L = 50 pm
and L = 12 pum, a distance d = 150 cm between the target
and the detector, electron energies of 2, 4, 6, and 10 GeV,
the detector acceptance angles 6, of 2, 1, 0.4, and 0.2 mrad.
All calculations were performed for a fixed magnetic field
value of B = 1.5 T. The chosen parameters are approx-
imately those achievable at the beamline TB21 of the
DESY II test beam facility [44], where the corresponding
experimental investigation is planned.*

Figure 6 shows the spectra for 6 GeV electron energy,
12 pm target thickness, and the total detector acceptance
angle of 6, =1 mrad.” The orange dotted line shows the
conventional TR spectrum for a rectilinear particle trajec-
tory in the absence of the magnetic field. The black solid

*Some values, such as the 10 GeV electron energy, which lie
beyond the achievable range of the mentioned facility, are
considered to provide a more complete picture of the investigated
effects.

>The positions of the maxima of the presented spectra and, in
some cases, the existence of these maxima themselves, are mostly
defined by radiation attenuation in air.
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FIG. 6. Radiation spectra for the circular particle trajectory.
Electron energy is 6 GeV, detector acceptance angle is 1 mrad,
target thickness is 12 pm, electron deflection angle is y = 22/,
and trajectory curvature radius is 13.34 m.

curve represents the total radiation spectrum when the
target is placed in the magnetic field. The dashed blue line
shows the spectrum of synchrotron radiation (SR) in the
magnetic field when the target is absent. However, it is not a
“pure” SR spectrum, since we additionally take into
account a partial attenuation of this radiation in the target
when the target is present and a part of this radiation,
emitted before the particle passage through the target,
penetrates through it.® It is this partially attenuated spec-
trum that should be subtracted from the total spectrum to
evaluate the magnitude of the TR modification in the
present case (by comparing the result with the TR spectrum
for a rectilinear trajectory). The result of this subtraction is
presented in Fig. 6 by the green dot-dashed line. We see that
in this case it is lower than the conventional TR spectrum,
which can be interpreted as the effect of TR suppression. It
can be considered as a result of destructive interference of
TR and SR, which results in a difference of the total
radiation spectrum from the sum of independent contribu-
tions from TR (for a rectilinear trajectory) and SR.

As Fig. 6 also shows, the intensity of SR is presently
comparable to that of TR and can exceed it. Therefore,
rather than focusing solely on TR, it is more consistent to
investigate the interference effect as a difference between
the total radiation spectrum and the sum of independent
spectra of TR and SR. Figure 7 shows these spectra for the
target thicknesses L of 50 um [(a), (c), (e)] and 12 pm [(b),
(d), (f)] for two values of the electron energy and the
detector acceptance angle. The black solid lines demon-
strate the radiation spectra from the target in the magnetic

%Neglecting the part of SR emitted inside the target, this spectrum
can be presented as a sum of the half of the pure SR spectrum,
created after the particle passage of the target, and the half of the
spectrum, created before it, multiplied by the factor e #.
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field, the dashed blue lines show the sum of independent
spectra of TR (for a rectilinear trajectory) and SR (taking
into account its attenuation in the target). The shapes of the
spectra for different L differ from each other due to various
values of the factor which describes the interference of the

(e)

(f)

FIG. 7. Total radiation spectrum and the sum of independent spectra of TR (for a rectilinear trajectory) and SR for different target
thicknesses, electron energies, and detector acceptance angles: (a) 6 GeV, 1 mrad, 50 pm; (b) 6 GeV, 1 mrad, 12 pm; (c) 6 GeV,
0.4 mrad, 50 pm; (d) 6 GeV, 0.4 mrad, 12 pm; (e) 2 GeV, 0.4 mrad, 50 pm; and (f) 2 GeV, 0.4 mrad, 12 pm.

TR waves emitted at the upstream and the downstream

124501-7

surfaces of the target. In particular, for L = 50 pm, this
interference leads to the appearance of oscillations in the
low-frequency part of the spectrum, which are not com-

pletely damped by attenuation in the air.
In Fig. 7, we see that for the electron energy of E = 6 GeV

the radiation is mostly suppressed and the interference is
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FIG. 8.
thickness is 12 pm.

destructive, except for the high-frequency region in the case
of the 50 pm target. The interference effects noticeably
increase with the decrease of the detector acceptance angle.
Particularly, for L = 12 pm and 6, = 0.4 mrad, we observe
a huge radiation suppression in the region around the
maximum of the spectrum. The situation is completely
different for £ =2 GeV. In this case, for L = 12 pm a
weak constructive interference occurs in the whole presented
range of frequencies. For L = 50 pm a strong constructive
interference is observed in the region of the main maximum.

In order to see a more distinct overall picture of the
interference effects in the present case, let us consider the
total number of photons emitted in the frequency region of
w € [5,25] keV, as in Sec. III. Figure 8 shows the depend-
ence of the ratio n = N/(Ntg + Nsg) on the detector
acceptance angle for two values of the target thickness
and various electron energies shown in the legend.
Currently, N is the number of photons in the total radiation
spectrum; Ntg is the number of photons in the TR spectrum
for a rectilinear particle trajectory; and Ngp is the number of
SR photons. The ratio  was calculated for the values
60y =0.2,0.4,1, and 2 mrad, and the corresponding points
in the figures are connected by straight lines for convenience.

