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A method is proposed for numerical analysis of radiation characteristics of output devices of the electron linac.
The method enables an optimum arrangement of the objects irradiated in the field of electron radiation and
bremsstrahlung. Results are reported from the analysis of equipment location at the exit of one of the NSC KIPT
electron linacs. The results were obtained by the mathematical simulation method with the use of the PENELOPE

code system.
PACS: 87.50.Gi; 87.53Vb

1. INTRODUCTION

In modern radiation installations based on high-cur-
rent electron accelerators a high-power bremsstrahlung
is generated in the interaction of the beam with output
device components. In addition to electron radiation, the
bremsstrahlung may be used for carrying out technolog-
ical programs (e,X-beam devices). Here we propose the
method for analysis and optimization of such devices.

The accelerator beam track, starting from the elec-
tron source, can be considered as a single multicompo-
nent target consisting of the layers of different materials
that are transverse with respect to the beam. The thick-
ness of each layer is measured in the units of the aver-
age entire range of the electron in the given material at
electron energy equal to the average energy of electrons
from the source. We shall call thus obtained length of
the electron accelerator as the stopping length. Using
the method of simulation based on the PENELOPE code
system [1], we calculate the characteristics of the radia-
tion field as functions of the stopping path of the device
for actual or anticipated variant of output equipment lo-
cation there. The main characteristics among them are
the energy yields of electrons, photons and their ratio.
The analysis of the behavior of these characteristics, and
also, of their variations in relation to the variations in
the parameters of the equipment provides an optimum
variant of the arrangement of targets for their irradiation
with electrons and photons.

To illustrate the method, the quality of the particle
beam path of the NSC KIPT accelerator LU-20 was an-
alyzed. The accelerator has two targets, one of which
being irradiated with electrons, and the other - with pho-
tons. Thus, the given accelerator is a realized variant of
the e,X-device.

2. THE MAIN STATES OF ¢,X-RADIATION
AFTER PASSING THROUGH TARGETS OF
DIFFERENT THICKNESSES

Let the monochromatic electron beam of energy E,
be incident on the target of arbitrary material of given
thickness. The target thickness measured in the units of
the average entire electron range in the target material
will be called as the stopping thickness.

The summed energy of electrons incident on the tar-
get is denoted as Eyeam. Electrons with the summed ener-
gy Ea and photons with the summed energy E, are
emitted from the target in the direction of the incident
beam. Positrons emitted from the target are neglected.
The Eo/Epeam ratio is the electron transmission coeffi-
cient, the Eq./Eveam ratio is the energy coefficient of elec-
tron-to-photon conversion, the E../Eq ratio is the photon
beam quality factor, which characterizes the degree of
electron content in the beam.

x_ E=10MeV
90+ 184 ~, 0

*q0— Water, range 5.08 cm
804 E~10 MeV

—n Al\{ange 2.17cm

169
o Vvater range 5.08 cm It 69
70 14 u, ral .69 cm
—u—Al, range 2.17 cm —%—Ta, rEE:\(%ﬁhn\
- 60 7;r (Tiu range 0.69 cm < 124 +/+‘+\+‘+‘+ *
2507 — a, range 0.37 cm <104 / b
H 3 R E—

L{ 404 o g F b
“ 30 = 6] / — e,
+
21 1 /:;wﬂo‘ofw,onvo\o\o
10 24 o
\x\ :

00 02 04 06 08 10 12 14 16
Thickness/Range

00 02 04 06 08 10 12 14 16
Thickness/Range

/\\ o %‘{’%

B+
i ‘

/EyrE\]* d

E =10 MeV

% Ta, range 0.37 cm

1B 10Mev
120-{—0— Water, range 5.08 cm

—n—Al.range2.17em 1]
100+ —+— Cu, range 0.69 cm
—%— Ta, range 0.37 cm
= 80
3]
) +
=604

