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Continuous monitoring of critical parameters of an industrial electron accelerator provides quality of product
processing. For that purpose, the methods of contact-free diagnostics of processing regime are developed. One of
them is based on application of a wide-aperture stack-monitor for on-line measurement of beam current, electron
energy, and also the mean absorbed dose over the plain of beam scanning in an irradiated object [1]. In the work, the
conditions of application of cathodoluminescence (CL), accompanied action of accelerated electrons on amorphous
dielectrics, for adjustment of the stack-monitor, and also for measuring in on-line mode the dose in a point of control
as well as of distribution of the electron flux density on the surface of the object, is studied. It is shown, that titanium
dioxide, keeping the radiation-optical yield at an accumulated dose of up to 4 MGy, can be considered as a promis-

ing material for manufacturing of CL detector.
PACS: 29.27.Ac; 41.75.Fr; 07.81.+a

INTRODUCTION

At radiation processing, the demonstration of receipt
by every object of absorbed dose within the established
range in its minimum D,;;, and maximum D,,,, values, is
critically important. At an electron accelerator, those
parameters are determined by the electron energy, den-
sity of the beam current and its distribution over the
surface of irradiated load, and also by the velocity of the
load transfer through the irradiation zone.

Commonly, the diagnostics of treatment regime on
electron energy and absorbed dose is conducted in off-
line mode with the usage of chemical dosimeters [2].
Adherence of the D,,;, and D, values is confirmed
with the reading D.,, of a checking dosimeter placed in
a specified point an the surface of the processed load
and the established ratios Dy, /Deon and Dpin/Deon [3].
So on-line measurement of D, and electron energy
enables continuous monitoring of processing regime in
the absorbed dose.

In the works [1, 4], the techniques for on-line meas-
uring of mean electron energy and average absorbed
dose over the cross-section of the processed object with
the use of a wide-aperture stack-monitor, implemented
at a LU-10 accelerator of NSC KIPT (Fig. 1), were de-
scribed. It was shown, in particular, that the uncertainty
of treatment parameters is determined mainly by accu-
racy of the monitor positioning on the axis of the radia-
tion flux.
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Fig. 1. Output devices of LU-10 accelerator

In this work, the possibility is studied to use the op-
tical radiation induced in various materials exposed to
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accelerated electrons (cathodoluminescence-CL), for
adjustment of measuring devices at output of an indus-
trial electron accelerator, and also for on-line monitor-
ing of product processing regime in the absorbed dose
and its distribution over the surface of the product.

1. CL DIAGNOSTICS

Incoherent optical radiation is generated at interac-
tion of accelerated electrons with the amorphous dielec-
trics (see e.g. [5]). Its nature is connected with localiza-
tion of the quasi-free charges, induced by irradiation in
the conduction band of the dielectric with the electron
traps in its prohibition zone. It was shown in the work
[6], that if the duration of the electron beam pulse, Ty,

meets the condition
0
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where NgT — is the concentration of the deep traps
(with binding energy of ~eV); 11, — is the concentra-

tion of the quasi-free electrons generated in the conduc-
tion zone by radiation; 7., — is their lifetime, then the

flux density of the CL photons is proportional to the

absorbed dose rate D .

So registration of the CL signal on a plane screen
with size higher than the width of the electron flux and
positioned normally to its axis (a CL radiator) enables
visualization of distribution of the flux density in a
sighting plane.

If the CL radiator is placed on a container with the
processed product, transferred through the irradiation
zone with velocity V., then the registration of its optical
radiation can be used for measurement of absorbed
dose. So if the acquisition interval meets the demand

1>, @)
V.

where d, — is the lateral dimension of the beam on the
object’s surface, and at fulfillment of the condition

gpD << N°, 3)
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where g — is the radiation-chemical yield of the deep
traps; p — is the density of the dielectric; D — is the ab-
sorbed dose at its passage of the irradiation zone, then
the energy fluence of CL is proportional to the dose.

