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Characteristics of quasi-unipolar electromagnetic pulses formed
in the interaction of high-power laser pulses with nanoscale

targets”

V.V. Kulagin, V.N. Kornienko, V.A. Cherepenin, D.N. Gupta, H. Suk

Abstract. A new method is suggested for generating quasi-unipolar
electromagnetic IR and terahertz pulses. The method is based on
synchronous acceleration of electrons combined to a dense bunch
with a charge of up to several tens nanocoulombs, which are forced
out from a nanoscale target under an action of a high-power, sharp-
leading edge laser pulse. The electromagnetic bunch moving in a
field of laser radiation can generate high-power electromagnetic
pulses with various spectral composition including terahertz and IR
ranges. A physical mechanism underlying the formation of gener-
ated quasi-unipolar pulses of electromagnetic radiation is deter-
mined and numerically studied. The pulse characteristics are found
by numerical simulation, such as amplitude and duration depen-
dences on the angle between the pulse propagation direction and
laser beam axis. It is established that in modern laser installations,
the amplitudes of quasi-unipolar pulses may reach relativistic val-
ues. Reflection of a unipolar pulse from an ideally reflecting surface
is numerically analysed. It is shown that the pulse retains its unipo-
lar profile in this case.

Keywords: interaction of high-power laser pulses with matter, elec-
tron acceleration by laser pulses, generation of terahertz and IR
radiation, nanoscale targets.

1. Introduction

The terahertz frequency range is between the IR and micro-
wave ranges. Presently, studies on generation and application
of terahertz-range radiation are actively developing [1,2].
Terahertz radiation is widely used in remote probing, imaging
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of inner structure of objects, biological and medical diagnos-
ing, study of material characteristics, terahertz spectroscopy,
scientific investigations and other fields. Some applications
require a large amplitude of terahertz pulses, in particular,
investigation of nonlinear interaction in the terahertz fre-
quency range and nonlinear terahertz spectroscopy, which
will provide additional knowledge about properties of vari-
ous systems including quantum structures and biological
materials. One more application that is obvious is the employ-
ment of high-amplitude terahertz pulses for electron and ion
acceleration, including formation of a composite accelerating
field along with the laser pulse. In the latter case, terahertz
pulses with a high amplitude may be preferable.

A great number of schemes have been suggested for gen-
erating terahertz pulses with various power and duration
based on semiconductor materials, nonlinear optical crystals,
plasma, gas and solid-state media [3—5]. Many of such sche-
mes employ femtosecond lasers, for example, for photoswit-
ching semiconductor structures, optical rectifying or para-
metric oscillation in nonlinear crystals, formation of a wake-
field or filaments in gases, ionisation or excitation vibrations
on a surface of a solid-state target, etc. The most promising
for producing high-intensity terahertz fields are the appro-
aches, which employ various physical effects related to inter-
action of high-power laser pulses with plasma [6—15], because
in this case, there are no limitations due to the medium break-
down in a strong electromagnetic field. One more investiga-
tion field is the employment of solid-state nanoscale targets,
which have a dimension in one (or several) direction of at
most 100 nm. In the latter case, in certain conditions, quasi-
neutrality of plasma may be broken, and electron bunches
will be formed with charges of up to several tens nanocou-
lombs. Motion of such bunches in the field of a laser pulse
may have a complicated character, and high-power electro-
magnetic pulses will be generated at various frequencies inc-
luding terahertz and IR ranges [16, 17].

An example of nanoscale targets are nanofilms widely used
in laser-plasma experiments, which may have a thickness of
several nanometres and a transverse size of hundreds microme-
tres. At normal incidence of a high-power non-adiabatic laser
pulse to such a target, synchronous extrusion of all electrons
from the nanofilm may occur in the wavevector direction under
the action of a longitudinal (along the laser beam axis) Lorentz
force component; the electron velocity in this case reaches rela-
tivistic values [18, 19]. First experiments on generation of rela-
tivistic electron bunches from nanofilms approved realisation
of this scenario [20—22]. However, the efficiency of emission by
the whole electron ensemble in this case is low, because conven-
tionally, a transverse size of the film is greater than the laser
beam diameter. The field related to charge separation is con-
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centrated between a positively charged ion layer and negatively
charged layer of displaced electrons, these layers uniting at a
certain distance from the laser pulse axis.

