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A continuous mode of product transportation into the radiation zone of the electron accelerator with a scanned
beam is attained by means of a remote loading of the conveyor. To keep an assigned distribution of the absorbed
dose, it is necessary to provide a continuous monitoring of process parameters such as the beam current (average
and pulse values), the electron energy, the linear density distribution of beam current, and also the conveyor speed.
The automatic real-time system operating at the LU-10 linac and providing measurements of the mentioned parame-

ters is described in the paper.

PACS: 06.60.Mr, 07.85.-m, 07.88+y, 81.30.Hd, 81.70.Jb

1. INTRODUCTION

The radiation treatment, e.g., sterilization of prod-
ucts, at the electron accelerator with a scanned beam can
be realized in a continuous mode by means of a remote
loading of the transport conveyor. To keep an assigned
distribution of the absorbed dose, it is necessary that the
following parameters of the process should be moni-
tored [1, 2]:

- beam current (average and pulse values),

- electron energy,

- linear density distribution of beam current on the ob-
ject under treatment,

- conveyor speed.

These parameters should be monitored and entered
into the archive throughout the irradiation run in the
real-time regime. If any of the mentioned parameters
goes beyond the assigned limits, the operator must be
informed in order to take a decision on a further regime
of products treatment.

We have developed the measuring information sys-
tem (MIS) operating as a part of the radiation process
facility on-line with the electron accelerator LU-10 [3].
The MIS is operated in the real-time mode and provides
a continuous monitoring of the mentioned parameters.

2. PRIMARY SENSORS

2.1. A beam-induction monitor (BIM) has been used
to measure the beam current (average and pulsed) [4]. A
set of sensors to monitor the scan width and the current
density distribution is arranged behind the objects of ir-
radiation (Fig.1) and presents a group of Geiger coun-
ters operating in the current mode.

The choice of the Geiger counter as a primary con-
verter was dictated by the following:
- the possibility of providing the small size of the moni-

tor;

- a high sensitivity at registration of e- and y-radiations;
- a high radiation resistance.

2.2. The use of Geiger counters makes it possible to
measure the dose absorbed by the irradiated object, too.
The measurement of electron flux upstream and down-
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stream of the irradiated products can give this informa-
tion. However, the registration of electrons by the
counter is little efficient because of a substantial depen-
dence of ionization losses on the electron energy. For
photons, this dependence is not so essential. So, by mea-
suring the flow of bremsstrahlung y-quanta (electrons
are converted ahead of the counter) we can measure the
attenuation of the primary electron beam.
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Fig. 1.

2.3. To verify this possibility and to choose the pa-
rameters of the converter, we have performed a numeri-
cal simulation with the use of the standard GEANT
packet.

Figure 2 shows the spectra of bremsstrahlung Y-
quantas for different surface density values of the object
under irradiation, where p=0 corresponds to the direct
electron beam, the average Yy-quantum energy is
~1.3 MeV in all cases, i.e., the efficiency of photon reg-
istration by the counter for different densities of objects
will be the same.

Figure 3 gives the relative yield of y-quanta from the
object under irradiation as a function of its surface den-
sity.

As it is seen from the plot, this function is linear up
to a surface density of ~5 g/cm? (this corresponds to the
real range of densities for the products being handled in
our practice). So, by measuring the amplitude of the sig-
nal from the counter we can estimate the absorbed ener-
gy (dose) in the object under irradiation.
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Relying on the results of computer analysis, Geiger
counters were put into copper cylindrical screens having
5 mm thick walls. Each of 10 counters is arranged at
~15 cm behind the object under irradiation, at fixed
points on the vertical relative to the bottom of the radia-
tion container.
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This permits us to measure the current density distri-
bution of both the direct beam (in the spacing between
the containers) and beam that has passed through the
product under treatment.

3. THE MEASURING INFORMATION
SYSTEM

3.1. The MIS devised on the basis of the above-de-
scribed complex of monitors operates by the following
algorithm:

- the average accelerator current and the energy taken
up by the object are constantly monitored, archived
and displayed on the screen in the form of plots;

- the current density distribution is measured at the mo-
ment when there is a spacing between radiation con-
tainers passing by the complex of monitors, and is
graphically displayed on the screen; this moment is
determined by the software;

- the conveyor speed is determined with the tachometer
and mathematically from the time of radiation con-
tainer passage, and is displayed on the screen;

- if any of the parameters monitored goes beyond the as-
signed limits, a prompt ADC channel is switched on to
measure the pulse current of the accelerator. With a
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change in the current density distribution on the object
under irradiation, the operator has a possibility to ad-
just this distribution with the help of the computer by
varying the current pulse shape in the electromagnet
excitation region of the scanning system.
3.2. The block diagram of the facility is shown in
Fig.4.
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Fig. 4. Block diagram of the facility for monitoring and
measuring the absorbed dose at the LU-10 accelerator

The counters (GC) are energized from the source U
~120 V (instability is less than 0.1%). The signal from
the counter goes to the input of the current-voltage con-
verter (Conv. I/V). The amplitude of voltage at the out-
put of the converter is proportional to the input current.
The conversion coefficient is equal to 5 HA/V. Then the
signal is integrated. The integration time constant is

~2 s. The integrator (I U) was applied to suppress the

high-frequency noise and modulation due to electron
beam scanning. The beam-current measuring channel

includes the amplifier (A) and the integrator (I U). The

choice of the channel to be measured is provided by the
software through the analog commutator (AC). Then the
signal is supplied to the 12-digit analog-digital convert-
er (ADC). The result of conversion comes to the com-
puter (IBM/PC).

