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In order to provide benchmark data of neutrons transmitted through ircn
shields in the intermediate-energy region, spatial distributions of neutron
energy spectra and reaction rates behind and inside the iron shields of
thickness up to 130 cm were measured for U43- and 68-MeVp-7Li neulrons using a
quasi-monoenergetic neutron beam source at the 9C-MV AVF cyclotron facility of
the TLARA facility in JAERI. The measured data by five kinds of detectors: the
BC507A detector, the Bommer ball counter, 238U and 2?2Th fission counters, 7LiF
and *2tLiF TLDs and solid state nuclear track detector, are numerically
provided in this report in the energy region between 10-% eV and the energy of

peak neutrons generated by the "Li(p,n) reaction.
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1. INTRODUCTION

Intermediate— and high-energy accelerators are recently planed and constructed for
utilization in various ficlds: physical, engineering and medical use. With increasing the energy
and intensity of accelerated particles, the neutrons generated by the particles have strong
penetrability and the facility requires more massive shields. In the facilities sophisticated shielding
designs are required to keep regulations for the dose limit and to prevent from activations of
devices as well as to save the building cost. Several codes and code systems have been developed
to achieve the suitable shielding design.”®® The codes are, however, designed for the particle
transport calculation in the energy region above 100 MeV. On the other hand, the ncutron
transport calculation in intcnnediate—cm;,rgy region between 20 and 100 MeV is the most crucial
part on accelerator shiclding, because nuclear reactioﬁé arc complex. Therefore, the validity of
the calculation methods should be confirmed by benchmark experimental data on the neutron
transmitted through the bulk shields in the energy region.

A few neutron spectra behind the bulk shield have been measured for neutron source in
the intermediate energy rcgion.“‘s’f"7 Shin and Uwamino's measurements have used source
neutrons of broad encrgy spectra generated via the C(p,n) reaction by 52-MeV proton and the
Cu(p,n) reaction by 65-MeV proton. Ishikawa et al. have measured the transmitted spectra
along the beam axis for quasi-monoenergetic source neutrons generated via the "Li(p,n) reaction
by 25— and 35-MeV protons.

A quasi-monoenergetic neutron field using the "Li(p,n) reaction was recently established
at the 90-MV AVF cyclotron facility of the TIARA (Takasaki lon Accelerator for Advanced
Radiation Application) facility-in JAERI (Japan Atomic Energy Research Institute), where
neutron beam is served for shielding experiments. In the neutron field we can study the clastic
and inelastic scattering reactions respectively by using the quasi—monoenergetic neutrons, and
investigate the angular distribution of the scattering reaction by using neutron beam and measuring
spacial neutron distribution transmitted through shiclds.

In this study, iron was chosen as a shielding material, because iron was often used for
massive shields around beam dumps and targets, and monogenetic material was effective for
investigating the nuclear reaction. The spatial and energy distributions of neutrons transmitted
through iron shields were measured using source neutron beam generated via the "Li(p,n)

reaction by 43— and 68-MeV protons. The objective is to provide benchmark data of neutrons



JAERI—Data/Code 96—005

transmitted through iron shields for investigating the accuracy of calculation codes and cross

section data libraries.
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2. EXPERIMENT
2.1 TIARA facility and experimentat set up

The experiment was carried out at the AVF cyclotron facility of the Takasaki site at
JAERI, which had a neutron beam course, LC—course, arranged for the neutron shielding and
cross section experiments. The cross sectional view is shown in Fig.1. The neutron generated
at the accelerator room passed to the experimental room (the 3rd light—ion room) through a
10.9-cm-diam. x 225-cm-long iron collimator embedded in a concrete wall. The collimator
is used as a rotary beam shutter, through which the neutron beam was injected into the shicld
when the shutter was open, as shown in Fig.1. The iron shield of 10 to 130 cm thickness was
assembled by 120 cm x 120 cm by 10—cm-thick slabs and was fixed on a movable stand to set
in contact with the collimator exit located at 4 m ﬁom the neutron target. The additional
collimator shown in Fig.2 were used only for off—center measurements with thinner shicld: 10—,
20~ and 40-cm—thick iron, in order to depress the contribution of neutrons leaked through filler
of iron ball and iron sand or rotary shutter of iron and polyethylene which includes low density
space of air gap in the concrete wall. The additional iron collimator was composed of 120 cm
x 120 cm slab of 10 cm thickness with a 10.9—cm—diam. cylindrical hole equal to that of the
rotary shutter collimator. The combination of the shield and additional collimator arc given in
Table 1, and the atomic compositions of iron shield, additional iron collimator and the concrete

wall are tabulated in Table 2.
2.2 Neutron sources

The source neutrons were generated by 43— and 68-MecV protons bombarding
3.6-mm-thick and 5.2~-mm-—thick, 99.9 % enriched "Li targets, respectively, in the target
chamber in the accelerator room. The protons penetrated the target with the 2-MeV energy loss
were bent down toward the beamn dump by the clearing magnet. The bearﬁ dump consists of 30
cm x 30 ¢m x 50 cm hole surrounded by iren in the concrete wall as shown in Fig.1. The nc’utfons
produced in the forward angle can reach the cxperimental room through the collimator.

The spectra of quasi-monoenergetic neutron source were measured with a BC501A liquid
scintillation counter using the time of flight (TOF) method. The block diagram of the measuring
electronic circuit is shown in Fig.3 for the TOF measurement. The detector was placed about

14 m away from the target, and the repetition periods of the proton beam from the cyclotron:

— 3 —
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15.460 and 18.919 MHz, were extended to one seventh by beam choppers in order to measure
the neutron spectra down to a few MeV. The efficiency of the scintillator for the TOF
measurement was obtained from the measured response matrix®. The measured source neutron
energy spectra are shown in Fig. 4 and tabulated in Tables 3 and 4.

The absolute flux of source neutrons in the monoenergetic peak per proton beam charge
(#C) has been measured by a proton—recoil-counter—telescope (PRT) set at the position of 5.54
m from the target.” The neutron fluxes in the monoenergetic peak measured by the TOF method
were normalized by the absolute value measured by PRT.

During the experiment, the number of protons incident on the Faraday cup was measured
using the current integrator connected to the Faraday cup in the beam dump. The range of proton
currents in this experiment was 0.5 nA to 3 mA. The counts of two neutron fluence monitors
(***U and **Th fission counters) placed near the target were normalized to the absolute peak
neutron flux through the amount of total charges of proton beam, and were used for calculating
the real total proton charges even in the low beam current runs in order to reduce the uncertainty

of dark current on the Faraday cup.

2.3 Detectors and data analyses for shielding experiment

For the shiclding experiment five kinds of detectors were applied for the measurement
of neutron spectra and reaction rates behind and inside the iron shields. The detectors used for

the iron shielding experiment and the measured positions are summarized in Table.]1.

2.3.1 BC501A liquid scintillation counter

One of the neutron spectrometry in the shielding experiment was performed with the
12.7-cm~diam. x 12.7-cm-long BC501A organic liquid scintiliator (Bicron Co. Ltd.) coupled
fo a R4143 photomultiplier (Hamamatsu Photonics. Co. Ltd.). The block diagram of the
measuring electronic circuit for the shielding experiment is also shown in Fig.3. The rise-time
pulses which distinguished between neutron-event and photon—event were supplied by the
risc-rime—to-height converter (OHYO KOKEN KOGYO Co., Ltd.). In the shielding
experiment, the two pulses of pulse—height and rise-time were recorded in event-by—event
mode. These data were taken by the ND9900 MPA 8/16 (CAMBERRA Co. Ltd.) and the VAX
STATION 3100 (DEC Co. Ltd.), then recorded in a hard disk.

_4_



JAERI—Data/Code 96—005

The event-by—cvent data measured with BC501A were converted to two dimensional
distribution of pulse-height and rise-time, and the pulse—height distributions induced by
neutrons were selected by eliminating the y-ray pulses. Then they were converted into the
neutron energy spectra using the FERDOU unfolding code" and the measured response matrix®,
The energy calibration of the light output pulses was performed using the Compton edge of
4.43-MeV vy -tays from a #! Am-Be source and the recoiled proton edge of 40— or 65-MeV
monoenergetic neutron peak of 43— or 68-MeV p-Li reaction fitted to the calibration values
from Ref.[8], and using the zero point with a Research Pulser. The dead time correction of the
data taking system was done from the difference of the number counted in the scaler and the
number of events which were recorded in the hard disk. Finally the absolute values of the
transmitted spectra are presented as the flux per proton beam charge (#C) which can be estimated

from the fluence monitor counts.
2.3.2 Bonner ball counter

Multi-moderator spectrometer, Bonner ball, with four spherical polyethylenc moderators
of 1.5, 3.0, 5.0 and 9.0 cm thicknesses and without moderator was also used for the shielding
experiment. The thermal neutron detector inserted in the center df the moderator is a
5.08-cm-diam. spherical proportional counter, made by LND Inc., filled with 10 atm (at 22 )
*He gas. The pulse height spectra for five different moderators of the Bonner ball counter were
recorded.

The pulse height data measured with the Bonner ball counter were summed up to get
counts above the y-ray discrimination level. Thesc five counts measured for five moderators
were unfolded with the SAND-2 code” and the response matrix given by Uwamino et al’”. The
response matrix is shown in Fig. 5 and given in Table 5. Initial guess spectra used in unfolding
were obtained from the MORSE" calculations with the HILO86 group cross section sct™* at each
measured position. We then obtained the spectra of neutrons in the energy range from 107 eV

to the peak energy.
2.3.3 Fission counters

28(] and Z*Th fission counters (Centronic FC480/1000) with a 10.1-cm-long x 3.81-

cm~diam. active volume were used for measuring neutron reaction rates behind the iron shield.
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The absolute efficiencies were calibrated by the “*Cf spontancous fission neutron source of
Facility of Radiation Standard (FRS)” of JAERI. The facility is the second standard field of
neutron. The neutron source had an intensity of 1.218 x 10° n/sec with the uncertainty of +3%.
The measured efficiencies are 1.05 x 10° and 9.86 x 10° barn/cm’/counts (+4 and 3.4%),
respectively. The fission cross sections of #%1J and ®Th have been evaluated up to 20 MeV in
JENDL-3", measured by Lisowski et al.™*® in the energy region between 20 and 400 MeV and
calculated using the HETC code above 400 MeV. The cross sections are shown in Fig. 6 and

the group cross section data are given in Table 6.
2.3.4 Thermoluminescent dosimeter (TLD)

Neutron reaction rates were measured on the axis of the beam in the iron shield using
"LiF and ™Li TLDs (Harshaw Co. Ltd.) of 1 x 1 x 6 mm’. Thermoluminescence was read out
by a TLD reader (Harshaw 2000), and converted to the absolute dose in TLDs using a calibration
factor determined with ¥Co vy -rays of FRS within the uncertainty less than 3 %. The neutron
energy responses were calculated by a code developed by Hashikura et al. which was based on
a KERMA calculation”. The calculated neutron energy responses are shown in Fig. 7 and

tabulated in Table 7.

2.3.5 Solid state nuclear track detector (SSNTD)

The neutron reaction rates in the shield were also measured using a solid state nuclear
track detector: Types TS—-16N resin manufactured by Fukuvi Chemical Industry Co. Ltd. from
a monomer (TS-16N) made by Tokuyama Soda Ltd. The composition of the detector is the same
as that of CR-39 (Allyl diglycol carbonate). The detector is a rectangular solid of 10x 5x 1
mm’® attached with a polyethylene radiator of 1 mm thick. After the exposed detectors were
etched chemically, the etch pits on the detectors were counted through the optical microscope
of 400 times magnifications. The neutron response was calculated by a Monte Carlo code system:
SSNRES™, based on the SCINFUL code”. The calculated neutron response is shown in Fig.
8 and given in Table 8.
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3. RESULTS
3.1 Neutron spectra in the energy region above a few MeV measured by the BC501A detector

Neutron spectra in the energy region above a few MeV were measured just behind the
iron shicld on the beam axis and at the off—center positions of 20 and 40 cm from the beam axis
as tabulated in Table 1 using the BC501A detector. Figure 9 shows the measured neutron energy
spectra behind various thickness of iron up to 100 cm on the beam axis for 43-MeV p-Li
neutrons. The errors of the measurement in the ﬁguré include only errors of spectrum unfolding
and counting statistics in the measurement, neglecting that the source neutron flux has errors of
PRT(3-5%), conversion factor of fluence monitor to total charges of proton beam (3%), neutron
penetration factor through objects on the beam line (3%) and the fluence monitor counting
statistics (less than 1%). The measured neutron spccf-ra at the positions of 20 and 40 cm from
the beam axis behind 0—, 10—, 20- and 40—cm thick shields are shown in Figs. 10 through 13
for 43-MeV p-Li neutrons, respectively. The measured neutron spectra for 68-MeV p-Li
neutrons are also shown in Figs. 14 through 17 behind the iron shield of thickness up to 130 cm
on the beam axis and at the positions of 20 and 40 cm from the beam axis. The measured

neutron spectra are also tabulated in Tables 9 through 20.