The radiation efficiency at high-power pulse incidence
onto a target can be considerably increased by using nanoclu-
sters, nanorods (nanotubes) or nanofilm strips of limited
width. In this case, electrons forced out from the target may
coherently emit in perpendicular directions at an initial stage
of acceleration substantially enhancing the emission condi-
tions. An advantage of such targets is a possibility of simulta-
neous generation of unipolar and quasi-unipolar radiation
pulses (that is, pulses comprising approximately one oscilla-
tion period, in which the half-wave of one polarity has the
amplitude substantially exceeding that of the other polarity).
In generation of unipolar pulses, the pulse amplitude can be
substantial due to synchronous summation of the radiation
fields from various parts of the target.

In the present work, we study generation of unipolar pul-
ses in the terahertz and IR ranges in the case of high-power
non-adiabatic laser pulse incidence to a nanoscale target. For
such a target, we have chosen a nanofilm strip of thickness 10 nm
with a width of 0.14 or 44, where A = 1 um is the laser radia-
tion wavelength. The employment of two different types of
targets with the widths substantially less and greater than
wavelength A gives a chance to study coherently addition of
radiation fields of separate electrons. The physical mecha-
nism is suggested and numerically studied, which may lead to
generation of unipolar pulses of electromagnetic radiation.
The characteristics of such pulses have been found by numer-
ical simulation, in particular, dependences of pulse amplitude
and duration on the angle between the radiation propagation
direction and laser beam axis. It has been established that in
modern laser installations, the amplitudes of unipolar pulses
may reach relativistic values (electrons in the fields of such
pulses acquire a velocity close to the velocity of light already
in time intervals shorter than the pulse duration). In addition,
the process of unipolar pulse reflection from an ideally reflect-
ing surface has been numerically analysed, and it has been
shown that the pulse holds its unipolar profile.

2. Unipolar pulse generation under synchronous
shift of target electrons under the action
of a laser pulse

Unipolar pulse generation was studied by 2D numeric simula-
tion using a completely relativistic code XOOPIC [23]. The
laser pulse had a duration of three oscillation periods and was
non-adiabatic, that is, the amplitude of the first half-wave was
approximately the maximal pulse amplitude. In modelling,
the pulse linearly polarised along the z axis propagated along
x axis (the beam axis crosses the target centre, y = 304). The
field distribution along the transverse direction was Gaussian
with a beam diameter of 204 (at the field level 1/e), and the
dimensionless field amplitude was a, = 10. Hereinafter, the
dimensionless field amplitude is defined according to the
expression ay = eEy/(mcw), where E is the dimensional ampli-
tude of the laser pulse or the radiation field amplitude; w is
the laser pulse frequency corresponding to wavelength 4; e
and m are the absolute values of electron charge and rest
mass, respectively; and c is the speed of light in vacuum. The
target centre had the coordinates x = 204, y = 304; the target
width was 100 nm, its thickness was 10 nm, and the initial
electron concentration was n = 70n,,, where n,, = mw?*/(4me”)

is the critical concentration (in modelling, it was assumed that
the target transfers to the ionised state at the instant of laser
pulse arrival and plasma is cold and collision-free). The cell
size was 5.1 x 101 along the x and y axes, each cell contain-
ing 2500 particles (further reduction of the cell size and
increase in the number of particles increased the calculation
time rather than noticeably affected the modelling results).
The ion mass m; in modelling was taken 1840m.

