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SHIELDING ATTENUATION OF NEUTRONS 
FROM 80-MeV a-PARTICLE BOMi3ARDMENT OF 

ELEMENTALTANTALtiM* 

William W. Wadman lii 

Lawrence Radiation Labor,atory 
University of CalifornUi 

Berkeley, Californici. 

November 13, 1967 

ABSTRACT 

The angular distribution, yield, spectra, and attenuation of fast 

neutrons from the a-particle bombardment of a thick elemental-tantalum 

target have been simultaneously measured. 

Data were obtained by using threshold energy detectors and ther-

mal neutron detectors. Neutron spectra at 0, 60, and 90 deg were cal-

culated with the computer program FLUXPOS. The program uses the 

activities of the reaction products in the threshold detectors and the 

reaction cross section as a function of energy to compute the shape and 

magnitude of the neutron spectrum required to produce the observed 

activities. Thermal neutron activation foils were placed in the shielding 

at 6-in. intervals to determine the neutron attenuation profiles at 0, 75, 

and 90 deg from the target. 

Data show that neutron spectral slopes become steeper with in-

creasing angle, and the relaxation lengths (i.e., attenuation thickness 

expressed in g/cm2) become less with increasing angle . 

A literature search did not reveal any experiments with which 

these data could be com pared. 
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INTRODUCTION 

Simultaneous measurements were made of angular distribution, 

yield, spectra, and attenuation profiles of fast neutrons. The neutrons 

were obtained by bombarding a thick elemental tantalum target with 

80 -MeV a particles accelerated by the Berkeley 88 -inch cyclotron. 

In these experiments we measured the effectiveness of the existing 

shielding at the cyclotron, and developed data to use in designing local 

shielding configurations. 

The simultaneous measurements of attenuation profiles for three 

measured incident spectra offer three new sets of data which may assist 

in refining calculations related to neutron shielding. 

A literature search did not reveal previous work with which these 

experiments could be compared. 

METHODS AND APPARATUS 

Threshold Detectors 

Threshold. neutron reaction detectors were used to determine 

angular distribution, yield, and spectra of the fast neutrons. The 

choice of materials selected for these detectors was based upon the 

work of Ringle at this Laboratory<.!); the properties, as described· in 

Table I, were taken directly from his work. The neutron spectra cal-

culated from the reaction products of each detector could not inc or-

2 03 12 7 
porate the Tl and I(n, 2n) reactions. This was due to the lack of 

accurate experimentally determined neutron reaction eros s sections as 

a function of energy at the time of this data reduction. The neutron 

spectra were calculated from they-ray activities of the reaction prod-

ucts in the detector materials. This was done with an improved version 
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of Ringle's program FLUX. The improved program, FLUXPOS, was 

devised by Kohler at this Laboratory (~). 

Both Ringle's and Kohler's programs have upper limits of 30 MeV 

for spectral calculations. Two other reactions were therefore used to 

extend the spectra beyond 30 MeV; the properties of these two reactions--

2 7 Al (n, a 2n) 22 Na and 203 Tl (n, 4n} 200Tl- -are also shown in Table I. 

Thermal Neutron Detectors 

The neutron attenuation profiles were established by using indium 

foil thermal-neutron detectors ( 3-5 ). Indium has a 145 -barn thermal-

neutron cross section and a half-life of 54.0 minutes, the availability 

and shape of the foil, and the existing beta-counting system, all con-

tributed toward the decision to use indium for these studies. 

Through the use of indium we felt that we could accurately deter-

mine the attenuation profiles for concrete, considering processes 

generally accepted as neutron-attenuating mechanisms (6-9). Concrete 

is made of elements ranging from medium Z down to hydrogen. Ele-

ments in this region of atomic weight perform well as scattering and 

absorbing materials ( 6, 7). For those reasons, we felt that by observ-

ing the attenuation profiles of the thermal neutrons, we would be indi-

rectly observing the attenuation of the fast-neutron flux. 

Further, because of the high thermal-neutron cross section of 

indium, and the short irradiation time required for saturation activity, 

5 we were quite able to obtain significant data with a range of 10 With 

adequate thickness of the shielding and more care in counting low-

7 activity foils, the range could span 10 Other experimenters have 

4 
found a range of 10 for foils to be their practical limit(.?_). 