Figures 8(a) and 8(b) show that for energy of 4 GeV and
higher, the interference between TR and SR is destructive for
all acceptance angles in the presented region. For relatively
large values of 6, the destructive interference becomes
slightly more pronounced as the electron energy increases.
For the mentioned energies (4 GeV and above), the destructive
interference becomes stronger with the decrease of the
acceptance angle, and for sufficiently small 0, the radiation
can be dramatically suppressed compared to the sum of
independent TR and SR. Comparing Figs. 8(a) and 8(b), we
see that for the target of thickness 12 pm, this suppression is
stronger than for 50 pm. This may be associated with the fact
that for L = 12 pm the spectra do not have oscillations and
the radiation suppression occurs for all frequencies, while for

0.0 05 10 15 2.0
6y (mrad)

(b)

Dependence of the ratio = N/(Ntg + Ngg) on the acceptance angle 6. (a) Target thickness is 50 pm and (b) target

L = 50 pm, due to oscillations, the regions of the destructive
interference alternate with the regions where the interference
is constructive. The situation is different for lower electron
energies. In particular, for £ =2 GeV, the constructive
interference can take place for the frequency-integrated
number of photons. In this case, the dependence of # on 6,
can reach a maximum at some value of the acceptance angle.

The qualitative behavior of # as a function of E and 0,
can be understood from considerations involving the
radiation formation length [ (at least in the region of
the destructive interference where < 1). Generally, it can
be expected that TR, and the total radiation as well (when
compared to the sum of TR and SR), should be suppressed
if the particle deflection angle within [ exceeds 1/y, since
in this case the particle leaves the typical radiation cone
before TR is properly formed. This expectation is sup-
ported by Fig. 4(b) for a simpler case of an anglelike
particle trajectory, where the deflection to the angle y
occurs within the formation length for any frequency.
Figure 9 shows the dependence of the particle deflection
angle /;/R within the formation length (7) on the obser-
vation angle 9, in units of 1/y. This dependence is
generated by the decrease of [r with increasing 9. The
formation length is calculated in vacuum (@, = 0), for the
frequency of @ = 14 keV approximately corresponding to
the position of the main maximum of the spectra in Fig. 7.
The region of 9 in Fig. 9 (up to 1 mrad) corresponds to the
largest detector acceptance angle of 2 mrad presented in
Fig. 8. The values of 9, corresponding to other acceptance
angles (via 8 = 6,)/2) for which the ratio # was calculated,
are marked by vertical lines.

In Fig. 9, we see that for electron energies of 4 GeV and
higher, the deflection angle within /5 is larger than 1 (in
units of 1/y) at sufficiently small 9 and manifestation of the
destructive interference could be expected. However,
according to Fig. 8, it is rather small for relatively large
acceptance angles of about 2 mrad. Figure 9 indicates that it

124501-8
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FIG. 9. Dependence of the deflection angle (in units of 1/y)
within the formation length on the observation angle 9 for the
frequency w = 14 keV and different electron energies. The
horizontal dashed line marks the value /y/R = 1. The vertical
lines mark the angles corresponding to the detector acceptance
angles in Fig. 8 as 9 = 6,/2.

is caused by the fact that in the major part of the region of 9,
contributing to the detected radiation in these cases, the
deflection angle is smaller (or much smaller) than 1. The
region where the deflection angle exceeds 1, slightly grows
with the increase of E. Together with the increase of the
values of the deflection angle in this region, this leads to a
slight increase in the magnitude of the destructive interfer-
ence. The interference is stronger for smaller values of 6,
since in this case the deflection angle exceeds 1 in a larger
part of the region of 8, contributing to the detected radiation.

V. CONCLUSIONS

In the present work, we investigated the influence of a
strong magnetic field on x-ray radiation emitted when a
high-energy electron passes through a thin foil placed in
this field. In the absence of the field, this radiation is
conventional x-ray transition radiation (TR). In the pres-
ence of the field, synchrotron radiation (SR) is generated as
well. The parameters are chosen to approximately corre-
spond to the ones which could be achieved at the beamline
TB21 of the DESY II test beam facility (the electron
energies are considered in a bit wider region). It is shown
that in this case the total radiation can noticeably differ
from the sum of independent TR for a rectilinear particle
trajectory and SR, and a strong interference between these
types of emission can occur. Formally, it can be considered
as a modification of TR by the bending of the particle
trajectory. Such interference can be both constructive (for
lower electron energies) and destructive (for higher ener-
gies). The magnitude of the constructive interference
changes nonmonotonously with the change of the detector
acceptance angle, while the magnitude of the destructive

interference increases with the decrease of this angle. This
magnitude also grows with the increase of the particle
energy. The physical reasons for this are discussed involv-
ing the concept of the radiation formation length.
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