3.2 Neutron reaction rates and spectra in the energy region up to a few MeV measured by the

Bonner ball counter

Neutron reaction rates behind the iron shields up to 100 cm thick on the beam axis were
measured using the Bonner ball counter with four spherical polyethylene moderators of 1.5, 3.0,
5.0 and 9.0 cm thicknesses and without moderator as given in Tables 21 and 22. Neutron spectra
obtained from the reaction rates using the SAND-2 unfolding code and the calculated response
matrix are shown in Figs. 18 and 19 for 43- and 68—-MeV p-Li neutrons, and the numerical data
are given in Tables 23 ad 24. The experimental errors of the Bonner ball counter could not be

obtained since the SAND-2 unfolding code can not give them.
3.3 Neutron reaction rates measured by fission counters, TLDs and SSNTD

Fission reaction rates were measured behind the shields of various thicknesses on the beam

axis and at the position of 20 cm from the beam axis using “*U and *Th fission counters, as
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shown in Figs. 20 and 21, and given in Tables 25 and 26 for 43— and 68-MeV p-Li neutrons.
The uncertainties of the measured data shown in the figures include the counting statistics of
the fission counters and neutron intensity monitor. The reaction rates indicate the integrated
neutron flux in the energy region above the threshold energy of the fission reactions: about 1
MeV.

In Table 27 the differences of neutron reaction rates measured by 'LiF and ™LiF TLDs
in the iron shield are given for 43— and 68-McV p-Li neutrons. The differences are dominated
by the neutron in the energy region up to 1 MeV as shown in Fig. 7. The errors of the
measurements are the counting statistics of each detector and neutron intensity monitor.

The measured neutron reaction rates in the iron shield are shown in Fig. 22 and given in
Table 28 using SSNTD for 43~ and 68-MeV p-Li neutrons. As shown in Fig. 8, the efficiency
of the detector is dominated by the neutron in the energy region up to about 10 MeV. The
uncertainties of the measurements include the counting statistics of etch pits and neutron
intensity monitor.

The combination of the reaction rates measurements covers the whole energy region up
to the energy of peak neutrons produced by the neutron source, and the results of these

measurements are effective to confirm the integrated neutron flux in each energy region.

3.4 Neutron dose equivalent

The neutron reaction rates measured by a rem counter, made by the Fuji Co. Ltd. are
tabulated in Table 29 as a reference of neutron dose equivalents. Neutron dose equivalents were
also estimated from the neutron spectra above 10 MeV measured by the BC501A detector and
the neutron spectra up to 10 MeV by the Bonner ball counter by multiplying the ICRP21
neutron—flux—to-dose conversion factor”, as given in Table 30. The neutron dose equivalents
are compared with the neutron reaction rates measured by the rem counter in Fig. 23. The
measured reaction rates by the rem counter are lower than the evaluated values behind the iron
shicld of 20.cm thickness, while higher behind the iron shield of 100 cm thickness. The
discrepancy is caused by the response function of the rem counter. The detector does not have
the same response function as the dose conversion factor in the energy regions above 20 MeV

and between a few hundred keV and a few ke V.
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4, SUMMARY

The spatial distributions of neutron energy spectra and reaction rates behind and inside
the iron shields up to 130 cm were measured for 43— and 68-MeV p-Li neutrons, which cover
the energy region between 107" eV and the energy of peak neutrons generated via the "Li(p,n)
reaction using five kinds of detectors: the BC501A detector, the Bonner ball counter, *8U and
“Th fission counters, 'LiF and ™LiF TLDs and SSNTD.

The data measured absolutely were tabulated in this report in order to estimate the
accuracy of the calculation code and cross section data set in the intermediate energy region.
As shown in figures in this report, the energy spectra measured using the quasi—-monoenergetic
neutron source give useful inforrnatiéh for investigating the clastic and inelastic scattering
reactions respectively, and the spatial distributions behind the iron shields obtained using neutron
beam are valuable for studying the angular distribution of the scattering rcaction. The
measurement in the wide energy range provided the neutron dose equivalents behind the iron

shields due to the intermediate—energy neutrons.
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Table 1 Dimensions of the iron shield assembly and additional collimator,
and detector positions.

Ep® Shield Collimator Peak flux of Detector position
(HeV) thickness length  source neutron (distance from beam axis)
(em) (em) (n/sr/ puC) {cm)
BCR01A Bonmer® F.C.° TLD®* SSNTD® Rem
43 0 0 3. 15x10° - - 0.20 - 0 0
0 80 3. 45x10° 20, 40 - - - - -
10 0 - 3.15x10° 0 - 0. 20 - 0 0
10 70 3. 45x10° 20, 40 - - - - -
20 0 3. 15x10° 0 0 0,20 - 0 0
20 60 3. 45x10° 20, 40 - - - - -
40 { 3. 15x10° 0 { 0, 20 0 0 0
40 40 3.45x10° 20,40 - - - -
70 0 3. 15x10° 0 . 0,20 0 0 {
140 0 3. 15x1¢° 0 0 - 0 0 0
87 0 0 4. 00x10° - - 0,20 - - 0
0 80 4.77x10° 20, 40 - - - - -
20 0 4. 00x10° 0 0 0, 20 - 0 0
20 60 4.77x10° 20, 40 - - - - -
49 0 4.00x10* 0 0 0,20 0 0 0
40 40 4. 77x10° 20, 40 - - - - -
70 0 4.00x10° 0 - 0,20 0 0 ]
100 0 4. 00x10° 0 0 0. 20 0 0 0
130 0 4. 00x10° 0 - 20 0 0 0

a

Proton energy.

® Bonner ball counter.

¢ #3% and **®Th fission counters.

¢ "LiF and "*‘'LiF TLDs.

¢ Solid state nuclear track detector.

The BC501A, Bomner ball, fission and rem detectors were used for measurements behind the
iron shields, and the TLD and SSNTD were used for measurements inside the iron shields of
maximum thickness.
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Table 2 Atomic compositions of the iron

shield and the surrounding concrete,

Material Atom Atomic Density
' (10%%em™*)
Iron Iron 8. 487
Concrete  Hydrogen I. 498
Oxvgen 4. 188
Sodium 0.123
Magnesium 0. 062
Aluminum 0. 312
Silicon 1. 110
Potassium 0. 038
Calcium 0.430
Iron - . 141

Table 3 Source neutron energy spectrum via the "Li(p, n)
reaction by 43-MeV protons.

Energy Flux
(MeV)  (n/sr/MeV/iC)

Error Energy Flux

(MeV)

(n/sr/MeV/iC)

Error

5. 00E+00* 5. 69E-02
6. 00E+00 4. 72E-02
7.008400 4. 60E-02
8 00E:00 4. 38E-02
9.00E¢00 4. 41E-02
LOOE{OL 4. 54E-02
L1001  4.48B-02
1.20E+01 4. 37E-02
L.30E101 4. 68E-02
1 40B101 4. TIE-02
L50E101 5. 34E-02
1.6OB01 5. 31E-02
170101 4. 63E-02
1.80E+0L 5. 19E-02
1.90E+01 4. 94E-02
2.00B+01 4. 82E-02
2. 10E+0]  4.83E-02
2.20E+01 4. 70E-02
2.30E+01 4. T6E-02
2.40EF01  4.53B-02
2.50E101 4. 20B-02

C2.81E-03 2.60E+01  4.03E-02

2.46E-03 2.70E+01  4.29E-02
2.42E-03 2. 80E+0l  3.27E-02
2.39E-03 2.90E+01  3.58E-02
2.49E-03 3. 00E+01 2. 99E-02
2.36E-03 3. 10E+01 2. 64E-02
2.32E-03 3.20E+01 2. 09E-02
2. 11E-03 3.30E+01 2. 10E-02

LD NS N DN DS DD N = — N DD DN DD

.28E-03 3.40E+01 L. 25E-02
.85E-03 3.50E+01 L 24E-02
.92E-03 3.60E+01 1. 03E-02
.81E-03 3.70E+01 6. 19E-03
.T6E-03 3.80E+01 7. 08E-03
.82E-03 3.00E+01 1. 28E-01
.32E-03 4.00E+01 3. 88E-01
J19E-03 4. 10E+01 3. 88E-01
.39E-03 4.20E+01 8. 59E-02
.31E-03 4.30E+01 3. 74E-03
.58E-03 4.40E+01 3. 87E-04
C15E-03 4.50E+01 7. 53E-05
C96E-03 4. 60E+01  1.47E-04

1. 83E-03
2. 18E-03
1. 53E-03
1. 72E-03

1. T0E-03

1. T4E-03
1. 12E-03
1. 54E-03
1. 17E-03
1. 15E-03
7. 33E-04
7. 80E-04
8. 18E-04
3. 41E-03
5. 81E-03
4. 7T3E-03
2. 65E-03
5. 46E-04
1. T3E-04
7. 53E-05
1. 04E-04

~* Read as 5.00x 10°.
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Table 4 Source neutron energy spectrum via the "Li{p, n)
reaction by 68-MeV protons.

Energy Flux Error Energy Flux Error
MeV)  (n/sr/MeV/pC) (MeV)  (n/sr/NeV/i(C)

5 00E+00* 1.14E-02 1.T4E-03 3.90FE+01  3.36E-02 1. 91E-03
6. 00E+00 2. 00E-02  1.59E-03 4.00E+01  3.48E-02 1.41E-03
7.00E+00  2.45E-02  1.53E-03 4.10E+01 3. 45E-02  1.35E-03
8. 00E+00  2.43E-02  1.5B5E-03 4.20E+01  3.44E-02 1. 31E-03
9.00E+00 2.43E-02 1.55E-03 4.30E+0L  3.01E-02 1. T7IE-03
1.00E-01  2.56E-02 ~ 1.59E-03 4.40E+01  3.29E-02 1. 27E-03
[.10E+01  2.38E-02 1.52E-03 4.50E+01  3.06E-02  1.56E-03
1. 20E+01 2. 20E-02  1.51E-03 4.60E+01 3. 14E-02 1.57E-03
1. 30E+01  2.85E-02  1.73E-03 4.70E:01 3.05E-02 1.18E-03
1.40E+01  2.60E-02 1.63E-03 4.80E+01  3.07E-02 1.63E-03
1.50E+01  3.08E-02 1.78E-03 4.90E+01  2.97E-02  1.20E-03
[.60E-01  2.89E-02 1.71E-03 5.00E+01 2. 71E-02  1.50E-03
1.70E+01  2.78E-02 1.69E-03 5. [0E+Q1  2.97E-02  1.56E-03
1.80E+01  3.14E-02 1.84E-03 5.20E-Q0I  2.56E-02 1. 44E-03
1.90E+01 3. 10E-02 1.91E-03 ©5.30E+01 2.67E-02 1.46E-03
2.00E+01  3.33E-02 1.97E-03 5.40E+01  2.30E-02 9. 97E-04
2.10E-01  3.30E-02 1.98E-03 ©5.50E+01 2. 14E-02  1.29E-(3
2.20E+01  3.34E-02  1.93E-03 5.60Et01  2.05E-02  1.02E-03
2.30E+01  3.34E-02 1.77E-03 b5.70E+01 1.61E-02 1.01E-03
2.40E+01  3.79E-02  2.01E-03 5.80E+01 1.22E-02 1.33E-03
2.50E+01 3. 76E-02 1.94E-03 5.90E+01  1.46E-02  1.44E-03
2.60E+01  3.70E-02 1.95E-03 6.00E+01  7.50E-03  1.0IE-03
2.T0E+01  3.47E-02  1.89E-03 6.10E+0f  9.05E-03  1.09E-03
2. 80E+01 3. 74E-02  1.92E-03 6.20E+01l 7.72E-03 7. I15E-04
2.90E+01 4. 02E-02 2. 09E-03 6. 30E+Qt  3.40E-02 2. 04E-03
3.00E+01 3.83E-02 1.74E-03 6.40E+00  2.28E-01  5.1BE-03
3. 10E+01 3. 79E-02 1.T77E-03 6.50E+01  3.61E-01  6.41E-03
3.20E+01  3.82E-02 1.79E-03 6.60E+01  2.59E-01  5.32E-03
3.30E+01  3.80E-02 1.75E-03 6.T0E+01 7.43E-02 2. 81E-03
3. 40E+01  3.85E-02 1.93E-03 6.80E+01  9.98£E-03 L. 01E-03
3.50E+01 3.89E-02 2.21E-03 6.90E+01  1.25E-03 2.51E-04
3.60E+01 3. 73E-02 1. 75E-03 7.00E+01  6.29E-04 2. 35E-Q4
3. 70E+01  3.58E-02 1.88E-03 7.10E+01 1.87E-04 1.32E-04

3.68E-02 1.78E-03 7.20E+01 5.09E-05  9.09E-05

3. 80E+01

* Read as 5. 00x 10°.



Table 5 Calculated neutron response function of the Bonner ball counter.

JAERI—Data/Code 896—00

Energy
boundary

(eV)

Neutron response

(counts - cn?)

4. 00000E+08°

3. 50000E+£08
3. 00000E+08
2. 50000E+08
2. (0000E+08
1. 60000E+08
1. 20000E+08
1. 00000E+08
8. 00000E+07
6. 50000E+07
5. 50000E+07
4. 50000E+07
3. 00000E+07
2. 75000E+07
2. 25000E+07
1. 75000E+07
1. 35000E+07
1. 00000E+07
6. T0000E+06
4. 49000E+06
3. 01000E+06
. 02000E+06
. 35000E+06
. 07000E+05
- 98000E+05
. 24000E+05
. 65000E+04
- b0000E+04
3. 35000E+03
4. 54000E102
2. 26000E+01
5. 04000E+00
1. 12000£+00
4. T4000E-01

— 00 N W D — N

Bare®
0. 00000E+00
0. 00000E+00
0. 00000E+00
0. 00000E+00
0. 00000E+00
0. 00000E+00
0. 00000E+00
0. 00000E+00
(. 00000E+00
0. 00000E+00
0. 00000E+00
0. 00000E+00
3. 08B50E-03
7. 92810E-03
1. 13260E-02
1. T2980E-02
2. 31320E-02
3. 0TI70E-02
3. 90230E-02
4.69170E-02
5. 28540E-02
5. 47420E-02
3. 31540E-02
1. 55820E-02
1. 83100E-02
2. 81430E-02
6. 64210E-02
1. 61590E-01
4. 01050E-01
1. 57150E+00
4. 53720E+00
9. 59580E+0{

1. 5em®

3. Ocm

5. 0cm

1. 21200E-01 6.62394E-02 2. 46543E-01

1
1
1
1
1
l
1
1
1
1
l
1
1
1
1
1
\
2.
3.
5.
1.
8.
L.
2.
2.
3.
5.
6.
8.
L.

