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EXTREME LASER RADIATION: PHYSICS AND FUNDAMENTAL APPLICATIONS
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Acceleration of electrons by a laser pulse at its output
onto an optical surface of the vacuum— transparent medium interface.

Laser synchrotron

M.Yu. Romanovskiy

Abstract. We consider the electron dynamics in the field of an elec-
tromagnetic wave produced at the vacuum-—transparent medium
interface upon reflection from the boundary, close to total internal
reflection. The propagation velocity of a constant phase of the elec-
tromagnetic wave along the interface can vary from c/n to infinity
(c is the speed of light in vacuum, and # is the refractive index of the
medium at the interface). In this case, there emerge regions of posi-
tive and negative phases of the field with wavelengths, approxi-
mately equal to half the wavelength of the original laser beam,
which can propagate at a speed close to that of light in vacuum. If a
beam of relativistic electrons propagates along the surface, they
can gain energy and accelerate, as well as radiate. With closed tra-
jectories of electron motion, a laser synchrotron will be imple-
mented as a result of many acceleration cycles.

Keywords: laser acceleration of electrons, relativistic electrons,
laser synchrotron.

1. Introduction

The idea of ‘direct’ acceleration of charged particles by a laser
field, i.e. an electric field of propagating laser radiation, is
attractive for several reasons. Firstly, this method is poten-
tially much more efficient than the already implemented
acceleration techniques (by a wakefield of a high-power laser
pulse [1, 2], by a ‘bubble’ of positive ions [3, 4]), which are
essentially nonlinear, although one of the acceleration regimes
(by a wakefield) is referred to as ‘linear’ [5] (nevertheless, the
achieved electron energies already reach 4.2 GeV [6]).
Secondly, acting on accelerated particles the electric force is
limited only by the laser field intensity, and accelerating fields,
resulting from the use of the above nonlinear methods of
acceleration, will always be less than this field.

On the other hand, known is the idea of ‘dynamical traps’
[7, 8], when, together with the particle, there propagates a cor-
responding medium (e.g., chemical [7] or plasma [8]), which
transforms the particle in a desired way. It is also known that
an electromagnetic wave in vacuum does not integrally accel-
erate charged particles, but changes their location [9]. The
new idea of acceleration of charged particles in vacuum at the
intersection of tilted laser fronts [10, 11] requires nonperpen-
dicularity of the phase front of a laser wave relative to the
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vector of its propagation; the possibility of the generation of
such electromagnetic fields is now only being discussed [12].

Nevertheless, dynamical traps of electromagnetic radia-
tion, propagating with a speed close to the speed ¢ of light in
vacuum, can be implemented. One should consider the elec-
tron dynamics in the field of an electromagnetic wave gener-
ated at the vacuum-transparent medium interface upon
close-to-total internal reflection from the interface. It is easy
to see that the propagation velocity of the constant phase of
this electromagnetic wave along the interface varies with
decreasing angle of incidence from ¢/n to infinity (n is the
refractive index of the medium at the interface). Thus, there
emerge regions of positive and negative phases of the field
with wavelengths, approximately equal to half the wavelength
of the original laser beam, which can propagate at a speed
close to the speed of light in vacuum. If in this case a beam of
relativistic electrons propagates along the surface, the latter
can gain energy and accelerate.

The propagation velocities of the constant phase of the
field, close to ¢, are achieved at the output of the phase front
of the laser pulse from an optically denser medium at an angle
close to that of total internal reflection. When radiation is
polarised in the incidence plane, the electric vector is perpen-
dicular to the interface, and the acceleration is not possible.
With polarisation in a plane perpendicular to the incidence
plane, the electric vector of laser radiation in a less optically
dense medium near the interface is parallel to the interface,
but perpendicular to the propagation direction of the con-
stant phase of the field. Nevertheless, in the latter configura-
tion acceleration of relativistic electrons is possible. An initial
electron beam is injected near the interface along the propa-
gation direction of the constant phase, and it should keep up
with (or lag behind a bit, see below) the propagating region
of the constant electric field. Thus, the beam picks up speed
in the direction perpendicular to the propagation vector.
The energy of an electron in this case increases, i.e. it accel-
erates.

