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INTRODUCTION

Since the early 1960s, liquid organic scintillators have been used extensively
for fast neutron (> 100 keV) spectroscopy because of their desirable charac-
teristics: high neutron detection efficiency, no dependence of the light

. output on the incident neutron direction, fast time response, discrimination

against gamma-ray backgrounds, and good pulse-height resolution. Of the
liquid organic scintillators, NE213 is the most widely used and is the stan-
dard scintillator for fast neutron spectroscopy, especially for those measure-
ments in which the neutron energy spectra cannot be determined by time-of-
flight (TOF) techniques. NE213 possesses excellent pulse-shape discrimination
(PSD) properties (different scintillation light pulse shapes for different
charged particles) which make it suitable for neutron measurements accompanied
by gamma-ray backgrounds. Also, the papers by Verbinski, et al (Ref. 1) and
Burrus and Verbinski (Ref. 2) provided the detailed neutron response functions
and methodology needed for determining incident neutron energy spectra from
pulse height distributions measured with a nominal 5-cm-long by 5-cm-diam
cylindrical NE213 scintillator. Neutron spectra were derived with an energy
resolution of = 10 percent. As a result, the standard 5-cm-long by 5-cm-diam
NE213 scintillator has been used as a neutron spectrometer for a wide variety
of measurements in which TOF techniques could not be employed. A few examples
are the measurement of time-dependent fast neutron spectra of pulsed small
assemblies (Ref. 3), secondary neutron production cross sections for testing
the accuracy of evaluated neutron data files (Ref. 4), neutron fluxes from
tokamak plasma devices (Refs. 5 and 6), neutron energy spectra from photo-
nuclear reactions (Ref. 7), neutron elastic and inelastic differential cross
sections (Ref. 8) and neutron energy spectra from particle bombardment of
thick elemental targets (Ref. 9).

In recent years, the BC501 scintillator manufactured by Bicron Corporation, in
Newbury, Ohio has been sold as a replacement for the NE213 scintillator. The
primary difference between the two scintillators is the scintillation solvent.
BC501 contains pseudocumene and has a flash point of 47 9C; NE213 is based on
xylene, resulting in a flash point of 26 °C. Thus, BC501 is safer when used
in large volumes and is safer to ship. Concerning fast neutron detection and
neutron/gamma-ray discrimination, the BC501 and NE213 scintillators are

N similar. The density of BC501 is 0.901 g/cm® with a chemical composition of
CH; ,s7 (Ref. 10). The density and composition of NE213 are 0.874 g/cm® and
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CH; 212, respectively (Ref. 11). Therefore, for the same size scintillator
cells, BC501 has a slightly higher neutron detection efficiency than NE213.
Also, the light output, or scintillation efficiency, of BC501 is slightly
higher than that of NE213, 80 percent of the light output of the crystalline
organic scintillator anthracene as compared to 78 percent, possibly resulting

in a slight improvement in energy resolution.

As part of an extensive study to investigate neutron production by charged
particle bombardment of elemental and multimaterial targets, a 5-cm-long by
5-cm-diam cylindrical BC501 scintillation detector was acquired for the
measurement of neutron energy spectra in the range of = 0.5 to 40 MeV. Some
of the measurements were made at accelerator facilities which did not allow
TOF detection of the neutron spectra; therefore, the neutron energy spectra
were determined by applying unfolding methods to measured pulse-height dis-
tributions. Because BC501 was a new replacement for NE213, there was no
literature describing BCS501's response to fast neutrons or its PSD properties.
Although one could assume that the neutron response characteristics of BC501
are almost identical to those of NE213 since their physical properties are so
similar, a measurement of the response functions of our BC501 scintillation
detector for nearly monoenergetic neutrons at energies between = 2 and 41 MeV
was determined as necessary. One reason for the set of measurements was that
there were no published experimental response functions to neutrons > 22 MeV
for the standard 5-cm-long by 5-cm-diam NE213 scintillator. In addition,
after examination of the literature concerning Monte Carlo calculations of
neutron response functions, it was clear that such calculations were inaccu-
rate representations of the responses at the low pulse-height regions for
neutron energies > 20 MeV. Lastly, as noted by Pieroni, et al (Ref. 3) and
Perkins (Ref. 12), standard published results, e.g., (Ref. 1), may not be
directly applicable to every 5-cm-long by 5-cm-diam NE213 scintillation detec-
tor as many authors have assumed. Both authors observed deviations from the
Ref. 1 responses for their detector systems at the higher neutron energies,
which they attributed to nonlinearities or saturation in the photomultiplier

tubes.

In this report, results are presented for the TOF measurement of 43 neutron
response functions for energies between 2 and 41 MeV. Since the number of
neutrons in each energy group incident on the BC501 scintillator were not

determined experimentally, the technique of Ref. 1 was used to normalize each
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pulse-height distribution for the neutron energies < 31 MeV. Experimental
pulse-height spectra were normalized to the proton-recoil plateaus of calcu-
lated curves. The proton-recoil plateaus are the large pulse-height regions,
resulting from neutron-hydrogen collisions, which the Monte Carlo calculations
most accurately describe. The remaining pulse-height distributions were
normalized to calculated integral efficiencies. The BC501 response functions
are compared to the NE213 response functions reported in Ref. 1, and the NE213
response functions are used to extend the BC501 responses to lower pulse

heights.
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DESCRIPTION OF THE BC501 SCINTILLATION DETECTOR

The BC501 liquid organic scintillation detector was obtained from Bicron
Corporation as an integral assembly. A schematic of the detector is shown in
Fig. 1. The BC501 liquid was deoxygenated in a nitrogen atmosphere and placed
in a hermetically sealed Bicrocell. The Bicrocell consists of an aluminum and
glass cylinder with an inside diameter of 5.08 cm and length of 5.08 cm. The
top, flat face of the aluminum cell is 1.6 mm thick, and the curved surface is
5.46 mm thick. The inside aluminum surfaces are coated with BC624, a white
reflective paint. The bottom, flat face of the Bicrocell consists of a ground
and polished 6.35-mm-thick Pyrex viewing port. An extrinsic reservoir con-
taining oxygen-free nitrogen is provided to allow for volume changes of the
liquid within the sealed Bicrocell. The extrinsic reservoir eliminates any
contained bubbles of nitrogen gas within the volume of the liquid scintillator
which could introduce a slight neutron response anisotropy. The viewing port
of the Bicrocell is directly coupled to a Hamamatsu R329-02 photomultiplier
tube (equivalent to RCA 8575 photomultiplier tube) with a light shield and a
u—metal magnetic shield.
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Figure 1. Schematic of the BC501 scintillation detector.
(Schematic shown with permission of Bicron Corporation.)
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EXPERIMENTAL TECHNIQUE

The measurement of relative pulse-height distributions for neutrons as a func-
tion of incident energy for the BC501 scintillation detector was conducted at
the 85-m flight station of the Oak Ridge Electron Linear Accelerator (QORELA)
facility. High-energy electrons (100 to 180 MeV) incident on a tantalum
converter produce a narrow beam of gamma rays which then generatc neutrons by
a (7,n) reaction in a beryllium block. For this experiment, the electron beam
pulse width was = 17 ns full width at half maximum (FWHM) with a peak current
of = 10 A. The repetition rate was 800 Hz. With these electron-beam parame-
ters, the detector counting rate was approximately one event (neutron or gamma
ray) every eight pulses. The distance between the center of the beryllium
block and the center of the BC501 scintillator was 86.9 m. Collimators in the
85-m flight path defined a parallel flux of neutrons with an = 5-cm-diam spot
size at the detector. The detector was positioned so that the axes of the
detector and neutron beam were collinear. A depleted uranium filter located
after the beryllium block was used to reduce the intensity of the gamma flash.
Also, a !9B filter followed the depleted uranium filter in order to remove

low-energy neutrons which would overlap from one linac burst to the next.

