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Plenary Session

MODERN TRENDS AND DEVELOPMENT IN HIGH-DOSE LUMINESCENT MEASUREMENTS

V.KORTOV, S.NIKIFOROV, S.ZVONAREV, YU.USTYANTSEV

Ural Federal University, Mira Street, 19, Ekaterinburg, 620002, Russia, vskortov@mail.ru, +7.343.375-44-43

At present there is an intensive development of radiation technologies employing high-dose radiation
to modify material properties, sterilize medical products and to perform other industrial processes. High-dose
detectors are used in radiation monitoring of nuclear power station (NPS) equipment and storages for spent
nuclear fuel. Such detectors are necessary also after large accidents at NPS (like Chernobyl and Fukushima).
In most cases measurement of radiation doses as high as several dozens or hundreds of kGy is required.

This talk presents the results of thermoluminescent and dosimetric property investigations of some
high-dose detectors. On the basis of this analysis one can conclude:

e At present several successful researches on luminescent and dosimetric properties of some materials
suitable for high-dose detector manufacture have been carried out. A number of such materials can be
expected to increase, as there is no tissue equivalence requirement for high-dose luminescent detectors.

e Highly sensitive luminescent detectors (e.g. a-Al,03:C, LiF:Mg,Cu,P) can be used to measure both
low doses in personal radiation monitoring and high doses in radiation technologies.

e  Crystals with deep traps are very prospective for high-dose measurements, because efficient filling
of the deep traps starts with high-dose irradiation. Deep traps exist in non-irradiated a-Al,O3:C crystals
(TLD-500 detectors) and are found after intensive irradiation under high-temperature heating. It was shown
that TL peak height at T,,=430 K of TLD-500 detectors changes linearly in the range from 1,5 kGy to 80
kGy.

o High-dose detectors should be radiation-resistant. Higher radiation resistance is typical for low-
dimensional materials (glass, ceramics), nano- and hetero-structures.

e A great role in the change of TL and dosimetric properties of detectors after high-dose irradiation is
played by the processes of new trapping center formation including those with the aggregate defects
involved.

o Itisnecessary the development of special annealing procedures after high-dose detector irradiation.

The existing experimental challenges in development and use of high-dose TL detectors are not
significant and will be resolved.


mailto:vskortov@mail.ru
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Oral Session Intense electron and ion beams

HARD X-RAY GENERATION IN A RADIAL FOIL ROD-PINCH DIODE

S.A.SOROKIN

Institute of High Current Electronics SB RAS, 2/3 Akademichesky Ave., Tomsk 634055, Russia,
E-mail: s.sorokin@rambler.ru, Phone: +7(382-2) 492322

Experimental results of the low-impedance diode formation in a radial foil rod-pinch diode are
presented. In these experiments, an aluminum foil is placed between concentric electrodes of a rod-pinch
diode. The radial foil is subjected to the current pulse from the MIG generator (1 MV, 1.5 MA, 80 ns) and is
accelerated in the axial direction by the Jx B force. The largest Jx B force at small radii close the anode rod
leads to the largest foil mass axial displacement and the formation of a radial gap between the anode rod and
the remaining foil. Strongly-pinched self-magnetically-limited electrons flow to the tip of the rod, once
sufficiently high gap voltage is reached. A point-like hard x-ray source is formed at the rod tip. The foil
thickness and the length of the rod extension beyond the radial foil are chosen so that the foil plasma moves
past the end of the rod at the peak of generator current. Several successive intense bremsstrahlung pulses are
formed as the result of current reconnections in the foil and rod plasmas.



Intense electron and ion beams Oral Session

DYNAMICS OF THE MOLTEN METAL IN A VACUUM ARC CATHODE SPOT: SPLASHING
THRESHOLD?