A distribution of the radiation field component E. in the
interaction of the laser pulse with the target is presented in
Fig. 1a. After interaction, the target is positively charged bec-
ause all electrons are forced out from it already in a time sub-
stantially shorter than the field half-period and are shifted to
the right by the laser pulse (one can see a static field of the
target near the point x = 204, y = 304). It follows from Fig. la
that the radiation field is a spherical wave (cylindrical in the
case of 2D modelling), which propagates from the target with
a decreasing amplitude, all radiation parameters (the wave
amplitude, pulse duration and profile) varying along the pulse
front. In Fig. 1b, one can see a profile of the field component
E, along the straight line crossing the target in parallel with
the y axis after 20 field periods from the start of the interac-
tion. Similar unipolar pulses pass from the target up and
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Figure 1. (Colour online ) Radiation field for a laser pulse incident onto
a target in 20 periods after the start of interaction: (a) spatial distribu-
tion of the E, field component and (b) profile of this component along
the line crossing the target parallel to the y axis.
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down (Fig. 1a). The width (FWHM) of the pulses depends on
the angle ¢ from the laser beam axis and for vertical propaga-
tion it is ~ 0.55 laser field periods.

In 2D modelling, depending on the polarisation of laser
radiation, the pulse may efficiently interact with a point target
similarly to the interaction with a nanorod or to the interac-
tion with a nanocluster [17]. Indeed, if the laser pulse is polar-
ised along the z axis, the electric field is directed along the
nanorod (modelling is two-dimensional and the target is infi-
nite along the z axis) and a current may arise already at small
amplitudes, which will result in scattered radiation. If the
laser pulse is polarised along the y axis, then the field is
directed perpendicular to the target that is equivalent to a
cluster in this case; at small amplitudes, the current is absent
and emission occurs only when the field increases so that elec-
trons are forced out from the nanorod in the direction of the
x axis. In both the cases, when the target interacts with a non-
adiabatic pulse of sufficiently high amplitude, a single emis-
sion pulse will be formed with a unipolar shape [17].

3. Dynamics of motion of target electrons
in generation of unipolar pulses

Dynamics of target electrons was more thoroughly studied in
the case of unipolar pulse generation by the laser radiation

polarised along the y axis. In this case, the time profile of the
laser pulse was Gaussian with the full duration equal to two
field oscillation periods (with respect to the field level 1/e). All
the rest parameters of the laser pulse and target were the same
as in the modelling, which results are presented in Fig. 1. For
the target parameters chosen, the laser pulse amplitude is suf-
ficiently large in order to form a single radiation pulse corre-
sponding in shape to the pulse from Fig. 1b. Electron distri-
butions in space at four different instants (two, three, four,
and six periods of the laser field after the start of the interac-
tion) obtained from 2D modelling are shown in Fig. 2.

Prior to arrival of the laser pulse half-wave with the ampli-
tude close to maximal one, almost all electrons remain near
ions (Fig. 2a, before the interaction, the target resided at the
point x = 64, y = 204). This half-wave arrives two periods
after the interaction starts, simultaneously forces out all elec-
trons from the target, and electrons begin accelerate mainly in
the direction of the laser pulse wavevector, because ay = 10
and the pulse has a relativistic intensity.

Already during the first (since the start of acceleration)
field period, the dense electron bunch covers a distance of
~0.81 along the x axis (Fig. 2b). At the initial acceleration
stage, when electron velocities are sub-relativistic and the
electron bunch size is less than 0.1 (Fig. 2a), all electrons
from the bunch coherently emit, the most intensive emission
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Figure 2. (Colour online) Electron concentration distribution in space at laser pulse incidence onto the target after (a) two, (b) three, (¢) four and
(d) six laser field periods since the start of the interaction (image contrast is increased for better viewing a dense electron bunch).
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is in the direction perpendicular to that of motion. In further
motion, longitudinal velocities of bunch electrons become
relativistic, and per each period of the field, the x coordinate
of the bunch increases by almost a wavelength (Figs 2c and
2d). In this case, the shift in the direction of the laser pulse
field (in a transverse direction) during four periods is only one
wavelength (from y ~ 204 in Fig. la to y ~ 214 in Fig. 2d).
The size of the dense electron bunch in the process of motion
slightly increases (to 0.24 after two periods and 0.34 after
four periods). As a relativistic velocity is attained, the bunch
electrons, first, coherently emit in a direction close to the
direction of motion, which actually coincides with the wave-
vector of accelerating laser radiation for large field ampli-
tudes. However, the bunch size continues increasing, the
coherence of electron emission worsens, and the efficiency of
adding the fields from different electrons substantially falls.
Thus, in the vertical direction, only a single pulse is emitted
with a duration of approximately half the laser field period;
this occurs at the initial moment of dense electron bunch
acceleration (see Fig. 1).

