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Abstract

The design of radiation technological installation opera-
tion parameters recording system for accelerator UELV-
10-10-S-70 is presented. Proposed the design of the sen-
sor, which makes possible roughly evaluate the energy
spectrum of accelerator beam. Solutions are proposed for
data transfer from the accelerator equipment to the com-
puter for former analysis and recording data in journal, as
well as preventing supernumerary situations.

INTRODUCTION

Irradiation of medical products on radiation installa-
tions based on electron beam requires a careful, responsi-
ble approach. To increase the quality of irradiation, con-
tinuous monitoring of the installation operation is neces-
sary. The design of the system for monitoring and record-
ing parameters of a radiation-technological installation at
IPCE RAS was presented earlier [1]. The developed mon-
itoring system is able to collect data in real time with
number of sensors, perform its analysis and registration,
inform about errors and emergency situations. System
uses a simple solution for collecting and transferring data
from sensors to a computer, which traditionally remains a
bottleneck in technology.

An important task remains to develop a sensor able to
determine the parameters of the accelerator beam, such as
pulse current and energy spectrum and transfer them to
recording system in real time. Various methods, based on
simple equipment, for determining the energy spectrum of
accelerator beam, which can be used for continuous moni-
toring without interrupting the production process, were
proposed [2].

This paper concerns developing a technique for evalu-
ating the beam energy spectrum of an industrial accelera-
tor UELV-10-10-S-70 by methods based on standard
equipment, which does not interrupt the process of irradi-
ation on accelerator. For this problem, the beam spectrum
sensor based on the Faraday cup is proposed, using the
control system. The sensor measures the current of the
part of the deflected beam. It uses that part of the beam
which is not utilized in standard accelerator operation..
The measurement accuracy can be increased by using
long-term collecting and mathematical post processing of
the collected data.

The method is simulated using the "Beam Scanning"
code. A computational model is being developed for pro-
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cessing the results of measurements in these methods,
using the computer code "Beam Scanning".

MATERIALS AND METHODS

Irradiation center at IPCE RAS is based on radiation-
technological installation with electron accelerator UELV-
10-10-S-70 which is mounted in radiation-safe bunker
and designed to perform irradiation by electron beam with
electron energy up to 8 MeV, beam power up to 10 kW.

Figure 1: Radiation installation at IPCE RAS center.

Radiation-technological installation consists of linear
electron traveling wave accelerator with beam scanning
system attached to it and circular conveyer, which moves
objects before the output window of accelerator, one
meter far from output window. The conveyer with boxes
and accelerator with beam scanning system of this instal-
lation are presented on Fig. 1. Installation is used in dif-
ferent research, technological and commercial applica-
tions. Installation has an open beam, which makes possi-
ble to work with the beam using different instruments.

To collect information about installation operation and
to control the process of irradiation, recording system was
implemented. This system consists of measurement and
signal conversion blocks for collecting the following data:
the data on conveyer movement, the data on conveyer
motor power supply and the data on deflection magnet
beam scanning system power supply. In current version of
the system the data about the conveyor movement, scan-
ning system deflecting magnet current and accelerator
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state is collected, using sensors and controller similar to
well-known “Arduino”, and sent onto computer through
USB port for further analysis. The system is presented on
Fig. 2.
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Figure 2: Control system.

To collect information about beam, the Faraday cup,
presented on Fig. 3 is proposed as a sensor. Positioning
the Faraday cup under conveyer of installation [3] makes
possible to analyze the flow of deflected and scattered
beam at that point. The flow changes according to deflect-
ing magnet field and depends on beam energy spectrum.
Using collimating slots, mounted in front of the cylinder
inlet, it is possible to achieve capturing the flow of a par-
ticular direction, deflected at a particular angle.

Figure 3: Faraday cup.

Faraday cup is connected to pulse integration system,
which helps to accumulate the beam current, collected by
the sensor. Then data is transferred to microcontroller.

