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In this article, the formation of given distributions of electron fluxes on the surfaces of irradiated objects using
magnetic fields of one-dimensional and two-dimensional scanners was studied. The types of time-dependences of
the change in the magnetic field was determined, providing both uniform and given distributions of the electron den-
sity on the irradiated surface. The influence of the energy and angular spread in the electron beam on the change in
the density of particles on the surface was analyzed. The influence of these factors can be compensated by changing
the magnetic field. For (X,Y)-scanner that generates electron beams: the main one (incident perpendicular to the
object) and additional (incident angles of 60...75° from the perpendicular to the object), a significant effect of the
energy spread on the incident angles of the additional beam was shown.

PACS: 29.25.-t, 29.85.-c, 52.59.-f, 24.10.Lx

In work [1], in order to ensure the minimum dose in-
homogeneity under polyethylene layer irradiation, we
proposed double-sided irradiation by electron beams at
different angles, the main beam and additional beam.
Fig. 1 shows a possible scheme of using (X,Y)-scanner
for irradiating the surface of the polyethylene layer by the
main electrons beam incident perpendicular to the surface
of the irradiated object and additional beam incident at
angle © # 0 relative to the normal of the object surface. In
[1], the influence of the energy spread of electron beam
on dose distributions for double-sided irradiation under
the main and additional beams was studied. However, the
influence of the energy and angular spreads of the initial
electron beam on the fluxes distribution from the main
and additional electron beams on the irradiated objects
surface has not been studied.
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Fig. 1. Possible scheme of using (X,Y )-scanner
for irradiating the surface of the polyethylene layer
by electron beam at different angles

Let a scan magnet field area is rectangular parallele-
piped in which a magnetic field is directed vertically,
homogeneous and varying in time [2]. Width of a mag-
netic field area in initial beam direction is marked h and
a distance between field area and an object is L (Fig. 2).
Let electrons of E, energy fly into a field area perpen-
dicularly to intensity vector and to a field bound line
and the intensity amplitude is H = H(t).
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As the electron velocity at few megaelectronvolt en-
ergy is approximately c, than a field intensity does not
change during the particles pass the field area. There-
fore the electron arrived to magnetic field in time t
moves along circumference that radius can be evaluated
from the relation

,/EZ—(mecz)z =R-H(t). (1)

From a magnetic field area electron flies out at the
angle a=arcsin(h/R) (see Fig. 2) to a drift space. A
transverse electron displacement y(t) from its initial
position is determined by

y(t)=R-(1—-\1-h?/R? +£-;, 2
R \1-n?/R?
where R=R(t) can be obtained from (1).

Introduce into consideration a dimensionless variable
x(t) = h/R(t) which is equal to sine of electron entrance
angle, so that -1< y < 1. Let rewrite (2) in dimensionless
values where u(t) = y(t)/h and # = I/h, so we can obtain

1 x(t
uH) = - i- 2 )+ L2 g
x(t) NP
A particle number corresponding to Au length of ir-

radiated object is proportional to At time and a particle
density on the object can be determined up to a factor as

At (du)®
o= =[] @

Using (3) and (4) and setting a law for magnetic
field change in time we can obtain a particle density
distribution on the object.

Let solve an inverse problem and find the law for
magnetic field change in time y(t) needed for obtaining
a given density distribution. We can rewrite an equation

(4) in a form:
TEENE -
p(t) \dy

Taking into account (3) the differential equation for
an arbitrary p(t) is nonlinear and has no solution in gen-
eral case. As a rule, for the most applications the uni-
form beam distribution is needed, that is p(t) = const.
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Fig. 2. To inference of displacement equation
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For p(t) = 1 and taking into account that |y| < 1, after
substituting (3) into (5) and expanding in a series in y,
we obtain an approximate value of y(t) in the form:

x(t) =A-tanh(B-t) . (6)