2. APPLICATION OF CL
FOR STACK-MONITOR ADJUSTMENT

2.1. SIMULATION

A technique of on-line monitoring of electron energy
and absorbed dose with the use of a wide-aperture
stack-monitor (SM), positioned in the area behind of the
treated load, assumes the absorption of major part of the
electron flux in SM. This condition is provided by the
monitor placement strictly symmetrically relative to the
beam scanning plane.

The CL method was used for checking of fulfilment
of that demand. Preliminary study of the conditions of
its application was conducted by computer modelling on
the basis of a transport code GEANT4. In Fig. 2, the
calculated distributions of the absorbed dose rate on the
surface of first plate of SM at scanning of the LU-10
beam having the spectral maximum of 8.3 MeV (see
Fig. 2,a) and 10.7 MeV (see Fig. 2,b), are presented.
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Fig. 2. Maps of normalized absorbed dose rate
on surface of stack-monitor: E,.,.= 8.3 MeV (a);
Eypax=10.7 MeV (b)

It is seen, that at a typical average beam current of
ImA, the dose rate along the scanning axis amounts up
to ~0.7 kGy/s. Taking into account the radiation-optical
yield of the examined technical materials (cellulose,
polypropylene etc. [8]), the exposure of 30 s is suffi-
cient for recording of optical emission from SM.
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2.2. EXPERIMENT

For the CL signal registration, a radiator in the form
of a carton curtain measuring 1200x850 mm was set on
the SM surface. The horizontal cursors with step of
50 mm, and also two vertical lines were mapped on the
radiator. One from the latters revealed the margin of
SM, when the other its center. For gain in the radiation-
optical yield, a polypropylene film by 32 um in thick-
ness was fixed on the carton also.

In Fig. 3,a, the photo of the glow of the CL radiator,
exposed to an electron beam with energy maximum
Eomu=8.3 MeV, average current of 0.74 mA and sweep
width of 46 cm, is given. A vertical pipe by 80 mm in
diameter being a stationary element of the accelerator exit
devices occupies a part of the image. Actually, that ele-
ment does not stand within the area of the beam action.

b
Fig. 3. Optical radiation induced with the electron
beam: CL + ionizing radiation (a);
ionizing radiation (b)
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Fig. 4. Horizontal (above) and vertical (on the right)
profile of CL intensity on SM surface
at By max=38,3 MeV (a) and Ey . =10,7 MeV (b)
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The optical radiation observed from the point of
sight includes, apart from CL, also the ionizing glow of
the air (Fig. 3,b). At digital processing of photographs in
an Origin medium the latter signal was subtracted as a
background (Fig. 4). It should be noted also, that the CL
signal and ionizing radiation have different spectra and
so can be separated by optical filtering.

In Fig. 5, the results are given of comparison of the
dose rate distributions, calculated using the GEANT4
package, and also experimentally measured the CL in-
tensity along the horizontal axis of SM at a spectral
maximum of the electron energy of 8.3 MeV (see
Fig. 5,a) and 10.7 MeV (see Fig. 5,b).
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Fig. 5. Comparison of calculated and measured profile
of CL intensity and absorbed dose

The results obtained by both techniques are in good
agreement. It testifies the tolerable accuracy of the SM
adjustment in the electron flux.

3. CL DOSIMETRY

As it was shown in the work [7], a number of mate-
rials used for product wrapping (carton, polypropylene
etc.) are the good CL radiators. At the same time, being
technical materials they have unstable characteristics, in
particular, as for the radiation-optical yield, and also
poor radiation hardness. The latter restricts multiple
usage of such a radiator at treatment of industrial scale
of a product. That is why the selection and study of ma-
terials for a CL detector having stable metrological per-
formance is of special interest.

3.1. TiO; AS A CL RADIATOR

3.1.1. At the choice of the material for a CL detector
of absorbed dose, the next criteria were applied:

- the radiation-optical yield to be sufficient for pho-
torecording and linear in a dose span used;

- the minimum effect of the detector on a processing
regime;
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- the high radiation resistance enables the detector’s
multiple reusage.