Figure 2 is a block diagram of the data acquisition electronics used for the
measurement of the neutron response functions. Three parameters were acquired
and stored by a PDP-9 computer and the ORELA SEL810B computer for each detec-
tor event: pulse shape, pulse height, and TOF. The pulse-shape or rise-time
parameter was derived from the PSD circuitry and was used to classify an event
as a neutron or a gamma ray. An ORTEC 113 preamplifier, ORTEC 460 delay-line
amplifier (DLA), ORTEC 552 pulse-shape analyzer (PSA), and ORTEC 467 time-to-
amplitude converter (TAC) comprised the PSD circuitry. This combination of
electronic modules was used because it foimed the PSD electronics for previous
neutron spectroscopy measurements. The PSD circuitry works in the following
manner. The rise times of the signals from the preamplifier are different for
gamma-ray and neutron events due to the different scintillation responses of
BC501 to recoiling electron and proton or heavier particle (alphas, deuterons,
etc.) ionizations. Processing a preamplifier signal with the DLA (single
delay-line mode, l-us delay line) results in a unipolar output pulse whose
fall time corresponds to the rise time of the input pulse. The PSA generates
two timing pulses, which are determined by the constant-fraction method, on
the trailing edge of the input signal. The two reference fractions were taken

at the 10-percent and 90-percent decay points of the peak pulse height.

6
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During tests of the PSD electronics with an 2¢!Am-9Be mixed neutron/gamma-ray
source, these fractions gave the best identification of neutron and gamma-ray
events with minimal misclassification of events. The two timing signals drive
the TAC, which produces an output signal whose amplitude is proportional to
the rise time of the preamplifier signal. Digitizing the TAC signals results
in a pulse-shape spectrum such as that shown in Fig. 3. Figure 3 shows the
distribution of rise times for neutron and gamma-ray events from an 24!Am-9Be
source, with the PSA discriminator level set to accept only neutron- and
gamma-ray-event signals with pulse heights greater than or equal to the pulse
height which would be produced by 330-keV electrons. The gamma-ray-event
distribution (left peak) has a FWHM of 4.6 ns. The FWHM of the neutron-event-
distribution (right peak) is 38 ns and the maximums of the two distributions
are separated by 60 ns. The neutron peak-to-valley ratio is 50. Thus, the

quality of neutron/gamma-ray discrimination is good.
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Figure 3. An example of the pulse-shape discrimination obtained
using an 241Am-9%Be source with a discrimination level
of 330 keV equivalent electron energy applied.
(Neutron events are on the right; gamma-ray events are
on the left. The zero of the x-axis is arbitrary.)
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During the neutron response function measurements, pulse-shape spectra were
acquired for a series of eight pulse-height regions. The PSA discriminator
level was set to a pulse height which would be produced by 200-keV electrons;
thus, neutrons below 1 MeV were not processed by the electronics. Multiple
pulse-height regions enabled the pulse-shape parameter to be determined as a
function of pulse height, which is necessary since the rise time of an event,
especially for a neutron, varies as a function of the pulse height. In addi-
tion, in certain pulse-height ranges, neutron- and gamma-ray event signals can
have the same rise times. These effects, combined with timing resolution and
pulse-height resolution effects, makes neutron and gamma-ray separation based
only on rise times difficult over the very large range of pulse heights asso-
ciated with 1- to 41-MeV neutrons. Pulse-shape spectra for four pulse-height
regions are shown in Fig. 4. Both the neutron and gamma-ray rise time dis-
tribution change with pulse height. The vertical line in each spectrum
defines the division of neutron and gamma-ray events. This division was
chosen separately for each pulse-height region. An event with a pulse-shape
parameter to the right of the vertical line was classified as a neutron.
Evident in the highest pulse-height pulse-shape spectra are two distributions
right of the vertical line. The distribution farthest to the right is due to
alphas produced from !'2C(n,a)?Be and !2C(n,n’)3a reactions. An event with a
pulse-shape parameter left of the vertical line was classified as a gamma ray.
The small number of gamma-ray events are due to both gamma-ray contamination
in the neutron flux (gamma rays produced in the tantalum converter and beryl-
lium block combination) and gammas induced in the detector by neutrons,
primarily 4.4-MeV gammas from ‘ZC(n,n')lzc* reactions in the scintillator.

The gamma rays in the neutron flux could have been identified as gamma rays
through TOF. The induced gamma rays are actually part of the neutron response
of the scintillator and are eliminated from our measured responses by the PSD
electronics. Thus, the PSD electronics were not needed for the response
function measurements but were used because they had been employed during
prior neutron spectroscopy experiments. The data from these experiments would
be analyzed with these response functions. However, it is important to note
that the response functions can be used to unfold pulse-height distributions
acquired without PSD, because the maximum correction to apply to the response

functions for the elimination of the 4.4-MeV gammas is = 3 percent.

The pulse-height parameter was a digitized signal also derived from the pre-
amplifier signal, as shown in Fig. 2. After being shaped and amplified with a
DLA, the preamplifier signal was processed with an ORTEC 673 spectroscopy

9
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amplifier. The amplitude of the unipolar output pulse from the spectroscopy
amplifier defined the pulse-height parameter.

As illustrated in Fig. 2, the TOF parameter was derived from the time dif-
ference between a linac beam burst and the detection of an event in the
detector. The fast anode signal from the detector was input to an ORTEC 934
constant-fraction discriminator (CFD). The CFD discriminator level was set to
a lower value than the PSA discriminator level. The timing signal from the
CFD was coincidenced with a timing signal from the PSA so that TOF spectra
were generated only for events which had been pulse-shape analyzed. The
output signal from the coincidence unit served as the stop signal to a time

digitizer (clock) while the start signal came from the linac beam pulse.

The pulse-shape, pulse-height, and TOF signals were processed by the PDP-9
computer and transferred with appropriate tags to the ORELA SEL810B computer
for storage in two-parameter arrays of pulse height versus TOF and in one-
parameter high-resolution TOF arrays. For example, the pulse-height and
pulse-shape parameters were examined by the PDP-9 to determine whether an
event was due to a neutron or gamma ray. If the event was a neutron, it was
stored in the neutron two-parameter pulse height versus TOF array and neutron
high-resolution TOF array. The same procedure was followed for a gamma-ray

event.

11
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DATA ANALYSIS
GENERAL
The two-parameter array of pulse height versus TOF for events classified as
neutrons was separated into 43 unnormalized pulse-height distributions. Each

pulse-height distribution corresponded to a bin of neutron energies, deter-

mined from TOF, in which the bin width was = 7 percent of the center neutron

energy. The procedure for conversion of the unnormalized pulse-height dis-
tributions to neutron response functions or absolute differential efficiencies
was to place each pulse-height distribution on a calibrated pulse-height scale
and then normalize the distributions to one neutron incident on the cross-

sectional area of the BC501 scintillation detector.
THOD OF PULSE-HEIGHT SCALE CA 10

Calibration of the pulse-height axis of each distribution was performed as
follows. For organic scintillators, the light output or pulse height for a
heavily ionizing particle such as a proton is a nonlinear function of the
proton energy. However, the light output function for electrons is linear for
electron energies > 100 keV and may be expressed as L = c(Ee -Eo), where L is
the relative light output, Ee the electron energy, Eo the energy intercept,
and ¢ is a scaling parameter (Ref. 13). Thus, the first step towards energy
calibration is to establish a reliable light-output function L(Ee) for
electrons. Then the light output for protons L(Ep) is measured relative to
the light output for electrons.