Fig. 3,a shows the dependences of the magnetic field
varying in time for the following options: y(t) — optimal
(o(t) = 1), x(t) = k-t — sawtooth change, y(t) — optimal +
field jump at large angles of deflection. Fig. 3,b shows
varying in the particle density on the irradiated object
with time for the following options: y(t) — optimal,
x(t) = k-t — sawtooth change, x(t) — optimal + field jump.
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Fig. 3. The dependences of the magnetic field varying
in time for the following options:

x() —optimal (o(z) = 1), x(t) = k-t — sawtooth change,
x(t) —optimal + field jump (a);

varying in the particle density on the irradiated object

with time for the following options:
x(t) — optimal, y(t) = k-t — sawtooth change,

x(t) —optimal + field jump (b)
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Fig. 4,a,b shows the dependences of the magnetic
field varying and the density of particles on the irradiat-
ed object, similar to Fig. 3, but instead of varying the
magnetic field, the optimal + field jump, the optimal
+ stepwise varying in the magnetic field and the corre-
sponding particle density are used.
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Fig. 4. The dependences of the magnetic field varying
in time for the following options:

x(t) —optimal (o(t) = 1), x(t) = k't — sawtooth change,
x(t) — optimal + stepped field (a);

varying in the particle density on the irradiated object

with time for the following options:
x(t) — optimal, y(t) = k-t — sawtooth change,

x(t) — optimal + stepped field (b)
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Fig. 5. The dependences of the particle density
varying in time of the irradiated object taking
into account the deviations in energy 6

The influence of the energy spread in the electron
beam on the particle density varying on the surface is
analyzed. Assuming that the initial energy of the elec-
trons is Ey, the deviation of the energy is ¢, then the
energy of the electrons is E = Eq-(1+6). Then, taking
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into account relation (1), the relation for the magnetic
field has a simple form:
x(t,6) =A-tanh(B-t)-(1-5) . )

Using (7) and (5), the dependences on the particle
density varying in time of the irradiated object were
obtained, taking into account the deviations in energy 4,
shown in Fig. 5.

The influence of the energy spread in the electron
beam on the change in the electron beam incidence an-
gles of the irradiated object is determined by the follow-
ing relation:

where « is the incidence angle of the initial electron
with energy E, & is the incidence angle of electron with
energy E;.

In [1], the calculations of dose distributions for elec-
tron energies in the range 0.9E, < E < 1.025E, where
Eo = 2, 6, 10 MeV for angles ® = 0° (main beam) and
an additional beam ® = 65° and A® = 1° (option scan-
ner + Panovsky lenses). For angles « = 15°, 30°, 45°
and 65 and energies Eq = 2, 6, 10 MeV with energy
range of 0.9E, < E <1.025E, using relation (8), the val-
ues of the angles ¢y, given in Table 1, were obtained.
Table 2 shows the relative deviations of the angle o

