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= Abstract

The paper concerns a mobile accelerator based on the
ironless pulsed betatron. The accelerator has a possibility
= to obtain up to three frames in a single pulse and is aimed
2 to radiograph dynamic objects with a large optical thick-
§ness. The block diagram of the accelerator, the temporal
§ diagram of its separate systems operation and oscillograms
% of the betatron output parameters are provided. The testing
E powering in a single-frame mode was carried out in 2018.
= The capacitance of the storage of the betatron electromag-
§ net pulsed power system that defines the electron beam en-
'S ergy was equal to 1800 pF. The following test results have
< been obtained. The thickness of the lead test object exam-
£ ined with X-rays reached 140 mm at 4 m from the tantalum
—g target of the betatron. The full width of the output gamma
2 pulse at half maximum in a single-frame mode was equal
'é‘ to 120 ns; the dimension of the radiation source was
%5 3x6 mm?; the dimension of the tantalum target was
§ 6x6 mm?. The application of these accelerators within the
Eradiographic complex enables the optimization of the hy-
E drodynamic experiments geometry resulting in the increase
S of the test efficiency.
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INTRODUCTION

A broad spectrum of the experimental tasks concerning
[\ . . . . . .

© the dynamic processes investigation in the optically dense
o matter requires the development of powerful sources of
% pulsed radiation with the optimal spectral composition.

= Depending on the method of the particles acceleration
S the sources of radiation for dynamic objects radiography
> can be divided into linear [1] and cyclic ones [2]. Both
o methods of acceleration have their own advantages and
% disadvantages, and the appropriateness of their application
= is defined according to the certain task.

The ironless pulsed compact betatrons of the BIM type

[3] have been used in FSUE “RFNC-VNIIEF” and FSUE
o “RENC-VNIITF” for a long time in radiographic com-
= plexes to conduct hydrodynamic investigations.
To reduce expenses and optimize the process of hydro-
5 dynamic experimentation, FSUE “RFNC-VNIIEF” began
%to apply the concept of using mobile radiographic com-
g plexes (MRC) [4]. MRC consists of mobile cyclic acceler-
zators (MCA) [5], an explosion-proof chamber (EPC) with
E a test object, X-ray collimation and shadow image record-
ging systems. One EPC can be maintained by several
«MCAs. Figure 1 presents one of the options of the hydro-
S dynamic experiment that allows obtaining up to three
S frames at one test.
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Figure 1: Photo of a single-beam three-frame mobile radi-
ographic complex: 1 — accelerator unit; 2 — pulsed power
unit of the betatron electromagnet; 3 — EPC; 4 — X-ray col-
limation system; 5 — shadow image recording system.

DESCRIPTION OF THE MOBILE
ACCELERATOR

MCA based on the betatron of the BIM type consists of
two units: an accelerator unit (AU) and a pulsed power unit
of the betatron electromagnet (PPUBE). The units are lo-
cated in the vans.

There are accelerator elements of the radiographic facil-
ity in the van of the accelerator unit. In the other van there
is a pulsed power system of the betatron electromagnet and
technological equipment. The connection between the
units and the external automated control system is per-
formed with the use of the cable and fiber-optic lines.

The block diagram of the MCA BIM is shown in Fig-
ure 2. The MCA BIM consists of a betatron, injector, high-
voltage supply system, low-voltage and high-voltage syn-
chronization system, automated control system, data gath-
ering and processing system of the radiation source output
parameters, electron beam dumping system (“low” and
“fast” dumping), technological and life support systems.

The electron acceleration in the betatron is realized by
the vortex electric field that appears because of the capaci-
tive storage discharge through the electromagnet coils.
Hereby, the magnetic field changes by the sine law:
B(f) = Bysin(Q1), where Q = 1/(LC)"? is a circuit cyclic fre-
quency (L and C are circuit inductance and its capacity);
and By = Klnax is a field in the equilibrium orbit at the peak
current of the electromagnet /ma.x (here, K is a conversion
coefficient). The correct selection of the electromagnet
coils geometry makes the magnetic field inductance
change synchronically with the acceleration. It allows
holding an electron beam in the equilibrium orbit. The
high-voltage electromagnet power unit is switched on
firstly, forming the signal “0 field”.
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Figure 2: The block diagram of the MCA BIM.

Thereafter the time reading of facility systems turn-ons
starts (pulse voltage generator, Blumlein pulse forming
line, electron beam transmission device, etc.). The electron
beam is generated and preliminary accelerated in the injec-
tor. In this case it is the 1.5 MeV accelerator of the direct
action. The injector operates in the following way. The
Blumlein pulse forming line (PFL) is charged at the same
time as pulse voltage generator (PVGQG) is discharged. An
operating voltage pulse is formed in the PFL after a PFL
gas discharger actuation. Then this pulse is transmitted
through the intermediate discharger to the field-emission
diode. The field-emission diode is the unit where an elec-
tron beam with a current amplitude of 2 kA and a pulse
width at half maximum of 10 ns is generated. The trans-
mission and focusing of the electron beam from the field-
emission diode to the betatron is performed with the use of
the electron beam transmission device that contains two
magnetic lenses. These magnetic lenses are powered from
high voltage power supply units. A beam injection into the
betatron occurs at the moment #,;, when the magnetic field
in the equilibrium orbit reaches the value that is defined by
the ratio: B = Bosin(Qyj) = E/(300Ro). Here, Ry is a radius
of the equilibrium orbit; £ is the electron beam energy.
Hereby, an injection moment can be defined by the equa-
tion: fip=arcsin(£/(300B0Ro))/Q. Electrons accelerated by
the vortex electric field till the peak energy are dumped to
the tantalum target because of the betatron magnetic field
perturbation. Special dumping coils are responsible for the
magnetic field perturbation; they are located in the electro-
magnet and are powered from the low and fast dumping
generators.