Obviously, with this acceleration the trajectory of the elec-
tron is curved, and it radiates. If, after several cycles of accel-
eration, the trajectory becomes closed (or nearly closed) and
the energy acquired by the electron as a result of this accelera-
tion is compared with the energy spent on emission, a laser
synchrotron is implemented in such an experiment because
the number of acceleration cycles can be large. Since it is obvi-
ous that the effective radius of the mentioned ring may be
very small (on the order of tens of centimetres), an entire so-
called synchrotron can be placed on a laboratory optical
table. The estimates show that the maximum of the synchro-
tron radiation can lie in the range of photon energies from
units and tens of keV, and more (see below).
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The desired effect of total internal reflection occurs at the
interface between an optical transparent medium (glass, fused
silica, etc.) and vacuum, and so the intensities of the laser beam
are limited from above by the radiation strength of the trans-
parent medium. Moreover, the laser pulses used are dispersed
in the transparent medium, and the positive half-wave of the
red frequency edge of the pulse can catch up with the blue neg-
ative half-wave, which limits the total length of acceleration.
These and other limiting factors are also discussed below.

2. Dynamics of the electromagnetic field
of the laser pulse at its output to the optical
interface

Schematically, the output of a spatially limited laser pulse
onto the surface of an optically transparent medium—vacuum
interface is shown in Fig. 1. It is assumed that laser radiation
is linearly polarised in the plane perpendicular to the plane of
incidence. If the propagation vector of the constant phase of
the field is directed along the positive z axis, as in Fig. 1, then
the positive electric vector E has only a component E,, and
the magnetic vector H has components H, and H. (see, e.g.,
[13]). The angle is close to the angle of total internal reflec-
tion. The propagation velocity of the constant phase at the
interface decreases with increasing angle 6. Since the material
body (in the acceleration scheme in question it is an electron)
always propagates with a speed lower than ¢, the acceleration
scheme is implemented in the regime of total internal reflec-
tion (see also below).

Laser pulse Laser pulse

Figure 1. Schematic of an output of a spatially limited laser pulse onto
the surface of an optically transparent medium—vacuum interface. The
dashed lines, perpendicular to the propagation direction (wider ar-
rows), show the surfaces of the constant phase. The bold arrow shows
the direction of propagation of the regions of the electric field of one
sign (i.e. the sought-for dynamical traps). The electric field is directed
along the x axis, and the z axis lies in the plane of the figure.

Note that the scheme shown in Fig. 1 is used to generate a
surface electromagnetic wave (SEW) (see, e.g., [14]). However,
this wave ‘starts’ after the output of the electromagnetic wave
to the interface. The SEW has a different propagation veloc-
ity, ¢/n [14], and amplitude. We do not consider here the SEW
as a mechanism of acceleration of charged particles. At the
same time, such a scheme has been proposed for longitudinal
acceleration of charged particles (see [15] and references
therein), unlike perpendicular acceleration considered in this

paper.

The amplitude of the electromagnetic field in vacuum
near the interface is known for a monochromatic wave [13]:

E(y,z,1) = Eexp[—k|y| Vn*sin®6 — 1 + i(kznsin® — w1)]. (1)

Here k is the amplitude of the wave vector of laser radiation
in vacuum; and w is the laser radiation frequency. The phase
velocity of this wave in vacuum is vy, = ¢/(ncos6), and it is
always less than ¢, because ncosf > 1. Since the laser pulse is
limited in time and space, the value of n and 6 should be
understood as central with respect to temporary and spatial
spectra. Note that this is the standard approach when address-
ing the issue of total internal reflection of short laser pulses
[16]. We will not consider all the attendant effects such as the
appearance of precursors and others [16]; we note only those
that are necessary for our acceleration, and those that can
really limit it. Firstly, the refractive index n is frequency
dependent. This means that the angle of total internal reflec-
tion for the different parts of the temporal spectrum of the
laser pulse is different, i.e. if there is total internal reflection
for the blue spectral edge, then it is absent for the red edge,
and part of radiation enters into vacuum at an angle, close to
a right angle. This effect does not prevent acceleration
directly. However, if the intensity of the refracted red radia-
tion is high, the total amplitudes of the electric and magnetic
vectors converge and the acceleration effect is reduced.