Numerical simulation shows that relativistic motion of
the bunch along the x axis still continues for at least several
tens of periods of the laser field. During this time, the bunch
spreads due to Coulomb repulsion between electrons, its den-
sity falls and dimensions increase. Part of electrons start to
turn back due to ion attraction, this process being asynchro-
nous in contrast to the synchronous acceleration at the begin-
ning, because the first electrons that start to turn back are
those the most close to bunch ions for which the Coulomb
force is the strongest. Then, the following electrons turn back
and so on. While stopping and turning back to a positively
charged target, bunch electrons generate the pulses of oppo-
site polarity (as compared to synchronously emitted pulse),
which now add incoherently; hence, their total intensity is
substantially lower than that of coherently added pulses emit-
ted by electrons at the instant of their departure from the tar-
get. From Fig. 2, one can see that during the initial accelera-
tion, there are also electrons, whose motion is asynchronous
with that of the bunch (light-blue domains in Fig. 2), and even
backward motion to the target is possible. However, the con-
centration of such electrons is low, and the occupied domain
has characteristic dimensions equal to half the wavelength
and more; hence, the radiation emitted by these electrons is
weak. Thus, the interaction of high-power laser pulses with
nanoscale targets may result in generating emission in the
form of an unipolar pulse. Note that for an insufficient ampli-

tude of the laser pulse, the asynchronous electron motion may
result in forming a quasi-unipolar pulse when a noticeable
spike of opposite polarity arises.

Characteristics of the generated emission substantially
depend on the dynamics of electron motion in the field of a
laser pulse and in Coulomb field of ions. In particular, elec-
trons can be totally forced out from the target only if the pulse
amplitude exceeds a certain threshold value [18, 19]. In addi-
tion, synchronism of electron motion at the initial accelera-
tion stage is higher for laser pulses with a sharper edge; for
pulses with the pulse-rise time substantially shorter than the
wave period (non-adiabatic pulses), synchronism is almost
perfect. In the latter case, the amplitude of emitted radiation
increases. In the result, short laser pulses with a sharp leading
edge are preferable for generating such radiation, which is
confirmed by results of the numerical simulation.

4. Angular dependence and amplitude
of unipolar radiation pulses in the case
of wide targets

Characteristics of an emitted unipolar pulse substantially
depend on the angle of its propagation direction relative to
the laser pulse axis. Pulses emitted at various angles are pre-
sented in Fig. 3 for a point target similar to that used in the
modelling, whose results are shown in Figs 1 and 2. As the
angle increases, the pulse duration becomes first longer and
then shorter, the amplitude monotonously falls. Note that in
a direction close to the pulse propagation direction and in the
backward direction, the pulse amplitudes substantially differ
(see Fig. 1a), which is related to relativistic deformation of the
directional pattern of the radiation (electrons have a prefera-
ble direction of motion, which coincides with the propagation
direction of the laser pulse).