G.A. MESYATS*, N.M. ZUBAREV**

*Lebedev Physics Institute, RAS, Leninskii pr. 53, Moscow, 119991, Russia
**|nstitute of Electrophysics, UB, RAS, ul. Amundsena 106, Yekaterinburg, 620016, Russia, nick@iep.uran.ru, +7(343)2678776

It is known [1] that microcraters are formed on the cathode during the operation of a vacuum arc. Their
occurrence is related to the extrusion of the metal molten due to Joule heating by the pressure of the cathode
plasma. In the present work, we study the principal parameters that govern the behavior of a liquid metal (for
definiteness, we consider molten copper) at near-threshold currents (an arc cannot be ignited if the discharge
current is below the threshold value, 1, =1.6 A [1,2]).

Possible regimes of motion of the liquid are convenient to analyze with the use of two dimensionless
groups: the Weber and Reynolds numbers, We =pU2D/O' and Re=UD/v, where D is the characteristic

size of the region occupied by the liquid, U is the velocity of its extrusion, o is the surface tension
coefficient of the liquid, and v is its kinematic viscosity. For liquid copper whose temperature is a little
above the melting point, we obtain We ~ 360 and Re ~960 [3].

We suppose that the problem concerning the extrusion of the molten metal from a microcrater is similar
to the classical hydrodynamic problem of a liquid drop impact on a solid surface. According to Refs. [4,5],
the condition under which a regular behavior of a liquid upon droplet impact on a plane solid surface (its
spreading over the surface) will go into a singular behavior (splash accompanied by formation of jets and
secondary drops) is the following: K ~We” xRe*** >K_, where K, ~1320 and a~0.817 (K is the
splashing parameter and K, is its critical value). This criterion allows one to determine threshold values of

the pressure ( P,) and of the electric current passing through a cell of an arc cathode spot (I,):

B 7Z'PSD02 P Kspl—aO_aVZ(l—a)

4ui7/i ! s 2(1+a)/3 DOZ—a
where D, =2"°D is the diameter of a hemispherical microcrater, u, is the characteristic velocity of the ions,
y; is the ion erosion rate (mass removed per unit charge). If these values are exceeded, i.e., 1 > 1, or, which
is the same, P >P,, the regular regime of extrusion of the molten metal from the crater becomes singular.
We obtain with the help of this formulas (see details in Ref. [3]) that I, 1.4 A and P, ~5.5x10" Pa . Recall
that the threshold arc current I is ~1.6 A. Thus, the conditions under which the formation of jets and
drops of liquid metal extruded from a crater becomes possible almost coincide with the threshold conditions
for a self-sustaining vacuum arc.

The estimates obtained count in favor of the supposition of the critical importance of hydrodynamic
processes in self-sustaining electric arcs. In particular, in the context of the idea that the formation of liquid
metal jets is necessary for the initiation of new explosive-emission centers [1], these estimates give grounds
to relate the existence of a threshold current for electric arcs to the existence of a threshold for singular
hydrodynamic processes in liquid metals (i.e., a threshold for the formation of microjets and microdrops of a
liquid metal extruded from a crater). In other words, it is possible to identify the threshold current of an
electric arc, I, with the threshold current for splashing of the liquid metal from the crater, I..

S

REFERENCES

[1] G. A. Mesyats // Phys. Usp. — 1995. — V. 38. — P. 567.

[2] I. G. Kesaev // Cathode Processes in an Electric Arc. — Moscow, Nauka, 1968.

[3] G.A.Mesyatsand N. M. Zubarev // J. Appl. Phys. — 2013. — V. 113. — P. 203301.
[4] G.E. Cossali, A. Coghe, and M. Marengo // Exp. Fluids. — 1997. — V.22, — P.463.
[5] C.BaiandA. Gosman // SAE Technical Paper. — 1995. — P. 950283.