A convenient means of establishing L(Ee) is to use as calibration points the
Compton edges of electron spectra resulting from gamma-ray interactions in the
scintillator. The maximum Compton electron energy given by Ee =- 2Ey%2/(2Ey +
0.511 MeV), where Ey is the gamma-ray energy in MeV, is directly related to
the Compton edge of the measured gamma-ray pulse-height distribution. However,
multiple scattering and statistical fluctuations smear the theoretically sharp
Klein-Nishina distribution; as a result, defining the Compton edge position
from a measured spectrum varies among authors. The most accurate method of
defining the Compton edge position is to compare a measured spectrum with a
Monte Carlo calculation of the spectrum. Monte Carlo calculations were not
performed for this work; the results of Dietz and Klein (Ref. 14) were used

instead. In their paper they tabulated values of Lmax/Lc and L,/z/Lc versus
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detector resolution AL/L for four sizes of NE213 scintillators, with one of
the sizes examined corresponding to a S-cm-long by 5-cm-diam detector. Their
table was constructed from detailed Monte Carlo calculations. Referring to

. Fig. 5, which is a pulse-height distribution from the BC501 scintillation

detector for gamma rays from a 22Na source, Loax 1S the position of the maxi-

. mum of the distribution for a particular gamma ray, Ll/2 is the half-height
position, and Lc is the position of the Compton edge. Lmax and Ly/2 were
determined for each of three gamma-ray pulse-height distributions, 0.511- and
1.275-MeV gamma rays from a 22Na source and 2.614-MeV gamma rays from a ThC"
source, measured periodically during the neutron response function measure-
ments. The resolution was determined from the estimate (Ref. 14) AL/L =
1.5(L1/2 - Lmax)/Ll/z’ Dietz and Klein found that this formula adequately
described the resolution of their detectors, roughly independent of both
gamma-ray energy and detector size. From the table and the measured resolu-

tions, interpolation between tabulated resolutions determined Ll/2/Lc and thus
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Figure 5. A measured pulse-height spectrum for the 5-cm-long by 5-cm-diam
BC501 scintillation detector for the 0.511- and 1.275-MeV gamma
. rays from a 2?Na source. (L __, L,/,, and L_ are the positions of
the maximums, half heights, 283 Compton edgeg, respectively, of the
Compton electron spectra.)
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Lc for each Compton electron spectrum. A plot of channel numbers associated
with the Lc's versus the maximum Compton electron energies of 0.341, 1.062,
and 2.381 MeV is shown in Fig. 6. Performing a least-squares fit to the data
to determine the linear relationship between Ee and channel number and choos-
ing the scaling parameter ¢ as 1, resulted in a calibration of the pulse-
height axis in terms of equivalent electron energy in MeV, commonly referred

to as "MeVee."
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Figure 6. Maximum Compton electron energy versus channel number for
the 5-cm-long by 5-cm-diam BC501 scintillation detector.
(The solid line is a least-squares fit to the data yield-
ing Ee = 9,98 x 10-% x channel no. + 4.67 x 10-2, in MeV.)

With the pulse-height channel numbers placed on a calibrated light-output
scale, the proton light-output function could be determined from the measured,
nearly monoenergetic, neutron response functions. The procedure for estab-
lishing L(Ep) was similar to that of determining L(Ee)' The maximum proton
energy Ep - En’ where En is the midpoint energy of the TOF bin defining a
given neutron response function, is directly related to the edge of the
proton-recoil plateau region of the neutron pulse-height distribution (see

Appendix A). However, due to multiple scattering, statistical fluctuations,
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and nonisotropies in the n-p scattering process, care must be taken in defin-
ing the edge of the neutron pulse-height distribution. Figure 7 shows
unnormalized pulse-height distributions for four neutron energies for the
BC501 detector. The solid curve in each plot is a convolution (numerical
integration) of a step function with a Gaussian function fitted to the edge of
the distribution using the generalized minimization program MINUIT (Ref. 15)
to determine the step value [which is L(Ep)] and the FWHM of the Gaussian
function. Only that region of data through which the curve passes was used in
the fitting process so that the Gaussian-smoothed step function was a good

approximation to the edge of the pulse-height distribution.

A plot of L(Ep) versus maximum proton energy determined from the edges of the
neutron pulse-height distributions as described above is shown in Fig. 8.

Also shown is the proton light-output function determined by Verbinski, et al,
Ref. 1 for an NE213 scintillation detector. The light-output function of Ref,
1 was converted into units of MeVee using the equivalency 1 light unit = 1.22
MeVee, as determined in Ref. 14. This transformation corrected for the dif-
ferences between Ref. 1 and this work in the location of the Compton edges of
the electron spectra from gamma-ray sources used for calibration. There is
very good agreement between the two light-output fuanions for proton energies
< 10 MeV. Above 10 MeV, the proton light-output function for the BC501 scin-
tillation detector deviates from the Ref. 1 curve, showing an increasingly
smaller change in light output for increasing proton energy. This feature of
the light-output function is characteristic of saturation of the pulse-height
output signal of the detector. The cause of the saturation was most probably
operation of the photomultiplier tube at too high an applied voltage. The
saturation of the pulse-height signal has no effect on the measured neutron
response functions except to fold a different nonlinearity into the proton
light curve. Thus, each neutron pulse-height distribution was corrected for
saturation by transforming on a channel-by-channel basis from the BC501 proton
light curve to the Ref. 1 proton light curve. Figure 9 shows the result of

this correction process for the 30.2-MeV neutron pulse-height distribution.

15




(*Y3 = dy say8isua uojoid wnwrxew

ay1 o3 Surpuodsaizod siySyay asTnd dYy3 dUTFAP YITyM SUOTINGTIISTP Yl JO

sa8pa ay3l 01 SITj 21e S2AIND PI[OS 3Yl) '1039219p UOTIBTITIUTIS [06DY WEIP
—uo—¢ Kq BuoT-wd-¢ ay3 103 SueTINqTIISTP IY3Tay-3synd uoiInau paIzyrewrouufy /[ 2an814

(@apon) Mial] esing

0% ot 0e op of: (X0} oan om L4 on [LIA oo s or [UH or ol 0o

T T T B g N 0 o— R B ToTU T T T tTTTIE T T T T T o
2 _}4{1_)‘,5____ \‘i- oy ot
_\_,_ .{ _
3 fi_ _,_ o ] ___ | | _ o2
Ll
L _' 0] _ e
PR Z0E =" ‘_f " A 961~ 4 ___ oo
O
PP SREPEPEIUIY SRR RSP U JESPR o SUSURNN TSR WS S JUNINE JUNNIUY WY UUNUN PRI NI BR— i+ m
. g
9 4 (114 oe 01 no hi [0 24 «o on
° Wﬂa e- T T LR IR g ool il Ieb ¢ R R R S It v 0 &»
oot
5 g
oo
{ _:i.____ !
_.____._._._...____.. __..___..._.._____._._... Ll
s o " ! R
1 "
..._........_.__:__._.::_.. Y
ooy
- | e
AN tee =" | AHnE =" o005
PPN TP TP WP TSI ST SUPUIPIUY B ey U WU SR SURIN RSN SO S S

4-—- poun

16




AFWL-TR-88-83

T T T 1T 11 -
1 —d
10 .
L -
- -
N .
= - 7
Q - -
& i _4
e
S p
o 0 “‘ —
) 10 ] E
= L ) .
9 B i
e ! -
- ~
10" gl | Lt 1 1 3911 1 L1