. . sz—(mcz)2 !
sin(e,) = sin(a) - m (8) from & when the electron energy deviates from the
1 e nominal value.
Table 1
Values of angles ¢ for different deviations of the electron energy from the nominal values
2 6 10
c.degree s T30 | 45 | 65 | 15 | 30 | 45 | 65 | 15 | 30 | 45 | 65
AEq oy, degree ay, degree ay, degree
0.9 169 | 341 | 524 16.7 | 33.8 | 51.8 16.7 | 33.8 | 51.8
0.925 163 | 329 | 503 | 80.3 | 16.3 | 327 | 499 | 786 | 16.3 | 32.7 | 49.9 | 785
0.95 159 | 319 | 483 | 73.3 | 158 | 318 | 481 | 726 | 158 | 318 | 481 | 72.6
0.975 154 | 309 | 466 | 686 | 154 | 30.9 | 465 | 684 | 154 | 309 | 46,5 | 68.4
1 15.0 | 30.0 | 45.0 | 65.0 | 15.0 | 30.0 | 450 | 65.0 | 15.0 | 30.0 | 45.0 | 65.0
1.025 146 | 29.1 | 435 | 620 | 146 | 29.2 | 436 | 62.1 | 146 | 29.2 | 436 | 62.1
Table 2
Relative deviations of the angle o4 from a when the electron energy deviates from the nominal value
2 6 10
“ 15 | 30 | 45 | 65 | 15 | 30 | 45 | 65 | 15 | 30 | 45 | 65
(on-).100/ at, % (-a).100/ o, % (on-@).100/ at, %
0.9 12.4 13.6 16.4 | >100 | 11.5 12.6 15.2 | >100 | 115 125 15.1 >100
0.925 | 9.0 9.8 11.7 | 235 8.4 9.1 109 | 21.0 8.3 9.1 10.8 20.8
0.95 5.8 6.3 7.4 12.7 5.4 5.9 6.9 11.7 5.4 5.9 6.9 11.7
0975 | 2.8 3.0 3.6 5.6 2.6 2.9 3.3 5.2 2.6 2.8 3.3 5.2
1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1.025 | 27 | 29 | 33 | 47 | 25 | 27 | 31 | 44 | 25 | 27 | -31 -4.4
CONCLUSIONS 2. S. Pismenesky, G. Popov, V. Rudychev. Reproduc-

The types of time dependences of magnetic fields
are determined, which provide the specified distribu-
tions of electron fluxes on the surfaces of irradiated ob-
jects and on converters of bremsstrahlung. The influ-
ence of the energy and angular spread in the electron
beam on the change in the particle density on the sur-
face is analyzed. The influence of these factors can be
compensated for magnetic field varying. For (X,Y)-
scanner that produces electron beams: the main (inci-
dent perpendicular to the object) and additional (inci-
dent at angles of 60...75° relative to the normal of the
object), a significant influence of the energy spread on
the additional beam incidence angles is shown.

REFERENCES

1. V.G. Rudychev, V.T. Lazurik, Y.V. Rudychev. In-
fluence of the electron beams incidence angles on
the depth-dose distribution of the irradiated object //
Rad. Phys. Chem. 2021, v. 186, p. 109527, https:
//doi.org/10.1016/j.radphyschem.

ISSN 1562-6016. BAHT. 2022. Ne3(139)

tion of a given particle distribution by means of
scanner // Rad. Phys. Chem. 2002, 63, issue 3-6,
p. 601-604.

3. A. Lisitsky, S. Pismenesky, G. Popov, V. Rudychev.
Quality improvement of irradiating technique //
Radiat. Phys. Chem. 2002, v. 63, p. 591-594.

4. J. McKeown, S.T. Craig, N.H. Drewell, et al. Beam
scanning for dose uniformity // Radiat. Phys. Chem.
1995, v. 46, p. 1363-1372.

5. Y. Yuri, M. Fukuda, T. Yuyama. Transverse profile
shaping of a charged-particle beam using multipole
magnets // Formation of hollow beams, Journal of
Physics: Conference Series. 2019, 1350, p. 012115,
IOP  Publishing  doi:10.1088/1742-6596/1350/1/
012115.

6. M. Cleland, R. Galloway, F. Genin, et al. The Use of
Dose and Charge Distributions in Electron Beam
Processing // Radiat. Phys. Chem. 2002, v. 63, Ne 3-
6, p. 729-733.

Article received 25.04.2022

89


file:///F:/Egor/2022/VANT/186
https://doi.org/10.1016/j.radphyschem.2021.109527
https://doi.org/10.1016/j.radphyschem.2021.109527
https://www.sciencedirect.com/science/article/abs/pii/S0969806X01006703#!
https://www.sciencedirect.com/science/article/abs/pii/S0969806X01006703#!
https://www.sciencedirect.com/science/article/abs/pii/S0969806X01006703#!