The possibility of forming unipolar radiation pulses in the
interaction of a laser pulse with nanoscale targets allows one
to substantially increase the amplitude of generated pulses by
using a wide strip target (extended along the y axis), that is,
due to increasing the target area and, consequently, the charge
in accelerated electron bunch. In addition, the pulse duration
also increases. Indeed, in the case of a wide target, radiation
from more distant parts arrives at the observation point with
a delay; however, since the sign of the field is the same, the
pulse efficiently extends. The maximal radiation delay will be
when it propagates in the direction perpendicular to the laser
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Figure 3. Profiles of the E, field component for pulses emitted at the angles ¢ = (a) 30°, (b) 60° and (c¢) 90° relative to the x axis in 30 periods after
the start of interaction ( the horizontal axis is distance / normalised to A along the target crossing straight line in Fig. la from its left bottom end).

Parameters of the laser pulse and target are similar to those in Fig. 1.
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Figure 4. (Colour online) (a) Space distribution of the radiation field component E, after 30 periods from the start of the interaction and (b—d)
profiles of pulses emitted at the angles ¢ = (b) 30°, (¢) 60° and (d) 90° relative to the x axis. The target centre is at point x = 304, y = 334, the rest

parameters of the laser pulse and target are similar to those in Fig. 1.

pulse axis, that is, along the x axis. An example of such pulse
generation is given in Fig. 4a, where the pulse amplitude rea-
ches relativistic values (teravolts per metre) even at a distance
of 304 from the target; the pulse duration is several periods of
the laser field. In this case, the target width (the size along the
y axis) is 44, and the amplitude of laser pulse required for
synchronous electron motion is @y = 30. The rest parameters
of the laser pulse and target are the same as in Fig. 1. Profiles
of the pulses emitted at the angles of 30°, 60°, and 90° relative
to the x axis are presented in Figs 4b—4d.

In Fig. 5, one can see modulus of the spectrum of the pulse
shown in Fig. 4d. The spectrum has a relatively narrow peak
at low frequencies and a wide pedestal, which are explained
by two different physical processes. The first process is related
to sufficiently slowly falling amplitude of the radiation pass-
ing from distant target parts with coordinates z # 0 (in a 2D
modelling, the target is infinitely long in the z-axis direction),
which results in forming a falling field tail in Figs 4b—4d. The
width of this spectral part (FWHM) is ~ 6.4 THz (the total
width of the principal lobe is 13 THz). The second process
related to summation of fields from the target parts (of width
4]) residing at z = 0 has a substantially wider spectrum with
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Figure 5. Modulus of a spectrum of the pulse shown in Fig. 4d.

the FWHM of ~ 32 THz, which corresponds to the upper
terahertz range (the total width of the principal lobe of this
part is 74 THz). The FWHM duration of the pulse in Fig. 4d



Characteristics of quasi-unipolar electromagnetic pulses formed in the interaction of high-power laser 793

is 20.5 fs, and the product of the bandwidth to pulse duration
is 0.65, which is typical for pulses without high-frequency fill-
ing. Nevertheless, note that the spectrum amplitude of such
pulses has a finite value at low frequencies, and radiation with
frequencies substantially lower than 32 THz can be separated
by corresponding filters. Spectra of pulses in Figs 4b and 4c
are similar to the spectrum of Fig. 4d, the width of the wide-
band spectrum part varying according to the pulse duration.

Amplitudes and durations (E, field component) of gener-
ated pulses for the modelling, results of which are shown in
Figs 3 and 4, are presented in Fig. 6 as functions of angle ¢
from the pulse axis. In both the cases, the amplitude of the gen-
erated unipolar pulse falls monotonically as the angle increases.
At the same time, for a narrow target, the pulse duration has a
maximum near ¢ =45° (Fig. 6a), and for a wide target the pulse
duration increases monotonically with the angle due to addi-
tion of radiation fields from different target parts and exceeds
six laser radiation periods at ¢ = 90° (Fig. 6b). The formation
of such a pulse requires a petawatt-level power, which has been
realised long ago in high-power laser installations. Further
increase in a target width will provide a greater amplitude and
duration of the generated unipolar pulse.
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Figure 6. Dimensionless amplitudes (0) and durations (normalised to the
laser field period; %) of generated pulses vs. angle ¢ from the laser beam axis
for the modelling results presented in (a) Figs 1, 3 and (b) Fig. 4b.