10
Proton Energy (MeV)

Figure 8. Pulse height versus proton energy for the 5-cm-long by 5-cm-diam
BC501 scintillation detector (filled circles) and the 4.60-cm-long
by 4.65-cm-diam NE213 scintillation detector of Ref. 1 (solid
curve). (Error bars are shown only for every other data point.)
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Figure 9. Saturated (solid curve) and saturation-corrected (chain-dashed
curve) neutron pulse-height distributions for E_ = 30.2 MeV for the
5-em-long by 5-cm-diam BC501 scintillation detector.
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Figure 10 is a plot of the pulse-height resolution AL/L for the BC501 scintil-
lation detector extracted from the edges of the neutron pulse-height distribu-
tions. The resolution values were determined from the fits to the saturated
data and not from fits to the saturation-corrected pulse-height distributions.
However, one should obtain nearly the same pulse-height resolution curve from
the saturation-corrected distributions since AL and L would increase by ap-
proximately the same factor for each fit. This assumption was verified by a
few fits to saturation-corrected pulse-height distributions. Also shown on
the plot of Fig. 10 are resolution values for the three gamma-ray pulse-height
distributions used for calibration. The pulse-height resolution of the detec-
tor for gamma rays appears to be somewhat better than for neutrons which give

the same light output.
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Figure 10. Pulse-height resolution as a function of pulse height for the
5-cm-long by 5-cm-diam BC501 scintillation detector determined
from monoenergetic neutron distributions (filled circles) and
monoenergetic gamma-ray distributions (filled squares). (Error
bars are shown only for every other data point.)
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More important than the pulse-height resolution of the detector is the energy
resolution AE/E. The energy resolution along with the unfolding algorithm
used determines the overall resolution obtainable for arbitrary neutron energy
spectra measured with the BC501 scintillation detector. Figure 11 shows the
energy resolution as a function of neutron energy. The energy resolution was
obtained from the pulse-height resolution on a point-by-point basis using En -
aLb to describe the relationship between energy and pulse-height. For each
energy value Ei’ a and b were determined from Ej_1» E{4a, Lj_y, and Lyy,; and
AEi/Ei was determined from AEi/Ei - bALi/Li. To check this procedure for
determining the energy resolution, a few of the neutron pulse-height distribu-
tions were converted to energy distributions using the proton light-output
function and their edges fit with a Gaussian-smoothed step function. The
energy resolutions obtained from the fits agreed well with the values deter-

mined as described above.
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Figure 11. Energy resolution as a function of neutron energy for the 5-cm-
long by 5-cm-diam BC501 scintillation detector determined from
monoenergetic neutron distributions. (Error bars are shown only
for every other data point.)
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METHOD OF NORMALIZATION

After calibration of the pulse-height axis and correcting for saturation which
occurred above pulse heights of = 5 MeVee, the neutron pulse-height distribu-
tions were converted to absolute differential efficiencies. The absolute
differential efficiency for a given neutron energy is defined as the number of
counts per unit pulse height per neutron incident on the cross-sectional area
of the top, flat face of the BC501 scintillation detector. For neutron ener-
gies < 30.2 MeV, conversion to absolute differential efficiencies was accom-
plished using the technique reported in Ref. 1. The Monte Carlo code 05S
(Ref. 16) was used to calculate the absolute differential efficiences. The
calculated differential efficiencies are most accurate at large pulse heights,
the large pulse heights being dominantly produced by protons from single (n,p)
scattering. Each bin of a calculated pulse-height distribution was redistrib-
uted through convolution with a Gaussian function whose FWHM was chosen from
the pulse-height resolution curve of our BC501 scintillation detector. The
resultant calculated differential efficiencies were plotted with the measured
pulse-height distributions. Scale adjustments of the measured pulse-height
distributions were made until the calculated and measured distributions
matched in the proton-recoil plateau regions, thus converting the measured

distributions to absolute differential efficiency curves.

For neutron energies above 30.2 MeV, the 055 code could not be used to gener-
ate calculated differential efficiencies. The code failed to run properly for
these neutron energies and its output was believed to be unreliable (Ref. 17).
Normalization of the measured pulse-height distributions was accomplished
using the revised version (Ref. 18) of the neutron detector efficiency code of
Stanton (Ref. 19). The areas under the measured pulse-height distribution
curves above a cutoff of 1 MeV were made to agree with the calculated integral
efficiencies. Cecil, et al (Ref. 18) report that the calculated integral
efficiencies of the revised Stanton code agree with a large quantity of ex-
perimentally determined efficiencies to within 10 percent.

-

COMPARISON OF THE BCS501 NEUTRON RESPONSE FUNCTIONS TO THE
REF, 1 RESPONSE FUNCTIONS -

As a check on the' saturation correction process and normalization procedure,

the absolute differential efficiency curves of the BC501 scintillation detec-

tor were compared to the absolute differential efficiency curves for the 4.60-

cm-long by 4.65-cm-diam NE213 scintillation detector of Ref. 1. In order to
21
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make the comparison, the NE213 response functions were appropriately scaled to
correspond to response functions for a 5-cm-long by 5-cm-diam BC501 scintil-
lator. The scaling corrected for differences in density, composition, scin-

tillator size, and the normalizing cross-sectional area defined by the

detector surface upon which the neutrons were incident (see Appendix B).

These scaled response functions were then used for the generation of response
functions at the neutron energies for which the BCS50l response functions were
measured. The generation of the NE213 scaled response functions at the ap-
propriate energies was accomplished through two-dimensional interpolation.
Figure 12 shows the comparison of the appropriately scaled and interpolated
response functions of Ref. 1 to the response functions for our BC501 scintil-
lation detector for four neutron energies spanning the common energy range of
2 to 22 MeV for the two sets of response function measurements. There is very

good agreement between the two sets of response functions.

Due to the good agreement between the BC501 response functions and the NE213
response functions of Ref. 1, the NE213 response functions were used to extend
the BC501 response functions below a pulse height of = 0.2 MeVee, the bias
established from the PSD circuitry used during measurement of the neutron
pulse-height distributions. The extension of the response functions for
neutron energies below 22 MeV was accomplished by generating scaled and inter-
polated NE213 distrubutions at pulse heights corresponding to the channel
numbers of the neutron two-parameter array of pulse height versus TOF and
filling the array below the bias with these distributions. Small additional
magnitude corrections (+10%) were sometimes applied to the < 0.2-MeVee pulse-
height sections of the scaled and interpolated NE213 responses to prevent any
discontinuities in the resultant BC501 pulse-height distributions near the
bias pulse height. The extension of the response functions for neutron
energies above 22 MeV was performed by assuming that the shapes of the BC501
responses below a pulse height of = 0.2 MeVee were the same as the equivalent
region of the 21.5-MeV NE213 response function. Scale adjustments were ap-

plied to ensure continuous extension below 0.2 MeVee.
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RESULTS AND DISCUSSION

The absolute differential efficiency curves for the 5-cm-long by 5-cm-diam
BC501 scintillation detector for the 43 neutron energies between 2 and 41 MeV
are shown in Figs. C-1 through C-15 of Appendix C. They are also presented in
the table of Appendix D. Appendix D is to be used for construction of a