• 

-3- UCRL-16359 Rev. 

Experimental Setup and Apparatus 

Figure 1 is a schematic diagram of the irradiation apparatus and 

of the beam-alignment and viewing equipment. The aluminum equip

ment box housed an etched quartz plate oriented at 45 deg to the a

particle beam. Located 90 deg to the beam line and opposite the quartz 

was a remote, closed-circuit television camera. The extracted a

particle beam was brought out of the cyclotron through a quadrupole 

focusing magnet and a steering magnet (not shown in Fig. 1) onto the 

quartz plate, which was placed precisely in the beam line. The beam 

was centered and shaped while the television readout was being ob

served. The quartz was then withdrawn, allowing the beam to proceed 

to the Faraday cup and target. 

The Faraday cup was electrically isolated from any ground paths 

except when it was connected to an integrating beam-current electrom

eter. 

Centered about the target was the threshold-detector mounting 

ring used to hold the threshold detectors rigid during irradiation. 

Detector Mounting 

The threshold detectors were first mounted on their support ring 

30 em in diameter. When the beam alignment and tuning were complete, 

the detectors and ring were mounted on the beam pipe and centered 

accurately about the target. 

The indium detectors were fastened at 6-in. intervals within a 

flexible tubular hydrocarbon material. The tubing was pressed flat 

and could be easily placed in slots in the shielding when tuning was 

complete. 
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Figure 2 shows the foil locations, spacing, shielding material, 

and target location for the thermal-neutron-detector experiment. 

Target and Mounting 

The tantalum target was selected on the basis of the nearly iso

tropic angular distribution of neutrons, as reported by Allen et al. ( 10) 

for 30 -MeV a-particle bombardment. Tai et al. (..!_!__) showed the neu

tron yield of tantalum to be high, relative to lower-Z elements, for 

32-MeV proton bombardment of thick targets. The results of these 

works, plus the physical propertie/s- -i.e., melting point- -were care

fully considered in choosing the target material. 

The tantalum was machined to fit very closely in the back of the 

Faraday cup. The target was thus in direct electrical contact with the 

copper of the cup for accurate beam current indication. 

Beam Current Measurements 

The beam current of the fully ionized 
4

He was measured in a 

Faraday cup of oxygen-free high-conductivity copper. The assembly 

permitted complete electrical isolation of the cup and vacuum container. 

The current was measured with an integrating-beam-current electrom

eter. 

To suppress the escape of secondary-emission electrons, a high

voltage guard ring at -1600 V de preceded the Faraday cup. This ring 

permitted us to remove the magnet normally used for secondary elec

tron suppression, and thus reduce large masses between the target and 

detectors. With this type of apparatus, beam-current measurements 

at this facility were found to be accurate to ± 3o/o ( 12). 

• 

. -· 
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Beam Alignment and Tuning 

Prior to the placement and irradiation of the passive detectors, 

the beam was centered and shaped while it was bombarding an etched 

quartz plate (Fig. 1). The quartz luminescence was observed by a 

remote closed-circuit television camera whose receiver was in the 

control room. This remote viewing permitted the cyclotron operators 

to shape and align the beam to ± 2 mm. After shaping and alignment, 

the quartz was withdrawn and the beam was directed onto the target 

and Faraday cup. The beam current was then maximized on the target. 

When the beam current was as high as possible for steady accel

erator operation the radio-frequency power was turned off and the 

detectors were positioned for the experiments. 

Counting 

Threshold Detectors 

Consistent with the technique of neutron spectroscopy developed 

by Ringle(_!), the gamma radiations from the activated threshold de

tectors were analyzed with a thallium-activated sodium iodide [Nai ( Tl)] 

crystal. The one we used was 3 in. in diam. and 3 in. high, and was 

mounted in a low-activity matched window assembly. 

We counted the samples in a 12 -in. -thick serpentine block cave 

of modest background. (Serpentine is a natural mineral that contains 

little, if any, radioactivity(_£).) 

