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Great deals of present-day radiation technologies that use electron accelerators involve the procedure of trans-
porting the products under treatment across the irradiation zone normally to the beam scanning plane. The main con-
trolled characteristic of the process is the electron radiation dose absorbed in the object under treatment. The present
paper offers the method of nonperturbing real-time dose and electron energy monitoring. The method is based on
the analysis of distribution of currents from the plates of a sectionalized beam charge absorber. The absorber is
placed behind the conveyor and is periodically shut off from the beam by the object under irradiation. The method
was preliminarily analyzed through computer simulation.

PACS: 87.64.Aa; 87.66-a

1. INTRODUCTION

One of the methods for measuring the accelerated
electron energy is based on determination of extrapolat-
ed electron range in a standard material, e.g., aluminum
[1]. This method may, in principle, be used for continu-
ous monitoring of electron energy in technological pro-
cesses. In some cases (e.g., at radiation sterilization) this
monitoring is also a requirement of regulatory docu-
ments [2]. The realization of the method may be exem-
plified by the use of a sectionalized beam absorber
(SBA) at the accelerator LU-10-based technological in-
stallation [3] of the NSC KIPT R&D Prod. Est. “Accel-
erator”, the SBA being placed behind the object under
treatment. The SBA may be considered as a free-air
Faraday cup for the beam part that has passed through
the object. The measurement of absorbed-charge current
distribution in the SBA provides a monitoring over the
maintenance of assigned irradiation conditions for the
products.

The present paper demonstrates a possibility to mon-
itor not only the electron energy, but also the absorbed
beam energy (dose) in the products under treatment
through optimizing both the SBA structure and the pro-
cedure of measuring the current from the SBA plates.
The analysis has been performed by the computer simu-
lation method with the use of the PENELOPE/2001 pro-
gram system.

2. RADIATION TREATMENT CONDITIONS

LU-10 is a one-section linear accelerator with a hori-
zontal electron guide and a beam scanning system (see
Fig. 1). The installation is provided with a conveyor for
transfer of products from the loading hall via a labyrinth
to the irradiation zone and back.

The products packed in carton boxes are placed into
the irradiation container (suspension). The maximum
size of the product loading pattern is determined by the
suspension dimensions and measures 40 cm high by
38 cm deep by 108 cm long.
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Fig. 1. Output devices of LU-10 installation

Downstream from the zone of products container
transfer (symmetrically with respect to the radiation
field) the SBA is located. It presents a set of 10 alu-
minum plates measuring 75 cm wide by 122 cm high,
and having thicknesses of 5 mm (the 1*" and 10" plates)
and 2 mm (the remaining plates). The plates are fixed
on insulators with a clearance space of 2 cm.

The PC-controlled beam scanning system provides a
uniform distribution of beam density in the vertical
within the near plane of the object under irradiation (in
order to provide a uniform distribution of the absorbed
dose). As a result, a part of accelerated electrons at the
scanning zone boundaries comes directly to the SBA,
by-passing the object.

The suspensions move across the irradiation zone at
a velocity V. 0.1...4.0 cm/s, depending on the absorbed
dose value required. At an object surface density
Psurr<3 g/cm?, the treatment is generally carried out only
on one side, and on two sides if peurs > 3 g/cm?’.

3. SIMULATION RESULTS

3.1. Figure 2 shows the beam particle distribution on
the surface of the SBA monitor as the object (40x38x
100 cm, peur =5.7 g/cm?) is passing through the irradia-
tion zone (electron energy is 9.8 MeV, the beam scan-
ning length at the exit window of the accelerator is + 10
cm).
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Fig. 2. Particle distribution on the SBA surface in the
presence of the object
It is obvious that owing to scattering in air, a part of
the beam bypasses both the object and the monitor. In
fact, Fig.3 shows the depth distribution of the absorbed
charge in the SBA, normalized to the beam charge, as a
function of psur of the object. It can be seen from the
figure that if perr = 0 (no object), then the coefficient of
charge collection by the monitor makes 83.9%.
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Fig. 3. Depth distribution of the absorbed charge in the
monitor at different surface densities of the object under
irradiation. 10 cm scanning

3.2. Figure 4 shows the charge absorbed in the moni-
tor (normalized to the beam charge) as a function of the
absorbed energy in the object at different surface densi-
ties of the object, porr. It can be seen that in the real
range 0 < porr < 5.7 g/om’ the function is linear (at a
constant scanning amplitude).

By measuring the integral current of the monitor and
the conveyor velocity it appears possible to control the
maintenance of the assigned average value of the ab-
sorbed dose in the products during their treatment.

3.3. With a variation in the electron energy, there oc-
curs a displacement in the absorbed charge distribution
in the SBA plates. Thus, figure 5 shows the ratio of the
total charge in several plates to the total deposited
charge in the SBA versus the electron energy. In the
case, where the plates 1 to 6 are connected, the net rela-
tive charge in them varies with the electron energy by
the law close to linear.
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Fig. 5. Normalized deposited charge in the groups of
connected plates of the SBA versus beam energy. The
plates are connected, starting from the first plate. 10 cm
scanning (figures — the range of connected plate)

From the data presented in Fig.6 it also follows that
this function is independent of the beam scanning am-
plitude in its practical range from 0 to 10 cm.