1.

. 28400E-01
. 39600E-01
. 26300E-01
- 54100E-01

39900E-01
50900E-01
12600E-01
28600E-01
76200E-01
38700E+00
(8400E+00

1. 10366E-01
1. 22603E-01
1. 34893E-01
1. 46848E-01
1. 56024E-01
1. 69035E-01
1. 99471E-01
2. 40935E-01
3. 16469E-01
4. 24644E-01
5. 34824E-01
7. 92599E-01
1. 27319E+00
1. 83004E+00
2. DB6T3E+00
3. 48174E+00
4. 42043E+00
5. 53914E+00
6. 80840E+00

92200E+00 7. 76508E+00
94900E+00 8. 48133E+00
17500E+00 9. 25074E+00
59600E+00 1. 00090E+0L
54800E+00 1. 06606E+01
17100E+01 1. 03580E+01
23900E+01 9. 08346E+00
1. 75920E+01 7. 94100E+00 6. 99154E+00

. 20400E-01 6. 71040E-02 2. 49248E-01
. 16800E-01 7.32570E-02 2.73726E-01
. 13100E-01 7.86617E-02 2. 53372E-01
. 11000E-01 8.48387E-02 3. 13194E-01
. 09000E-01 9. 65422E-02 3. 52922E-01
. 07200E-01
. 07200E-01
. 06900E-01
. 04900E-01
. 02400E-01
. 01800E-01
. 18500E-01
- 15400E-01

3. 99808E-01
4. 42516E-01
4. 86849E-01
5. 29604E-01
5. 62324E-01
6. 10579E-01
7. 19847E-01
8. 64964E-01

9. Ocm
7. 14114E-01
7. 18918E-01
7. 90511E-01
8. 43989E-01
8. 90955E-01
9. 90692E-01
1. 10748E+00
1. 21633E+00
1. 33248E+00
1. 44291E+00
1. 52658E+00
1. 65795E+00
1. 94066E+00
2. 29764E+00

1. 11515E+00 2. 85595E+00
1. 43829E+00 3. 48625E+00
1. 75848E+00 4. 09864E+00
2. 49755E+00 5. 32674E+00
3. T2114E+00 6. 94474E+00
4. 88226E+00 7. B7178E+00

6. 31731E+00
7. 72055E+00
8. 78493E+00
9. 55978E+00

8. 51392E+00
8. T6T57E+00
8. 18403E+00
6. 95255E+00

9. 76846E+00 5. 16499E+00
9. 24283E+00 3. 61335E+00
8. 39302E+00 2. 57384E+00
7. 86099E+00 2. 04393E+00
7. 47934E+00 1. 74043E+00
6. 70883E+00 1. 38113E+00
5. 53631E+00 1. 03592E+00
4. 43734E+00 8. 04266E-01
3. 25360E+00 5. 81233E-01

* Response function of He® conuter (10atm).
® Thickness of moderator of the Bonner ball counter.
* Read as 4.0000 x 10°.

15—
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Table 6 Fission cross sections of “**Th and 2%*®V.

Energy Cross section Energy Cross section
boundary (b) boundary
(BV) 232Th zsaU (eV) zszTh ’ 233U
4. 00000E+08%5. 7T9150E-01 1. 30160E+00 1. 22000E+07 3. 12670E-01 9. 78590E-01
3. 75000E+08 6. 63800E-01 1. 31280E-00 1. 00000E+07 3. 36980E-01 9. 90330E-01
3.50000E+08 7. 40800E-01 1. 32960E+00 8. 19000E+06 3. 87460E-01 9. 75730E-01
3. 25000E+08 7. 68010E-01 1. 33940E+00 6. 70000E+06 1..99310E-01 6. 56390E-01
3..00000E+08 7.83760E-01 1.34340E+00 5. 49000E+06 1.49680E-01 5. 37130E-01
2. T5000E+08 8. 00470E-01 1. 33340E+00 4. 49000E+06 1. 46240E-01 5. 61180E-01
2. 50000E+08 8. 09150E-01 1. 32540E+00 3. 68000E+06 1. 45990E-01 5. 33830E-01
2. 25000E+08 8.17960E-01 1.32240E+00 3.01000E+06 1.27970E-01 5. 38620E-01
2. 00000E+08 7. 34890E-01 1. 32440E+00 2. 46000E+06 1. 27120E-G1 5. 49190E-01
1. 80000E+08 7.74710E-01 1.31940E+00 2.02000E+06 1.03150E-01 4.95580E-01
1. 60000E+08 7.53110E-01 1. 32270E+00 1.65000E+06 8. 38190E-02 3. 14610E-01
1. 40000E+08 8. 04[00E-01 1. 35160E+00 1. 35000E-06 1.35510E-02 5. 16710E-02
1. 20000E+08 7. 83140E-01 1.35830E+00 1.11000E+06 1. 78060E-03 1. 89980E-02
1. 10000E+08 8. 08390E-01 1.41800E+00 9.07000E+05 5. 96400E-04 6.52920E-03
1. 00000E+08 8. 42850E-01 1. 44930E+00 7. 43000E+05 1. 199C0E-04 1. 03340E-03
9. 00000E+07 8.65330E-01 1.48450E+00 4. 98000E+05 1. 29510E-05 2. 57700E-04
8. 00000E+07 8.73280E-01 [.52340E-00 3. 34000E+05 0. COGOOE+00 9. 61590E-05
7. 00000E+07 8. 98510E-01 1.53830E+00 2. 24000E+05 0. 00000E+00 9. 90000E-05
6. 50000E+07 9. 04060E-01 1. 58930E+00 1. 50000E+05 0. 00000E+00 3. 95290E-05
6. 00000E+07 8. 7216QE-01 1.63050FE+00 8. 65C00E+04 0. 00000E+00 6. 12950E-05
9. 50000E+07 7. 91730E-01 1. 64480E+00 3. 18000E+04 0. 00000E+00 9. 63850E-05
5. 00000E+07 8.29780E-01 L. 66560E+00 1. 50000E+04 0. 00000E+00 1. 10100E-04
4. 50000E+07 8.34770E-01 1.68560E+00 7. 10000E+03 0. 00000E+Q0 6. 72000E-06
4. 00000E+07 7. 84670E-01 1. 67380E+00 3. 35000E+03 0. 00000E+00 4. COOG0E-08
3. B0000E+07 7.56860E-01 1.66210E+00 1. 58000E+03 0. 00000E-00 4. 56240E-08
3. 0000QE+Q7 6.54610E-01 1.61730E+00 4. 54000E+02 0. 000G0E=00 8. 71180E-08
2. TH000E+07 6. 46350E~01 1.58130E+00 1. 01000E+02 0. 0DOCOE+00 1. 81650E-07
2. 50000E+07 6.48010E-01 1.57170E+00 2. 26000E+Q1 0. 000GOE+00 3. 09570E-07
2. 25000E+07 5. 80630E-01 1.47480E+00 1.07000E+0L 0. 00000E+00 4. 47160E-07
1. 96000E+07 5. 08630E-01 1.21330E+00 5.04000E+00 0. COCO0E+00 6. 46250E-07
1. 75000E+07 4.42260E-01 I.23440E+00 2. 38000E+00 0. 00000E+00 9. 34230E-07
1. 49000E+07 3. 71200E-01 I.13580E+00 1. 12000E+00 0. 00000E+00 1.43970E-06
1. 35000E+07 3. 19230E-01 1.00340E+00 4. 14000E-01 0. 00000E+00 6. 36560E-06
* Read as 4. 00000 x 10°.
Lower energy boundary is 1. 00000E-04 (eV).
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Table 7 Calculated neutron responses of 7LiF and "**LiF TLDs.

Energy Response Energy Response Energy Response
(MeV) (®*°Coeq. R + cn?) (MeV) (*°Coeq. R + cm®) (HeV) (*°Coeq. R » cn®)
"LiF “ELiF "LiF "LAF  TLiF TEELAT

1. 849E+01%6. 450E-10 6. S00E-10 9. 804E-02 1.077E-11 4.642E-11 2.902E-05 1.722E-12 1. 287E-09
1. 455E+01 5.662E-10 5.988E-10 8.652E-02 9. 631E-12 4.419E-11 2.260E-05 1. 949E-12 1. 459E-09
1. 984E+01 5.662E-10 5.988E-10 7.635E-02 5.039E-12 3.933E-11 1. 760E-05 2. 208E-12 1. 653E-09
1. 133E+01 5. 204E-10 5.533E-10 6. 738E-02 3.437E-12 3.802E-11 1.371E-05 2.501E-12 1. 874E-09
1. 000E+01 4.688E-10 5.028E-10 5. 946E-02 2. 820E-12 3.813E-11 1.068E-05 2.834E-12 2. 124E-09
8. 825E+00 4. 099E-10 4. 437E-10 5.946E-02 2. 806E-12 3. 917E-11 8. 315E-06 3.211E-12 2. 407E-05
7.788E+00 3. 44%E-10 3. 767E-10 5. 248E-02 2.806E-12 3. §17E-11 6.476E-06 3.638E-12 2. 727E-03
6. 873E+00 2. 990E-10 3.290F-10 4.631E-02 5.361E-12 4. 302E-11 5. 044E-06 4. 122E-12 3. 090E-09
6. 065E+00 2.530E-10 2. 804F-10 4. 087E-02 2.579E-12 4.182E-11 3. 928E-06 4.671E-12 3.502E-09
5. 353E+00 2. 186E-10 2. 438E-10 3.607E-02 2. 136E-12 4.319E-11 3.059E-06 5.292E-12 3. 968E-09
4.794E+00 1. 7198-10 1. 949E-10 3. 183E-02 1.709E-12 4.478E-11 2. 382E-06 5. 997E-12 4. 497E-09
4. 169E+00 [.543E-10 1.751E-10 2. 809E-02 1.787E-12 4.710E-11 1.855E-06 6.798E-12 5. 097E-09
3.679E+00 1.311E-10 1.500E-10 2.479E-02 3.036E-12 5. 080E-11 1. 445E-06 7.700E-12 5. T74E-09
3.947E+00 1. 218E-10 1. 387E-10 2. 187E-02 1.440E-12 5.188E-11 1.125E-06 8. 728E-12 6. 545E-09
9 8BEE+00 1. 167E-10 1. 315E-10 1.931E-02 1.141E-12 5.447E-11 8. 764E-07 9.887E-12 7. 414E-09
9. 598R+00 1. 152E-10 1.296E-10 1.704E-02 1.008E-12 5. 742E-11 6.826E-07 I. 120E-11 8. 402E-09
9.931E+00 1. 036E-10 1.194E-10 1.503E-02 9.274E-13 6.068E-11 5. 316E-07 L 270E-11 9. 523E-09
1. 969E+00 9. 057E-11 1.079E-10 1. 171E-02 8 537E-13 6.615E-11 4. 140E-07 L. 438E-11 1. 078E-08
1. 738E+00 7.836E-11 9.66%E-11 9. 119E-03 6.922E-13 7.420E-11 1.518E-07 1. 987E-11 1. 490E-08
1.533E+00 7.452E-11 9. 238E-11 7. 102E-03 5. 449E-13 8. 350E-11 3.524E-10 3. 417E-11 2. 562E-08
[. 353E400 6.543E-11 8. 192E-11 5.531E-03 4. 637E-13 9. 410E-11
1. 194E+00 6.315E-11 7.871E-11 4.307E-03 4. 080E-13 1. 063E-10
1. 054E+00 5.453E-11 6.968E-11 3. 355E-03 3. 7T05E-13 1. 202E-10
9.301E-01 4.677E-11 6.197E-11 2.613E-03 3.480E-13 1. 360E-10
8. 209E-01 4.075E-11 5.634E-11 2.035E-03 3.377E-13 1. 539E-10
7.944E-01 3.592E-11 5.216E-11 1.585E-03 3.379E-13 L. T43E-10
6. 393E-01 2. 844E-11 4.562E-11 1.234E-03 3.476E-13 1. 974E-10
5.642E-01 2.782E-11 4.650E-11 9.611E-04 3.661E-13 2. 236E-10
4.979E-01 2.699E-11 4. T97E-11 7.485E-04 3.927E-13 2. 533E-10
4.394E-01 2. 504E-11 4.957E-11 5.830E-04 4. 274E-13 2. 871E-10
3.877E-01 2.682E-11 5.750E-11 4.540E-04 4.710E-13 3. 253E-10
3.422E-01 2.670E-11 6.879E-11 3.536E-04 5. 227E-13 3. 686E-10
3. 020E-01 2.804E-11 9.309E-11 2.754E-04 5.831E-13 4. 17T7E-10
9. 665E-01 3.821E-11 1.504E-10 2. 145E-04 6.532E-13 4. 734E-10
9.359E-01 3.585E-11 2.090E-10 1.670E-04 7.336E-13 5. 365E-10
9.075E-01 1.700E-11 1.769E-10 1.301E-04 8. 262E-13 6. 081E-10
1. 832E-01 L. 121E-11 1.142E-10 1.013E-04 9. 317E-13 6.891E-10
1.616E-01 9. 773E-12 7.795E-11 7.889E-05 1.052E-12 7.810E-10
1. 426E-01 8. 753E-12 5.982E-11 6. 144E-05 1. 188E-12 8. 847E-10
1. 259E-01 6.867E-12 4.940E-11 4. 785E-05 1.344E-12 1. 002E-08
1. 111E-01 6. 706E-12 4.474E-11 3.727E-05 1.521E-12 1. 136E-09
* Read as 1.649 x 10'.