The main competing dispersion effect will be the mentioned
output of different parts of the radiation spectrum at different
angles to the interface. If the transverse size D of the beam and
its possible total acceleration length L = D/cosf are large
enough, the positive half-wave of blue light can coincide with
the negative half-wave of red light, and acceleration will stop.
The condition for termination of acceleration has the form:

N/'{r = (N + I/Z)lb.

Here A, and A, are the wavelengths of blue and red edges of the
pulse spectrum, respectively; and N is the maximum number
of positive (or negative) half-waves of an electromagnetic
field (suitable for acceleration) released on the surface. This
will limit the total acceleration length L by the quantity L:

2
AL )

L<L
where An is the complete change in the refractive index of the
transparent medium from the blue edge of the pulse spectrum
to the red edge. In the linear approximation, An ~ AA. Since
AL ~ 2%/(ct,), then
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which gives

2
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For example, for fused silica [17] and a centre wavelength of
1.06 um, we have dn/dA ~ 0.012 um™, n ~ 1.45 and L, ~
2.5 cm at a pulse duration 7, ~ 1 ps. Note that this estimate
was obtained for the case of direct propagation of a conven-
tional laser pulse through a fused silica prism. The process
optimisation (introduction of the corresponding frequency
chirp of the laser pulse, etc.) can increase L.
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3. Electron acceleration in a transverse
electromagnetic field

The equations of motion of an electron in an electromagnetic
field in the laboratory system of coordinates are written in the
usual way:

dpx — _eEx _ gvsz + EU:H}-,
C C

dt

dpy _e

ar - EUXHZ’ (3)
dpz _ e

dz ——EUXHy.

Here p, , . and v, . are the components of the momentum
and electron velocity along the axes x, y and z, respectively;
and e is the electron charge. The electric field vector is directed
along the x axis, and the magnetic field vector lies in the yz
plane (see Fig. 1). Without loss of generality, we choose the
following initial conditions: p, =0, p, =0, p. =p.o, x =0,y =
Oandz=0atr=0.

If E and H are the functions of coordinates and time, as is
the case of the laser pulse output at the interface, system (3)
only allows a numerical solution (which will be obtained else-
where). We restrict ourselves to the case of constant E,, H,
and H., making the necessary reservations for the analysis of
possible experimental realisation of acceleration in the pro-
posed scheme.

It is known that system (3) has an exact solution at con-
stant fields, since the transition to the corresponding coordi-
nate system makes it possible to exclude one of the fields
(electric or magnetic), and the solution of system (3), consist-
ing of only one field, is very simple [9]. However, we must
solve the system in the laboratory frame.

In this case, the system has an integral of motion, which
can be written as

eEx

TN e

“4)

Here, y = 1/y/1 — (02 +v> +v)/c? is the relativistic energy
factor; v, is its initial value; x is the current value of the trans-
verse coordinate; and m is the electron mass. It is considered
in (4) that motion occurs in the negative direction of the x
axis; otherwise, the particle decelerates. Consider some pos-
sibilities and prospects for the experimental implementation
of the proposed acceleration scheme and its requirements.
From (4) it is clear that when a particle propagates a dis-
tance of at least ~1 cm in the transverse direction x, the final
energy of the accelerated electron may differ from the initial
energy by the value y —y,, which is now determined only by
the magnitude of the electric field. Obviously, the field limit-
ing factor in the proposed scheme is the radiation resistance
of the transparent medium, which for picosecond pulses does
not allow one to achieve a laser pulse intensity exceeding
103 W cm~ for even the most radiation-resistant fused silica.
For femtosecond laser pulses, this value is apparently greater
[18]. The above limitation will determine the maximum pos-
sible amplitude E, ~ 3x 10° CGSE units, and the upper bound
of actually achievable energy increment per acceleration cycle
¥y —yo is ~170, i.e. about 87 MeV. Since the cross-sectional
diameter of the laser beam in this case is no more than 1 cm,
the maximum required power of the laser pulse is 10> W. For