! This work was supported by the Russian Foundation for Basic Research (grant no 14-08-00235 and 13-08-96010_r_ural) and by the Presidium of
the Russian Academy of Sciences in the framework of the program 29P.
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Oral Session Intense electron and ion beams

COMPARATIVE ANALYSIS FOR DIFFERENT MATHEMATICAL MODELS
IN ELECTRON OPTICS

V.YA. IVANOV
ICT RAS, 6 Lavrentiev prosp., Novosibirsk, 630090, Russia, vivanov.48@mail.ru,+7(913)486-9002

The problem formulations in electron optics are very multifarious. It is well common to split them onto
two main classes: non linear self-consistent problems of high-current beams, and precision problems of the
image electronic devices. Different physical problems generate the set of different mathematical models.
Thus, the efficiency of any particular model depends on the features of the physical problem formulation. In
the paper we make the comparative analysis of computational efficiency for four mathematical models:
pseudoviscosity method, “pipe-current” method, aberration approach and principal ray method.

The pseudoviscosity method is the sort of relaxation methods. It is based on use the non stationary
algorithm to find the stationary solution as the limit of non stationary physical process. Normally it is
formulated as the combination of Maxwell’s solver for the field problems, and “particle-in-cell” model for
the particle dynamics. This method is extremely useful to detect the instability regimes for the almost
stationary problems, but it is very inefficient for the true stable problems comparing with the other methods
mentioned above.

The “pipe-current” method is the most popular method to simulate the stationary optics of high-current
relativistic beams. It includes the set of equations for self-consistent problem: field equation (Poisson’s
equation), motion equation (Lorentz equation), and continuity equation for the charge and current
conservation law. This method has slightly different formulations for laminar and non laminar flows of
charged particles.

The aberration approach is a version of more general perturbation theory applying to the light and
charge particle optics. The general idea of this method is based on the expansion of the solution for
trajectories on the set of small parameters of the problem, which gives the main advantages of high accuracy
and reduces the computation time on many orders comparing the “pipe-current” method. Main disadvantage
of this approach is that it is applicable for narrow enough beams only.

The principal ray method remove the limitation of the aberration approach, as it combine all positive
features of the “pipe-current” and aberration methods in terms of the accuracy and efficiency of the solution.
It is applicable for stationary and non stationary, self-consistent and weak current optics also.

The analysis of mathematical models is provided with the examples of numerical design carried out
with use the computer codes implemented by the author.

REFERENCES

[1] Astrelin V.T., lvanov V.Ya. The code for simulation of high-current beams of relativistic particles //Autometria. — 1980. - Ne3 .-
PP.92-99.

[2] Ivanov V.Ya. //Computer Aided Design of Physical Electronic Devices (in 2 volumes). — Institute of Mathematics of RAS
Publishing, 1986.

[3] V. lvanov. //Proc. 2nd Int. Conf. on Computations in Electromagnetism. Nottingham, May 13-15, 1994. UK.

[4] V. Ivanov, K. Ko, A. Krasnykh, L. lves, G. Miram. 3-D method for the design of multi or sheet beam RF sources. //SLAC-PUB-
9366.

[5] Ivanov V., Brezhnev V. New formulation of the synthesis problem in electron optics. //Nucl.Instrum.Meth.A, - V.519. — 2004. —
PP.117-132.

[6] Ivanov V. LFSC - Linac Feedback Simulation Code //User’s Guide. Fermilab-TM-2409-CD, 2008.

[7] Ivanov V. Green’s Function Technique in Forming of Intensive Beams // Int. J. of Modern Physics A. - Vol.24. -, No.5. -2000.
— PP. 869-878.

[8] .lvanov V,.Insepov Z., .Antipov S. Gain and Time Resolution Simulations in Saturated MCP Pores // NIM A, 52549. — 2010
PP. 02291-6.

[9] Insepov Z., Ivanov V., Jokela S. J. Veryovkin I. et al., Comparison of Secondary Electron Emission Simulation to Experiment,
NIM A, 52549. - 2010.
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Intense electron and ion beams Oral Session

THE ANGLE DEPENDENCE OF A ION FLOW PARAMETERS IN A ELECTRON BEAM -
PLASMA CLOUD ACCELERATION PROCESS.'

