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Annomayusa. L{uxnompon Tomckoeo noaumexuuueckozo ynusepcumema TI1Y muna P7M 6 nacmoswee epems
ucnonvzyemecs Oasi  paspabomku  paouo@apmayesmuyeckux —Nnpenapamos U Je4yeHus OHKOJIOSUHECKUX
3aboneganutl. {1 OUCTMAHYUOHHOU Mepanuu HeoOX00uMbl OO0CMAMOYHO OOablUUe HOMOKU ObICMPLIX
HelmpoHo8, KOMOopble MO2YM €030a6amb O0CHANOYHbIe YPOGHU NO2NOWEHHOU 003bl UZIYYEHUsI 8 PAKOBOT
mranu ne menee 0,1 ep/ mun npu paccmosnuu ucmounux-nayuenm 1 m. Llenecoobpasno ucnoiv3osams peaxyuio
’Be (d, n) "B ¢ snepeueii oeiimpona 13,6 M>B. Cpednss snepaus ucnyckaemvlx HelimpoHo8 paccuumplediach no
k00y PACE 4 (LISE++), komopwiti cocmasusin okono 5,2 MaB, a naubonee seposmuas snepeus okono 2,5 MaB.
Ymounenwvl u oyenenvi napamempuor nonei HeUmpoHuHo20 0OIYUeHUs, IHEPLEMULECKUX CHEKMPO8 U NO2TOUJEHHBIX
003 uznyuenus neiimponos ucmounukom *Be(d, n) na ocnose yuKkIompona Memooom HeiimpoHHOT aKMUGAYUI U
2AMMA-CREKMPOMempoM 8 Ouanasone 3uepeuti Heiumporos om 0 0o 14 M>B ons bonee sghpexmuenoeo neuerus
OHKONO2UYecKUX 3abonesanuil. B npoyecce smoco ucciedosanusi Ha OKHO KOJLIUMAMOpA Obliu BCMAGILEHbL
axcnepumenmanvhvlie pabomei ¢ goaveamu Al, Fe, Cu u Cd. Hccreoosanvl pasiuynvle pasmepvl noel
HeUmpoOHHO020 00IyYeHUsl, KOMOPble MO2YN Pe2YIUPOSAMbCsL CoEMHbIM NOIUIMULCHOBLIM KOLIUMAMOPOM Ol
UCCAEO08AHUS XAPAKMEPUCMUK HEUMPOHHO20 nyuka. Pezynomamol umumayuonuvix pabom ¢ kooamu MCNP-4C
u PACE 4 (LISE++) xopowio coenacyromcst ¢ 3KCRepuMeHma bHbLMU OGHHBIMU U TUMEPAmypotl, y4umulearoujeni

HEKoOmopble 6AaJiCHble PA3IUYUSL 6 3A6UCUMOCMU Om pa3mepa KOJTIUMAYUOHHO20 NOJIA.

Introduction. The reason of supporting the utilization of neutrons for treatment is their relative natural
adequacy (RBE). For the neutron energies provided by the cyclotron beam, 1/3 fewer doses are required to
accomplish an indistinguishable clinical impact with neutrons from is required with customary photons. Certain
tumors are named being radioresistant. They react ineffectively to ordinary photon treatment [1-3].

Research methods. Four different collimator-irradiation fields were studied with removable polyethylene
collimators, which have different irradiation field sizes; 8.5 x 8.5 cm’, 10.5 x 6 cm’, 7 x 4.5 cm” and 4.5 x 4.5 cn’.
The geometry of collimator materials and shielding are shown in Figure 1. To have a comparison with the actual

values of neutron flux, an experiment was conducted using Al, Fe, Cu, and Cd foils for neutron activation method.
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Fig.1. Neutron beam collimator. 1 — deuteron beam; 2 — ion beam channel; 3 — Be target; 4 — iron pipe; 5 —
polyethylene collimator, 6 — iron disks; 7 — concrete wall; 8 — radiation protection of polyethylene; 9 —

removable polyethylene collimator, 10 — cone

The beryllium target was irradiated by 13.6 MeV deuteron ions for a period of 30 minutes with deuteron
beam of current ~ 45 pA and spot size ~ 15-20 mm. The neutron energy spectrum simulated and obtained by
PACE 4 (LISE++) code [4].

The gamma-ray activities were measured by a high purity coaxial germanium HPGe (GC1020) detector
for a period of 250 seconds for Al, Cu and Cd samples and 4000 seconds for Fe samples. The calculated values

obtained using the equation:

A
<o>N(1-e"m)e

¢ (n/cm’.s) = (1)

Where 4, A, <o>, N, t;,, and t. denote the activity (Bq), decay constant (s’l), effective cross section (cmz),
number of target nuclei, time of irradiation and time of cooling respectively.

Results. The results were extracted from experiments and MCNP-4C simulations for neutron fluxes in
different energy ranges of neutrons and the neutron absorbed dose rates were presented in Table 1. These results

with results obtained by PACE 4 code were compared in Figure 2.

Table 1
The neutron dose rate for different collimation sizes
Neutron absorbed dose rates in Gy/min at 1 m from the source for
different irradiation fields
8.5x 8.5 em’ 10.5x 6 cm’ 7x4.5 cm’ 4.5x4.5cm’
Exp. results 0.225 0.216 0.21 0.20
MCNP-4C results 0.225 0.217 0.191 0.17

The absorbed dose rates were differed depending on the collimation field size. Experimental and simulated
MCNP-4C values almost equal for big irradiation fields, and begin to differ for smaller ones. As a result, the dose rate
decreases about 10 % between collimators with irradiation fields 8.5 x 8.5 cm” and 4.5 x 4.5 cm” as demonstrated by

the experiments. While, these values are decreased approximately 25 % as calculated by MCNP-4C code.
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Fig.2. the cumulative neutron fluxes over energy regions of neutrons for different collimation irradiation fields.
This scheme presented data obtained experimentally (with error bars) and simulation results

by MCNP4C and PACE 4 codes

These results can be explained as appearing in Fig .2 that the neutron flux calculated by MCNP-4C is less
than measured experimentally in the energy region between 1 MeV and 6 MeV (taken into account the big errors
for some experimental results about 20 %).

Conclusions. As a result, the neutron fluxes from ’Be(d, n) source and the dose rates conducted
experimentally and simulated by the code MCNP-4C were in good agreement with literature. These values were
differed according to the irradiation field size. The experimental and MCNP-4C values are very close to each
other for big irradiation fields and begin to differ significantly for smaller ones. There is a drop of dose rate value
by 10 % between collimators 8.5 x 8.5 cm’ and 4.5 x 4.5 cm’” as appeared from experiments and 25 % as
calculated by MCNP-4C code. That because of the neutron fluxes calculated by MCNP-4C is less than measured
values in the energy region between 1 MeV and 6 MeV. Consequently, that leads us to the most optimal option

of collimation field size to be used to maximize the neutron flux and dose rate delivered to the treated tissues.
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