detailed response matrix needed for unfolding a pulse-height distribution
acquired with a S5-cm-long by 5-cm-diam BC501 scintillation detector to obtain
a neutron energy spectrum. Because of the excellent agreement between the 32
response functions spanning the neutron energy range of 2 to 22 MeV and those
of Ref. 1, an error of 5 percent is estimated for the magnitudes of the
response curves. This error estimate is a combination of the errors in the
Monte Carlo calculations used for normalizing the measured neutron pulse-
height distributions and the error in matching the measured to calculated
distributions. An error of 2.5 percent is assumed for the magnitudes of the
proton-recoil plateaus of the Monte Carlo calculated differential efficiency
curves as determined by absolute experimental calibrations (Ref. 1). An error
of 4 percent is estimated for matching the proton-recoil plateaus of the
measured pulse-height distributions to the calculated proton-recoil plateaus.
For the six response functions between neutron energies of 22 and 31 MeV, an
error of 11 percent is estimated for the magnitude of the respouse curves for
pulse heights above 0.2 MeVee, a combination of a 5-percent uncertainty in the
magnitude of the Monte Carlo calculations and a 10-percent matching uncer-
tainty. No error estimate can be made for pulse heights below 0.2 MeVee since
this region of each response function for neutron energies > 22 MeV was an
extrapolation of the equivalent region of the 21.5-MeV NE213 response function
of Ref. 1. Above a neutron energy of 31 MeV, a reliable estimate of the error
in the magnitudes of the response functions is difficult to make. The inte-
gral efficiencies for the bias of 0.2 MeVee are estimated to be accurate to
within 10 percent. However, above pulse heights of = 21 MeVee, there may be
large uncertainties in the magnitudes of the response functions due to the
saturation of the pulse-height signals during the response function measure-
ments (Ref. 20). Because the area under the response curve above 21 MeVee is
a small fraction of the total area, these large uncertainties do not change
the error estimate of 10 percent for the integral efficiencies. The authors
of Ref. 20 illustrate that the magnitudes of the response functions in the
proton-recoil plateau regions are too small by = 30 percent for neutron
energies < 36.2 MeV and factors of 2 to 3 too small for the 38.6- and 41.2-MeV
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neutron responses. They argue that because of pulse-height saturation, large
pulse-height neutron events were misclassified or lost by the PSD circuitry.
All pulse-shape spectra and all pulse-height spectra corresponding to events

classified as gamma rays acquired during the neutron response function mea-

surements were examined and no evidence was found to support this argument.
However, the simple, analytical calculations performed in Ref. 20 predict
proton-recoil plateaus with magnitudes larger than the magnitudes of the large
pulse-height regions of the neutron response functions above 31 MeV. As
detailed in Ref. 21, if the response functions presented in this report are
used for unfolding pulse-height distributions whose magnitudes are decreasing
rapidly above = 21 MeVee, the resultant neutron energy spectra agree within
estimated errors to the neutron spectra obtained through unfolding with
response functions modified in their recoil-proton plateau regions as outlined
in Ref. 20. Disagreeing with amodification of only a portion of a response
function, the response functions above 31 MeV are presented as measured.
However, if they are to be used for unfolding pulse-height distributions which
do not decrease rapidly above 21 MeVee and are acquired with high statistical
accuracy, one may consider using a combination of the experimental and calcu-

lated response functions.
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REVIEW AND CONCLUSIONS

Through a combination of TOF measurements and Monte Carlo calculations, the
absolute differential efficiencies for a commercial 5-cm-long by 5-cm-diam
BC501 scintillation detector were determined at 43 neutron energies in the
range of 2 to 41 MeV. The shapes and magnitudes of the BC501 neutron response
functions in the neutron energy range of 2 to 22 MeV agree well with the
shapes and magnitudes of the standard NE213 scintillator responses (Ref. 1)
when corrected for density, composition, scintillator size, and cross-
sectional area differences. Also, comparison (Ref. 22) of the quality of
neutron/gamma-ray discrimination obtainable with two identical cells filled
with NE213 and BC501 scintillating liquids shows that their PSD properties are
very similar. Therefore, similarly constructed NE213 and BC501 scintillation
detectors are equivalent in their use for neutron spectroscopy measurements.
The measurements presented in this report allow construction of a detailed
response matrix to be used for pulse-height unfolding of neutron distributions
up to energies of 41 MeV. With simple scale adjustments to correct for den-
sity and composition differences, these BC501 neutron response functions can
also be used for unfolding pulse-height distributions acquired with a 5-cm-
long by 5-cm-diam NE213 scintillation detector.
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APPENDIX A

DETERMINING THE PROTON LIGHT-OUTPUT FUNCTION, L(E ),
FROM MEASURED MONOENERGETIC NEUTRON P
PULSE-HEIGHT DISTRIBUTIONS

Since the BC501 liquid organic scintillator consists only of hydrogen and
carbon, a neutron interacts with the scintillator through elastic scattering
from hydrogen nuclei and elastic and nonelastic scattering from carbon nuclei.
Assuming no interaction with the carbon nuclei and that the neutron scatters
only once from the hydrogen nuclei, one can derive an analytical expression
for the energy distribution of recoiling protons which is essentially the
response function of the scintillator. Defining P(Ep)dEp to be the probabil-
ity that the recoiling proton has an energy within dEp centered about Ep,

P[Ep]dEp = P(8)dé (A-1)

where P(#)df is the probability that the neutron was scattered into the angu-
lar range df centered about 4. Ep is the recoil proton kinetic energy in the
laboratory coordinate system and § is the scattering angle of the neutron in

the center-of-mass coordinate system. P(§)dd is given by
P(9)d6 = 21rsin0d90(0)/aT (A-2)
where o(f) is the differential elastic scattering cross section in the center-

of-mass system and o

A-1 and A-2,

T is the total scattering cross section. Combining Eqs.

3
P|E | = 2nsinf|o(8)/0..)|dl/di A-3
(3] = 2rstroocorseg] a0, S
From conservation of energy and momentum (nonrelativistic kinematics)
Ep = E (1 - cosf)/2 (A-4)
where En is the incident neutron kinetic energy in the laboratory coordinate

system. Using Eq. A-4 to solve for dﬁ/dEp and substituting the result into
Eq. A-3,
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P[Ep} - 4#[0(0)/0T][1/En] (A-9)

For neutrons with kinetic energies < 10 MeV, the elastic scattering process
from hydrogen nuclei is isotropic in the center-of-mass system. Above kinetic
energies of 10 MeV, the elastic scattering process is not isotropic but will
be taken as isotropic for purposes of this derivation. Therefore, o(f) =

aT/Qn and

p[ap] - 1/E_ (A-6)

The energy distribution of recoil protons is uniform, extending from zero

kinetic energy to the incident neutron kinetic energy.

The response function of the scintillator to monoenergetic neutrons is the
distribution of light pulses as a result of the recoiling protons. Assuming a
linear relationship between light output, Lp, and proton energy deposition in

the scintillator,

P[Lp] - C/En (A-7)

where C is a constant. Thus, the response function or pulse-height distribu-
tion of the scintillator to a source of monoenergetic neutrons is a rectangle.
Folding a Gaussian function with Eq. A-7, to approximate finite resolution

effects of the scintillation detector, yields

R(L) = [30/2]{1 - erf[[L . LO]/(]ia)]} (A-8)

where So - C/En, Lo is the light output corresponding to the maximum recoiling
proton kinetic energy deposition (Ep - En), and erf is the error function.
From Eq. A-8, when L = Lo’ the error function is zero and the response curve
R(L) equals one-half of its maximum value So' Fitting Eq. A-8 to the edges of
a series of pulse-height distributions for monoenergetic neutrons allows
determination of the light-output function, L(Ep), for the scintillation

detector. L(Ep) consists of the series of Lo’s determined from the fits.