RESULTS OF TESTING POWERING 2018

The testing powering of the MCA BIM was carried out
in 2018. The value of the capacitive storage of the pulsed
power system of the betatron electromagnet was 1800 pF
as opposed to previous years [6]. All the accelerator sys-
tems operated in the normal mode during the testing pow-
ering of the MCA BIM. The temporal diagram of the ac-
celerator subsystems operation at the testing powering is
shown in Figure 3.
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Figure 3: The temporal diagram of the accelerator subsys-
tems operation: 1 — signal from the sensor «0 field»;
2 —signal of the current pulse in the solenoid of the elec-
tron beam transmission device; 3 — signal of the current
pulse in the magnetic lens of the transmission device;
4 —signal of the current pulse at the response of a fast
dumping generator.

The typical oscillograms of the betatron output parame-
ters are presented in Figure 4.
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Figure 4: Oscillograms of the signals from the sensors of
the MCA BIM: 1 —signal from the Rogowski coil without
electrons current in the chamber; 2 — signal from the
Rogowski coil with electrons current in the chamber;
3 —signal from the optic sensor of a synchrotron radiation;
4 — intensity level of the bremsstrahlung.
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The electron beam current circulating in the betatron or-
g bit was estimated by means of the Rogowski coil. The coil
Zwas located on the external surface of the acceleration
g chamber and orthogonally to the direction of the electron
o beam motion. The signals difference of AU from the
S £ Rogowski coil was measured by the oscillograms (dia-
2 grams 1 and 2 in Figure 4) with and without electrons cur-
% rent in the chamber. Then according to the method [7], the
& difference of AU was recalculated into the electron beam
'icurrent in the betatron chamber. In this case the value of
\Ethe electron beam current was close to 80 A. The diagram
_c 3 in the Figure 4 is a signal from the optic sensor of the
m electron beam synchrotron radiation in the betatron cham-
£ ber. The diagram 4 in Figure 4 is a signal from the sensor
£ of the bremsstrahlung intensity level.

The X-ray radiography of the lead test object was carried

2out to estimate the transmission ability of the radiation
g source. The test object was a lead parallelepiped with
g holes. Four lead plates were placed in front of the test ob-
E Ject Therefore, the minimum thickness of the lead was 60
£ mm with further growing of the thickness every 10 mm.
Z The shadow image recording of the lead test object and ra-
E diation source was conducted with the use of the system
= ImagePlate and the scanner CRX-30. The photo of the as-
> sernbly for the transmission ability definition and the X-ray
£ picture of the lead test object are provided in Figure 5. The
O maximum thickness of the X-rayed lead test object reached
}3 140 mm at 4 m from the betatron tantalum target.
2 The camera obscura was used to estimate the dimension
Z of the bremsstrahlung source. The X-ray photograph of the
>\radlaxtlon source and its densitogram are presented in Fig-
Zure 6.
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e Figure 5: a) The photo of the assembly for the transmission
% ability definition of the MCA BIM: 1 — test object; 2 — Im-
agePlate cassette; b) X-ray picture of the lead test object.
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o Figure 6: a) The X-ray picture of the radiation source;
b) densitogram of the radiation source: 1 — along the
axis X; 2 — along the axis Y.
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The results analysis showed that in the experiment ge-
ometry the radiation source dimension is 3x6 mm? (full
width at half maximum of the densitogram diagrams) with
the dimension of the tantalum target as 6x6 mm?. The be-
tatron chamber design allows changing the tantalum target
dimension according to the experiment tasks. Also, the
conducted investigations demonstrated that the reduction
of the target dimension by two times causes the output ra-
diation intensity decrease by 15-20%.

A scintillator detector based on the “stilbene” was used
to measure the length of the bremsstrahlung pulse. A typi-
cal oscillogram of the y-pulse signal from the detector is
presented in Figure 7. The full width of the y-pulse at half
maximum in a single-frame mode was 120 ns.
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Figure 7: Oscillogram of the y-pulse signal from the scin-
tillator detector.

The MCA BIM testing is going to be continued in 2019;
and there are plans to achieve operational parameters in a
three-frame mode.

CONCLUSION

The testing powering of the MCA BIM showed that the
thickness of the X-rayed lead test object was 140 mm at
4m from the tantalum target with the dimension of
6x6 mm? at the capacitance of the betatron electromagnet
pulsed power system equal to 1800 pF. The full width of
the output gamma pulse at half maximum in a single-frame
mode was 120 ns. The dimension of the radiation source at
the geometry of the testing powering was 3x6 mm?.
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