JAERI—Data/Code 96—005

Table 8 Calculated neutron response of solid
state nuclear track detector (TS-16N).

Energy Response Energy Response
(MeV) (Pits/n) {MeV) (Pits/n}

1. 00E-01 3. 643E-04 3. 44E+00 9. 508E-04
2. 00E-01 4. 915E-04 3. 52E+00 9. 239E-04
3. 50E-01 5. 325E-04 3. B0E+00 9. 156E-04
4. 35E-01 6. 589E-04 4. 00E-00 9. 446E-04
5. 00E-01 5. 010E-04 4. 27E+00 9. 517E-04
6.00E-0L 5.339E-04 5.00E+00 9. 364E-04
8. 00E-01 5. 521E-04 6. 00E+00 - 5. 546E-04
1. 00E+00 6. 271E-04 6. 295E+0 L. O17E-03
1. 22E+0¢ 6. 015E-04 7.00E+00 9. 429E-04
1. 32E+00 6. 948E-04 7. T45E+0 9. 841E-04
1.65E+00 7. 587E-04 8. 00E+00 9. 439E-04
2. 00E+00 7.069E-04 1. 00E+01 8. 858E-04
2.077E40 8. 293E-04 1. 20E+01 7. 327E-04
2. 35E+00 7. 368E-04 1. 50E+01 2. B45E-04
2. 815E+0 8. 928E-04 1. 60E+01 2. 411E-04
2. 944E+0 8. 664E-04 1. 875E+1 2. 210E-04
3. 00E+00 7. 964E-04 2. 00E+01 2. 161E-04
3. 21E+00 8. T69E-04

* Read as 1.00 x 107"
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Table 9 Measured neutron spectra behind Ocm thick iron by
the BCH01A detector for 43-MeV p-Li neutroms.

Energy
(eV)

Neutron Flux
(n/cm®/Lethargy/iC)

Error

(%>

_8E+7*
BE+T
4E+7
3E+T
2E+7
1E+7
QE+T
9E+7
8E+7
TE+T
6E+7
BE+T
4E+7T
JE+T
2E+T
1E+7
0E+T
9E+T
8E+T
TET
GE+T
5E+7
4B+7
3E+7
. 2E+T
1E+7
. QE+7
SE+7
8E+7
LTE+T
. BE+T
RE+T
JAE+T
. 3E+7
. 2E47

20 cm from beam axis

1. 112E+0
1. 957E+0
5. 473E+0
1. 761E+1
4. 183E+1
6. 240E+1
6. 127E+1
4. 950E+1
. 995E+1
. B77E+1
. 396E+1
. 106E+0
. 402E+0
. 070E+1
. 176E+1
. 252E+1
.307E+1
. 343E+]
. 354E+1
. 341E+]
.316E+1
. 297E+1
. 290E+1
. 280E+1
. 258E+1
. 22741
. 203E+1
. 194E+1]
. 178E+1
. 131E+1
. 060E+1
.009E+1
. 004E+]
L031E+1
. 052E+1
. 049E¢1
. 049E+1
. 08BE+1
. 134E+1
.072E+1
. B37TE+0

] e e e i bk e e e b et e e e e e S A — NS D

=100 — — OO — — B — W e P = r— = — PO = D — D D CO 00—
" ] v

4.162E-1
4. 454E-1
3. 124E-1
. 133E-1
. 159E-2
. 521E-2
. 179E-2
. 929E-2
- T67E-1
469E-1
. 300E-1
. 147E-1
237E-1
. T06E-1
431E-1
. 154E-1
. 447E-2
. 320E-2
. T93E-2
. 657E-2
. 653E-1
. 033E-1
. 888E-1
. 396E-1
. 037E-2
. 396E-2
. 328E-2
. 268E-1
.413E-1
. 077E-2
. T15E-2
. 69BE-2
. 5T2E-2
. 685E-2
8. 643E-2
7. 407E-2
4. 992E-2
3. 583E-2
1. 429E-2
1. T08E-1
3. 903E-1

Neutron Flux Error
(n/cm?/Lethargy/C) (%)
40 cm from beam axis
1. 467E-1 2. 505E-1
2. T64E-1 2. 231E-1
6. 266E-1 1. 696E-1
1. 245E+0 1. 433E-1
2. 114Et) I 177E-1
3. 168EtD I. 149E-1
4. 118E+0 8. 230E-2
3. 993E+0 8. 522E-2
2. 635E+0 2. 395E-1
1. 360E+0 3. 963E-1
9.061E-1 1. 413E-1
9. 192E-1 1. 891E-1
1. 016E+0 1. 798E-1
1. 086E+0 1. 466E-1
1. 123E+0 1. 323E-1
1. 140E+0 1. 125E-1
1. 150E+0 7.536E-2
1. 172E+0 4. 491E-2
1. 21TE+Q 4. 811E-2
1. 289E+0 8. 922E-2
1. 367E+Q 1. 413E-1
1. 426E+0 1. 6480E-1
1. 455E+0 1. 496E-1
1. 458E+0 1. 097E-1
1. 447E+0 6. 308E-2
1. 420E40 2. 042E-2
1. 378E40 4. 999E-2
1. 335E+0 1. 006E-1
1. 311E+0 - 1. 121E-1
1. 306E+0 6. 126E-2
1. 301E+0 2. T97E-2
1. 2B4E+( 5. 445E-2
1. 265E+0 1. 907E-2
1. 265E+0 4. 170E-2
1. 285E+0 8. 318E-2
1. 309E+0 5. 319E-2
1. 339E+0 3. 532E-2
1. 416E+0 2. 484E-2
1. 560E+0 9.917E-3
1. 617E+0 1. 009E-1
1. 258E+0 2. 107E-1

* Read as 4.8 x 10°.



Table 10 Measured neutron spectra behind 10cm thick iron by the

JAERI-Data/Code 96—005

BCH01A detector for 43-MeV p-Li neutrons.

Energy

Neutron Flux

Error

(eV) (n/cm®/Lethargy/uC) (%)

Neutron Flux

Error

(n/cm®/Lethargy/pC) (%)

4. 4E+7°
4. JE+7
4, 2E+7
4. 1E+7
4. QE+7
3. 9E+7T
3. 8E+7
3, TE=T
3. BE+7
3. 5E+

beam axis
4. 695E+3
1. 252E+4
2. TH8Et4
4. 193EH4
4. 114E+4
2.513E+4
9. 753E+3
3. 267E+3
2. 097E+3
2. 275E+3
2.613E+3
2. 951E+3
3. 261E+3
3. H04E+3
3. 661E+3
3. 779E+3
3. 945E+3
4. 190E+3
4, 418E+3
4. 476E+3
4. 303E+3
3. 988E+3
3. 660Et3
3. 368E+3
3. 087E+3
2. 816E+3
2. 616E+3
2. 024E+3
2. 456E+3
2. 281E+3
1. 993E+3
1. 725E+3
1. 537E+3
1. 346E+3
1. 118E+3
9. 082E+2
7. 898E+2
7. 640E+2
5. 555E+2

. 105E-1
. 413E-2
. 633E-2
-473E-2
. 129E-2
. 115E-2
. 811E-2
. 159E-1
. BBTE-1
. 057E-1
. 191E-2
. T80E-2
. 075E-1
. 005E-1
. 812E-2
. 930E-2
. 375E-2
. D87E-2
. 379E-1
.B51E-1
. 988E-1
1. 254E-1
7. 648E-2
2. 067E-2
7. 123E-2
1. 532E-1
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O B 1 s OO — 33 O D O et =
O = 10 O — =] £ £31 S0 G0 60 OO
— e DD Rt et et — N3 DD 1N BN BN —

Neutron Flux Error
(n/cm®/Lethargy/iC) (%)
20 cm from beam axis
2. 396E+] 3. 087E-1
7.5598+1 1. 012E-1
1. 920F+2 7. 276E-2
2. 931F+2 7.516E-2
2. 657E+2 5. 145E-2
1. 903E+2 1. 068E-1
1. T14E+2 1. 461E-1
1. 388E+2 1. 818E-1
7. 978E+1 9. 382E-2
5. 030E+1 1. 381E-1
4. 817E~1 1. 592E-1
5 272E-1 1. 274E-1
5. T19E-1 1. 086E-1
6. 105E+1 8. T19E-2
6. 430E+1 5. 558E-2
6. 659E+1 3. 182E-2
6. 755E+1 3, H09E-2
6. T30E+1 7. 158E-2
6. G48E+] 1. 219E-1
6. 569E+1 1. 496E-1
6. 494F+1 1. 397E-1
6. 395E+1 1. 041E-1
6. 274E+1 6. 025E-2
6. 171EH] 1. 770E-2
6. L17E+] 4.612E-2
6. 081E+]1 9. 268E-2
5. 974E+1 . 039E-1
5. T34E+] 5. 968E-2
5. 422E+1 2. 689E-2
5.221E+1 5. 516E-2
5. 256E+1 1. 837E-2
5. 420E+1 4. 011E-2
5. 469E+1 6. 175E-2
5. 355E+1 5. 391E-2
5. 277E+1 3. 686E-2
5. 392E+1 2. HB0E-2
5. 62BE+] 1. 066E-2
5..406E+1 1. 260E-1
3. 922E+1 2. 825E-1

40 cm from beam axis

2. 635E+0
. 868E+0
. 373Et]
. 856E+1
. 808E-1
.bB15E+]
. 172E+1
. T27EHQ
. 999E+0
. 456E+0
G02E+0
T04E+(
258E-0
. 583E+0
. TOBE+Q
. TT0E+Q
. 952E+()
. 304E+Q
. 68GE+]
. 899E+(0
. 862E+{
. B30E+(
7. 285E+0
6. 854E+{
6. 346E+{
5. 86TE+]
5. 625E+0
5. T12E+Q
5. 895E+0
5. 828E+Q
5. 494E+0
5. 223E+{
5. 222E+()
5. 405E+0
5. 652E+)
5. 974E+0
8. 629E+0
7. 374E+0
6. 299E+0

2
1

9
1
8
1
2
3
l
l
1
1
1
8
]
3
3
6
1
1
1
9
5]
1
4
1
1
b
2
5
l

4
6
b
3
2
1
g
1

. 287E-1
. 203E-1
. 192E-2
. 026E-1
. 364E-2
. 154E-1
. 341E-1
. 222E-1
. 306E-1
. B83E-1
. G16E-1
. 237E-1
. 048E-1
. 584E-2
. B86E-2
. 388E-2
. B75E-2
.951E-2
. 110E-1
. 313E-1
. 218E-1
. 225E-2
. 476E-2
. TT9E-2
. T43E-2
.013E-1
. 160E-1
. 255E-2
. B75E-2
. 273E-2
L911E-2
. 444E-2
. 865E-2
.678E-2
.679E-2
. 585E-2
. 003E-2
. T82E-2
. 862E-1

* Read as 4.4 x 107.



Table 11 Measured neutron spectra behind 20cm thick iron by the
BC501A detector for 43-MeV p-Li neutrons.