Care must be exercised in using Eq. A-8 in fitting the edges of monoenergetic

neutron pulse-height distributions to determine L(Ep). Only a small range of
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the pulse-height distribution about L = L° is represented by Eq. A-8 because
of the simplifying assumptions used in its derivation. For example, the light
output from the scintillator does not increase linearly with the recoiling
proton energy deposition. However, the light-output function can be approxi-
mated by a piecewise continuous function consisting of a set of linear
functions with each one valid over a small range of light output. Another
distortion of the ideal pulse-height distribution represented by Eq. A-8 is
the edge effect. The highest-energy recoiling protons may escape from the
scintillator before depositing all of their kinetic energies. Thus, events in
the ideal pulse-height distribution are shifted from high pulse heights to low
pulse heights. However, at the higher neutron energies, the edge effect is
partially compensated for by the nonisotropy of the neutron elastic scattering
process. Lastly, multiple scattering of neutrons from hydrogen nuclei and
scattering from carbon nuclei distort the ideal pulse-height distribution.
Nonetheless, as the four graphs of Fig. 7 show, when applied with care Eq. A-8
is a useful representation of the edge of a monoenergetic neutron pulse-height

distribution for a wide range of neutron energies.
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APPENDIX B

METHOD OF CONVERTING RESPONSE FUNCTIONS OF A 4.60-CM-LONG BY
4.65-CM-DIAM NE213 SCINTILLATION DETECTOR TC RESPONSE FUNCTIONS
OF A 5-CM-LONG BY 5-CM-DIAM BC501 SCINTILLATION DETECTOR

Since the NE213 scintillation detector of Ref. 1 is very similar to a 5-cm-
long by 5-cm-diam BC501 scintillation detector, conversion of the NE213
response functions to BC501 response functions consists only of a scale
adjustment. The appropriate scaling factor can be estimated from a simple
analytical expression for the integral efficiency of an organic scintillator.
The integral efficiency for a given energy bias EB is the area under the
absolute differential efficiency curve above the bias. If the bias is chosen
appropriately, the pulse-height distribution above the bias is only a result
of recoiling protons. However, these recoiling protons can result from single
elastic scattering of neutrons from hydrogen nuclei (n-H), double elastic
scattering of neutrons from hydrogen nuclei (n-H + n-H), and elastic or
inelastic scattering of neutrons from carbon nuclei followed by elastic scat-
tering from hydrogen nuclei (n-C + n-H), and other higher-order scattering
processes. Considering only n-H, n-H + n-H, and n-C + n-H scattering pro-
cesses, one can derive an analytical expression for the integral efficiency of
an organic scintillator for a bias E;, such that all events above the bias are

B
due to recoiling protons.

The absolute differential efficiency curve is the number of pulse-height
events per incident neutron per unit pulse height. Therefore, the integral
efficiency for a bias EB is a sum of three products (one for each scattering
process), each product consisting of the probability that one neutron will
produce a resultant recoiling proton times the probability that the recoiling

proton will have a kinetic energy between E, and En’ where En is the incident

B
neutron kinetic energy. From Eq. A-5, the probability that a recoiling proton

will have a kinetic energy between EB and En is
E
n
PEp - I Aw[a(&)/aT][l/En]dEp
EB
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For neutrons with kinetic energies < 10 MeV,
o(f) = aT/An

For neutrons with kinetic energies > 10 MeV,

(1/3)b]}

+

q(ﬁ) - (oT/A){[l + bcoszﬁ]/[l

where

2
b = 2[En/90]
and

cosfd =1 - 2E /E
P’ n

The expression for the probability that one neutron will produce a resultant

recoiling proton depends upon the scattering process. As an example,

n-H scattering process, this expression is derived as follows. The probabil-

ity that a neutron will travel a distance x into a scintillator without having

an interaction is exp(-ET(En)x] where ZT(En) - EH(En) + EC(En) - nHaH(En) +

nCaC(En), where ny and ne

are the number densities of the hydrogen and carbon

nuclei, and o, and o, are the total scattering cross sections of a neutron

H c

from hydrogen and carbon nuclei, respectively. The probability that the

neutron will scatter from a hydrogen nucleus in the distance dx centered about

X is EH(En)dx. Thus the probability that one neutron will produce a resultant

recoiling proton in a scintillator of thickness t is

t
Pp = Jo ZH(En)exp[-ET(En)x]dx

The integral efficiency is merely a sum of products: P pPp(n-H) + PEpPp(n-H +

E
n'H + P P n‘C + n'H .

For neutrons with kinetic energies < 10 MeV, an expression for the integral

efficiency for a bias EB is
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integral efficiency (bias E En < 10 MeV) =

.
[[En - EB]/EH] [XH(En)/ET(En)]{l - exp[-ET(En)t]}
0 VA 1 RN VI LRV | [ RERVENCR)
[ZH(En - Eg/2) /S (E_ - EB/Z)]{l - exp[-ZT(En)t]}

[1 - exp[-ZT(En - EB/Z)t/2]]

]

"

+

F[[0.86En - EB]/O.SSEn][EC(En)/ZT(En)]
[ZH(O.86En)/ET(O.86En)]{1 - exp[-ZT(En)t]}

{l - exp[-ZT(0.86En)4V/S]} (B-1)

»

»

where V is the volume of the scintillator, S is the surface area, and F = 1 if
EB < 0.'/'2En or F = (En - EB)/0.28En if EB > 0'72En' The three terms of Eq.
B-1 are the integral efficiency contributions from the n-H, =n-H + n-H, and
n-C + n-H scattering processes. The assumptions used in deriving the second
and third terms were taken from Refs. B-1l and B-2. In the n-H + n-H scatter-
ing process, the first n-H scattering produces a recoiling proton with kinetic

energy uniformly distributed between 0 and E In the second n-H scattering,

B’
any recoiling protons produced with kinetic energies above EB/Z add to the
first recoiling proton to produce a resultant recoiling proton with an energy

greater than E The effective scintillator thickness for the second scatter-

ing is t/2, ang the effective neutron energy after the first scattering is En
- EB/Z. In the n-C + n-H scattering process, the n-C scattering produces a
recoiling carbon nucleus with kinetic energy uniformly distributed between 0O
and 0.28En. The effective scintillator thickness for the n-H scattering is
4V/S, the mean chord length in the scintillator, and the effective neutron
energy after the n-C scattering is O.86En. F accounts for those cases in
which the bias is so high that some or all of the neutrons do not have enough
kinetic energy to produce recoiling protons above the bias after having scat-

tered from carbon.

An expression similar to Eq. B-1 can be derived for the integral efficiency

for neutrons with kinetic energies > 10 MeV. Using the same assumptions,
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ignoring the n-H + n-H scattering process, and accounting for the nonisotropy
of the n-H scattering,

integral efficiency (bias E En > 10 MeV) =

B)

(1/E) [EH(En)/ZT(En)]{l - eXP[-ET(En)t]}

x [{En - Ep + (2/3)(En/90)2[En - EB[3 - 6Eg/E_ + 4(EB/En)2]]}
[1 + (2/3)[En/90]2]]

F[ZC(En)/ZT(En)]{l - exp[-ZT(En)t]}[ZH(O.86En)/ZT(0.865n)]

(1/0.86En]{[0.86En - EB + (2/3)[0.86En/90]2[0.86En

~

+

»®

2
EB[3 - 6Ey/0.86E_ + 4[EB/o.asan] ]]

~

[1 + (2/3)[0.86En/90]2]}

[1 - exp(-zT(O.SGEn )4V/S)] (B-2)

»

The scaling factors for converting the 4.60-cm-long by 4.65-cm-diam NE213
response functions to 5-cm-long by 5-cm-diam BC501 response functions were
calculated using the ratios of the integral efficiencies for the BC501 scin-
tillator to the integral efficiencies for the NE213 scintillator. Both

B For the NE213 scintillator,

the thickness used in Eqs. B-1 and B-2 was taken as 3.65 cm, which is the mean

efficiencies were computed at the same bias E

thickness of the scintillator for neutrons incident on the curved side (Ref.
B-1). The bias EB was varied for each ratio calculation and was selected as
the value giving the best agreement between calculated and measured NE213
integral efficiencies. The measured efficiencies were taken from Ref. 1.
With optimum selection of the EB's, Eqs. B-1 and B-2 yielded NE213 integral

efficiencies within 5 percent of the measured efficiencies of Ref. 1.
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APPENDIX C