The communication with the computer is realized by
means of the LPT port. The use of the LPT requires no
additional interfaces and permits one to acquire the nu-
merical stream at a level of 120 Kbod, this being suffi-
cient for the systems with small and moderate informa-
tion streams.

3.3. The subsystem for monitoring the accelerator
beam scanning system is made as a separate unit which
includes the digit-analog converter (DAC) and two
memory pages. The information about the current pulse
shape of scanning electromagnet, written in one of the
memory pages, serves to control the DAC. In the special
case that this information should be replaced, it is writ-
ten in the second page and as soon as the current passes
through zero, the unit checks the presence of record in
the second page. If the record does exist, the unit deacti-
vates the first page and jumps to the second page, and
the next record may be made in the first page.

The unit of absorbed dose at control point was trans-
ferred by the use of detectors DRD 4/40. Before each
run, the beam-current measuring channel is calibrated
with the MIS converter.

4. CONCLUSIONS

The measuring information system has been devel-
oped to monitor the main parameters of electron radia-
tion field of radiation process facilities. For the process
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REAL-TIME CUCTEMA JTUATHOCTHUKHU PEXKUMA PAJTMAIIMOHHON OBPABOTKHN
HA YCKOPHUTEIJIE 3JIEKTPOHOB

JI.B. Epan, C.I1. Kapacee, B.U. Huxugopos, P.U. [lomayanwk, A.3. Tenuwes, B.JI. Yeapos, B.A. Illlesuenxo,
HU.H. IlInaxos

Ha yckopuTese 371€KTPOHOB CO CKaHHPYEMBIM IYYKOM It 00paOOTKM MPOAYKIHMH B HETPEPHIBHOM pPEXHME
IPUMEHSIOT €€ 10/1a4y B 30HY OOJIy4eHHs C IOMOINBIO JUCTAaHIIMOHHO 3arpy’aeMoro Konseiepa. [y nmonnepxka-
HUSI 33/1aHHOTO pacIipeieJIeHUs] TOTIIOMEHHON /10361 HEOOXO0AMMO OCYLIECTBIISITh HENPEPhIBHBI KOHTPOJIb TaKHX
TapaMeTpoB Ipoliecca, Kak TOK ITydka (CpefHee W UMITYJIbCHOE 3HAUCHHE), SHEPTHs JIEKTPOHOB, PACIpeIeIICHNE
JIMHEIHOW IIOTHOCTH TOKa Iy4Ka, a TaK)Ke CKOPOCTh KOHBelepa. B pabore onncana aBroMaTn3npoBaHHas CHCTEMa,
paboratomas Ha yckoputeine JIY-10 B pexume real-time 1 1mo3Bosisitorasi IpoOBOANTH U3MEPEHHE YKa3aHHBIX Mapa-
METPOB.

REAL-TIME CUCTEMA JIATHOCTUKH PEXKUMY PAJIIAIIAHOI OBPOBKH
HA ITPUCKOPIOBAYI EJIEKTPOHIB

JI.B. €pan, C.II. Kapacwvos, B.1. Hixighopos, P.1. Ilomayaniok, A.E. Teniwes, B.JI. Yeapos, B.A. Illesuenxo,
IM. IlInsaxoe

Ha mpuckoproBaui eJIeKTPOHIB 3 IyYKOM, II0 CKaHY€ETHCS, 111 00POOKHU MPOAYKIli B OC3yIMUHHOMY PEXHMI 3a-
CTOCOBYIOTH ii T0/1a4y B 30HY OIIPOMiHEHHS 3a JOIIOMOTO0 KOHBE€EpA SIKUI 3aBaHTAXKY€EThCs AUCTaHUiiHO. [l min-
TPUMKH 33J]aHOTO PO3MOJIUTY ITOTIMHEHOT 103K HEOOXIHO 3/IiiiCHIOBaTH Oe3yNMMHHHUI KOHTPOJIb TAKUX ITapaMeTpiB
TPOIIECy, K CTPYM IIy4Ky (CepeiHe W IMITylbCHE 3HAUEHHS), CHEpPTis eJIeKTPOHIB, PO3IOALT JiHIHHOI MIITHHOCTI
TOKY ITy4Ka, a TAaKOXK IIBHIKICTH KOHBEepa. Y poOOTI ONMMCAaHO aBTOMAaTH30BaHy CHCTEMY, IO NPAIOE Ha TPHCKO-
proBaui JIY-10 y pexumi real-time i J03BoJIsi€ IPOBOIUTH BUMipIOBaHHS 3a3HAUCHUX HapaMeTpiB.
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