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The paper describes the methods and devices proposed for measuring the main parameters of high-power high-
energy bremsstrahlung sources. It has been suggested that space-energy characteristics of radiation should be inves-
tigated by the method of combined (y, n) activation of a set of foils that have different energy thresholds of the reac-
tion. In each energy range, the geometrical characteristics of the radiation field are reconstructed from the foil sur-
face activity distributions. The last ones are determined through one-dimensional scanning of the foils by a specially
designed detecting head that includes a linear matrix from collimated CdZnTe-base detectors. For a continuous
monitoring of the bremsstrahlung power flow it is suggested that the method of feed-free secondary emission should
be used, with a plane-parallel detector having two plates of different thickness as the base. A preliminary analysis of
the geometry and applicability conditions of each of the detector systems was performed by the method of computer

simulation based on the PENELOPE software system.
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1. INTRODUCTION

The realization of promising photonuclear technolo-
gies (ecologically safe isotope production, radioactive
waste handling, activation analysis, etc.) calls for the
sources of high-energy (E,>10 MeV) and high-intensity
(> 10°*W/cm?) photons. These sources may be obtained
by converting a beam from a high-current linear acceler-
ator into bremsstrahlung (BS) [1].

The BS monitoring in the process of realization of
photonuclear production of isotopes must solve two
problems: (i) at the initial stage, the spatial-energy char-
acteristics as well as the radiation intensity must be de-
termined (to optimize the target size, positioning and to
estimate the isotope production rate). (ii) With a further
isotope production, a continuous monitoring of the
photon flux on the target must be conducted. Thus, in
the first case, the method must be developed to measure
with a sufficiently high operational efficiency (prefer-
ably, no more than a few minutes), with good spatial
(~1 mm) and energy (~1 MeV) resolutions. In the
second case, the main requirement is to ensure a relative
efficiency in the BS intensity on the target (e.g., no
worse than 5% for a period of ~1000 hours) at a high ra-
diation hardness of the sensor (no less than 10° Gy).

The paper describes the methods and means pro-
posed by the authors for BS monitoring at each stage of
photonuclear process realization.

2. DETERMINATION OF SPATIAL-ENERGY
CHARACTERISTICS

2.1. To determine the parameters of the high-intens-
ity bremsstrahlung coming from the converter, we pro-
pose the method of (y,n) activation of a thin foil placed
normally to the radiation flux under study (photonuclear
converter — PNC). The spatial density distribution of the
photon flux of energy E,> -Q ((y,n) reaction threshold in
the PNC material) may be reconstructed by measuring
the distribution of the surface activity of the flux (see
Fig.1).
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2.2. The possibilities of this approach were prelimin-
arily studied by the computer simulation method. Con-
sideration was given to a simplified geometry of 3.5 mm-
thick molybdenum PNC activation by the reaction
Mo(y,n)*Mo — *"Tc (-Q =8.29 MeV).
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Fig.1. Simulation conditions: ES — accelerated electron
source, BSC — bremsstrahlung converter, PNC - photo-
nuclear converter

The results of simulation for an electron energy of
30 MeV, the electron source of 5 mm in diameter, and
the BSC 4 mm in thickness, are given in Fig.2. It is ob-
vious that at moderate distances from the axis (< 4 mm)
the two distributions are practically coincident. At the
periphery, the activity decay decreases more slowly due
to an increase in the angle, at which the photons are in-
teracting with the PNC.
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Fig.2. BS photon density distribution (E, > 8.29 MeV —
solid curve) and the PNC surface activity

2.3. To measure the PNC surface activity distribu-
tion, it is proposed to use a collimated coordinate-sensit-
ive y-radiometer of special design. Structurally, the ra-
diometer consists of a detecting head (DH) and a basic
spectrometry unit.

The geometry of the measurement design (PNC+col-
limator+detector) was first optimized by the computer
simulation method. It was established that a 5 mm thick
Pb collimator with an aperture diameter of 1.5 mm may
provide an adequate representation of the surface activ-
ity distribution through one-dimensional scanning of the
PNC with a DH normally to the detector line. The spa-
tial resolution is determined by the collimator size and
the PNC activity (for better resolution the exposure time
must be increased).