Titanium dioxide (TiO,) is well known as an effec-
tive white pigment having high radiation durability [8].
A CL detector was developed on its basis in the form of
a sheet from duraluminium by 1mm in thickness cov-
ered with a composite from the water glass and titanium
dioxide. The composite was prepared by blending of
titanium dioxide of the P-02 brand (in the rutile form),
the water glass and the double distilled water in the vol-
umetric proportion 5:4:2. The thickness of the detector
was chosen with due regard to its mechanical strength
and minimal influence on the process of radiation treat-
ment.

3.1.2. A prototype of the radiator prepared in that
technology and measuring 50x450 mm was fabricated
for testing in radiation resistance. The radiator was posi-
tioned behind the conveyor with the processed product
at a distance of 220 mm from an exit window of the
accelerator in the area of scattered electron radiation and
irradiated for 5 hours. The dose accumulated for that
period amounted 3.7 MGy. The distant recording of the
CL yield was performed using a digital reflex camera.
The decrease of the CL yield by the end of irradiation
did not exceed 9%.

3.2. CALIBRATION OF CL DETECTOR

A prototype of the CL detector by 300 mm in width
was used also for calibration of the detector on the basis
of TiO, against the absorbed dose. The detector was set
on a transport container. The dosimeters Harwell Red
4034 (Harwell Dosimeters, UK) were fixed at the edge
of the detector 75 mm higher the bottom of the contain-
er. The latter was transferred through the irradiation
zone of LU-10 with specified velocity. The CL signal
was registered with a digital camera Canon EOS Digital
Rebel XT at an exposure of 30 s. This value provided
the full optical scanning of area of the beam action at a
minimal conveyor velocity of 1.24 cm/s providing the
absorbed dose of 25 kGy. In Fig. 6, the dependence of
the relative radiation-optical yield of CL on the dose in
a point of registration is given. It is evident, that the
dependence is close to linear.
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Fig. 6. Dependence of relative CL fluence
on absorbed dose

CONCLUSIONS

Phenomenon of CL induced with high-energy elec-
trons in the technical dielectric materials can be used for
visualization of the particle flux profile and adjustment
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of the accelerator output devices. In the technological
processes conducting at the electron accelerators, the
placement of the CL radiators on the transport containers
with an irradiated product enables the on-line monitoring
of absorbed dose in a check point at the surface of the
product, and also of distribution of the beam density
along the scanning axis. A cover on the basis of titanium
dioxide can be used as an inexpensive radiator of CL.
Such a radiator keeps its radiation-optical yield at an ac-
cumulated dose of up to ~4 MGy. That provides the pos-
sibility of its multiple reusing as an industrial dosimeter.

A CL dosimetry technique can be considered as
some development of the known luminescent methods
(see e.g. [9]). At the same time, those methods are pas-
sive, as they are based on registration of optical radia-
tion induced by various external actions (like heating
etc.) on the preliminary irradiated detectors, manufac-
tured from special materials. The proposed technique is
active, as it gives dosimetry information directly during
irradiation. Besides the new approach is based on the
usage of readily available materials.

In contrast to scintillation dosimetry, which is active
also, the catodoluminescence technique provides the
possibility of high-dose measurement and so enables its
application in the radiation technological processes.
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INPUMEHEHHUWE KATOAOJIIOMUHECIHEHIUMU JJI ON-LINE MOHUTOPHUHI'A PEXKUMA
HNPOMBIIIJIEHHOT' O YCKOPHUTEJISA 3JIEKTPOHOB

P.U. Ilomayanwk, C.K. Pomanoseckuii, B.A. Illesuenko, A.3. Tenuwes, B.IO. Tumos,
J.B. Tumos, B.JI. Yeapos, A.A. 3axapuenxo