LL. MUZYUKIN*, D. VOLZHANINOV**

* Institute of Electrophysics, Russian Academy of Sciences, Ural Branch, 106 Amundsena st., Ekaterinburg, 620016, Russia,
plasmon@mail..ru

** Ural Federal University 620002, 19 Mira street, Ekaterinburg, Russia

It has been reported [1] that plasma acceleration by a electron beam results in a ion energy spectra that
coincides with energy ion spectra of a pulsed vacuum discharges. Thus, one can assume that acceleration of
plasma by electron beam is the basic plasma acceleration mechanism in a different types of a vacuum
discharges . This work is devoted to examination the process of a plasma cloud expansion in a vacuum under
different angles to electron beam direction.

20kV
100ns

Fig. 1. Experimental setup C-Cathode, A-Anode, pc- plasma cloud, spr-Tomson spectrometer

Experimental setup is presented at Fig.1 It was revealed that electrons and ions of a plasma cloud are
being accelerated in a wide space angle (+- 60 degrees). Energies of a charged particles decrease with angle
growth. Space angle of hydrogen ions expansion is larger than 60 degrees. Space angle of heavy ions
expansion is less than 45 degrees.

REFERENCES
[11 LL. Muzyukin // Discharges and Electrical Insulation in Vacuum (ISDEIV), 2012, Page(s): 619 - 622,— 1657

! This work was supported in part by the Russian Fundamental Research Foundation under Awards 14-02-00575, 14-08-01137, 13-08-00619, 12-08-
00310 and in part by Presidium UB RAS Project 12-P-2-1027
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Oral Session Intense electron and ion beams

INVESTIGATION OF PLASMA BUNCHES GENERATED BY PULSED SURFACE FLASHOVER
IN VACUUM?

P.A. MOROZOV, R.V. EMLIN, I.F. PUNANOV, K.A. KHRUSHCHEV
Institute of Electrophysics UB RAS, 106 Amundsena street, Yekaterinburg, 620016, Russia, Ifd@iep.uran.ru, +7(343)267-88-26

Pulsed surface vacuum flashover has been investigated for quite a long time and still attracts researchers
attentions. In spite of the fact that a big number of works devoted to this complex phenomenon have been
published, there are many problems to solve. A lot of problems arise in practical applications, especially in
such spheres as pulsed plasma thrusters [1] and vacuum switches [2].

In this work the parameters of plasma bunches, that are generated during surface flashover on

fluoroplastic were investigated in vacuum down to 6 — 4- 1074 mm of Hg. Pulsed generators having different
output energy were used. Voltage under no load made 120-140 kV, rise times were 40-50 ns. Energy stored in
the output stage of the generator was up to 5 J.

It has been shown that the generated bunch of particles propagated at a constant speed. The average
velocity of the bunch slightly depends on pulse energy. The average velocities from 60 to 100 km/s were
detected. The maximum average velocity is limited by 200 km/s. Plasma density (ion concentration) in the
bunch depends on polarity of voltage pulse, discharge gap, and electrode geometry. Dependence of the shape
of ion current signal on interelectrode distance and electrode geometry is considered. The energy of ions in
the bunch of particles corresponds to thermal acceleration.

REFERENCES

[1] W.J. Guman, D.M. Nathanson // Journal of Spacecraft and Rockets. 1970 Vol 7. No 4. PP. 409-415
[2]1 S.M.Hu, X.L.Yao, J.L. Chen // IEEE Transactions on Plasma Science. 2012. Vol. 40. PP. 778-781

1 This work was supported by the program of the Presidium of the Ural Branch of the Russian Academy of Sciences.
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Intense electron and ion beams Oral Session

ENERGY TRANSFER IN A BLUMLEIN PULSE FORMING LINE OPERATING IN BIPOLAR
PULSE FORMATION MODE!