Gamma-ray spectra of the reaction products were accumulated 

in a 400-channel pulse-height analyzer. The entire spectrometry 

system was housed in an air-conditioned humidity-controlled atmosphere. 
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Thermal-Neutron Detectors 

The indium foils were counted with ci. .. methane gas -flow propor

tional counter having a 0.6-mg/cm
2 

window 1 in. in diameter. The 

' 
counter was surrounded by a 4-in. -thick lead shield. This counter 

and associated electronics were housed in an air-conditioned humidity-

controlled. atmosphere. 

All counting electronics were operated from a regulated ac power 

supply. 

DATA REDUCTION AND ANALYSIS 

Spectra 

The-y-ray spectra of the activated threshold detectors, as measured 

with the-y-ray spectrometer, were used to calculate the absolute activi-

ties of the reaction products. The calculated activities of each type of 

detector at the same angle were then used in the program FLUXPOS (~) 

to compute the neutron spectra. The relationships between detector 

activity, cross section, and neutron flux are expressed as 

A! = soo <j> (E) (}'. (E) dE, 
1 0 1 

( 1) 

where A 1 =detector saturation activity or disintegration rate per 

-1 target nucleus in sec , 

-2 -1 -1 <j>(E) =neutron flux in em sec MeV , 

,..~E) . t· · 2 
v\ = reaction cross sec 1on 1n em , 

E = neutron energy in MeV, 

and i = identification of the reaction and the residual nucleus. 

One equation for each threshold reaction was used to form a set 

of integral equations that described the unknown neutron flux. By 
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iteration the computer sought to produce a set of calculated activities 

that best fitted the set of measured activiti~s. When it had such a set, 

it calculated the neutron flux per energy iriterval on the basis of the 

neutron spectrum that would be required to achieve the calculated 

ratios between (a) the activities and (b) the neutron flux necessary to 

produce the measured activities. 

This technique, which was originated by Ringle (_!) and improved 

upon by Kohler (~), is a Fortran IV program developed at this Labora-

tory for the IBM 7094. Spectral calculations were printed out as a 

neutron-flux-per-energy interval (step function) as wide as specified 

in the data input to the program. (FLUXPOS has been recently written 

in Fortran 66 for the CDC 6600 computer.) 

Angular Distribution of Neutrons 

The activities of the threshold detectors, at each angle measured, 

were used to calculate the total integrated neutron flux required to pro-

duce the absolute activity calculated for each reaction product. These 

numbers gave relative indications of the flux of neutrons with energies 

greater than the reaction threshold energies. The data from the same 

reaction, observed at different angles with respect to the target, could 

be used to describe the angular distribution of neutrons above various 

threshold energies. 

Fast-Neutron Yield 

'""'. The fast-neutron yield was calculated from the results of the 

58 N· < )58c t. · · d h · . · d n · d I n, p o ac IVItles an t e Integrate neutron ux require to 

produce that yield. The threshold energy of this reaction is 1.1 MeV 

and can be initiated by any neutron above that energy. The efficiency 
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of the reaction for all neutrons is a function of the cross section and 

the energy of the incident neutrons. The neutron emission from the 

target is not isotropic in the forward direction. The angular distribu-

tion from 0 to 60 deg is a diminishing exponential. For larger angles, 

the angular distribution is apparently constant for the 1.1-MeV reaction. 

Based upon the 58Ni(n, p) 58co reaction results and flux calcula-

tions, the following equation was derived to calculate the total emission 

of neutrons from the tantalum target: 

2s1T =21Tr 
0 

<j>(8)sin8d8 

2 se 1 -a e 2 slT = 2 1T r <j> 0 e sin e d e + 2 1T r <j>k sin 8 d e ( 2) 

2 ° [e -a e ( -a sin e 1 - c 0 s e 1 ] e : 
1 

= 21T r <j> 0 X ----.;2:------
a + 1 0 

2 
- 2 1T r <j>k c 0 s e 

1T 

-1 -1 where Q =total neutron emission (neutron sec flA of alpha 
I 

particles)t 

r = 15 em, 

-2 -1 -1 
<j> = neutrons em sec flA 

8 = lab angle (relative to beam angle to target) in radians, 

a = 0.9856 for 80-MeV a on Ta, . ·~ 

<j>k =flux constant (minimum value of <j>), 

e1 =angle beyond which <j>k exists (:::::60 deg). 
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Attenuation of Neutrons 

The indium foils (thermal-neutron-activation detectors) were 

used to find the relative thermal-neutron population at each of the mea

sured points in the shielding. In concrete, the relationship between 

the fast and thermal neutrons is considered to vary proportionally. 