The DH (Fig.3) includes a linear matrix having
16 collimated semiconductor detectors based on
CdZnTe (2x2%x2 mm). Each detector has at its output a
low-noise preamplifier PA. The DH measures 30x40x
120 mm’. It operates at room temperature (without cool-
ing). The equivalent internal noise of the electron line of
the radiometer is no more than 5 keV.
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Fig. 3. Arrangement of the detecting head on the PNC

2.4. The basic radiometer unit (Fig.4) includes a 16-
channel shaping amplifier (AF-16), a discriminator
(DC-16), a gated pulse counter (SC-16), a program-
mable gate driver (SG) and a high-voltage source (HV)
for energizing the detector matrix. All blocks were

made in the CAMAC standard.
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Fig. 4. Block diagram of the y-radiometer

2.5. The possibilities of the proposed method have
been demonstrated in the studies of the BS source on the
basis of the accelerator KUT-20 [2]. Figure 5 shows the
characteristic PNC (Mo) activity distribution obtained
by scanning in two coordinates of the head prototype
with one collimated CdZnTe-base detector.
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3. CONTINUOUS MONITORING
OF THE BS FLUX ON THE TARGET
3.1. To meet the above-given requirements for the
BS monitoring at the stage of isotope production, a
method has been proposed, based on the use of the sec-
ondary-emission monitor (SEM) with two plane-parallel
plates of different thickness as the basis, without power

supply.
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Fig. 5. Bremsstrahlung-induced activity distribution
inPNC (Mo)

A preliminary study on the sensitivity of such a SEM
was also performed with the computer simulation meth-
od. As a basis for the simulation, we took the conditions
of a program really acting at the accelerator [2] on the
radiation treatment of minerals with an electron beam of
23 MeV, and also, the conditions of isotope production
at an electron energy of 40 MeV, planned for the accel-
erator KUT-20. In each case, aluminum was taken as
monitor material, the plate thickness being 1 and 10
mm, with a 10 mm spacing between the plates. Taking
into account the intensity and the geometrical character-
istics of the bremsstrahlung flux of each source, the size
of monitor plates was chosen to be 40x40 cm for EPOS,
and 8%8 cm for KUT-20.

The simulation results for each sequence of sensor
plates positioning relative to the photon flux are given
in Table.

Charge difference of SEM plates per accelerated
electron, e/e

4@ |EPOS | (1.85£0.13)10*
/K{yffbl I KUT-20 | (1.28+0.13)10°
@4 |EPOs | (3.740.14)00°
%YJ;{)I | KUT-20 | (-1.16£0.23)10°

3.2. To provide a stable operation of the SEM-based
measuring channel at conditions of a relatively weak
signal against the background of substantial electromag-
netic noise, typical of the accelerator, a special signal
processing module was developed (Fig.6). It includes
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two current-voltage converters (I/V), a differential amp-
lifier (DA), an integrator (J. ) and an analogue-digital
converter (ADC), The module output is connected to the
LPT port of the personal computer.

Fig. 6. Block diagram of continuous BS monitor

3.3. A powerful triode tube of 6C33C type was used
in the demonstration experiment as a radiation-resistant

timization of primary measuring sensors may be advant-
ageously carried out by the computer simulation method
with the use of certificated program systems.

The use of a set of thin photonuclear converters from
the materials having different reaction thresholds, and
also the instrumental complex developed by the authors
make it possible to measure the BS characteristics with
satisfactory spatial and energy resolutions. In particular,
this method provides the tuning of the mode of acceler-
ator operation and the target alignment for efficient gen-
eration of isotopes. The maintenance of these conditions
may be controlled with the help of the measuring chan-
nel based on the secondary-emission monitor that oper-
ates without a power supply.

The work was done with the STCU support, contract
#3151.

probe. The signal is picked up from the anode and cath-
ode of the tube (by design, the cathode is made as a
plane plate parallel to the anode). The sensitivity of the
measuring channel to the BS intensity in the pulse was
measured to be about 102 A-cm*/W.

4. CONCLUSION 2

The development and realization of nuclear techno-
logies using powerful concentrated fluxes of high-en-
ergy bremsstrahlung call for special diagnostic methods
and means. At the initial stage, the investigation and op-
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METOI6I MOHUTOPHUHT A TOPMO3HOI'O U3JIYYEHMS 1JI1 ®OTOSAJEPHBIX TEXHOJIOT U
C.II. Kapaces, B.H. Huxudgopos, B.JI. Yeapos, B.A. llleeuenko, U.H. Illnaxos