The factor of energy conversion from laser radiation to
generated pulse (energy efficiency of the process) depends on
the requirements to parameters of such pulses. Having in
mind the generation of unipolar pulses with the longest dura-
tion, we can estimate the energy of generated radiation in the
angle interval 45°-90° relative to the laser beam axis because
the duration of pulses generated in this interval varies slightly
according to Fig. 6b. Taking into account the 2D character of
our modelling and that the laser pulse is not adiabatic, in view
of the fact that the radiation passes up and down (see Fig. 4a),
we obtain the conversion factor of ~ 1.3% for the angle inter-
val mentioned above and for a target of width 4. Since the

radiation is formed at the front of a laser pulse, the duration
of the latter may be reduced as compared to the modelling
value (31); in addition, the laser beam diameter can be red-
uced, which will increase the energy efficiency of the genera-
tion process.

Thus, from Figs 4—6, one may conclude that in the intera-
ction of high-power laser pulses with strip targets, radiation pul-
ses with a duration much longer than the laser field period can
be generated. At a sufficiently large width of the target, such
pulses with a relativistic amplitude correspond to the IR or
terahertz ranges. The efficiency of generating such pulses cal-
culated from the generated energy may reach units of percent.

5. Reflection of unipolar electromagnetic pulses
from an ideally conducting surface

In applications, rather important is the possibility to form the
front of a unipolar electromagnetic pulse and vary the direc-
tion of its propagation, in particular, by means of focusing.
Reflection of a unipolar electromagnetic pulse with a plane
phase front from an ideally conducting surface is numerically
analysed below. The modelling was performed in a 2D rectan-
gular domain. Conditions of the zero tangential component
of an electric field component are fulfilled at upper and lower
boundaries of the domain. The permittivity and magnetic per-
meability inside this domain are unity (vacuum). A unipolar
pulse with a plane front propagates along the x axis from the
left boundary (Fig. 7). The pulse polarisation is such that only
H_ component of the magnetic field is distinct from zero.
Near the right boundary, a conducting wedge is placed with
transverse (along the y axis) and longitudinal (along the x
axis) sizes substantially greater than the length of the incident
pulse along the x axis.

Let us find a spatiotemporal configuration of the field
reflected from the wedge. This problem is solved by numerical
simulation using the algorithm based on finite-difference
approximation of Maxwell’s equations in the differential form.
For convenience, in this section, time is normalised to the
duration of an incident pulse 7, determined with respect to
half the maximal amplitude; the spatial coordinate is nor-
malised to the value ct.

2%
Ta%%"

2R H I RIRIRRRHHIIRIRRRHHKA

R

RRRLRHLRRRLRRLRHRRRHLRHRALS

o
%
9,
%o
Q%
0
Q
Q%
QX
Q
Q
QX
QX
R
K

4
Ko
2%
K5
2
:0
&0
"
’0
’0
"
’0
’0
&0
&0
’.
oo
o%s
oy
X

oo
%

%p

o

IR IR IRIRIR I I IIRIRIRRHKIHKIRIRIRIRRHHKKKS

2R IR IRIRRRHXHXHRHRRRAK RN

KKK
zg%

K

KKK
%%

&5
%
25
o
o

o o
XK XK AKX IR IR KKK K IK KR HK KKK IR IR
R
OO0 00 0000000000000 0000

ot
3K
Q’

s
o

oo
3

o
RRRKS
o
XXX
'S

o2
3258
5

R
‘:::