the shortest pulse duration (100 fs), it will give a necessary
laser pulse energy of 1 J. Such an energy is produced by suf-
ficiently compact (table-top) laser systems, which determines
the prospects of this acceleration scheme (see below).

System (3) obviously integrates once, and then by substi-
tuting the second and third equations into the first one, we
have

2

ORISR s ®)
Here x| = yymc*l(eE,); 6 = 1 —v,(H,/(cE,); and H*> = H} +
H?. At characteristic values of the parameters E, ~
3x10° CGSE units and v, ~ 10, x; ~ 0.06 cm. For two polar
conditions, x > x; and x < x;, we obtain apparent expansions
corresponding to different scenarios of the experiments. In
the second case,

2
¢ 2

Xx=—0~—1".
2X1

(6)

Here the time at x < x; for fused silica with the above values
of E, and y, should be much less than 10 ps. If we consider the
output of the laser pulse onto the surface of the interface, the
time is limited by the transverse size of the beam, i.e. it should
be much less than 0.06 cm. All the experiments at large (more
than 100) v, also correspond to the same case, x < Xx;.

Using (4), for the energy increment in this case we have

(SezE)zc t2

6a
2y0m2c2 (62)

Ay =y -y =

Recall once again that for real experimental conditions the
maximum time 7 is actually the time of the laser pulse output
to the interface, which is equal to L/c, rather than the laser
pulse duration.

For the opposite situation, x > x;, we should double inte-
grate equation (5). This can be done exactly, but the solution
under the condition x > x; and even x ~ x; has no physical
sense (see below).

Let us find the electron path length A at which it still
resides in the accelerating half-wave of radiation outgoing to
the surface:

, A
A—'[)vzdt<vpht—§. 7

From (7) it follows that for large x the electron always falls
out of the accelerating half-wave in the absence of optimisa-
tion, which is beyond the scope of the problem in question.

We still need to determine the change in the direction of
the accelerated electron. Obviously, this is the angle of rota-
tion «, which can be found as follows:

j— UX
tana = ‘ . | ®)
In the case of x < x;
2
tanq ~ 9¢°L - Oekxt (3a)

because vy ~ c.

Data (6)—(8) are sufficient to discuss possible experiments
on acceleration of electrons at the output of the laser pulse to
the surface of the transparent medium—vacuum interface.
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4. Discussion of possible experiments on electron
acceleration at the output of the laser pulse
to the interface

Thus, when a laser pulse polarised perpendicular to the plane
of incidence (see Fig. 1) reaches the surface of the interface,
half-waves of positive and negative electric fields will run
along this surface. For the acceleration process to continue
long enough (ideally, the total time of the laser pulse output
onto the surface, ¢t = L/c), several requirements should be met.

The first of them has already been mentioned: the compet-
ing dispersion effect will be the output of different parts of the
radiation spectrum to the interface at different angles. If the
acceleration length L is long enough, the positive half-wave of
blue light can coincide with the negative half-wave of red
light, and the acceleration will stop. The maximum accelera-
tion length L, (2a) of fused silica at 7, = 1 ps and E, ~ 3%
10° CGSE units is about 2.5 cm. Accordingly, for shorter
pulses this length (if an ultrashort laser pulse is not chirped on
purpose), which is proportional to 7,, will cause a shorter
length of the total possible acceleration. Note that from the
energy point of view, the shorter the pulse the better; how-
ever, there is a limitation in this case due to dispersion.