A.l. PUSHKAREV", Y.I. ISAKOVA, 1.P. KHAYLOV

Tomsk Polytechnic University 2a Lenin Ave., Tomsk, 634028, Russia, *e-mail: aipush@mail.ru

The paper presents the results of a study on the energy transfer efficiency in a water Blumlein line
terminated with either resistive load or an ion diode with self-magnetic field. The experiments have been
conducted using the TEMP-4M pulsed ion accelerator configured to operate in double pulse mode. The
accelerator consists of the Marx generator, double transmission line (Blumlein) and vacuum ion diode with
self-magnetic insulation of electrons. The generator configured in double-pulse mode forms two pulses of
opposite polarity: the first pulse is of negative polarity (300-600 ns, 100-150 kV), and this is followed by a
second pulse of positive polarity (150 ns, 250-300 kV) [1]. The sources of the energy loss in Blumlein are
found to be due to the leak current in water (used as dielectric medium) during charging of the Blumlein and in
spark gaps during triggering. The total energy accumulated in the Blumline is that transferred from Marx to
Blumlein less the resistive losses. These losses (current leak in water, 10ss in spark gaps, etc.) amounts to 10 %.

The energy transfer efficiency from Blumlein to the resistive load or without the load (short circuit
mode) was analyzed. Figure shows the data on the energy transfer in the diode connection when Blumlein is
terminated with a resistive load.
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Fig. Waveforms of voltage at the output of Blumlein (1) and change in the energy transferred from Blumlein to the load (2), resistive
losses of energy (3) and the energy stored in the inductance of the diode connection (4) of the accelerator

We found that out of 250 J of energy accumulated in the load inductance during the second voltage
pulse 210 J (84%) is delivered to the load and the rest is returned in Blumlein. It was shown that 90% of the
energy stored in Blumlein is delievered to the diode, and 90% of that is transferred to the diode during the

ion beam generating pulse. The efficiency of energy transfer from Blumlein to the load is independent on the
energy stored in Blumlein.

REFERENCES
[1] Pushkarev A.l., Isakova Yu.l. Surface & Coatings Technology.- 2013.- v. 228 S382-S384.

! This work was supported by The Ministry of education and science of the Russian Federation, project #2159
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ELECTRON ACCELERATOR WITH A MULTI-APERTURED PLASMA EMITTER!

M.S. VOROBYOQOV, N.N. KOVAL, S.A. SULAKSHIN, V.V. SHUGUROV

High Current Electronics Institute SD RAS, 2/3 Akademichesky av., Tomsk, 634050, Russia
e-mail: vorobyovms@yandex.ru, phone: +7(3822)492683

Emission properties of a multi-aperture plasma cathode and electron beam output from high-
accelerating gap into the atmosphere are investigated. Electron-emitting plasma is generated by low pressure
arc discharge in the anode chamber with dimensions (200x150x800) mm?, one side of which is blocked by a
fine-wire grid. Special stainless foil mask is located on this grid. Mask separates emission surface 344 of the
cell 12 mm in diameter, which are emission structures of the plasma emitter. Under a constant accelerating
voltage applied between the emitter and the anode, which performs the role of the foil support grid exit
window of the accelerator, with an area of these emission structures takes electron emission. In the support
grid has the same number of holes as an emission structure mask, but the larger diameter of 15 mm. Holes
alignment in the emission structure mask and support grid with a plane-parallel coaxial geometry
achievement accelerating gap allows to minimize a beam losses on the support grid.

Thus, the electron beam total section (750x150 ) mm? is a superposition of elementary beams formed
by separate emission structures, the plasma boundary is stabilized fine-metal mesh. In experiments with an
accelerating voltage of 180 kV and an emission current of 15 A and a pulse duration of 35 pus into the
atmosphere was extracted 70 % emission current. Such a mechanism for extraction and transportation of the
electron beam, not only increases the accelerator efficiency, reducing the loss of the beam on the support grid
of the output foil window, but also increases the average power of the outputted electron beam, which
reaches 2.5 kW in the experiments. Further increase of the average beam power was limited power supplies.
Designed electron accelerator was used for radiation-induced vulcanization of natural rubber latex.

! This work was supported by RFBR projects Ne 14-08-00997-a and RAS Presidium program number 12 project 8.
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RESEARCH OF TRANSFER EFFICIENCY OF LOW-ENERGY HIGH-CURRENT ELECTRON
BEAM IN PLASMA CHANNEL IN EXTERNAL MAGNETIC FIELD!