R
RRR
XK
s

£

Figure 7. Spatial distribution of the magnetic field at a fixed instant:
(1) incident pulse; ( 2) reflected pulse; (3) upper boundary of a simula-
tion domain; (4) ideally conducting inclined plane; (5) observation
point; arrows show propagation directions for the incident and reflected
pulses.
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In Fig.7, a spatial distribution is presented for the mag-
netic field component H. of a unipolar pulse at a fixed instant
when the pulse is near the right top angle of the simulation
domain. As follows from Fig. 7, the incident angle of the uni-
polar pulse equals the angle of reflection. Figure 8 presents
the time dependence of the component H. at the observation
point (5) in Fig. 7 distant from the reflecting surface by ~ 7ct.
According to Fig. 8, in reflection from the ideally conducting
surface, the unipolar pulse holds its time profile, that is, the
reflected pulse is unipolar as well. A reduction of the ampli-
tude of the reflected pulse (2) as compared to pulse / in Fig. 8
is related to the choice of the observation point (5).

1.0F

H_ (rel. units)

0.6 -

0.4r

0.2

0 5 10 15 tlt

Figure 8. Dependences of the magnetic field for (/) incident and (2)
reflected pulses on time at a fixed observation point (5) (see Fig. 7).

Thus, in the considered case, the spatiotemporal configu-
ration of the reflected field is similar to that of the initial
pulse. If a focusing surface is used (parabolic and spherical
mirrors and so on), the reflected pulse will also be focused,
which will provide a concentration of terahertz radiation in a
wide angle. Note that conventional optical elements (lens,
prism, and so on) cannot be employed in the case of unipolar
pulses, because propagation of such pulses in a medium pos-
sessing frequency dispersion of permittivity destroys the uni-
polar structure of pulses in a very short time.

6. Discussion of results and conclusions

Experimental realisation of the scheme suggested for generat-
ing unipolar pulses in terahertz and IR ranges by a high-
power laser pulse falling onto a nanoscale target requires the
fulfilment of several conditions. First, the target should be
appropriately placed and fastened in order to make the inter-
action with the laser pulse most efficient. This problem has
been solved already for nanofilms and nanorods (nanotubes).
For single clusters (not for a system of chaotically placed clus-
ters), a solution has not been found yet. Second, the laser
pulse should have a sufficiently high contrast in order to pro-
vide a non-ionised state of the nanoscale target prior to the
arrival of the laser half-wave possessing the maximal inten-
sity. This problem has also been solved experimentally by
using plasma mirrors, which allow one to increase the con-
trast of the initial laser pulse by several orders in magnitude.
Plasma mirrors are now employed in many laser installations

of terawatt power. Finally, the laser pulse should be relativis-
tic and have a sufficiently sharp leading edge. Schemes for
generating short relativistic laser pulses (with a duration of
about two field periods and less) have already been suggested
and experimentally verified; however, the pulse amplitudes
are relatively small yet (ag < 10). An alternative approach is
the employment of methods for sharpening the leading edge
of high-amplitude laser pulses based, for example, on nonlin-
ear transparency of the target. However, results of only ana-
lytical calculations and numerical modelling are available in
this field; the approach itself needs experimental approval.

Thus, in this work, the scheme for generating unipolar
pulses in the IR and terahertz ranges is suggested and anal-
ysed basing on the interaction of high-power non-adiabatic
laser pulse with a nanoscale target (a nanofilm strip with a
width from a fraction to several ). The physical mechanism is
considered and numerically studied, which may lead to the
formation of unipolar pulses of electromagnetic radiation.
The characteristics of such pulses for various target widths
have been found by numerical simulation, in particular, dep-
endences of pulse amplitude and duration on the angle bet-
ween the emission direction and laser beam axis. It has been
shown that one can control the pulse duration by varying the
target width; in modern laser installations, the amplitudes of
unipolar pulses may reach relativistic values (the field inten-
sity is approximately several teravolt per meter). In addition,
the reflection of a unipolar pulse from an ideally conducting
surface has been numerically analysed and it has been shown
that the pulse profile in this case holds its unipolar shape.
Quasi-unipolar terahertz pulses of high amplitude may be
efficiently used for accelerating electrons and ions, including
the formation of a composite accelerating field in conjunction
with the laser pulse.
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