It is possible to optimise the experiment by using a thin
wedge instead of a fairly thick prism, as in Fig. 1. The inci-
dence angle ¢ on the input face of the prism in this case is not
as straight as in Fig. 1. It is easy to see that the propagation of
the positive half-wave of the electric field along the interface
at a speed approximately equal to the speed of light can be
achieved by the following relationship between the wedge
angle 1 and the angles 6 and ¢:

cos(6 —y) — nsiny
cos6 ’

sing =

For example, for fused silica at ¢ = 11°, the angle of incidence
is ¢ = 61°, i.e. without a special AR coating of this face most
of the laser light is reflected from it. The acceleration length L
in this scheme can be increased by several times (by approxi-
mately three times in the case of fused silica at the above-con-
sidered angles) with decreasing dispersion because the laser
pulse path length decreases in a refractive dispersive medium.

The second restriction is also evident. It is easy to see that
in the case of acceleration along the x axis the electron slows
down along the z axis. This leads to the fact that the electron
leaves the accelerating half-wave of the electric field of the
laser pulse and starts moving in the decelerating wave,
whereas the accelerating wave runs along the interface at a
speed close to ¢. There may arise more complicated effects,
such as the concentration of electrons in a certain phase of the
accelerating half-wave [10, 11], which should be investigated
numerically. Thus, the electron path length can differ at max-
imum by approximately 4/2 from the path length of the accel-
erating half-wave of the laser pulse at the interface. It is also
obvious that the transverse size of the laser beam should also
be sufficiently large to provide acceleration for all x.

The third limitation is the limitation of the interface with
respect to the radiation strength; therefore, in our estimates
we will not use electric fields greater than 3x10° CGSE units [18].

We will estimate the conditions of possible experiments
for fused silica as a medium with the highest radiation resis-
tance. Moreover, we consider the so-called demonstration
experiment, when the increment Ay is small compared to y,
and the experiment when it is relatively large.

Consider system (3) for this case, when all fields are gener-
ated exclusively by a laser pulse emerging at the interface
between fused silica and vacuum. From paper [15] [see in it
formulas (31) and (33) at an azimuth angle of 90°] we will use
the relations between the components of the fields in vacuum:
H, = E.nsin6, H. = —iE, x(n*sin’0 — 1)'?, ie. H} + H? =
H? = E. The value of v, < v, in (6) must be positive; other-
wise, acceleration is absent. This is only achieved at vy <vp,
and so vy, should be very close to the speed of light, and in
this case, 0 ~ 1/2y3. The considered case x << x; (6) corre-
sponds to the demonstration experiment. The angle 6 of inci-
dence is close to a total internal reflection angle of 43.6° (the
refractive index of fused silica at a wavelength of 1.06 um is
1.45). If we have a normal beam of diameter D ~ 200 um, the
condition x < x; is satisfied. For fused silica with the above
value of E we will have Ay ~ 0.07/y,, while the electron path
length along the z axis ‘inside’ the accelerating half-wave (it
determines the total ‘fall out’ of a particle from the phase of
the wave) will be more than 300 um, and along the x axis it
will be equal to 8 um/y,. For y, = 10 it will give Ay ~ 3.5 keV
and the path of less than 1 um along the x axis. The angle of
deviation of the accelerated electron beam in this case is
extremely small.

The value of 6 can be increased if the system is subjected
to the action of an additional constant magnetic field AH (the
authors of [19] apparently knew about it already) along the y
axis (see Fig. 1). In this case, only one of the half-waves that
came to the surface will be accelerating. Then, 6 ~ AH/E,.. At
present there are permanent magnets with a field of 30000 Gs,
for which 6 ~ 0.1. Aty, = 10 this yields Ay ~ 1.4/y, ~ 70 keV
and a path of length about 15 um along the x axis, which cor-
responds to the angle of rotation of about 3° (8a). These
parameters of energy and angle variation can be easily
recorded experimentally. Since for the above assumption of
proximity of vy, to ¢ the field H is very small compared with
the others, it will not lead to the departure of the accelerated
electrons from the acceleration region (slit, see below) in the
vertical direction.