4. CONCLUSION

The computer simulation results for the interaction
between the electron beam being scanned and the object
under treatment as well as the sectionalized beam ab-
sorber, following the object, have demonstrated that
such a probe can be used for real-time nonperturbing
monitoring of both the accelerated electron energy and
the absorbed energy (dose) in the object under treat-
ment. It will be sufficient in this case to make an ab-
sorber even of no more than 2 plates, each being 1.5 cm
thick (in the aluminum case). The ratio of plate currents
makes it possible to determine the electron energy val-
ues, and the ratio of the net current from the plates to
the beam current — to determine the absorbed radiation
energy in the object.
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Fig. 6. Relative charge of the first six plates of the moni-
tor versus beam energy at different scanning value

0 BO3MOXXHOCTHU HEBO3MYIIIAIOIIEIO MOHUTOPUPOBAHMS MO JIOIEHHOM 10361
SJEKTPOHHOI'O U3JIYUYEHUA B PAIUAIIMOHHO - TEXHOJIOI'HYECKHUX ITPOHECCAX

C.II1. Kapacees, B.H. Huxugopos, P.U. [lomayanwk, A.3. Tenuwes, B.JI. Yeapos, B.A. Illeguenxo, H.H. Illna-
xo06, E.b. Maneuy

3HaYNTENbHAS YaCTh COBPEMEHHBIX PaJHAIlIOHHBIX TEXHOJOTHI C MCIOIB30BAHHUEM YCKOPHUTEIEH 3JIEKTPOHOB
BKITIOYAeT MPOIEAYpY IMepeMeIIeHUs] MPOIyKIMHA 4Yepe3 30Hy OOIydeHHs HOPMAJIBHO IUIOCKOCTH CKAaHHMPOBAHUS
myuka. OCHOBHOW KOHTPOJIMPYEMOH XapaKTEPHUCTHKON TaKOTro IMpoIlecca SBISIETCS MOTIIONICHHAs B oOpabaThIBae-
MOM O0BEKTE 032 IIEKTPOHHOTO M3ITydeHHs. B coo0ImeHnn npemioxkeH MeTo HEBO3MYIIAIOMIET0 MOHIUTOPHUPOBA-
HUSI TIOTJIOIEHHOM J103bI, a TAK)KE SHEPTUU DJEKTPOHHOTO U3IYUYEHHs B PEXKHUME peabHOrO BpeMeHU. MeTos OCHO-
BaH Ha aHajJM3€ paclpeaeseHus] TOKOB C IJIACTUH CEKLIMOHUPOBAHHOrO MOTJIOTUTENS 3apsaa mydka. [lornoturens
pa3MelnieH 3a KOHBeHepOM M MEePHOUIECKH MEPEKPHIBAETCS OT My4Ka 00JydaeMbiM 00bekToM. [IpeaBapuTenbHbIid
aHaJIM3 METOAA BBIMOJHCH IIPpU MOMOIIU KOMITBIOTCPHOI'O MOJACIIUMPOBAHMA.

PO MOKJIMBICTH HE3BYPIOIOUOI'O MOHITOPYBAHHS IMOTJIMHEHOI 103U EJIEK-
TPOHHOT'O BUITPOMIHEHHSI B PAJIIAIIIAHO - TEXHOJIOTTYHUX MTPOIIECAX

C.II. Kapacvos, B.1. Hukugopos, P.1. Ilomayaniok, A.E. Teniwes, B.JI. Yeapos, B.A. lllesuenko, I M. Illnaxos,
€.b. Maneup

3HayHa YacTHHA CyYacHHX paJiallifHUX TEXHOJOTiIH 3 BHKOPHCTAHHAM MPUCKOPIOBAYiB EJICKTPOHIB BKIIOYAE
npoLeaypy HepeMillieHHs TPOAYKLIT Yepe3 30Hy OIPOMiHEHHsI HOPMaJIbHO IUIOIMHI CKaHyBaHHs my4uKy. OCHOBHOIO
KOHTPOJIbOBAHOI XapPaKTEPUCTUKOIO TAKOTO IPOIIECY € TOTJIMHEHA B 00POOIII0BaHOMY 00'€KTI /1032 €JIEKTPOHHOIO
BHUIIPOMiHIOBaHHA. Y TOBIZOMIICHHI 3aIIpOITIOHOBAHUHA METOH He30ypIOI0YOr0 MOHITOPYBaHHS MOTJIMHEHOI JO3W Ta
eHeprii eIeKTPOHHOTO BHUIIPOMIHIOBAaHHS B PEXUMI peanbHOro udacy. MeToa 3acHOBaHMH Ha aHaJi3i PO3IOALTY
CTPYMIB i3 IUTACTUH CEKLIHOBAHOTO IOINIMHAYA 3apsiay mydka. [lornmuHad po3MilieHHi 32 KOHBEEPOM i HepioTuyHO
MIEPEKPHBAETHCSA Bill Mydka 00'€KTOM, L0 ONMPOMIHIOETECS. [lonepenHiii aHami3 MEeToy BHKOHAHHUH 3a JOIOMOTOO
KOMIT'FOTEPHOTO MO/ICIIOBAHHS.
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