V.P.GRIGORIEV, E.S. VAGIN

*National Research Tomsk Polytechnic University, 634050, Russian Federation, Tomsk, Lenin Avenue, 30,
grig@am.tpu.ru,

Effective high current (5-20 kA) and low energy (tens of keV) electrons beam transfer is possible only
with almost complete charging neutralization. It is also necessary to use quite high current neutralization for
elimination beam self-pinching effect.

The research is based on the self-consistent mathematical model that takes into account beam and
plasma particles dynamic, current and charge neutralization of electron beam and examines the transfer of
electron beam into a chamber with low-pressure plasma in magnetic field. A numerical study was conducted
with using particle in cell (PIC) method.

The study was performed at various parameters of the system: the rise time and the magnitude of the
beam current, gas pressure and plasma density and geometry of the system. Regularities of local virtual
cathode field generated by the beam in the plasma channel, as well as ranges of parameters that let transfer
beam with minimal losses, depending on the external magnetic field were determined through a series of
numerical studies.

In addition, the assessment of the impact of the plasma ion mobility during the transition period and
during steady beam was performed.
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NUMERICAL SIMULATION OF THE SECONDARY PLASMA SURFACE
IN THE ION BEAM FORMATION'
V.T. ASTRELIN*** V.I. DAVYDENKO*** A.V. KOLMOGOROV *

*Budker Institute of Nuclear Physics SB RAS, Lavrentiev av. 11, Novosibirsk, 630090, Russia, Astrelin@inp.nsk.su, (383)329 49 24
**Novosibirsk State University, Pirogova str. 2, 630090, Russia

A numerical simulation of the power proton source developed in BINP SB RAS was performed by the
code POISSON-2 [1], modified to solve problems of modeling high current accelerators with plasma
emitters [2]. The code allows solve the two-dimensional stationary tasks of electron and ion optics, including
multiflow systems with external and self-consistent electric and magnetic fields. A shape of plasma surfaces
was calculated in the “thin boundary” approximation from the equilibrium of a plasma pressure and electric
field on the boundary.

Proton beam in the source is formed by three-electrode multislit ion optical system. Computer
simulation was carried out for a single slit cell in the approximation of a two-dimensional plane-parallel
geometry. A plasma flux from a neutralizer falls onto grounded grid. The second grid with applied potential
—1 kV is aimed to stop and break off the entering plasma flow, blocking the electron current from the plasma.
Protons are emitted from gas-discharge plasma through apertures of emission grid being under applied
potential of 20 kV.

Parameters of the proton emitting plasma are as the following. The plasma density is n ~ 10'> cm™, the
electron temperature is 7. ~ 8 eV, ions one is 7; ~ 2 eV, directed ions energy gy ~ 20 eV, the plasma
potential ¢ ~ +20 V. Evaluation of plasma parameters, neutralizing the protons, is characterized by the
following values. The plasma density is # ~ 10" ¢cm™, electron and ion temperatures T, ~ T; ~ 2 ¢V, the
plasma potential @ ~+10 eV. The electric field at the plasma boundary must be ~ 0.2 kV/cm for equilibrium,
electron current density is ~ 1.2 A/cm?* and the ion one is ~ 0.028 A/cm?.

The external magnetic field is absent in the system. As for self magnetic field of currents, it is taken into
account, as it may be important in the calculation
of electron beams. Collisions and elementary
processes in the plasma and gas are not included to
U-a =0 the model. Plasma regions in the simulation are
considered as equipotential with complete
neutralization of the space charges.