Note that in the proposed experiment, the value of y, can-
not be too small (on the order of unity), because in this case
the speed of the accelerating half-wave along the surface
should be much less than ¢, and the penetration depth of the
electric field in vacuum, according to (1), becomes clearly
insufficient. The phase velocity of the accelerating half-wave
at the interface should be approximately equal to the input
velocity of the electron, v.,. Then

Yo
vo—1
Thus, for the depth of the exponential penetration of the field
into vacuum along the z axis from (1) we have

1 1 /1\/27
1 _ A/
k  kvnising—1 2 7

Therefore, when y, < 10, this depth is less than 24.

The demonstration experiment can be performed using a
laser pulse with an energy of ~cE¢D?r,/32. The pulse dura-
tion can be very small, because the path length of the laser
pulse in the prism can be made small enough (up to D/cos6 ~
D for fused silica), which will give a minimum pulse duration
7, ~ 30 fs and a minimum laser pulse energy of 0.1 mJ.

Let us now discuss a possible experiment with a larger
relative increment of energy of the accelerated electron, and

nsinf =
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then — the way to optimise both experiments. It would seem
that the main limitation on the conditions of their implemen-
tation is caused by dispersion: the acceleration length must be
less than or about 1 cm. At large y, (about 100) and L ~ ¢t ~
1 cm the value of y — y, can be ~100. In this case, —x equals
1 cm. However, unless special measures are taken, the particle
‘falls out’ of the accelerating half-wave before it reaches a
maximum energy. To avoid this, the accelerating half-wave
must move with the particle. This is possible if the accelerat-
ing half-wave is cylindrically divergent (in a projection on the
surface of the interface) rather than plane, the focus (imagi-
nary) of the wave being located before radiation reaches the
surface of the interface. The precise parameters of this optical
system (either a cylindrical lens cut at an angle which provides
a radiation output onto the surface at an angle close to the
angle of total internal reflection, or a specially defocussed
laser beam) must be calculated numerically. In these calcula-
tions it should also be taken into account that the electric vec-
tor of the radiation field is rotated relative to the moving par-
ticles not quite the way it is written for system (3). Apparently,
in the case of a divergent accelerating cylindrical half-wave
the situation will improve due to the rotation of the electric
vector and deteriorate due to a decrease in the radiation
intensity caused by divergence. System (3) does not describe
all these factors.

The experiment can be also optimised through the use of
two counterpropagating accelerating half-waves, each of
which propagates along its interface (the second prism should
be placed symmetrically to the prism in Fig. 1, with respect to
the xz plane); the amplitudes of these waves are summed, i.e.
they have the desired phase. Now the electron is accelerated in
a narrow slit between these surfaces. Under acceleration
along one surface the electric field, with increasing distance
from it, falls proportionally to exp(—kz) (1). For this scheme
the field in the slit in the transverse direction will be (in a very
rough approximation) stable. At a slit width / and the field
amplitude E on each surface, the field in the slit is £, ~ E(2 —
kl), 1.e. generally, in the first approximation (k/ < 1) it will be
constant. It is also possible to use laser pulses polarised not
purely linearly in the plane perpendicular to the plane of inci-
dence, but slightly elliptically; the rotation of counterpropa-
gating pulses on different surfaces must be different. Then in
a slit, together with a nearly uniform accelerating field along
the surface, there will be a nonuniform field, propelling the
particles toward the slit centre, and the angular divergence of
the beam can be significantly reduced. Note that a typical
transverse size of the accelerated bunch of particles in accel-
erators is ~1 um; therefore, a slit with a width of 10 um is
sufficient for an optimal experiment.