®OPMYBAHHS ITYYKIB EJJEKTPOHIB 3 3AJAHUM ITPOCTOPOBUM
PO3IIOAIVIOM 3A TOIIOMOI'OIO CKAHEPA

B.I'. Pyouues, B.T. /lazypuk, €.B. Pyouues

Hocmimkeno ¢opMyBaHHS 3aJaHUX PO3IMOILTIB MOTOKIB €JNEKTPOHIB HA MOBEPXHIX OMPOMIHEHHX OO'€KTIB 3a
JIOTIOMOTOI0 MarHiTHUX ITOJIiB OAHOBHUMIPHOTO Ta JBOBHMIPHOTO CKaHepiB. BU3HAaYeHO BHIM 3aJIeKHOCTEH 3MiHH
MAarHITHOTO TOJIA BiJ 4acy, IO 3a0e3NedyroTh SIK OTHOPITHI, TaK i 3aJaHi PO3MONUIM MIUTFHOCTI €JIEKTPOHIB Ha
TIOBEPXHI, 1110 ONPOMiHIOEThCs. [IpoaHai3oBaHO BILIMB €HEPreTHYHOTO Ta KyTOBOTO PO3KH[IB Y IMYYKY €JEKTPOHIB
110 70 3MiHM IIIFHOCTI YaCTHHOK Ha MOBEPXHi. BrumB mux (akTopiB MO>ke KOMIIEHCYBATUCS 3MIHOIO MarHiTHOTO
nois. Jdus (X,Y)-ckaHepa, IO CTBOPIOE MYYKH E€JIEKTPOHIB: OCHOBHMH (T1afa€ NEPIEHAMKYISPHO 00'€KTy) i
nmomaTkoBui (KyTu mamiaas 60...75° Big meprneHAMKymspa 10 00'€kTa), MOKa3aHO 3HAYHWI BIUIUB €HEPTeTUIHOTO
PO3KHIY Ha KYTH HaJ{iHHS JOJATKOBOIO ITy4YKa.

®OPMUPOBAHHUE ITYYKOB 3JIEKTPOHOB C 3AJAHHBIM TPOCTPAHCTBEHHBIM
PACHIPEJEJIEHUEM C ITIOMOIIBIO CKAHEPA

B.I'. Pyoviues, B.T. Jlazypux, E.B. Pyoviueg

HccnenoBano GopMupoBaHne 3aTaHHBIX PaclpefesICHUI MOTOKOB 3JIEKTPOHOB Ha IOBEPXHOCTAX OOJIydaeMBIX
00BEKTOB TIPH ITOMOIIM MAarHUTHBIX TIOJICH OIHOMEPHOTO M JIBYMEPHOI'O CKaHepoB. OmpeleneHbl BUIbI 3aBHCUMO-
cTeil I3MEHEeHUs] MarHUTHOTO TOJISl OT BPEeMEHH, 00ecIieYrBaroe Kak OMHOPOAHbIC, TaK U 3aJlaHHbIe pacrpernee-
HUS TUIOTHOCTH BJICKTPOHOB Ha 00ydaeMoil moBepXHOCTH. [IpoaHaIn3upoBaHO BIHMSHHE SHEPTETUYECKOTO U YIIIO-
BOT0O Pa30pOCOB B ITy4Ke AJICKTPOHOB HA M3MCHCHHUE IUIOTHOCTU YacTHI Ha MOBEPXHOCTH. BimsHue 3THX dakTopos
MOYXE€T OBITh KOMIICHCHPOBAHO U3MEHEHHEM MarHuTHOro mojst. Jisa (X,Y)-ckaHepa, CO3MalOIIEr0 MyYKH dJIEKTPO-
HOB: OCHOBHOH (IaJaloMmuil MEePIeHINKYISIPHO 00BEKTY) M JOMOTHHUTENbHBINA (yrisl magerus 60...75° or mepmeH-
JUKYJISIpa K OOBEKTY), TIOKa3aHO CYNIECTBEHHOE BIIMSHUE YHEPreTHUECKOro pa3dpoca Ha yIiibl NaJeHHs JOIOJIHH-
TEJIHOTO ITyYKa.
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