In iron, a proportional relationship can exist only if the iron is thick 

enough to produce an equilibrium neutron spectrum. Indium foils may 

not be used to determine a realistic fast neutron flux attenuation in our 

iron shielding because in iron fast neutrons undergo inelastic neutron 

scattering as low in energy as 0. 8 MeV. Further energy reduction 

within the iron is difficult below 0.8 MeV. As the indium foils detect 

thermal neutrons, the thermal-neutron-induced activities in indium 

exposed while in a "thin" iron wall may not be used to accurately rep

resent the effectiveness of iron as a fast neutron shielding material 

for lack of equilibrium spectrum conditions, and an inability to describe 

reactions and scatter of the fast neutrons. 

The indium foils were counted and the activities were corrected 

for weight, decay time, and saturation activity. The relationship of 

thermal-neutron activities in indium to fast neutron population within 

large moderating masses is now under study(~). 

EXPERIMENTAL RESULTS 

Angular Distributions 

The angular distributions of neutrons observed in this experiment 

are shown in Fig. 3. The curves were drawn through the experimental 

points which represent the calculated neutron flux at the angles of ob

servation. The data were normalized to a spectrum weighted, average 



-10- UCRL-16359 Rev. 

neutron reaction cross section as a function of energy. The beam 

current was normalized to a 1- f.LA beam ±-ate. Each curve represents 

the angular distribution of neutrons of energies greater than the thresh-

old for that reaction, as given in Table I. 

Neutron Spectra 

Neutron spectra at 0, 60, and 90 deg from the target were cal-

culated from the threshold detector activities. Figure 4 shows the 

three spectra calculated with the program FLUXPOS (~) and exterided 

with the higher energy threshold reactions 
2 7 

Al ( 2, a2n) 22 Na and 

203Tl(n, 4n)200Tl. 

As the range of FLUXPOS was only from 0.2 to 30 MeV, it was 

necessary to determine the neutron flux and spectra beyond 30 MeV by 

means of the data obtained from reactions near to the 30-MeV FLUXPOS 

cutoff. This was done by using the 2 7 Al(n, a2n) 22 Na reaction to deter-

mine the neutron flux greater than 30 MeV at 0 deg. Because of the 

sensitivity of this reaction, it became increasingly difficult to use at 

angles greater than 0 deg because of the sharp decline of high-energy 

neutrons with increased angle. 

A high-energy reaction in thallium was noted and identified by 

y-ray energy and half-life. The reaction threshold was calculated with 

the mass -difference formula, and the threshold reactibn energy was 

compared with some experimental data. 

The calculated value of 24.7 MeV was close to the energy nece s-

. . . 203Tl( 3 )ZOOT! . . 11 d sary to 1n1t1ate a y, n reachon, as exper1menta y eter-

mined by Moffatt and Reitmann (..!2_). 

L 
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The 22 Na activity at' 0 deg was compared with the 
200

Tl activity 

at 0 deg, and as the two reactions have similar threshold energies and 

reaction cross-section shapes, we therefore assumed that the neutron 

flux responsible for the 22 Na activity was identical to that which pro

duced the 200Tl activity. The 200Tl activities at the other angles of 

d · h h 200Tl d 22 N . . . t 0 d observation were compare w1t t e an a act1v1t1es a eg 

to derive the total neutron flux of 30 MeV or greater energy. 

The neutron spectra, calculated by FLUXPOS as high as 30 MeV, 

had slopes of E -
1

• 
7 

at 0 deg, E -
2

·
3 

at 60 deg, and E - 3 · 2 at 90 deg, in 

the energy region from 6 to 30 MeV. When a thick, high-Z target was 

bombarded by a particles, we did not expect to observe a peak in the 

high-energy portion of the neutron spectrum. Therefore we assumed 

that the spectral shapes would maintain their respective slopes out to 

the cutoff energies (..!.§., _!2.). The neutron flux greater than 30 MeV for 

each angle was then distributed according to the slope until the total 

flux at each angle was accounted for. 