ABSOLUTE DIFFERENTIAL EFFICIENCY CURVES FOR THE 5-CM-LONG
BY 5-CM-DIAM BC501 SCINTILLATION DETECTOR FOR
NEUTRON ENERGIES BETWEEN 2 AND 41 MeV
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Figure C-1. Absolute differential efficiency curves for

the 5-cm-long by 5-cm-diam BC501 scintillation
detector for neutron energies of 2.09, 2.22,
2.51, 2.87, 3.32, and 3.87 MeV.
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Figure C-2. Absolute differential efficiency curves for
the 5-cm-long by 5-cm-diam BC501 scintillation
detector for neutron energies of 2.36, 2.69,
3.08, 3.58, and 4.20 MeV.
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Figure C-3. Absolute differential efficiency curves for
the 5-cm-long by 5-cm-diam BC501 scintillation
detector for neutron energies of 4.58, 5.50,
6.73, 7.73, 8.69, and 9.84 MeV,
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Absolute differential efficiency curves for
the 5-cm-long by 5-cm-diam BC501 scintillation
detector for neutron energies of 5.01, 6.07,
7.30, 8.19, and 9.24 MeV.
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Figure C-5. Absolute differential efficiency curves for

the 5-cm-long by 5-cm-diam BC501 scintillation
detector for neutron energies of 10.5, 12.1,
14.0, 16.4, 19.6, and 23.1 MeV.
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Figure C-6. Absolute differential efficiency curves for
the 5-cm-long by 5-cm-diam BC501 scintillation
detector for neutron energies of 11.2, 13.0,
15.1, 17.9, 21.5, and 24.3 MeV.
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Figure C-7. Absolute differential efficiency curves for

the 5-cm-long by S5-cm-diam BC501 scintillation
detector for a neutron energy of 25.6 MeV.
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Figure C-8. Absolute differential efficiency curve for
the 5-cm-long by 5-cm-diam BC501 scintillation
detector for a neutron energy of 27.0 MeV.

ld T T T Y T ] T

A A A hiil)

& = 286 MeV

_
<,

T rTTITOT T Y
Al aaint i1 s aasul

Counts/(MeVee—Neutron)
O‘

S
[
T T ey

Aot a t2aagl

10-‘ tod P} L 1 PR | | PP |
00 30 a0 20 120 150 18.0 a0

Puise Height (MeVee)

b
o

Figure C-9. Absolute differential efficiency curve for
the 5-cm-long by S5~cm-diam BC501 scintillation
detector for a neutron energy of 28.6 MeV.
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Figure C-10. Absolute differential efficiency curves for
the 5-cm-long by S5-cm-diaw BC501 scintillation
detector for a neutron energy of 30.2 MeV.
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Figure C-11. Absolute differential efficiency curves for

the 5-cm-long by 5-cm-diam BC501 scintillation
detector for a neutron energy of 32.0 MeV.
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Figure C-12. Absolute differential efficiency curves for
the 5-cm-long by 5-cm-diam BC501 scintillation
detector for a neutron energy of 34.0 MeV.
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Figure C-13. Absolute differential efficiency curves for

the 5-cm-long by 5-cm-diam BC501 scintillation
detector for a neutron energy of 36.2 MeV.
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Figure C-14. Absolute differential efficiency curves for
the 5-cm-long by 5-cm-diam BC501 scintillation
detector for a neutron energy of 38.6 MeV.
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Figure C-15. Absolute differential efficiency curves for
the 5-cm-long by S5-cm-diam BC501 scintillation
detector for a neutron energy of 41.2 MeV.
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APPENDIX D

TABULATION OF ABSOLUTE DIFFERENTIAL EFFICIENCY VERSUS
PULSE HEIGHT OF A 5-CM-LONG BY 5-CM-DIAM CYLINDRICAL
BC501 SCINTILLATION DETECTOR FOR MONOENERGETIC NEUTRONS
INCIDENT ON THE TOP, FLAT FACE OF THE SCINTILLATOR

