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INTRODUCTION

The characteristics of the epitbermal ncutron beam at BMRR were measured, caiculated, and
reported by R. G. Fairchild (1). This beam bas already beea used for animal irradiations, We anticipate
that it will be used for clinicel trials. Thermal and epithermal ncutron flux densities distributions, and
dose rate distributions, as 2 function of depth were measured in a lucite dog-head phantom. Monte
Carlo calculations were perfonued and compared with the measured values.

MEASUREMENTS AND CALCULATIONS

Dog-Head phantom. A lucite dog-head phantom similar iz size and shape to that of a Labrador
retriever (Fg.l)wasconsuuctedmourhboutory The central part was cored to a rectanguiar well
4'%" in depth, 3%" in length, and 3% in width. This was filled with different sets of horizontal lucite
plates. Each set of plates had precisely machined grooves, to accommodate cither foils, cadmium
capsules with foils, TLD’s, or silicon diodes (Fig. 2). This arrangement allowed for measurements at
precise depths on the centra) axis. The composition and the density of Jucite is, for our purposes, very
similar to tissue. The phamom was irradiated with its central axis (center of the plates) aligned with the
central axis of the port. A serics of irradiations were conducted with the phantom touching the bare 10
x 10" port. Another series bad the phantom placed against a 2*-thick LiOH collimator, with an aperture
of about 4" x 4", inserted in the port. The experiments were designed:

- To check the dosimetry in an asymmetric geometrical
configuration;

- To obtain dosimetric data for animal irradiations;

- To assess the influence of beam delimiters (collimatorz);

- To compare the measured values with the Monte Cario
calculations.

Calculations. The Monte Carlo computer program MCNP
was used to generate neutron fluence rates and dose rates in a
dog phantom. The neutron source used in the calculations bad
a pancake geometry of 10" x 10" and was situated directly in
front of the phantom or the collimator, when one was used.
The energy spectrum of the source was the calculated spectrum
reported by Wheeler et al.(2). The calculated values were
compared to the mcasured results. The main discrepancy was
observed in the calculations of the -« dose.
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j . Bare and cadmium-encapsulated gold foils were
used to measure the thermal and epitbermal neutron flux. The epithermal neutron fluence rate was
calculated by the cadmium ratio method. The measured values of the neutron fluence rates with and
without 2 collimator are shown in Fig. 3, and the calculated (MCNP) values are given in Fig. 4. When
we compared the ratio: thermal peutron fluence rate (barc port)/thermal neutron fluence rate
(collimator) at the peak and at the surface of the pbantom, a skin-sparing cffect was suggested when
a collimator was used. The magnitude of this effect will be influenced by the combined geometry of the
collimator and the phantom. The measured and the calculated values are in good agreement; however,
ihe calculated epithermal neutron fluence rate drops faster with depth in phantom.

Effective Dose Rate. The effective dose rates for pbantom irradiations on the bare port and with
a collimator are given in Figs. 5 and 6 at a power of 1 MW. For the *N(n,p)!*C reaction, a N content
of 1.84% by weight and an RBE of 1.6 were used. The same RBE was used for the fast neutron
effective dose. The RBE used for the 1°B(n,a) Li reaction was 2.3, The shape of the curves in Fig. 6

was influenced by the irregular shape of the phantom.
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The calculated (MCNP) dose distributions were in good agreement with the measured values with
the exception of the calenlated ¥ doses. As can be seen in Table 1, the y doses were much lower,

probably due mainly to the cross scctions used.
Table 1. Beam Parameters in Dog Phantom.

Measured MCNP
Bare Coll Bare Coll
Fast neutron dose rate 22 095 203 0.85
at 0 depth rad -rbe/MW -min
Peak total y dose rate 519 225 2 084
rad -rbe/MW -min
Fast eutron dose/th. neutron 3201 32a0H 3101 33101
at peak rad rbe/n-cm
Peak v dose/th. neutron 27401 77401 - -
at peak rad-rbe/n-cm
Peak bekgr (oo 1°B) dose rate 753 335 - -
rad-rbe/MW -min
Peakbckgrsppm“’ndoseme 1134 505 - -
rad rbe/MW -min
Peak bekgr 30 ppm 1B dose rate 4116 2035 - -
rad -rbe/MW min

INTERCALIBRATION OF EPITHERMAL NEUTRON BEAMS

Measurements and/or calculations of beam parameters in air are not caough to characterize a
neutron beam. Dose components must be measured and caiculated in a phantom. The compositions,
shapes, and sizes of the phantoms, as well as the geometry of the beam, make it difficult to compare
the performance of the different ncutron beams. We suggest standardizing the phantom and the
reported measured or calculated parameters in 2 manner similar to that which follows,

Phantomn. A simple, inexpensive, and casily machined lucite right circular cylinder, 165 cm in
diameter, 25 cm high, was buiit. A thin lucite tube was inserted along its central axis. Lucite rods were
inserted io the tube. Each set of rods had indentations to allow the insertion of detectors (foils, TLDs,
or solid state silicon diodes) at well-defined depths in the phantom. A provision is made for the
insertion of a lucite tube off axis, in which measurements can be made for calculation benchmarking.

Beam Parameters in Air. It is our opinion that the parameters, measured and/or calculated at the
irradiation port face, which must be reported in order to characterize the epithermal beam are:

- Neutron spectrum;

-  Epithermal neutron flux density;

- Absorbed dose rate from gammas and fast neutroas free in air;

- Gamma dose and fast neutron dose per epithermal neutroa.

Beam Parameters in_Standard Phantor. Graphic representations of the thermal neutron flux
density and dose rate distributions as a function of depth in phantom must be reported.

A beam aperture of 10 by 10 cm is suggested. In any case, the irradiation geometry must be well
defined. The advantage depth and the therapeutic gain will complete the data necessary for an effective
intercalibration of epithermal neutron beams.
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