JAERT—Data/Code

96 —005

Energy Neutron Flux Error Neutron Flux Error . Neutron Flux Error
(e¥) (n/cm®/Lethargy/uC) (%) (n/cm®/Lethargy/iC) (%) (n/cm?®/Lethargy/1C) (%)
beam axis 20 cm from beam axis 40 cm from beam axis
4, 4E+7 1. 115E+3 1. B5BE-1 2. 763E+1 8. 426E-2 2. 366E+( 2. 393E-1
4. 3E+7 3. 220E+3 2. 303E-1 7. 307E+1 5. T19E-2 5. TT2E+Q 2.517E-1
4. 2E+T 7. 499E+3 1. 842E-1 1. 519E+2 3. 915E-2 1. [T0E+1 2.913E-1
4. 1E+7 1. 127E+4 9. 973E-2 2. 250E+2 3. 977E-2 1. 650E+1 1. 589E-1
4. 0E+T 1. 007E+4 5. 362E-2 . 2. 416E+2 3. 737E-2 1. 6B9E+1 1. 349E-1
3. 9E+7 5. 012E+3 3. 320E-1 2. 052E+2 4. 084E-2 1. 366E+1 2.029E-1
3. 8E+7 1. 430E+3 8. 762E-1 1. 487E+2 1. 1T1E-1 8. 946E+0 3. 234E-1
3.TE+7 6. 438E+2 3. 978E-1 9. 034E+1 1. 604E-1 5. 399E+0 5. 833E-1
3. BE+T 7. 633E+2 3. 453E-1 5. 127E+1 6. 232E-2 4. 161E+0 1. 973E-1
3. BE+7 8. 491E+2 3. 601E-1 3. 940E+1 I. 215E-1 4. 108E+{ 2. 060E-1
3. 4E+7 8. T53E+2 2. B45E-1 4. 079E+1 - [.243E-1 4. 204E+0 2. 202E-1
3. 3E+7 8. 917E+2 1. 769E-1 4, 410E+1 [. 027E-1 4. 195E+0 1. 815E-1
3. 2E+7 9. 053E+2 1. 240E-1 4, 627E+1 9. 334E-2 4. 135E+0 1. 599E-1
3. 1E+7 9. 148E+2 9. 808E-2 4. T13E+1 7. 984E-2 4, 116E+0 1. 337E-1
3. 0E17 9. 240F+2 8. T81E-2 4. 707E+1 5. 360E-2 4. 173E+D 8. 847E-2
2. 9E+7 9. 416E+2 9. 660E-2 4. 662E+H 3. 205E-2 4. 246E+0 5.539E-2
2. BE+7 9. 734E+2 1. 255E-1 4. 630E+1 3. 603E-2 4. 236E+0 6. 615E-2
2. TE+T 1. 014E+3 1. 647E-1 4. 636E+1 7. 289E-2 4. 122E+0 1. 275E-1
2. BE+T 1. 044E+3 1. 986E-1 4. B61E+] 1. 223E-1 4. 001E+0 2. 126E-1
2. 5E+7 1. 046E+3 2. 151E-1 4. 642E+1 1. 491E-1 3. 974E+0 2. 062E-1
2. 4E+7 1. 011E+3 2.077E-1 4. 527E+1 1. 409E-1 4. 034E+0 2. 321E-1
2. 3E+7 9. 449E+2 [. 740E-1 4. 316E+1 1. 085E-1 4. 093E+0 1. 687E-1
2. 2E+7 8. 609E+2 [. 104E-1 4. 0B64E+1 6. 538E-2 4. 103E+0 §. 766E-2
2. 1E+7 7. T06E+2 2. 723E-2 3. 828E+1 1. 918E-2 4, 106E+0 3. 1378-2
2. 0E+7 6. 860E+2 1. 025E-1 3. 625E+1 5. B37E-2 4. 170E+0 6. 969E-2
1. 9E+7 6. 189E+2 1. 916E-1 3. 446E+1 1. 149E-1 4. 264E+(0 1. 389E-1
1. 8E+7 0. T65E+2 2. 005E~1 3. 298E+1 1. 310E-1 4. 231E+0 1. 570E-1
1. TE+7 5. h05E+2 1. 198E-1 3. 192E+1 7. 268E-2 3. 941E+0 9. 645E-2
1. BE+7 5. 192E+2 3. 438E-2 3. 112E+] 3. 150E-2 3. 507E+0 4. | 75E-2
L. BE+7 4. 663E+2 4. T78E-2 3. 040E+1 6. T01E-2 3. 222E+0 9. 230E-2
1. 4E+7 3. 969E+2 2. 643E-2 2. 987E+1 2. 169E-2 3. 235E+0 3. 323E-2
1. 3E+7 3. 283E+2 1. 493E-1 2. 964E+1 5. 17HE-2 3. 406E+(0 6. H09E-2
1. 2E+7 2. TO1E+2 2. 712E-1 2. 9328+1 8. [28E-2 3, 495E+0 9. 960E-2
1. 1E+7 2. 213E+2 3. 230E-1 2. B4TE+] 7. 158E-2 3.423E+0 8.615E-2
1. 0E+7 1. T97E+2 3. 148E-1 2. T53E+1 4. 987E-2 3. 324E+( 5. 927E-2
9. 0E+6 1. 520E+2 1. 786E-1 2. T50E+1 3. 698E-2 3. 378E+D 4. 384E-2
8. 0E+6 1. 508E+2 2. 753E-1 2. 871E+1 1. 441E-2 3. 451E+0 1. 769E-2
7. QE16 1. 496E+2 5. 629E-1 2. 900E+1 1. 657E-1 2-960E+0 2.362E-1
g.0E+6 9. 150E+t1 2. 326E-1 2. 271E+1 3. 437E-1 I. 755E+0 6.519E-1

. 0E+6

*

Read as 4.4 x 10°.
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Table 12 Measured neutron spectra behind 40cm thick iron by
the BC501A detector for 43-MeV p-Li neutrons.

Energy Neutron Flux Error Neutron Fiux Error Neutron Flux Error
(e¥) (n/cm®/Lethargyv/4C) (%) (n/cm®/Lethargy/pC) (%) (n/cm?/Lethargy/iC) (%)

beam axis 20 cm from beam axis 40 cm from beam axis
4. 4E+77 6. T05E+] 1. 254E-1 8. 384E+0 1. 584E-1 9. BB0E-1 2. 113E-1
4. 3E47 1. 942E+2 5. TH7E-2 1. 805Et1 1. 003E-1 2. 025E+0 1. 215E-1
4, 2E+7 3. 922E+2 2. HB3E-2 3. 981E+1 §.571E-2 3. 880E+Q 1. 063E-1
4. 1E+7 5. 260E+2 3. 384E-2 6. 085E+1 6. 403E-2 0. 927E+0 1. 076E-1
4, QE+7 4. 591E+2 5. 254E-2 6. 408E+1 6. 005E-2 6.-529E+( 6. 686E-2
3. 9E+7 2. 541E+2 6. 305E-2 4. 398E+1 7. 361E-2 4. 882E+0 1. 205E-1
3. BE+7 8. 991E+1 4. T38E-2 3. 292E+1 2. 248E-1 2. 641E+Q 2. 996E-1
3. TE+7 2. B36E+1 1. 80GE-1 1. 996E+1 3. 08BE-1 1. 568E-0 4. 85]E-1
3. 6E+7 2. 073E+1 2.514E-1 - 1. 254E+] 1. 109E-1 1. 467E+Q 1. 479E-1
3.5E+T7 2. 562E+1 1. 586E-1 1. 017E+]1 2. 006E-1 1. 549E+0 1. 407E-1
3. 4E+T 3. L05E+] 1. 048E-1 L 013E+1 2. 092E-1 1. 559E+( 1. 506E-1
3. 3E+T 3. H32E+] 8. 737E-2 1. 052E+1 1. T32E-1 1. 512E+Q 1. 329E-1
3. 2E+7 3. 842E+1 8. 178E-2 [. 082E+1 1. 358E-1 1. 440E+0 1. 269E-1
3. 1E+7 4. 055E+]1 7.499E-2 1. 093E+1 1. 328E-1 1. 361E+0 1. 145E-1
3. OE+7 4. 183E+] 6. 859E-2 1. 085E+1 9. 03iIE-2 1. 294E+( 8. 122E-2
2. QE+7 4. 234E+] 7. 211E-2 1. 064E+1 b. hE6E-2 1. 243E+] 5. 101E-2
2. 8E+7 4. 217E+1 9. 123E-2 1. 039E+] 6. 295E-2 1. 206E+0 5. 848E-2
2. TE+7 4. 157E+1 . 240E-1 1. 015E+1 1. 266E-1 1. 174E+0 1. 186E-1
2. 6E+7 4. 080E~-1 [. 569E-1 9. 899E+0 2. 185E-1 1. 145E+0 2. 043E-1
2. 3E+7 4. 001E+1 1. 743E-1 9. 555E+0 2.752E-1 - 1. 118E+10 2. 540E-1
2. 4E+7 3.912E+1 1. 662E-1 9. 052E+0 2. 684E-1 1. 093E+0Q 2. 400E-1
2. 3E+7 3. 807E+1 1. 329E-1 B. 405E-0 2. [20E-1 i. 063E+0 1. 813E-1
2. 2E+7 3. 685E+1 7.872E-2 1. T17E+Q 1. 302E-1 1. 019E+0 [. 076E-1
2. 1E47 3. 559E+ 1. 773E-2 7. 102E+0 4. 051E-2 9. 532E-1 3. 452E-2
2. 0E+7 3. 418E+1 6. 328E-2 6. 583E+0 1. 160E-1 8. T08E-1 9. 456E-2
1. 9E+7 - 3. B27E+H 1. 111E-1 6. 141E+0 2.451E-1 7. 861E-1 2.072E-1
1. 8E+7 2. 041E+] 1. 166E-1 5. 820E+0 2. B30E-1 7.220E-1 2. 481E-1
I. TE+7 2. 568E+1 7. 266E-2 5. 646E1( 1.577E-1 6. 938E-1 1. 423E-1
L. 6E+7 2. 183E+1 2. 187E-2 5. 491E+0 7. 144E-2 6. 917E-1 6. 311E-2
1. BE+T 1. 882E+1 3. 802E-2 h. 228E+( 1. 489E-1 6. 907E-1 1. 211E-1
1. 4E+7 1. 699E+] 1. 928E-2 4, 944E+0 5. 069E-2 6. 809E-1 4. 061E-2
1. 3E+7 1. H8TE+] 9. T10E-2 4, T42E+0 1. 235E-1 6. T26E-1 0. 368E-2
1. 2E+7 1. 465E+1 1. B68E-1 4. 485E+0 2. 023E-1 6. 706E-1 1. 457E-1
1. 1E+7 1. 284E+1 1. 753E-1 4, 084E+0 1. 900E-1 6. 622E-1 1. 262E-1
1. 0E+7 1. 069E+1 1. 668E-1 - 3. 817E40 1. 371E-1 8. 439E-1 8. TA8E-2
9. 0E+6 8. H95E+0 9. 798E-2 3. 884LE+0 9.972E-2 6. 454E-1 6. 466E-2
8. 0E+G 6. 529E+0 2. 016E-1 4. 218E+0 3. 760E-2 6. 952E-1 2. 48TE-2
7. CE+6 5. 532E+0 5. 356E-1 4. 562E+0 4. 007E-1 7. 319E-1 2. B90E-1
g.gg+g 6. 227E+0 3.653E-1 3. 80TE+D 7. T00E-1 5. B73E-1 5. 452E-1
L OEt

* Read as 4.4 x 107.
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Table 3 Measured neutron spectrum Table 14 Measured neutron spectrum
behind T0cm thick iron by behind 100cm thick iron by
the BCHO1A detector for the BCHOIA detector for
43-MeV p-Li neutrons. 43-MeV p-Li neutrons.

Energy Neutron Flux Error Energy Neutron Flux Error
(e¥) {(n/cm®/Lethargy/iC)} (%) (e¥) (n/cm?/Lethargy/uC) (%)
beam axis beam axis
4. 6E+7* 8. T04E-2 9. 535E-1 4. 4E+7° 2. 330E-2 8. 953E-1
4, 4E+7 3. 359E-1 2. 059E-1 4, 3E+7 4. 2372E-2 8. 537E-1
4. JE+T 1. 162E+Q 1. 431E-1 4. 2E+7 6. 126E-2 5. B0GE-1
4, 2E+7 2. T8RE+{ 1. 217E-1 4. 1E+7 7. 201E-2 2. 275E-1
4. 1E+7 4. 376E+0 7.911E-2 4. 0E+T 7. 272E-2 1. 665E-1
4, QE+7 5. 009E+0 6. 963E-2 3. 9E+7 6. 116E-2 4. §12E-1
3. 9E+7 4. 954E+( 7. 107E-2 3. 8E+7 4. 342E-2 6. 023E-1
3. 8E+7 4, 194E+¢ 1. 503E-1 3. TEAT 2.B672E-2 5. 509E-1
3. TE+T 2. 526E+( 2. 110E-1 3.6E+7T 1. h97E-2 3. 607E-1
3. 6E+7 1. 052E+0 1. 135E-1 3. 5E+T 1. 158E-2 4. 789E-1
3. 5E+7 5. 042E-1 3. 516E-1 3. 4E+T 1. 104E-2 5. 065E-1
3. 4E+7 4, BBRE-1 3. 903E-1 3. 3E4+7 1. 185E-2 3.7T23E-1
3. 3E+7 5. 141E-1 2. 996E-1 3. 2E47 1. 270E-2 2. 487E-1
3. 2E+7 5. 474E-1 2. B76E-1 3. 1Et7 1. 315E-2 1. TT1E-1
3. 1E+7 5. 823E-1 2. 085E-1 3. 0E+7 1. 311E-2 1. 487E-1
3. 0E+7 6. 305E- 1 1. 300E-1 2. 9E+7 1. 257E-2 1. 495E-1
2. 9E+7 6. 684E-1 7. 564E-2 2. 8E+7 1. 161E-2 1. 702E-1
2. BE4T 6. 5T1E-1 B.621E-2 2. TE+T 1. 043E-2 2. 119E-1
2. TE+T 5. 881E-1 1. 848E-1 2. GE+T 5. 328E-3 2. 691E-1
2.8E+7 4. 998E-1 3. 637E-1 2. 5E+7 8. 538E-3 3. L17E-1
2.5E+7 4. 403E-1 5. 008E-1 2. 4E47 8. 081E-3 3. 074E-1
2. 4E+7 4, 234E-1 4, 811E-1 2. 3E+7 7. 767E-3 2. h65E-1
2. 3E+7 4. 320F-1 3. 456E-1 2. 2E+7 7. 372E-3 1. 865E-1
2. 2E+7 4. 520E-1 1. 866E-1 2. 1E+7 6. 840E-3 1. 439E-1
2. 1E+7 4. 869E-1 5. 132E-2 2. 0E+7 6. 300E-3 2. 179E-1
2. 0E+7 5. 436E-1 [. 179E-1 1. QE+7 5. 889E-3 2. 943E-1
1. 9E+7 8. 000E-1 2. 100E-1 1. 8E+7 5.617E-3 2.996E-1
1. 8E+7 h. 047E-1 2. 319E-1 1. TE+7 5. 432E-3 2. 378E-1
1. TE+T 4. B45E-1 I. B46E-1 1. 6E+7 5. 353E-3 1. 664E-1
1. 6E+T 3. 261E-1 I. 014E-1 1. 5E+7 5. 409E-3 1. 325E-1
1. 5E47 2. 441E-1 2.678E-1 1. 4E+7 5.522E-3 9. 089E-2
1. 4E+7 2. 837E-1 7. 452E-2 L. 3E+7 5. 578E-3 1. 259E-1
1. 3E+7 3. 569E-1 1. 371E-1 L. 2E+7 5. 545E-3 1. §03E-1
1. 2E47 3. 697E-1 2. 053E-1 1. IE+7 5. 410E-3 1. 617E-1
1. 1E+7 3. 227E-1 2. 013E-1 1. 0E+7 5. 148E-3 1.411E-1
L. QE+7 2. 761E-1 1. 589E-1 0. 0E:6 4. 861E-3 8. BZ5E-2
9. 0E+6 2. 695E-1 1. 205E-1 8. 0E+6 4. 975E-3 1. 073E-1
8. 0E+16 2. 305E-1 5.618E-2 7. 0E+6 6. 042E-3 1. T11E-1
7. 0E+6 6. 468E-2 2. 365E+( 6. 0E+6 7. 569E-3 1. 065E-1
6. GE+6 : b 0E+6
* Read as 4.6 x 107. * Read as 4.4 x 107.
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Table 15 Measured neutron spectra behind Ocm thick iron by
the BC501A detector for 68-MeV p-Li neutrons.