0 - ,t.//"
0,0 02 04 06 08 10 12 14 16
Thickness/Range

0,0+
00 02 04 06 08 10 12 14 16
Thickness/Range

Fig.1. The coefficients of transmission (a), conversion
(b), photon beam quality (c), and also, normalized coef-
ficients for tantalum (d) as functions of the stopping tar-
get thickness, Ey = 10 MeV

Fig.1 shows the calculated above-mentioned charac-
teristics of radiation as functions of the stopping thick-
ness of targets made of different materials in a wide
range of atomic numbers for E; = 10 MeV. As it is obvi-
ous, for all the materials under study, the characteristics
show a qualitatively similar behavior. This is shown in
Fig.1,d, which gives the characteristics for tantalum,
each being normalized for its maximum value.

It can be seen from the example with tantalum that
as the target thickness increases; the state of radiation at
the target output goes through three main stages.
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At the first stage, at a target thickness ranging from
zero to 0.5 there occur the deceleration and stopping of
beam electrons, accompanied by a rise in the
bremsstrahlung intensity up to the maximum value.

At the second stage, at thicknesses between 0.5 and
1.15, there occurs the formation of a dynamically equi-
librium secondary radiation, with photons being its main
component. At this stage, an intense improvement in the
photon beam quality up to the maximum value takes
place.

At the third stage, at thicknesses between 1.15 and
more, the absorption of the formed secondary radiation
occurs. The process goes in such a way that the Eg/E
ratio stays high and decreases very slowly as compared
with the drop in the photon intensity (photon-electron
equilibrium [2]).

3. ANALYSIS OF THE BEAM PATH IN THE
INSTALLATION WITH THE
ACCELERATOR LU-20 AS THE BASIS

The scheme of output devices in the accelerator
beam is presented in Fig.2. Along the beam, there go in
succession: the exit window foil (Ti, 50 p), then in the
air — the scatterer plate (Al, 2 mm), the vessel (Al, the
front wall is 1 mm thick, the rear wall is 5 mm thick)
with target 1 (2.67 g/cm® density, measures 40x40x
2.5 ¢cm), the converter device from a 1 mm tantalum
plate, and the 8 mm aluminum plate assembly unit. Be-
hind the converter, there is the target 2 (3.36 g/cv’ den-
sity, same size). The distance from the foil to the second

target is 164 cm.
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Fig.2. Scheme of peripheral units of the accelerator
LU-20

The electron beam energy spectrum is shown in the
inset of Fig. 2. The average electron energy value makes
22.8 MeV. At this energy, computations were made to
obtain the entire ranges of electrons in Ti, air, Ta, Al,
target 1, target 2, and also the stopping thicknesses of
the corresponding output devices and air gaps. The sum
of thicknesses of all the components makes the stopping
length of the output device of the accelerator.

The radiation field characteristics were determined
in the front planes of the components (control points,
see Fig.2): CPI is a front plane of the Al scatterer, CP2
is the 1* wall plane of the target 1 container, CP3 is the
1** wall plane of target 1, CP4 is the 1* wall plane of the
Ta plate of the converter, CP5 is the 1* wall plane of the

Al unit of converter plates, CP6 is the 1* wall plane of
target 2. The mentioned control point numbers CPl1,
CP2 (or 1, 2), etc., are shown in Fig.3.

Figs.3,al, bl, cl give radiation field characteristics
of the operational e,X-device based on the LU-20, and
Figs.3,a2, b2, c2 illustrate the variations in these charac-
teristics with an increase in the tantalum plate thickness
up to 7 mm. With a growing plate thickness points 5 and
6 get shifted. Figs.3,a2, b2, ¢2 show new positions of
point 5 and the associated corresponding new positions
of point 6.
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Fig.3. Coefficients of transmission (al), conversion
(b1), photon beam quality (cl1) and variations of these
coefficients (a2, b2, c2) (for different Ta plate thick-
nesses) versus stopping length of the output device

The data presented in Fig.3 show that target 1 is the
main “consumer” of the electron beam. At the same
time, together with the second wall of the container (de-
noted as Al in the figure) and the tantalum plate target 1
serves as an e, X-converter, because at point 5 the con-
version coefficient attains its maximum. Target 2, in its
turn, is the “consumer” of the high-quality photon beam,
because at point 6 the quality factor reaches maximum.