The result of this simulation shows that
neutralizing plasma stream reaches a saddle point
of potential ¥ ~ 1 cm and can not be stopped by
electric field that is close to zero here. But if the
1 — potential of the second grid is chosen as U=-2
kV, the plasma flow stops in a point ¥~ 1.2 cm
(Fig.1). In this case electrons of the plasma are
returned and its ions fall onto second electrode.
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(b) in the gun cell; electrodes are dark, plasmas are grey

! This work was supported by the RF Ministry of Education and Science, Grant 14.B37.21.0750, RFBR Grant No. 13-08-01064 and
SB RAS Program (interdisciplinary integration Project Ne104)
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QUANTITATIVE X-RAY DIAGNOSTICS FOR MEASURING OF THE ELECTRON BEAM
CURRENT DENSITY DISTRIBUTION ON A METAL TARGET

V.V. KURKUCHEKOV*, LA. IVANOV** LV. KANDAUROV** YU.A. TRUNEV**

*Novosibirsk State University, 2 Pirogova St., Novosibirsk, 630090, Russian Federation,
kurkuchekov.victor@gmail.com, +7-923-130-8385
**Budker Institute of Nuclear Physics of SB RAS, 11 Lavrentieva Prosp., Novosibirsk, 630090, Russian Federation

For a number of electron beams applications (e.g. surface treatment of materials) the information about
the beam current density distribution upon a target is of important value. In this paper, we present the results
of experiments with X-ray pinhole camera diagnostics designed to measure in a single shot the electron beam
current density distribution on a metal target.

The beam was generated in a source with arc plasma emitter and multiaperture electron optical system
[1]. The main beam parameters were as follows: energy of electrons up to 100 keV, beam current up to 120
A, pulse duration of 0.1 - 0.3 ms and initial beam diameter of 5 - 8 cm. The beam was formed and
transported in an axial magnetic field onto the plane molybdenum collector placed at 1.5 m from the source
at the angle of 45 degrees to the beam direction. A beam spot X-ray image projected through a pinhole onto a
conversion screen with gadolinium oxysulfide luminophore. The visible light from the conversion screen is
registered by SDU-286 CCD-camera with SONY ICX285AL image sensor (1392 x 1032 square pixel). Due
to a long luminophore afterglow, the registered signal was integrated over entire beam period. In image
processing, each pixel output signal value is interpreted to be proportional to the local density of the beam
electrons falling on the target. Linearity of the diagnostics at a given accelerating voltage was verified in a
wide range of the beam parameters (pulse duration, beam current and beam spot size on the target). The
spatial resolution was evaluated in special test experiments and was found not worse than 1.5 mm.

REFERENCE
[1] V. V. Kurkuchekov et al. // Fusion Science and Technology. —2013. — Volume 63. — Pages 292-294.
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PLASMA CHANNEL FORMATION IN INERT GASES HE AND AR BY A LOW-ENERGY
ELECTRON BEAM?

I.L. ZVIGINTSEV, V.P. GRIGORIEV

TPU, Sovetskaya 84/3, Tomsk, 634034, Russia, zvigintsev@yandex.ru, +7(906)9503162
TPU, Sovetskaya 84/3, Tomsk, 634034, Russia

For efficient use of low-energy electron beams for technological purposes there is a need of their
transportation to a target. For this purpose plasma channel pre-created by external sources is used or the
beam is injected into a neutral gas creating plasma channel independently.

In this work the question of plasma channel formation by a low-energy electron beam is considered
when filling a drift tube with argon or helium with gas pressure range 0.02..0.2 Pa. Investigations are carried
out on the basis of a mathematical model [1, 2] including ionization processes, current and charge
neutralization when passing high-current electron beam in inert gases of low pressure in the absence and in
the presence of an external magnetic field B,. In addition, the model is supplemented by a diffusion equation
that allows determining influence of plasma diffusion on the plasma channel parameters.

Research of plasma channel parameters is performed for electron beams with experimental current
pulse [3] (fig. 1). The plasma channel parameters relations on the system geometry, the external magnetic
field, gas pressure and gas type are determined on the basis of numerical calculations. The influence of
diffusion on the radial profile of the plasma density and the radius of the plasma channel depending on an
external magnetic field and a total current field is investigated.
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Fig. 1. Profile of experimental current pulse [3]
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