Energy Neutron Flux Error Neutron Flux . Error
(e¥) (n/cm®/Lethargy/¢C) (%) (n/cm®/Lethargy/uC) (%)

20 cm from beam axis 40 cm from beam axis
7. 0E+7* 3. 691E+] 3. 200E-2 1. B43E+0 7. 081E-2
6. 8E+7 6. 570EH1 4. 425E-2 4. 089E+0 8. 662E-2
6. 6E+7 8. 2B8E+1 3. 7T58E-2 5. 266E+0 7. 182E-2
6. 4E+7 6. 981E+1 4. 223E-2 - 4. 327E-0 8. 281E-2
6. 2E+7 4. 212E+] 7. 498E-2 3. 137E+0 1. 267E-1
6. 0E+7 2. B81E+] 8. 884E-2 2. 388E+0 1. 220E-1
5. 8E+7 2. 372E11 6. 050E-2 1. 965E+{ g, 298E-2
5. BE+T 2. b65E+] 6. T72E-2 1. 940E+0 1. 143E-1
5. 4E+7 2.7Th4Etl . 5. 447E-2 2. 286E-0 8. 469E-2
5. 2E+7 2. 937E+1 5. 68BE-2 2. 858E+D T.519E-2
5. 0E+7 3. 290E+1 2.003E-2 3. [80E+0 6. T20L-2
4. BE+7 3. 860E+1 5. T31E-2 3. 218E+0 9. 295E-2
4. 6E+7 3. B52E+1 6. 404E-2 3. 359E+0 9. 7T08E-2
4. 4E+7 3. 482E+1 7. 234E-2 3. 505E+0 9. 332E-2
4. JE+7 3. 283E+1 6. B6OE-2 3. 554E+0 8. 284E-2
4, 2E+7 3. 164E-1 h. RB6E-2 3. 555E+0 7. 004E-2
4. 1E+7 3. 080E+] 6. 195E-2 3. b32EH] 7. 271E-2
4. QE+7 3. 023E+1 6. 927E-2 3. 530E+) 8. 048E-2
3. 0E+7 3. 037E+] 7. 771E-2 3. b86E+] 9. 004E-2
3. 8E+7 3. 162E+1 8. 004E-2 3. T13E+0 9. 405E-2
3. TE+T 3. 376E+1 7. 020E-2 3. B83E-0 8. 5H8E-2
3. 8E+7 3.610E-1 5. 435E-2 4. 018E+0 7. 008E-2
3. 5E+7 3. 808E+1 4. 370E-2 4. 030E+0 5.918E-2
3. 4E+7 3. 934E+] 3. 930E-2 3. 906E10 5. 530E-2
3. 3E+7 3. 911E+] 4. B48E-2 3. T44E+0 f. 458E-2
3. 2E+7 3. 653E+1 6. bOTE-2 3. 658L+0 8. 024E-2
3. 1E+7 3. 234E+1 9. 898E-2 3. 667E+0 1. 072E-1
3. 0E+7 2. 947E-1 1. §17E-1 3. T10E+0 1. 015E-1
2. 9E+7 3. 028Et1 5. 026E-2 3. T40E+0 h. 631E-2
2. 8E+T 3. 327TE+1 6. 658E-2 3. 757E+0 7. §20E-2
2. TE+7 3. 456E+1 4. 569E-2 3. 752E+0 5. T84E-2
2. 6E+7 3. 282E+] G. 842E-2 3. T00E+0 1. 012E-1
2. BE+7 3. 013E+1 1. 448E-1 3. 604E-0 1. 356E-1
2.4E+7 2. 822E+1 [.217E-1 3. 4TI1E0 1. 110E-1
2. 3E+7 2. 685E+1 7. 124E-2 3. 201E+( 7. 274E-2
2. 2E+7 2.539E+1 5. 404E-2 3. 138E+] 5. 440E-2
2. 1E+7 2. 370E+1 3. T60E-2 3. 127E+0 4. 017E-2
2. 0E+7 2. 173E+1 5. 357E-2 3. 202E+0 4. T94E-2
1. 9E+7 1. 992E+1 1. 135E-1 3. 2LLE+D 8. 328E-2
1. BE+7 1. 883E+1 1. 620E-1 3. 125E+0 1. 105E-1
1. TE+7 1. 814E+1 1. 254E-1 2. 964E+0 9. 143E-2
1. 8E+7 I. T45E+1 8. 126E-2 2. TRIELD 6. 60BE -2
1. 5E+T 1. 736E+1 1. 313E-1 2. 690E+0 9.528E-2
1. 4E47 1. 821E+1 5. 850E-2 2. T09E40 4. 913E-2
1. 3E+7 1. 864E+1 8. 0B6IE-2 2. 809E+0 6. 394E-2
1. 2E+7 1. 823E+1 7. TT8E-2 2. 924E+0 5. 431E-2
1. 1E+7 [. 862E+] 4. 722E-2 2. 935E+0 3. Hh26E-2
I. QE+7 1. T92E+1 3. 421E-2 2. 821E+0 2. 811E-2
g.gg+g 1. 244E+1 7. 667E-2 2. 2T4E+0 5. 822E-2
. QE+

»

Read as 7.0 x 10".
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Table 16 Measured neutron spectra behind Z0cm thick iron by
the BCS01A detector for 68-MeV p-Li neutrons.

Energy
(eV)

Neutron Flux

e Error
(n/cm?/Lethargy/1C) &%)

Neutron Flux

Error

{n/cm®/Lethargy/1C) (%)

7. QE+7*

6. 8E+7
6. 6E17
6. 4E+7
6. 2E+7
6. OE+7
5. 8E+7
5. BE+T
5. ARFT
5. 2E+7
B OE+7
4. 8E+7
4. 8E+7
4, 4E+T
4. 3E+7

beam axis

1. 749E+4
3. 935E+4
2. 948E+4
1. 329E+4
3. 507E+3
8. 566E+2
1. 883E+3
2.953E+3
3. 628E+3
4. §20E+3
4, 115E+3
3. B35E+3
3. 483E+3
3. 264E+3
3. 088E+3
2. D48E+3
2. 829E+3
2. 735E+3
2. 679E+3
2. 663E+3
2. 664E+3
2. 647E+3
2. 5T8E+3

2. §24E+2

Neutron Flux Error
(n/cm®/Lethargy/iC) (%)
20 cm from beam axis
1. 376E+2 5. 00BE-2
2. 939E+2 7. 057E-2
3. §35E+2 4. 732E-2
3. 389E+2 3. 821E-2
2. 336E+2 1. 018E-1
1. 564E+2 1. 090E-1
1. 172E42 3. 489E-2
1. 144E+2 6. 611E-2
[. 278E+2 5. 056E-2
I. 426E+2 3. 504E-2
1. H39E+2 3. 000E-2
1. B05E+2 2. T95E-2
1. 621E+2 2.H09E-2
1. 606E+2 2. 380E-2
1. H86E+2 2. 424E-2
1. 562E+2 2. 595E-2
1. 538E+2 2. 911E-2
1. 517E+2 3. 375E-2
1. 498E+2 3. T49E-2
1. 483E+2 3. 588E-2
1. 469E+2 4, 110E-2
1. 454E+2 4, 149E-2
1. 434E+2 4, 158E-2
1. 409E+2 4, [52E-2
1. 376E+2 4. 137E-2
1. 337E+2 4.102E-2
1. 292E+2 4. 084E-2
1. 244E+2 4. 172E-2
1. 163E+2 4. 490E-2
1. 140E+2 5. 104E-2
1. 086E+2 5. 937E-2
1. 033E+2 6. T30E-2
9. 800E+1 7. 164E-2
§. 295E+1 6. 883E-2
8. 823E+1 0. T34E-2
8. 388E+1 3. 841E-2
7. 98GE+1 1. 775E-2
7.616E+1 3.214E-2
7. 256E+1 4. 673E-2
6. 902E+1 4. 926E-2
6. 569E+1 4. 001E-2
6. 289E+1 2. 641E-2
6. 089E+] 1. 836E-2
5.961E+1 2. 1778-2
5. 862E+1 3. 291E-2
5. 659E+1 4. 151E-2
5. 244E+] 4, T10E-2
4. 491E+1 5. 959E-2
3. 411E+1 8. 033E-2

40 cm from beam axis

5. T6TED
.032E+1
1. 636E+1
1. 803E+1
1. 340E+]
8. 997E+0
8. 150E+0
8.923E+0
9. 937E+0
1. 096E+1
1. 191Et1
1. 264E+1
1. 311E+1
1. 333E-1
1. 345E+1
1. 358E+1
1. 370E-1
1. 385E+1
1. 399E+t1
1. 413Et]
1. 423E+1
1. 427E+]
1. 424E+1
1. 411E+1
1. 388E-1
1
1
l
l
L
1
1
1
l
1
9
g
8
8
8
T
7.
7.
1.
1.

—

. 358E+]1
. 323E+1
. 287E+
. 252E+1
L21T7E+
. 182E+1
. 147Et1
. 110E+]L
COT1E+]L
.029E+1
. 843E+{
. 382E+0
. 930E+0
. H16E+]
. 169E+0
. 902E-0

T15E+0

589E+{

490E+0

J70E+0
7. 126E10
6. 580E+0
5. 575E+)
4. 155E+0

8. 427E-2
. 398E-1
. 032E-2
068E-2
287E-1
379E-1
616E-2
218E-2
§23E-2
506E-2
118E-2
923E-2
544E-2
J02E-2
269E-2
3T0E-2
621E-2
3. 016E-2
3. 322E-2
3. 507E-2
3. H94E-2
3. 624E-2
3. 626E-2
3. 624E-2
3. 612E-2
3. 572E-2
3. H40E-2
3. 600E-2

—_

5. 909E-2

* Read as 7.0 x 107.
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Table 17 Measured neutron spectra behind 40cm thick iron by
the BCH01A detector for 68-MeV p-Li neutrons.

Energy Neutron Flux Error Neutron Flux Error Neutron Flux Error
(e¥) (n/cm®/Lethargy/iCy (%) (n/cm®/Lethargy/uC) (%) (n/cm?/Lethargy/iC) (%)