For the preparation of the experiments carried out a
computer calculation. To simulate the sensor operation at
experimental conditions, the computer code "BEAM
SCANNING" [4-8] was used. “BEAM SCANNING” can
be used in different applications with electron beam and
irradiated objects on industrial sterilization installations.
Simulation allows to determine the beam electron current,
captured by metallic irradiated objects. This helps to pro-
pose the optimal method of sensor positioning and to
develop sensor design The calculation can be performed
to study the method of further analysis, required to obtain
the energy spectrum.
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RESULTS OF SIMULATION

To find out a beam energy spectrum thee magnet ana-
lyzer is proposed, based on a magnet of working beam
scanning system [9-10]. Using a beam, propagated under
the conveyer of installation at large deflection angles, it is
possible to separate its part, which propagates by straight
lines form the centre of the magnet, collect it into a Fara-
day cup and measure the collected current. The angle of
beam deflection, magnetic field and electron energy are
connected by a simple approximate equation:

o~ h,, B, ec ,
&

where & is the electron energy, Ay is the length of magnet
field area by Z axis, By is the magnetic field, e is the
electron charge, ¢ — light velocity.

From this formula we see, that energy depends linearly
of magnetic field with given angle of deflection. Since the
cylinder inlet has a noticeable diameter, there is a range of
angles At , in which particles are collected by a cup. We
can derive:

de = M da
(24

This means that collected energy range linearly de-
pends on angular inlet size and magnetic field. To model
the situation using code “Beam Scanning” we create a
rectangular area of magnetic field, given beam spectrum
and cylinder with collimating holes, which models the
Faraday cup. In model we use a beam, containing only the
electrons of energies 1, 3 and 5 MeV in equal parts of
beam current. Each scanning period magnetic field in-
creases, and electrons, first of 1 MeV, then 3 MeV and
then SMeV are captured. This can be seen on waveform
from cup, shown on Fig. 4, displaying the current from
cylinder. First we suppose, that there is no output foil at
accelerator exit.
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Figure 4: Waveform from cup on one period of scanning,
Bu linearly depends on time; in this simulation output foil
is absent.

The figure shows, that current is captured well, but with
an increase in energy, the number of beam pulses trapped
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by the cylinder increases. If we add an output foil to our
model, that causes the beam scattering, then waveform of
cylinder is more difficult to study. The waveform of mod-
el with foil is presented on Fig. 5. In this model, the total
current drops by two orders of magnitude, measured
curve displays essential increase of relative current at
high energies, while all currents are relatively equal.
Three peaks of energies can be seen, but vaweform do not
represent the beam spectrum.

Using this method to restore a spectrum, we should car-
ry out a complex mathematical processing of an incorrect
problem. From this study we can note, that obtaining
beam spectrum is difficult task, and only rough evaluation
is possible.

To proceed with the problem we can try to separate the
captured electron beam into parts, depending of different
depth of penetration using insulated aluminum plate pack
at the cylinder bottom [11]. This will require accurate
measurement of currents from each plate, using integrat-
ing circuits and signal accumulation.
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Figure 5: Waveform from cup on one period of scanning,
By linearly depends on time; in this simulation output foil
of 50 pum is used.

CONCLUSION

A device has been developed for controlling and recor-
ding the parameters of the radiation installation, a simple
method for collecting and transmitting data to a computer
has been proposed.

The developed version of the system collects data on
the movement of the conveyor and the current parameters
of the deflecting magnet of the scanning system.
A sensor is proposed for a constant, coarse estimate of the
electron beam spectrum. For this purpose, indirect meth-
ods were used, in particular, a measurement method based
on a magnetic analyzer of a scanning system.

A simulation was performed using a model of standard
Faraday cup with collimating slots. The simulation results
showed that method requires a complicated mathematical
calculations and accurate measurements to efficiently
obtain a spectrum, so the further development of the sen-
sor is required.
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