HenpeprIBHBIHT MOHUTOPHUHT KPUTHYECKHX HMapaMeTPOB MPOMBIILICHHOTO YCKOPHUTENS 3JIEKTPOHOB ONpEAEIseT
KagecTBO 00paboTku mpomykiuu. C 3TOH 1ebio pa3padaThIBAlOT METOABl OSCKOHTAKTHOW JHArHOCTUKH PEXUMa
00paboTku. OgHIM U3 TAKUX METOJIOB SBISAETCS ON-line MOHUTOPUHT TOKA ITydKa, SHEPTUU DJICKTPOHOB M CPEITHETO
3HAYCHHUS MOTIOMIEHHON 036l B INIOCKOCTH CKAaHUPOBAHUS ITy4Ka, OCHOBAHHBIN Ha MCIIONB30BAaHUH IIHUPOKOAIIIEP-
TYpHOTO CTEK-MOHHUTOpa. MccnemoBaHbl ycnoBus npuMeHeHus katopomoMuHecueHmn (KJI), conpoBoknaromeit
BO3/ICUICTBHE YCKOPCHHBIMH 3JICKTPOHAMHU Ha aMOp(HBIC TUICKTPUKH, AJIS IOCTHPOBKH CTEK-MOHUTOPA, a TAKXKE
U3MEpEHUs B on-line pexXrMe BEIMYHHBI MOTJIOMICHHOHN 103 B KOHTPOJIBHOW TOYKEe 00pabaThIBAEMOro OOBEKTa H
pacrpeieneHus IIOTHOCTH MMOTOKa 3JICKTPOHOB Ha €ro MOBepXHOCTH. [I0ka3aHO, YTO B KA4eCTBE MEPCIICKTUBHOIO
MaTepuana ais usrotopierus KJI-mo3umerpa MoxeT OBITh UCIONTB30BaH JUOKCHA THTaHA, KOTOPBIA COXPaHSCT Be-
JMMYUHY paJraldOHHO-ONTHYECKOTO BEIXO/IA PU HHTETPaIbHOH MOTIoIMIeHHON 103¢e 10 4 MI'p.

3ACTOCYBAHHS KATOJOJIOMIHECIEHIIIIL IS ON-LINE MOHITOPUHI'Y PEXKUMY
IMPOMUCJIIOBOI'O TPUCKOPIOBAYA EJIEKTPOHIB

P.I Ilomauanwk, C.K. Pomanoscokuii, B.A. Illesuenxo, A.E. Tenimes, B.JO. Tumos,
A.B. Timos, B.JI. Ysapos, 0.0. 3axapuenxo

BesnepepBHUi MOHITOPMHI KPUTHYHHMX IIapaMeTpiB IPOMHCIIOBOTO IIPHCKOpIOBada EJeKTPOHIB 3abe3neuye
SIKICTE 0OpOOKH MPOAYKIii. 3 I[I€F0 METOI0 PO3POOISIOTh METOAM OS3KOHTAKTHOI JIaTHOCTHKH PEXUMY OOpOOKH.
OmHUM 3 TaKUX METOJIB € on-line MOHITOPHHT CTPYMY ITy4Ka, €HEpTil eNEKTPOHIB 1 CEpeTHHOTO 3HAUCHHS ITOTIIHHY-
TOi 1031 B 0OpOOIIOBAaHOMY 00’€KTi B IUIOIIMHI CKaHYBaHHS ITydKa, II0 0a3yeThCsl HA BUKOPUCTAaHHI MTUPOKOATep-
TYpHOTO CTeK-MOHiTOpa. Jlocmi/keHi yMOBH 3acTocyBaHHs katomontoMinecteniii (KJI), ska cympoBOmKye Iiro
NPUCKOPEHHMH €JIeKTPOHaMH Ha aMOP(HI JieIeKTPUKH, AJIsl FOCTUPYBAHHS CTEK-MOHITOPA, a TAKOX BUMIPIOBaHHS B
on-line pexuMi BEIMYUHM TTOTJIMHYTOT JO3U B KOHTPOJIbHIM TOUL Ta PO3MOALNY LIIILHOCTI IIOTOKY €JIEKTPOHIB Ha
NOBEpXHi 00pobaroBaHoro 06'exty. ITokazaHo, 10 SK NepcrneKTUBHUI Martepian i BurotosieHHs KJI-gerekropa
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Moe OyTH BUKOPHUCTAHUH IIOKCHA TUTaHY, KW 30epirac BeIMYMHY palialliiHO-ONTHYHOTO BUXOMAY IPH iHTETpa-
JbHIN TOTMHYTIH 1031 10 4 MI'p.
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