. beam axis 20 cm from beam axis 40 cm from beam axis
7. 0E+7° 2. 495E+] 1. 384E-1 3. 943E+0 1. 311E-1
6. 8E+7 1. 3I7E+3 8. 626E-2 1. 429E+2 8. B02E-2 8. 470E+0 2.613E-1
6. 6E+7 3. 213E+3 4. 896E-2 2. 908E+2 h. 873E-2 1. 838E+1 1. 612E-1
8. 4E+7 2.691E+3 6. 730E-2 2. 426E-2 8. 4R7E-2 2. 103E+1 1. 403E-1
6. 2E+7 1. 069E+3 1. 496E-1 1. T39E+2 1. 207E-1 9. 624E+0 3. 540E-1
6. 0E+7 2. 624E+2 3. 008E-1 7. 527Et] 1. 318E-1 4. 867E+{ 3. 450E-1
5. 8E+7 1. 533E+2 2. 934E-1 3. 027E+1 1. 922E-1 5. BB6E+] 1. 178E-1
5. 6E+7 2. 234E-2 1. 40E-1 3. 824E-1 1. 222E-1 8. 091E-0 1. 130E-1
5. 4E+7 - 2. TT9E+2 7.089E-2  _ 4. 967Et] 5. 404E-2 6. 463E+0 7. 303E-2
5. 2E47 3. 067E+2 5.611E-2 5. T00E+1 4. 065E-2 5. T75E+0 5. 169E-2
5. 0E+7 3. 230E-2 5. 957E-2 6. 067E+1 . 4. 340E-2 5. 971E+0 4. 600E-2
4. BE+7 3. 219E+2 6. 965E-2 6. 162E+1 5. 049E-2 7. 000E+) 4. 433E-2
4. GE+7 2. 959E+2 7. 435E-2 5. 953E+1 5.218E-2 6. 866E+0 4. 107E-2
4. 4E+7 2. 696E+2 8. 049E-2 - 5. 639E~1 5. 293E-2 6. 7T01E-Q 4, 013E-2
4, 3E+7 2. 547E+2 8. 386E-2 5. 425E+] 5. 268E-2 6. 379E+0 4. 183E-2
4. 2E+7 2. 429E+2 8.621E-2 5. 262E+] 5. 272E-2 6. 4560 4. 586E-2
4. 1E+7 2.323E+2 9.483E-2 5. 160E+[ 5. T95E-2 6. 339E+( 5. 193E-2
4. QE+7 2. 213E+2 . 093E-1 2. 104E+1 6. 638E-2 6. 228E+40 5. 944E-2
3. 9E+7 2. 111E+2 1. 230E-1 5. 06OE+] 1. 322E-2 6. 12360 6. 539E-2
3. 8E+7 2. 047E42 1. 290E-1 4. 997E+1 7. 605E-2 6. 020E+( 6. 907E-2
3. TE+T 2. 042E+2 [. 222E-1 4. 891E+1 7. 381E-2 5. 911E+Q 7. 050E-2
3. BE+7 2. 078E+2 1. §60E-1 4. 731E+1 6. T85E-2 5. 7T90E-0 7. 022E-2
3. 5E+7 2. 103E+2 9. 006E-2 4, 523E+1 6. 1T7E-2 5. 65JE1 0 6. 908E-2
3.4E+7 2. 063E+2 8. 405E-2 4. 291E+1 6. 052E-2 5. 493E+0 6. T60E-2
3. 3E+7 1. 947E-2 §. 132E-2 4. 057E4] 6. 670E-2 5. 326E+0 6. 5908-2
3. 2E+7 L. 792E+2 [. 108E-1 3. 826E+1 7. 906E-2 5. 158E+0 8. 378E-2
3. 1E+T 1. 663E+2 1. 257E-1 3. BO7E+] 8. B8BE-2 4. 995E+() 6. [44E-2
3. QE+7 1. 607E+2 1. 126E-1 3. 381E+1 7. 835E-2 4. 836E+{ 0. 990E-2
2. OE+7 1. 621E+2 8. 569E-2 3. 208E+1 6. 250E-2 4. 6T1E:Q 6. 067E-2
2. 8E+7 . 651E+2 8. 153E-2 3. 096E+1 6. 363E-2 4. 487E+D 6. 468E-2
2. TE+7 1. G28E+2 1. 042E-1 3. 007E+1 8. 623E-2 4. 280E+0) 7. t47E-2
2. 6E+7 1- 518E+2 1. 455E-1 2. 8T4E+1 1. 207E-1 4. 055E+( 7. 889E-2
2.5E+7 1. 348E+2 1. 890E-1 2.670E+] 1. 499E-1 3. 826E10 8. 327E-2
2. 4E+7 1. 192E+2 2. 001E-1 2. 430E+1 1. 526E-1 3. 604E+Q 8. 074E-2
2. JE+7 1. 108E+2 1. 674E-1 . 2. 212E+] 1. 279E-1 3. 396E-0 6. 932E-2
2. 2E+T 1. 081E+2 1. 154E-1 2. 043E+1 9. 109E-2 3. 196E+0 5. 047E-2
2. 1E+7 1. 030E+2 6. BO0E-2 1. G14E+1 4. 989E-2 2. 996E+0 2.963E-2
2.0E+7 8. 995E-1 1. 288E-1 1. 807E+1 9. 281E-2 2. T93E+0 4. 869E-2
1. 9E+7 7. 298E+1 2. 472E-1 1. 713E+1 1. 551E-1 2. 601E+Q 6. 940E-2
1. 8E+7 6. [QIE+L 3. 224E-1 1. 633E+1 1. 794E-1 2. 446E+0 7. 629E-2
1. TE+7 5. T11E+ 2. 555E-1 1. 565E+] 1. 373E-1 2. 355E+0 6. 595E-2
. 6E+7 5. 636E+1 1. 638E-1 1. 488E+1 0. 483E-2 2. 332E+0 4. 618E-2
1. BE+7 5. 490E+1 1. 7T08E-1 1. 398E+1 1. 098E-1 2. 350E+0 3. 108E-2
1. 4E+7 5. 364E+1 8. 348E-2 1. 331E+ h. B79E-2 2. 367E+0 3.008E-2
1. 3E+7 9. 355E+1 1. 338E-1 1. 309E+1 9. 228E-2 2. 359E+0 4. 148E-2
1. 2E47 5. 443E+1 1. 593E-1 1. 300E+1 1. 102E-1 2. 330E+0 5. 099E-2
1. [E+7 5. 643E+1 1. 302E-1 1. 276E+1 9. 514E-2 2. 307E+0 5. 180E-2
[. QE+7 5. 988E+1 9. 310E-2 1. 293E+1 7. 193E-2 2. 332E+0 4. 010E-2
9. 0Et6 6. 519E+1 5. 990E-2 1. 401E+1 4. 449E-2 2. 448E+0) 1. 561E-2
8. 0E+6 6. 986E+1 4. 127E-2 1. BTTE+] 2. 966E-2 2. B6HE+D 2. 846E-2
g.8%+g 8. 517E+1 2. 338E-1

L QE+

* Read as 7.0 x 10°.
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Table 18 Measured neutron spectrum Table 19 Measured neutron spectrum
behind 70cm thick iron by behind 100cm thick iron by
the BCHOIA detector for the BCH01A detector for
68-MeV p-Li neutrons. 68-MeV p-Li neutrons.

Energy Neutron Flux Error Energy Neutron Flux Error
(e¥Vy (n/cm®/Lethargy/pC) (%) (e¥) (n/cm®/Lethargy/uC) (%)
beam axis bean axis
6. 8E+7° 3. 004E+1 1. 267E-1 6.8E+7" 8. 67E-1 1. TohE-1
6. GE+7 7. 445E+1 6. 931E-2 6. 6E+T 2. 274E4+0 7. 792E-2
6. 4E+7 6. 989E+1 8. 917E-2 6. 4E4+7 2. B75E+0 1. 088E-1
" B. 2E4T 4. 354E+] 1. 287E-1 6. 2E4+7 1. 588E+0 1. 845E-1
6. OE+7 1. 313E+] 2. 118E-1 6. 0E+7 4. 566E-1 3. 145E-1
n. 8E+7 2. 172E+0 7. 261E-1 5. 8E+T 1. 357E-] 5. 962E-1
5. 6E+7 4. 401E+0 2. 918E-1 5. 6E+T 2. 211E-1 2. BR2E-1
5. 4E+7 6. 914E+0 1.051E-1 5. 4E+7 3. 154E-1 1. 107E-1
5. 2Et7 8. 521EH) 6. 8R8E-2 5. 2E47 3. 7T32E-1 7.931E-2
5. QE+7 5. 587E+0 6. 845E-2 5. QE+7 3. GG2E-1 8. 479E-2
4. BE+T 9. 4539E+0 8. 135E-2 4. BE+T 3. 760E-1 1. 047E-1
4, 6E+7 7. 932E+0 0. 450E-2 4. GE+7 2. B9GE-] 1. 295E-1
4, 4E+7 6. T24E+0 1. $98E-1 4, 4E+7 2. 416E-1 1. 555E-1
4. 3E+7 6. 325Et0 1. 156E-1 4, 3E+7 2. 200E-1 1. 650E-1
4. 2E+7 6. 244E+0 1. 162E-1 4, 2E+47 2. 130E-1 1. 680E-1
4. 1E+7 6. 282E+0 1. 2Z19E-1 4, 1E+7 2. 178E-1 1. 773E-1
4. QE+T 6. 227E+( 1. 348E-1 4. QE+7 2, 243E-1 1. §30E-1
3. 9E+7 8. 001E+Q 1. 503E-1 3. 9E+7 2. 280E-1 2. 076E-1
3. 8E+7 h. 695E+) 1. 615E-1 3. BE+T 2. 267E-1 2. 151E-1
3. TE+T 5. 453E+(] 1. 597E-1 3. TE+T 2. 207E-1 2. 105E-1
3. 6E+7 5. 329E+0 1. 440E-1 3. 6E+T 2.116E-1 1. B36E-1
3. 5E+7 5. 245E+0 1. 244E-1 3. DEtT 2. 009E-1 1. T14E-1
3. 4E+7 5. 064E+( 1. 145E-1 3. 4E+T 1. 884E-1 1. 571E-1
3. 3647 4. 734E+0 1. 214E-1 3. 3E+T 1. 731E-1 [. 626E-1
3. 2E+7 4. 363E+0 1. 450E-1 3. 2E+7 1. 559E-1 1. $47E-1
3 1ET 4, 166E+Q 1.612E-1 3. 1E+T 1. 432E-1 2. 235E-1
3. 0E+7 4. 306E+{ 1.375E-1 3. 0E+7 1. 439E-1 1. §62E-1
2. 9E+7 4, TITE+Q 9. B28E-2 2. 9E+7 1. 598E-1 1. 408E-1
2. 8E+7 5. 08YE+D 8. 7T21E-2 2. 8E+7 1. 794E-1 1. 202E-1
2. TE+T 5. 055E+0 1. 046E-1 2.7E+7T 1. 855E-1 1. 305E-1
2. 6E+T 4. 481E+0 1. 454E-1 2. 6E+7 I. 702E-1 1. 64BE-1
2. BE4T 3. 618E+0 2. 026E-1 2. BE+T . 423E-1 2. 162E-1
2. 4E47 2. 912E+0 2. 325E-1 2. 4E+7 1. 190E-1 2. 376E-1
2. 3E+7 2. 650E+0 1. 976E-1 2. 3E47 1. 097E-1 2. 002E-1
2. 2E+7 2. 748E+0 1. 312E-1 2. 2E+7 1. 1Q7E-1 1. 433E-1
2. 1E+7 2. 8718E+) T.512E-2 2. 1E+7 [. 124E-1 G. 7T06E-2
2. 0E+7 2. T84E+0 1. 281E-1 2. OE+T 1. 092E-1 1. 539E-1
[. 9E+7 2. 482E+Q 2. 177E-1 L. 9E+7 1. 017E-1 2. 409E-1
1. 8E+7 2. 175E+H) 2. 715E-1 1. BE+7 9. 315E-2 2. 875E-1
1. 7TE+T 2. 00BE+D 2. 299E-1 1. TE+T 8. 6T4E-2 2. 546E-1
1. 6E+7 1. 965E+0 1. 574E-1 1. GE+7 8. 479E-2 1. 820E-1
1. BE+T 1. 975E+0 1. 432E-1 1. 5E+7 8. 7T82E-2 1. 426E-]
1. 4E+7 L. 978E+0Q 7.331E-2 1. 4E+7 9. 208E-2 7. T79E-2
1. 3E+7 1. 942E+0 1. 114E-1 1. 3E+7 9. 242E-2 1. 044E-1
1. 2E+7 L. 929E+0 1. 278E-1 1. 2E+7 9. 001E-2 1. 123E-1
1. 1E+7 I. 987E+( 1. 069E-1 1. IE+7 9. 085E-2 0. 821L-2
1. DE+7 2. 077EH) 8. 093E-2 1. §E+7 3. 638E-2 7. T79E-2
9. 0E+6 2. 176E+0 6. 135E-2 9. 0E+6 1. 014E-1 5. 621E-2
8. OE+6 2. 145E40 1. 076E-1 8. 0E+6 9. 507E-2 1. 058E-1
7. 0E+6 1. 668E+0 1. 927E-1 T.0E+6 6.833E-2 2. 138E-1
6. OE+6 6. 0E+6

*

* Read as 6.8 x 107, Read as 6.8 x 10".
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Table 20 Measured neutron spectrum
behind 130cm thick iron by
the BC501A detector for
68-MeV p-Li neutrons.

Energy Neutron Flux Error
(eV) (n/em®/Lethargy/pC) (%)

beam axis

6. BE+T 5. 212E-2 3. 342E-1
6. BE+T 1. 167E-1 1. 963E-1
6. 4E+7 1. 148E-2 4. 194E-1
8. 2E+7 6. 278E-2 4. 482E-1
6. 0E+7 2. 871E-2 4. 852E-1
5. 8E+7 5. 186E-3 1. 554E+(
5.6E+7  — T.440E-3 8. 801E-1
5. 4E+7 1. 033E-2 3.510E-1
5. 2E+7 1. 160E-2 - 2.4B0E-1
5.0E<7 1. 232E-2 2. 627E-1
4. BE+T 1. 377E-2 2. TH2E-1
4. GE+7 1. 623E-2 2. 276E-1
4. 4E+7 1. T45E-2 2. 079E-1
4. 3E+7 1. 728E-2 2. 08%E-1
4. 2E+7 1. 626E -2 2. 254E-1
4. |E+7 1. 465E-2 2. 855E-1
4. 0E+7 1. 289E-2 3. 303E-1
3. 9E+7 1. 150E-2 3. 997E-1
3. BE+T 1. 076E-2 4. 388E-1

TELT 1. 051E-2 4, 285E-1
. BE+T 1. 033E-2 3. B34E-1
. BE+T 9. 920E-3 3. 310E-1
.4E+7 9. 407E-3 2. 903E-1
. 3E+7 9. 112E-3 2. T18E-1
. 28T 9. 078E-3 2. 855E-1

[E+T 8. 974E-3 3. 082E-1

0E+7 8. 525E-3 2. 987E-1

QE+7 7. 876E-3 2.633E-1

8E+7 7. 378E-3 2. 605E-1

TE+7 7. 075E-3 2. T35E-1

Chatr i R Rai-Rai- R h

6E+7 6. 642E-3 3. 035E-1

5E+7 5. 890E-3 J. 616E-1

4E+7 5. 098E-3 3. T86E-1

3E+7 4. 689E-3 3. 225E-1
.2EtT 4. §56E-3 2. 521E-1
. 1E+7 4. 568E-3 2. 135E-1
. 0E+7 4. 193E-3 3. 308E-1
. 9E+7 3. 917E-3 4. 835E-1

BE+T 4. 230E-3 4. 894E-1

TE+7 4. 901E-3 3. 862E-1
. GEtT 5. 218E-3 2. 811E-1
94T 4. 952E-3 1. 991E-1
.4E+7 4. 395E-3 1. 440E-1
BT 3. 901E-3 1. 38E-1
. 2E+7 3. 829E-3 1. 803E-1
- 1E+T 4. 140E-3 1. 524E-1
1. QE+7 4. 481E-3 1. 288E-1
9. 0E+6 4. 933E-3 7. 580E-2
8. 0E+6 9. 620E-3 7. 463E-2
7. 0E+6 6. 25B6E-3 1. 121E-1

6. 0E+6

* Read as 6.8 x 10°.
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Table 21 Measured reaction rates behind iron by the
Bonner ball counter for 43-MeV p-Li neutrons.