5. Laser synchrotron

For the above-described acceleration, the electron radiates.
As a result of several successive acceleration cycles, in each of
which acceleration takes place along the input velocity of the
electron, the electron (or the electron bunch) will finally turn
by 360° and the process can be looped. Thus, a synchrotron
will be implemented, which, according to the acceleration
method, will be a laser synchrotron. Let us estimate the maxi-
mum possible frequency of synchrotron radiation and the
possibility of principal implementation of the device.

The total radiation energy Ae of the particle in the field is
defined in [9] (§73). Since the synchrotron is characterised by
large values of y,, then in using Ae from [9] the solution to

system (3) should be extended to the case x << x;. The limiting
value of y, is easy to determine by equating the energy mc?Ay
acquired in one acceleration cycle to losses Ae¢ in this cycle.
Calculation using (6) yields

204E? @2 2 Se’E* »
Ag = 0Vt = Ay ~ ——=—t 9
3m?e? Yo me sy 2}/0mc2 ©)
and
3 /3mcdt
<Y =14/ . 10
Yo sV 46‘26 ( )

Atyg ~10*and 6 = 0.1 (estimates show that the scheme of the
laser synchrotron without an additional magnetic field can-
not be implemented), the equilibrium acceleration length L ~
ct is about 3 cm. In this case, the rotation angle in one accel-
eration cycle is ¢ = 0.053 ~ 3°. If we imagine a synchrotron,
consisting of sections of pairs of fused silica prisms, we need
360°/a(°) ~ 120 such pairs. The minimum radius R is around
50 cm, which gives the fundamental frequency of synchrotron
radiation [20] (fundamental overtone)

30t

The energy of the emitted photons will thus be ~ 0.15 MeV.

Note that if acceleration is carried out by ‘sections’, con-
sisting of two counter prisms, the radiation from such a sys-
tem will always be coupled out along the interface. This radia-
tion cannot create stray electrons that in a conventional syn-
chrotron are knocked out by radiation from the walls of the
tube, which can be an additional advantage of the laser syn-
chrotron.

Q=

6. Conclusions

Obviously, to demonstrate the effect of acceleration of elec-
trons at the output of the laser radiation onto the optical
interface under total internal reflection it is sufficient to
launch a relativistic electron beam with an initial electron
energy of yo = 10, parallel to the surface in the direction of
the field phase propagation. Without an additional (vertical)
magnetic field the transverse acceleration will occur in both
positive and negative directions of the x axis. In this case, it
will be possible to measure the electron deflection angle.
Re-acceleration of an accelerated electron bunch can be
implemented similarly, i.e. the process can be continued. In
this case, we will obviously lose electrons, approximately half
of them in each cycle, but the acceleration effect, including
multiple-cycle acceleration, can be registered. In the presence
of an additional magnetic field it will be necessary to control
the phases of accelerating laser pulses. Of course, it is also
necessary for the implementation of a synchrotron: here need
to catch a bunch with a desired phase of the accelerating field
in the prism slit, but this is a topic of a separate publication,
because the slit dynamics in these traps requires a separate
calculation (see, e.g., [10, 11]). Note that in a scheme with an
additional magnetic field the input electron velocity may be
somewhat greater than the field phase propagation velocity at
the interface; in this case, acceleration is also implemented,
but the calculation becomes more complex. Ideally, the initial
velocity of the electron should exceed the phase velocity of the
field, so that the electron first reached the opposite edge of the
trap under continuous braking, which continues in the trans-
versely accelerating phase up to a complete loss of synchro-
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nism. Then, the total acceleration length and synchronisation
period can be increased, apparently, up to two times.

Thus, in launching an electron beam along an optical
interface between vacuum and a transparent medium in the
case of an output of a pulse of polarised laser light under total
internal reflection, one can expect an increase in the particle
energy due to transverse acceleration. The use of many cycles
of successive electron acceleration and of a ‘loopback’ scheme
makes it possible to implement a laser synchrotron. The phys-
ical limit of the frequency of the synchrotron radiation of
such a device lies in the region of very hard gamma radiation.
Apparently, without an additional magnetic field this scheme
is not realisable.
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