The general spectral shapes are similar to the neutron spectra 

at various angles as calculated by Moyer (.!2_). His spectra, for pro-

tons on beryllium, have a broad peak at the high-energy region in the 

forward angles. This would be expected in a single -nucleon bombard-

ment of a low-Z target (.!2_). 

Fast-Neutron Yield 

Eq. 1. 

The fast-neutron yield (emission) was calculated by means of 

The "Q" (emission) was evaluated at 3. 0 X 10
11 

neutrons sec - 1 

f-LA-
1 

of a particles. Activities of the 58 Ni(n, p) 58co threshold reaction 

were used to determine the angular distribution of the neutron flux. 
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By use of that information, the angular flux was integrated and cor-

rected to 4TI geometry for the neutron emission rate. 

Some neutron production by a-particle bombardment has be~n 

studied. 30-MeV a particles on tantalum were studied by Allen et al. 

32 32 . 
(_!Q), who used the S(n, p) P threshold react10n. The values ob-

tained from their work were based upon straight-line extrapolations 

that they made for tantalum targets. Their value, of about 9.8 X 10 
7 

- 1 A t. 1 -i . neutrons sec fl a par lC e s , 1s considerably low by our measure-

ments and estimates. Assuming that our spectra are reasonable, one 

finds a large number of neutrons in the regions 0.2 to 4 and 4 to 8 MeV. 

Comparing the 32 s(n, p) 32P reaction threshold with the 58Ni(n, p) 58 co 

reaction threshold, one could find an immediate 25o/o difference. 

Accounting for the very significant difference in the incident energies, 

one might find an even larger difference between measured and calcu-

lated fast-neutron emission rate. 

The ratios of neutron emission rates at 50- and 100-MeV a-par-

ticle energies were studied by the author. The emission ratios at a-

particle energies of 50 to 100 MeV are plotted along with Allen's data 

(~) at 30 MeV, a 40-MeV emission value determined by the author(~), 

and the 80 -MeV emission value presented here, in Fig. 5. 

Total neutron yield from thin targets for 40-MeV a bombardments 

are in reasonable agreement with data presented here when some 

attempt is made to account for the difference in the thickness of the 

targets ( 19). 

.. 
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Neutron-Attenuation Profiles 

Activities produced by forward-directed neutrons were corrected 

for angular distribution to derive attenuation profiles for 0° neutrons, 

This was necessary because only perpendicular slots in the wall were 

available in which to insert the indium foils, whereas the beam angle 

was 15 deg from a perpendicular with the shielding wall. The 75 -deg 

and 90-deg profiles were from straight-line irradiations, so that only 

inverse -square corrections were made in determining the attenuation 

profile. 

Figure 6 shows the attenuation profiles for the three different 

angles. 
2 The data, corrected for 1/R from the target, were plotted 

against the thickness of the shielding. 

The 1/ e attenuation lengths (relaxation lengths in g/ cm2) of the 

shielding materials, determined with thermal neutron detectors, are 

given in Table II. 

Neutron attenuation in ordinary concrete has been measured at 

several laboratories (~, ~. _!~)~ By applying our measured relaxation 

lengths to the experimentally determined attenuation values for mono-

energetic neutrons, we can infer effective neutron energies. These 

values are contained in Table II. 

Although data for the attenuation lengths in iron are given, we 

feel that they should be considered with the following reservations: 

a. Thermal neutron detectors were used to collect the data; and 

thermal-neutron detectors may not adequately describe the fast-

neutron attenuation in iron, except where the iron is thick enough to 

pe rn1it spectral equilibrium. 
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b. Iron is a poor moderator; and although neutrons undergo inelastic 

scattering down to about 0.8 MeV, they lose little energy below this 

value. 

It is interesting to note the straight-line attenuation curve in the 

iron at 75 deg (Fig. 6). (One explanation is the proximity of concrete 

on the other side of a 3-in. iron slab attached to the concrete wall.) 

Experimental results in iron for spectra with energies between those 

measured at 0 deg and 75 deg would help to shed light on the effects of 

iron on neutrons of energies between 30 and 60 MeV. 

CONCLUSIONS 

The angular distribution, yield, spectra, and attenuation profiles 

of neutrons have been measured simultaneously. The experiments 

were performed while elemental tantalum was being bombarded with 

80-MeV a particles. The work was done with techniques described in 

the literature. 