Counter Reaction rate Reaction rate Reaction rate

(n/1C) (n/uC) (n/uC3
20 cm thick 40 cm thick 100 cm thick
Bare 1. 08170E+H03* 2. 32029E+02 2. 29024E+01
1. 5em 7. T0767E+03 3. 09448E+03 1. 85478E+02
3. Ocm 2. 13367E+04 7. 54156E+03 3. D4076E+02
5. Ocm 2. 27974E+04 9. 20984E+(3 4. T1565E102
9. Jem i. 78810E+04 4. 56463E+03 1. BYTGTE+02

* Read as . 08170 x 10°. -

Table 22 Measured reaction rates behind iron by the
Bonner ball counter for 68-MeV p-Li neutrons.

Counter Reaction rate Reaction rate Reaction rate

{(n/1C) (n/1C (n/iC>
20 cm thick 40 em thick 100 cm thick
Bare 9. 20495E+02° 4. 94764E+02 7. 23828E+01
1. 5cm 1. 08745E+04 7. 58654E+03 6. 28653E+02
3. Ocm 3. 31695E+04 1. 85827E+04 1. 30211E+G3
5. Ocm 5. 13089E+04 2. 24907E+04 1. 34292E+03
9. Dem 3. 84652E+04 1. 34443E+(4 5. 40227E+02

* Read as 9.20495 x 10°.
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Table 23 Measured neutron spectra behind iron by the Bonner ball counter
- for 43-MeV p-Li neutrons.

Energy Neutron Flux Neutron Flux . Neutron Flux
{eV) {n/cm?®/Lethargy/1C) (n/cm?®/Lethargy/iC) (n/cm®/Lethargy/ 1C)
20cm thick 40cm thick 100cm thick

4. 500E+07" 2. T40E+03 9. T60E+01 8. 940E-02
3. b00E+07 8. 395E+02 2. 2T7E+01 5. 349E-02
2. T50E+07 5. 945E+(2 2. §77E+01 1. 415E-02
2. 25QE+07 4. 454E+02 1. 203E+01 5. 843E-03
i- 7T50E+07 3. 016E+02 1. 088E+01 5. 141E-03
1. 350E+07 2. 027E+02 6. 209E+00 1. 069E-02
1. 000E+07 1. 245E+02 4. 294E+ 00 7. 898E-03
6. T00E+06 1. 316E+02 5. 434E+00 1. 549E-02
4. 490E+06 1. 753E+02 1. 629E-01 7. 986E-02
3. 010E+06 2.725E+02 2. 354E101 6. T93E-02
2. 020E+06 3. 424E+(2 5. 151E+01 1. 369E-01
1. 350E+06 4. 830E+02 8. 128E+01 2. 440E-01
9. 070E+05 7. 111E+02 1. 965E-02 3. 249E+00
4. 980E+05 8. 604E+02 3. T8TE02 1. 147E+01
2. 240E+05 4. 851E+02 2. 073E+02 9. 915E+00
8. 650E+04 2. T00E+02 1. 5T0E+02 1. 200E+01
1. 500E+(4 4. 618E+01 1. T98E+81 1. 015E+00
3. 350E+03 2. 620E401 1. 238E+01 8. I51E-01
4. H40E+02 2. 930E+01 3. 361E+00 1. 190E+00
2. 260E+01 1. T69E+01 3. 892E+00 6. 792E-01
5. 040E+00 8. 083E+00 1. 233E100 4. 982E-02
1. 120E+00 5. 673E+00 1. 036E+00 2. 216E-Q1
4. 140E-01 3. 083E+00 6. T47E-01 3. 199E-02
1. 000E-04

* Read as 4.500 x 107.
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Table 24 Measured neutron spectra behind iron by the Bonner ball counter
for 68-MeV p-Li neutrons.

Energy Neutron Flux Neutron Flux Neutron Flux

(eV) {n/cn®/Lethargy/ iC) (n/cm®/Lethargy/iC) {n/cm®/Lethargy/uC)
20cm thick 40cm thick 100cm thick
8. 000E+07* 1. 190E+03 1. 752E+02 9. TTO0E+00
6. 500E+07 6. 935E+03 9. 746E+02 1. 593E+01
5. 500E+07 2. 458E+03 2. 874E+02 3. 469E+00
4. 500E+Q7 1. BGBE+03 2. 185E+02 4. 852E+00
3. 500E+07 1. 345E+03 1. 310E+02 2. T27TE+00
2. T50E+07 8. 752E+{(2 1. 051E+02 4. 563E+00
2. 250E+07 5. 086E+(2 - 4. 134E+01 [. 570E+00
1. 750E+07 4. 332E+02 5. 888E+01 8. 451E-01
1. 350E+07 2. 940E+02 3. 836E+01 2. 413E+00
1. 000E+Q7 2.683E+02 4. 429E+01 6. 809E-01
6. T00E+06 3. 227E+02 4. 553E+01 4. 022E-01
4. 490E+06 9. 317TE+02 6. 325E+01 1. 252E-01
3. 010E+06 7. T30E+02 1. 312E+02 1. 394E+00
2. 020E+06 1. 032E+03 1. 7T54E+02 1. 894E+00
1. 350E+06 1. 47T1E+03 3. 185E+(2 2. 629E+00
9. 070E+(5 1. 937E+03 6. 238E+02 0. 968E+00
4. 980E+0h 1. TT6E+03 9. 477TE+(2 3. 244E+01
2. 240E+05 7. 556E+02 5. 293E+02 2. 462E+01
8. 650E+04 2. H06E+02 2. 938E+02 ' 4. 17TIE+{1
1. 500E+04 3. H40EH01 4. T33E101 5. 5TTE+H(0
3. 350E+03 2. 018E+01 3. 383E+401 4, 850E+00
4. 540E+02 1. 072E+01 1. 424E+01 2. 132E+00
2. 260E101 4. 297E+00 : 5. 6LTEL00 [. 515E+00
5. 040E+00 3. 210E+00 3. 107E+00 4. 835E-01
1. 120E+00 3. 045E+00 2. 191E+00 2. 606E-01
4. 140E-01 3. 437E+00 1. 201E+00 1. 855E-01
1. 000E-04

* Read as 8.000 x 10°.
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Table 25 Measured fission reaction rates of 2880
and 2%%Th for 43-MeV p-Li neutrons.

Position Fission reaction rate
Za Rb ZSSU 232Th
(em) (cm) (n/uC) (%) (n/ul) (%

0 0 8. 01E+4° (0.59>  3.27E+4 (0.24)
10 2.43E+4  (1.002 1. 02E+4 (0. 89
20 0 b.64E+3 (1.81>  2.48E+3 (0.99)
40 0 2.97E+2  (3.43) 1. 16E+2 (3. 34)

70 0 6. 96E-0 (9.76) I.79E+0 (27.7)
0 20 L 00E+2  (4.30)
10 20 2.47E+2 (5. 74)
20 20 L. 95E+2  (3.53) 6. 1261 (17.4)
40 20 5. 14E+1 (5.02) L T7E+L (14.0)
0 20 3. 61E+0  (19.62 1.53E+0  (20.9)

® Thichpness of iron shields.
® Distance from the beam axis.
¢ Read as 8.01 x 10°.

Table 26 Measured fission reaction rates of 2*%U
and 2%%Th for 68-MeV p-Li neutrons.

Position Fission reaction rate

7a R® 238 2327h

{em) (cm) (n/pC) (%) (n/4C> %)
0 0 1. 18E+5° (0. 38> 5. T1E+4 (0. 49)
20 0 1. 53E+4 (0. 66> 7. 70E+3 (0. 90D
40 0 1. 23E+3  (2.26) 5. 47E+2  (3.28)
70 0 3. 18E+1 (7.143 I.0BE+l {11.9

100 0 2.59E+0  (11.0> 8.51E-1 (18.6)
20 20 7. 14E+1 (3. 96) 4. 69E+1 (4. 73
40 20 . 68E+2  (3.4D1) l.15E+2 (4.0
70 20 1. 58E+1 (5. 95) 7.12E40 (8.61)

100 20 2.57E+0 (9. 25) 9.07E-1 (15. 1D

130 20 LO8E+0 (11.9)>  4.59E-1 (17.7>

® Thichness of iron shields.
* Distance from the beam axis.
° Read as 1.18 x 10°.
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Table 27 Difference of neutron reaction rates of
"LiF and "*‘LiF TLDs for 43- and 68-MeV
p-L.i neutrons.

Position® Difference of reaction rate
{cm) % °Coeq. R/UCY (%) (*°Coeq. R/4CY (%)
: 43 MeV 68 MeV
40 2. 60E-T° 63. 2 1.Q7E-6 40.2
70 1. BE-T 12.2 3. 68E-7 10. 3
100 3. 50E-7 8.8 1. 30E-7 1
130 2. 66E-T7 1

* Thichness of iron shields.
® Read as 2.60 x 107".

Table 28 Measured neutron reaction rates using solid
state nuclear track detecior for 43~ and 68-
MeV p-Li neutrons.

Position® Reaction rate
{cm) (Pits/cm®/4C) (%) (Pits/cm?/uC) (%)
43 MeV 68 NeV

0 3.99E+1° 5.6

10 1. 83E+]1 6.2

20 8. 23E+0 5.5 1. 64E+] 5.4
40 9. 21E-1 7.9 3. 29E+0 5.5
70 1. 16E-1 8.1 5.19E-1 6.1
100 2. 00E-2 16.9 8. 63E-2 8.9
130 8. 35E-3 24.1

* Thichness of iron shields.
° Read as 3.99 x 10'.



JAERI—Data/Code 96—005

Table 29 Measured neutron reaction rates using a rem
couynter made by Fuji Co. Ltd. for 43- and
68-MeV p-Li neutrons.

Position® Reaction rate Position Reaction rate
(cm) (Sv/e0) (% (cm) (aSv/uC) (%)
43 MeV 68 MeV

0 4. 23E+0°(0. 50) 0 4. 58E+0 (0. 45)
10 1. 62E+0 (0. 32) 20 1. 52E+0 (0.28)
20 7.41E-1 (0. 35> 40 4. 60E-1 (0. 4D
40 1. 98E-1 (0. 38> 70 8. 06E-2 (0.62>
70 3.33E-2 (0.3D) 100 1. 93E-2 (0. 762
100 7.07E-3 (0.32) 130 4. 06E-3 (0.4%)

* Thichness of iron shields.
® Read as 4.23 x 10°.

Table 30 Measured neutron reaction rates using the BCH01A
and Bonner ball detector for 43- and 68-MeV p-Li

neutrons.
Position® Reaction rate Position Reaction rate
(cm) (uSv/ i) (cm) (uSv/ 1)
43 HeV 68 MeV
20 1. 30 20 3.09
40 1. 60E-1° 40 5. 29E-1
100 3. 25E-3 100 1. 60E-2

* Thichness of iron shields.
® Read as 1.60 x 107".
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SCA [ » scaler
Dynode gale G ADCT
BCSO1A |PM |BASE ~ PA |~ DLA DA 1—:#
] Anode gate .
LG ADC2

RF trigger —=| CFD

Fig.3 Block diagram of the electronic circuits. PA:pre-amplifier, DLA: delay line
amplifier, SCA: timing single channel anaiyzer, DA: delay amplifier, RHC:
rise-time-to-pulse-height converter, CFD: constant fraction discriminator,
TAC: time-to-amplitude converter, LG:linear gate stretcher, ADC: analog-to-
digital converter. The scaler was used for counting the number of real
events from the detector in order to estimate the counting loss.
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Fig.4  Source neutron spectra genmerated via the "Li(p, n)reaction by 43- and 68-MeV
protons. The spectra were measured by the time-of flight methods with the
BC501A scintillation counter and absolutely normalized by the measurements
using the recoil-proton counter telescope.
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Neutron Energy (eV)

Neutron responses of the Bonner ball counter for each moderator thickness:
bare, 1.5, 3.0, and 9.0 cm. The almost responses were calculated by Uwamino
et al. from adjoint calculations using the ANISN code except for the detector
with 1.5-cm thick moderator. The response for the detector with 1.5-cm thick
moderator was estimated by Ishikawa et al.

2"'! ' T T j T T

Fission cross section

1.5+

"Cross section (b)
—
1

0.5

T TS (AN
Neutron Energy (eV) _

Fission cross sections of #?®U and 2%2Th. The cross sections up to 20 MeV is
taken from JENDL-3, the cross sections between 20 and 400 MeV have been
measured by Lisowski et al., and above 400 MeV have been calculated by him
using the HETC code.
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Fig.8 Calculated neutron responses of solid state nuclear track
detector (TS-16N) using the SSNRES code.
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