So, at accelerator LU-20 conditions, targets 1 and 2
are arranged in the optimum way.

Note that the LU-20 photon beam quality is in-
creased by the aluminum plate assembly unit by a factor
of 21.7 (Fig.3,cl). In this case, the conversion coeffi-
cient value falls from 11.7% down to 4.6% (Fig.3,bl).
Thus, the aluminum unit plays the role of the electron
filter. If this role is assigned to the 7 mm thick tantalum
plate, and the aluminum unit is removed, then the beam
quality will remain the same (Fig.3,c2), and the conver-
sion coefficient will fall down to 7.9% (cf. 4.6% in
Fig.3,b2). In this case, the photon yield is 1.7 times
higher. At an unchanged quality, this means that the
electron portion in the photon beam will be by the same
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factor greater. Therefore, light aluminum in the quality Work is supported by STCU, contract Ne 3151.
of a “cleaner” appears to be better than tantalum.
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METO/ AHAJIN3A U OITUMU3ALINU e, X-TPAKTA PAIMAIIMOHHBIX YCTAHOBOK
C JIMHEMHBIMHA YCKOPUTEJISIMH SJIEKTPOHOB

A.H. /loeons, H.A. /loéona, B.H. Huxugopos, B.JI. Yeapoe

IIpennoxeH MeToJ YHMCICHHOrO aHalIM3a PAJUALMOHHBIX XapaKTEPUCTUK BBIXOAHBIX YCTPONCTB YCKOpPUTENS
3JIEKTPOHOB. MeTo/1 MO3BOJIIET ONTUMAIIBHO PACIION0XUTh OOBEKTHI, 00JIydaeMbIe B I10JIE SJIEKTPOHHOTO U TOPMO3-
Horo u3nydeHus. [IpuBoasTcs pe3yapTaThl aHAN3a pa3MeIleHus 000pyIOBaHUS Ha BBIXOJIE OJAHOTO M3 JHMHEHHBIX
yckopureneid HHI XDTU. Pe3ynpTaTsl NOIy4eHBl METOOM MAaT€MaTHYECKOIO MOJAEIMPOBAHUS C IIOMOUIBIO MPO-
rpammHO# cuctemMbl PENELOPE.

METO/J{ AHAJII3Y TA ONTUMI3AIII e, X-TPAKTA PAIALIIMHUX YCTAHOBOK 3 JITHIMHUMHU
MMPUCKOPIOBAYAMM EJIEKTPOHIB

AM. /loeons, H.A. /loéona, B.1. Hixigpopos, B.)1. Yeapoes
[IpomoHy€eThCS METOT YUCENBPHOTO aHaNi3y pajiamiiHUX XapaKTePUCTUK BUXITHHUX IMPHCTPOIB MPHUCKOPIOBAYA
eJIEKTPOHIB. MeToJ| J03BOJISIE ONTHMAIBHO PO3MICTUTH 00 €KTH, LIO ONPOMIHIOIOTHCS B IOJI €JIEKTPOHHOIO 1
raJbMiBHOTO BHIIPOMIHIOBaHb. [IpUBOAATHCS pe3yNbTaTH aHai3y PO3MIIEHHSI YCTaTKyBaHHsS Ha BHXOJI OJHOTO 3
ninitanx mpuckoproBadis HHI[ X®TI. PesymbraTé omepkaHi METOJOM MAaTeMaTHYHOTO MOZCTIOBAaHHS 3a
noroMororo mporpamuoi cucremu PENELOPE.
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