OnucaHbl NpeUI0KEHHBIE aBTOPAMU METOABI M CPEACTBA U3MEPEHHSI OCHOBHBIX 1apaMETPOB MOLIHBIX HCTOYHU-
KOB BBICOKOHEPTETHYHOTO TOPMO3HOTO M3ITydeHHs. McciienoBanue mpocTpaHCTBEHHO-9HEPTEeTHIECKUX XapaKTepH-
CTHK M3JIy4eHHMs IPEUIaraeTcs BBIIOIHATh METOIOM COBMECTHOTO (Y,N)-aKTHBUpOBaHUs Habopa (oJbr U3 MaTepHa-
JIOB, IMEIOIIMX PA3IMYHBIA SYHEPreTHYECKUH Opor peakuuu. I'eoMeTpryeckrne XapakTepHUCTHKH TTOJISI M3IIydESHUs B
KaXJIOM JHEPreTHYECKOM JHalla30He BOCCTAHABIMBAIOT M3 pPAaCIpeleNeHnil MMOBEpXHOCTHOW aKTHMBHOCTH (HOIIBT.
[ocnennne onpenenstoTcs MyTeM OAHOMEPHOIO CKaHWPOBAaHUS (OJIBI CIIEIHAIBHO pa3pabOTaHHOW AETEKTOPHOMN
TOJIOBKOH, BKJITIOYAIONIEH JIMHEHHYI0 MaTpHIly U3 KOJUIMMHPOBAHHBIX JeTeKTopoB Ha ocHoBe CdZnTe. [ns Hempe-
PBIBHOTO MOHUTOPHWHTA ITOTOKAa MOIIHOCTH TOPMO3HOTO M3JIyYEHHUS NPEIIOKEHO HCIIOIB30BAaTh METOJl BTOPUYHOMN
sMHCcCHM 0€3 NHWTaHMS Ha OCHOBE IUIOCKONAPAIENBHOTO AETEKTOpa M3 ABYX IUIACTHH C Pa3IUYHON TOJIIMHOM.
[IpenBapuTenbHbI aHAIN3 TEOMETPHUN U YCIOBUM NPUMEHEHUS KKJO0H M3 JETEKTOPHBIX CHCTEM BBIIIOJIHEH METO-
JIOM KOMITBIOTEPHOTO MOJIETIMPOBAHMS Ha OCHOBe mporpammuoi cuctemsl PENELOPE/2001.

METOJIU MOHITOPHUHI'Y TAJIBMIBHOI'O BUITPOMIHIOBAHHS 1151 ®OTOSIJIEPHUX
TEXHOJIOI'TIA

C.II1. Kapacvos, B.1. Hikighopos, B.JI. Yeapos, B.A. Ille¢uenxo, .M. Illnsaxos

Onwcani 3arporoHOBaHi aBTOpaMH METOAM 1 3aCO0M BHMIPIOBAaHHS OCHOBHHUX IapaMETpiB MOTYXHUX JDKEpPe
BHUCOKOEHEPTETHYHOTO TaJbMIBHOTO BHITPOMIHIOBaHHS. JlOCHi/DKEHHS ITPOCTOPOBO-CHEPIEeTUYHUX XapaKTEPHCTHK
BUIIPOMIHIOBAaHHSI ITPOIIOHY€ETHCSI BUKOHYBATH METO/IOM CHUTBHOTO (Y,h) - aKkTHBYBaHHS Habopy (oJbr 3 MaTepialis,
1110 MalOTh PI3HUH €HEPreTUYHUH Mmopir peaxiii. ['eoMeTpryHi XapaKTepUCTHKU OIS BUTIPOMIHIOBAHHS B KOXKHOMY
€HEepPreTHYHOMY Jiana3oHi BH3HAYAIOTh 3 PO3IMOJALTIB MOBEPXHEBOI akTHBHOCTI (hoibr. OCTaHHI BH3HAYAIOTHCS
NUITXOM OJHOMIPHOTO CKaHYBaHHS ()OJIBI CHCIHiaTbHO PO3POOICHOI0 ICTCKTOPHOIO TOJIIBKOIO, 1[0 BKIIOYAE JTIHIHHY
MaTpHII0 3 KOJIMOBaHMX JAeTeKTopiB Ha ocHOBI CdZnTe. lns Oe3nepepBHOrO MOHITOPHHIY MOTOKY MOTY>KHOCTI
rajJbMiBHOTO BUIIPOMIHIOBaHHS 3allpOIIOHOBAHO BHMKOPHCTOBYBATHM METOJI BTOPHHHOI eMmicii 0Oe3 >KUBIICHHS Ha
OCHOBI TIJIOCKOTIAPAJICJIFHOTO IETEKTOPa 3 IBOX IUIACTHH 3 Pi3HOIO0 ToBHIMHOW. [TonepeaHiit aHami3 reomerpii i yMOB
3aCTOCYBaHHSI KOXHOI 3 JETEKTOPHHX CHUCTEM BHMKOHAaHMH METOJOM KOMITIOTEPHOIO MOJEIIOBaHHS Ha OCHOBI
nporpamuoi cucremu PENELOPE/2001.
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