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Abstract—A method is proposed for calculating an external source that formswhen hard radiation is absorbed
by matter. The relevant electrodynamic problem is solved by numerical modeling. It is shown that the current
density vector can be localized in space and time. © 2001 MAIK “ Nauka/Interperiodica” .

The investigation of electromagnetic waves accom-
panying the absorption of gamma-ray photons by mat-
ter implies a calculation of the macroscopic current
density vector, i.e., an external source for the el ectrody-
namic problem. The objective of this paper is to con-
sider the formation of a current pulse during the irradi-
ation of a gas medium by a collimated beam of hard
radiation. The method of calculation is described, and
the spatiotemporal structure of electromagnetic wave
sources moving at the speed of light is calculated. The
methods of numerical modeling are applied. The
numerical code is devised with the use of the GEANT
software package [1], which is widely utilized in
nuclear and high-energy physics. Account is taken of
the main processes of the interaction of photons with
matter (photoabsorption, Compton scattering, and pair
production), as well as of the secondary effects of the
interaction of delta-el ectronswith matter and ionization
processes induced by the secondary electrons. Elec-
trons with energies lower than ten kiloel ectronvolts are
not taken into consideration. The input to the code
includes the data on the elemental composition of the
absorbing region and its geometry, as well as on the
spatiotemporal distribution of the primary gamma-ray
photons and their momenta. Thiswork is motivated by
recent studies on the formation of highly directed,
strongly localized (in both space and time) electromag-
netic waves by sources propagating at the speed of light
[2-8]. Note that, in [2-8], the sources (the current den-
sity vectors) were specified heuristically rather than
calculated. In calculations of the electromagnetic radi-
ation from nuclear explosions [9, 10], the current den-
sity was determined using a simplified model. It was
assumed that the electrons produced during absorption
of gammaray photons by matter keep their initial
velocity unchanged along the path of propagation and
then stop abruptly. The spread in vel ocities and g ection
angles of the electrons, as well as secondary effects,
were neglected. These simplifications had to be made

because, at that time, there were no adequate computers
and numerical methods.

A schematic of the numerical experiment is shown
in Fig. 1. The geometry of the problem is chosen to sat-
isfy the requirements imposed on the spatiotemporal
structure of the source by the familiar solutions to the
electrodynamic problem of the formation of directed
waves [4-8]. A homogeneous absorbing medium is
bounded by acylindrical surface and by two planesthat
are orthogonal to the cylinder axis, along which a spa-
tiotemporal o-pulse of primary radiation propagates.
The origin of the coordinate system is chosen to be
located at the point O(x =0,y =0, z= 0), which liesin
one of thetwo planes. The z-axisisassumed to coincide
withthe cylinder axis. Theinitial instant is chosen to be
the time at which agammarray pul se passesthrough the
boundary of the absorbing region. The results presented
below were obtained for 10-MeV gamma-ray photons
propagating through air at a pressure of 10 atm. In
Fig. 1, the electron trgjectories are shown by the solid
lines, and the trgjectories of gamma-ray photons are
represented by the dashed lines. We can see that the
electrons are concentrated near the z-axis.

The spatiotemporal distribution of the current den-
sity j(r, t) is determined by the current density vectors
Jav, (r, t) in the volume elements AV, ((x, % + AX), (¥,
v, + Ay), (z, z + A2)) in space. In each of the elements,

the current density vectors of individua electrons is
summed:

N;

- _1

JAVi(rlt) - AV Zlev(raV t)!
a=

where AV = AXAyAz, v(r,, t) and r (X, Y, z, t) are the
velocities and coordinates of the electronsin an absorb-
ing medium at thetimet, and N, is the number of elec-
trons in the volume element AV,.
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Fig. 1. Schematic of the model experiment. A 20-m long
and 20-m-diameter cylindrical region is filled with air at a
pressure of 10 atm. The energy of the primary gamma-ray
photonsis 10 MeV. The solid lines are the el ectron trajecto-
ries, and the dashed lines are the trajectories of gamma-ray
photons. The upper frame presents the region around the z-
axison an enlarged scale.

The centers of the volume element AV, are assigned
the vectors j »y, (r, t). The histograms describing trans-

versedistributions of the z-component j(r, t) of the cur-
rent density vector at fixed t and z are shown in Fig. 2.
For the above parameters of the model experiment, the
half-width AR, of thedistribution j(r, t) issmaller than
60 cm. Thisvalue of AR; is an estimate of the extent to
which the forming source islocalized in the transverse
direction at the chosen observation time.

Figure 3 shows how the shape of the current pulse
changes from cross section to cross section along the
absorbing region. For the above parameters of the
medium and for the above energy of the primary radia-
tion, the pulse duration T at a level of 0.1 of the peak
amplitudeisshorter than 2 ns, which correspondsto the
spatial extension AZ, = cT < 60 cm (where c is the
speed of light). This value of AZ, is an estimate of the
spatia localization of the current along the z-axis. In
Fig. 3, we can a so seethat the current pul se propagates
at the speed of light.

The above estimates of the longitudinal and trans-
verse localization of the pulse enable us to draw the
following conclusion: for the chosen parameters of the
model experiment, theirradiation of agas medium by a
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Fig. 2. Histograms of the transverse distributions of the z-
component j(r, t) of the current density vector at the time
t =500 ns in the cross sections separated by a distance of
0.2 m aong the z-axis.

collimated gamma-ray beam during the time interval
under consideration leadsto the formation of aspatially
localized region that propagates at the speed of light
and in which j(r, t) # 0. Hence, a simplified model in
which the external source is represented by a delta-
pulse of the current propagating at the speed of light
along a straight line [7] can be employed in electrody-
namic calculations of directed electromagnetic waves.

The method proposed here for calculating the cur-
rent density vector j in electrodynamic problems can be
used to model other sources propagating at the speed of
light (in particular, the sources that giverise to directed
waves [5, 6, 11]) by specifying the required distribu-
tions of the coordinates and momenta of the primary
gamma-ray photons.

The proposed method for calculating the current
density vector j can also be used to determine the shape
of acurrent pul se propagating faster than light (asuper-
luminal source of radiation). An example of the forma:
tion of a superluminal source was given in [12], in
which the front of a hard radiation pulse was assumed
to be incident at an angle to the symmetry axis of an
extended absorbing region.
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Fig. 3. Waveforms of the current pulsein different cross sec-
tions of the absorbing regionsfor 10-MeV primary gamma-
ray photons.

The main results of the present work can be summa-
rized as follows. A method is proposed for simulating
an el ectromagnetic wave source that formsin the inter-
action of hard radiation with matter and propagates
with aspeed that isequal to or greater than the speed of
light. The transverse and longitudinal localization of
the current density vector in agas medium irradiated by
a collimated gammarray beam is estimated under the
conditions chosen for the numerical experiment. The
use of a model in which the external source is repre-
sented by a delta-pulse of the current propagating at the
speed of light along a straight line isjustified.
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