The angular distribution of neutrons was measured with several 

types of threshold detectors. The high energy neutron component is 

easily observed as higher energy threshold reactions are used, espe-

cially in the forward direction. 

The fast neutron yield of the experiment was calculated from the 

58N.( )58c . d f . 1 n, p o reaction, correcte or an1sotropy, and was evaluated 

11 -1 -1 
at 3.0X 10 neutrons sec f.J.A This value is accurate to ± 25o/o. 

The neutron spectra were calculated with an IBM 7094 computer, 

which, by iteration, produced a set of calculated activities which 

agreed best with the m.easured activities. It then calculated the flux 

and spectrt.m"l required to produce the measured activities. 



'..0.:•. 
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The fast neutron attenuation profiles were derived by using 

thermal neutron detectors inserted in slots in the shielding materials. 

The 1/e attenuation values, expressed in g/cm2, are 48 at 0 deg, 29 

at 75 deg, and 32 at 90 deg in concrete; and 147 at 0 deg and 92 at 75 

deg in iron. The relaxation lengths in concrete at 0 and 75 deg were 

obtained after the neutrons had first penetrated the iron part of the wall. 

The values expressed are considered to be accurate if the thermal 

neutron detector results adequately represent the attenuation of the 

incident neutron spectra. 
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Table I. Threshold detector properties (from Ref. 1). 

Calculated Peak Product Target '(-Ray 
threshold cross half- isotope energy of 

Reaction (MeV) a section life (%) product 
(barns) (MeV) 

5 8N"( >5 8c 1 n, p o 1.1 0.556 71 days 67.8 0.81 

59 Co(n, a) 5 6 Mn 5.4 0.112 2.6 hr 100 0.845 

65c ( >65Ni u n, p 4,1 0.035 2.6 hr 30.9 1.5 

2 7 Al(~, a)24Na 6.7 0.243 15 hr 100 1.37 

203 Tl(n, 2n) 202 Tl 8.5 2. 78 12 days 29.5 0.44 

127I(n, Zn) 1261 9.5 2.02 13 days 100 0.65 

58 Ni(n, 2n) 57 Ni 12.4 0.25 37 hr 67.8 1.36 
----------------------------------------------------------------
27 22 Al(n, a2n) Na 23.4 0.030 2.6 yr 100 0.51, 1.27 

203Tl(n, 4n)200Tl 24.7 ~ 1.3 27 hr 29.5 1.207 

a. The energy at which the cross section value is 2% of the maximum 

cross section value. 
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Table II. Neutron relaxation lengths in 8~ :..inch cyclotron shielding 

from 80-MeV a's on tahtalum. 
r 

Effec-

Angle 
Relaxation lengths Shielding tive 

Location (de g) (g/cm
2

) configuration neutron 
energy 

In iron In concrete (MeV) 

Forward 0 147 48 2.5 -ft Fe followed 40 
wall by 5.0 ft concrete 

West 75 92 29 2.2 -ft Fe followed 17 
door by 2.3 ft concrete 

Roof 90 32 6.6 ft concrete 19 
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FIGURE CAPTIONS 

Fig. 1. Preirradiatiori alignment apparatus and experimental setup for 

measurements with threshold detectdr,s. 

Fig. 2. Experimental setup for neutron-cittenuation-profile measure

ments made with indium foils. 

Fig. 3. Angular distribution of neutrons :fbr five threshold energy 

levels. 

Fig. 4. Neutron spectra for 0, 60, and 90 deg with the 0.2- to 30 -MeV 

regions calculated by program FLUXPOS, and 30 MeV to cutoff 

regions calculated from the 22 Na and 200Tl activities. 

Fig. 5. Neutron production by a particles on tantalum as a function of 

incident particle energy (30-MeV data from Ref. 10, 40-MeV data 

from Ref. 18, other energies from Ref. 18). 

Fig. 6. Neutron attenuation profiles at 0, 75, and 90 deg for neutrons 

from 80-MeV a particles on a thick tantalum target. 
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• 
This report was prepared as an account of Government 

sponsored work. Neither the United States, nor the Com 6 

m1ss1on, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 



I 
1 

I 