Pulse Neutron Energy

Height 2.09 2.22 - 2.36 2.51 2.69

(MeVee) MeV MeV MeV MeV MeV
0.057 - 0.067 1.19860 1.12582 1.06092 1.06985 0.91573
0.067 - 0.077 1.12609 1.07097 1.01142 1.00219 0.84785
0.077 - 0.087 1.05845 1.00369 0.96519 0.96105 0.80027
0.087 -~ 0.097 1.0119% 0.93847 0.90503 0.91969 0.77096
0.097 - 0.107 0.98802 0.89576 0.85972 0.87617 0.74101
0.107 -~ 0.117 0.97447 0.87343 0.82295 0.83655 0.71297
0.117 - 0.127 0.96165 0.86231 0.80201 0.80266 0.68645
0.127 - 0.137 0.94471 0.85249 0.78976 0.78099 0.66289
0.137 - 0.149 0.92138 0.83837 0.78141 0.76730 0.64162
0.149 ~ 0.161 0.89867 0.82089 0.77003 0.75883 0.62954
0.161 - 0.174 0.87%67 0.79952 0.75534 0.74893 0.62118
0.174 ~ 0.189 0.86207 0.77715 0.73145 0.73110 0.60967
0.189 -~ 0.20S5 0.83004 0.740%86 0.69091 0.69006 0.58037
0.205 - 0.222 0.82509 0.72545 0.67333 0.66479 0.56047
0.222 - 0.240 0.82707 0.72833 0.66304 0.65370 0.54433
0.240 -~ 0.260 0.83038 0.73217 0.66381 0.64282 0.53366
0.260 -« 0.282 0.83208 0.72836 0.65918 0.63449 0.52004
0.282 - 0.305 0.72166 0.63157 0.57026 0.54722 0.44497
0.305 - 0.331 0.73454 0.63851 0.57735 0.55189 0.44737
0.331 - 0.358 0.85740 0.74253 0.66618 0.63609 0.51320
0.353 - 0.388 0.85281 0.74970 0.66482 0.62635 0.50424
0.388 - 0.421 0.77228 0.71914 0.63599 0.58045 0.47245
0.421 - 0.45s 0.68740 0.69760 0.64265 0.60005 0.48589
0.456 - (@.494 0.62539 0.66287 0.65482 0.62801 0.51145
0.494 - 0.535 0.56061 0.58480 0.62225 0.62641 0.52508
0.535 - 0.579 0.56118 0.58784 0.60018 0.65263 0.5%223
0.579 - 0.627 0.36195 0.52488 0.53529 0.57926 0.57248
0.627 - 0.680 0.09205 0.34069 0.43777 0.47562 0.46102
0.630 - 0.736 0.01075 0.11222 0.33588 0.43273 0.40576
0.736 - 0.798 0.00142 0.01588 0.14184 0.37364 0.38022
0.798 - 0.864 0.00030 0.001861 0.01919 0.17553 0.33882
0.864 - 0.936 0.0000¢C ¢.00000 0.00103 0.02795 0.182456
0.936 - 1.014 0.00000 0.00000 0.00000 0.00210 0.03487
1.014 - 1.099 0.00000 0.00000 0.00000 0.00000 0.002258
1.099 - 1.190 0.00000 0.00000 0.00000 0.00000 0.00000
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"Pulse Neutron Energy
Height 2.87 3.08 . 3.58 3.87
© (MeVee) MeV MeV MeV MeV MeV
0.057 - 0.067 0.80923 0.73758 0.65519 0.59774 0.53811
0.067 - 0.077 0.75114 0.68245 0.60691 0.56042 0.49885
0.077 - 0.087 0.70402 0.63780 0.57072 0.52341 0.46863
0.087 - 0.097 0.66521 0.60317 0.53721 0.49726 0.44268
0.097 - 0.107 0.64299 0.57047 0.51163 0.47513 0.42246
0.107 - 0.117 0.61970 0.55156 0.48636 0.45529 0.40876
0.117 - 0.127 0.60284 0.53129 0.46805 0.43771 0.39535
0.127 - 0.137 0.58448 0.52027 0.45310 0.42048 0.38224
0.127 - 0.149 0.56709 0.50906 0.44135 0.40808 0.37016
0.149 - 0.161 0.54921 0.49745 0.43409 0.39561 0.35810
0.161 - 0.174 0.53632 0.48361 0.42711 0.38764 0.34814
0.174 - 0.189 0.52485 0.46791 0.41552 0.37785 0.33718
0.189 - 0.205 0.50173 0.44368 0.39082 0.35897 0.31827
0.205 - 0.222 0.48808 0.43347 0.37774 0.34532 0.308s9
0.222 - 0.240 0.47750 0.42535 0.37197 0.33750 0.3010¢C
0.240 - 0.260 0.46268 0.41728 0.36551 0.33233 0.29293
0.260 - 0.282 0.44672 0.39943 0.35480 0.32489 0.28596
0.282 - 0.305 0.37996 0.33477 0.29647 0.27453 0.24469
0.305 - 0.331 0.37893 0.33342 0.28982 0.27037 0.24373
0.331 - 0.358 0.43330 0.37905 0.32768 0.30053 0.27417
0.358 - 0.388 0.42635 0.36573 0.31896 0.28945 0.26146
0.388 - 0.421 0.40009 0.32826 0.30055 0.26757 0 23360
0.421 - 0.456 0.39984 0.33385 0.29454 0.26714 0.23142
0.456 - 0.494 0.42545 0.340656 0.30628 0.27398 0.23996
0.494 - 0.535 0.43560 0.34991 0.31182 0.27636 0.23623
0.535 - 0.579 0.49989 0.39761 0.34243 0.30444% 0.26469
0.579 - 0.627 0.49910 0.40904 0.35273 0.30862 0.25351
0.627 - 0.680 0.44650 0.38545 0.32749 0.29363 0.24358
0.630 - 0.736 0.39439 0.37639 0.32308 0.28259 0.23524
0.736 - 0.798 0.36863 0.376685 0.34005 0.302°1 0.25116
0.798 - 0.864 0.33273 0.33539 0.33389 0.30587 0.25786
0.864 - 0.936 0.30603 0.30871 0.30357 0.30102 0.2671+
0.936 - 1.014 0.19845 0.28028 0.26934 0.28126 .26496
1.014 - 1.099 0.04812 0.20727 0.23864 0.24687 0.24982
1.099 - 1.190 0.00432 0.07676 0.20110 0.21760 0.22297
1.190 - 1.290 0.00000 0.01038 0.10480 0.20082 0.20381
1.290 - 1.397 0.00000 0.00032 0.01895 0.13681 0.18806
1.397 - 1.514 0.00000 0.00000 0.00000 0.03857 0.15787
1.514 - 1.640 0.00000 0.00000 0.00000 0.00322 0.06448
1.640 - 1.741 0.00000 0.00000 0.060000 0.00000 0.01276
1.741 - 1.849 0.00000 0.00000 0.00000 0.00000 0.00186
1.849 - 1.963 0.00000 0.00000 0.00000 0.00C00) 0.00000
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"Pulse Neutron Enerqgy
Height 4.20 4.58 5.01 5.50 6.07
‘(MeVee) MeV MeV MeV MeV MeV
0.057 ~ 0.067 0.45332 0.40753 0.36565 0.31270 0.29051
0.067 -~ 0.077 0.41792 0.37534 0.33653 0.28966 0.26862
0.077 - 0.087 0.38651 0.35101 0.31691 0.26959 0.25210
0.087 - 0.097 0.36260 0.32837 0.30011 0.25539 0.23796
0.097 - 0.107 0.34495 0.31063 0.28391 0.24456 0.22472
0.107 - 0.117 0 33218 0.2969%4 0.27076 0.23214 0.21711
0.117 - 0.127 0.32222 0.28807 0.25905 0.22276 0.20826
0.127 - 0.137 0.31637 0.28039 0.25171 0.21402 0.20015
0.137 - 0.149 0.30769 0.27226 0.24617 0.20599 0.19261
0.149 - 0.161 0.29994 0.26563 0.23957 0.19961 0.18583
0.161 ~ 0.174 0.29199 0.25730 0.23204 0.19448 0.17948
0.174 - 0.189 0.28239 0.24882 0.22315 0.18628 0.17183
0.189 - 0.205 0.26602 0.23390 0.20825 0.17473 0.16026
0.205 - 0.222 0.25567 0.22504 0.19990 0.167658 0.15264
0.222 - 0.240 0.24791 0.21888 0.19402 0.16291 0.14809
0.240 - 0.260 0.24256 0.21220 0.18838 0.15796 0.14454
0.260 - 0.282 0.23295 0.20432 0.18063 0.15124 0.13907
0.282 - 0.305 0.19805 0.17081 0.15149 0.12612 0.11609
0.305 - 0.331 0.19927 0.16728 0.14824 0.12326 0.11312
0.331 - 0.358 0.22840 0.19020 0.16487 0.13582 0.125602
0.358 - 0.388 0.22161 0.18564 0.15702 0.13047 0.11728
0.388 - 0.421 0.19751 0.16839 0.140S3 0.11622 0.10350
0.421 - 0.456 0.19200 0.16629 0.13814 0.11297 0.10044
0.456 - 0.494 0.20084 0.16540 0.14281 0.11367 0.09726
0.4%94 - 0.535 0.19721 0.16582 0.13942 0.11226 0.09672
0.535 - 0.579 0.21790 0.18263 0.15415 0.12288 0.10399
0.579 - 0.627 0.21987 0.18376 0.15265 0.12450 0.10344
0.627 - 0.680 0.19818 0.16833 0.136395 0.11221 0.09506
0.680 - 0.736 0.19775 0.16232 0.13391 0.10832 0.09168
0.736 - 0,798 0.20718 0.17213 0.13906 0.11146 0.09332
0.798 - 0.864 0.20803 0.17048 0.13887 0.11028 0.039431
0.864 - 0.936 0.21784 0.17451 0.14133 0.11362 0.09206
0.936 - 1.014 0.22131 0.17712 0.14047 0.11217 0.09266
1.014 - 1.099 0.21797 0.17517 0.13836 0.11018 0.09094
1.099 - 1.190 0.21141 0.17625 0.13702 0.10825 0.08677
1.190 - 1.290 0.20882 0.18007 0.14185 0.10971 0.08925
1.290 - 1.397 0.18837 0.18547 0.14862 0.11334 0.09082
1.397 - 1.514% 0.17537 0.17967 0.15500 0.11881 0.09556
1.514 - 1.640 0.14217 0.14436 0.13819 0.11122 0.08821
1.630 - 1.741 0.10148 0.13107 0.12820¢ 0.10906 0.08630
1.741 - 1.849 0.05231 0.13476 0.12921 0.12218 0.09926
1.849 - 1.963 0.01199 0.10101 0.12096 0.11669 0.10070
1.963 - 2.085 0.00163 0.04778 0.1154S 0.11088 0.10445
2.085 - 2.214 0.00000 ¢.01037 0.08766 0.10267 0.10086
2.214 - 2.350 0.00000 0.030000 0.04012 0.09630 0.09344
2.350 - 2.496 0.00000 0.00000 0.00868 0.07306 0.08639
2.496 - 2.650 0.0000Q 0.00000 0.00076 0.03873 0.08216
2.650 - 2.814 0.00000 0.00000 0.00000 0.0089%4 0.06634
2.814 - 2.988 0.00000 0.00000 0.00000 0.00072 0.03549
-2.988 - 3.173 0.00000 0.00000 0.00000 0.00000 0.00966
3.173 - 3.369 0.00000 0.00000 0.00000 0.00000 0.00000
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Pulse Neutron Enerqgy
. Height 6.73 7.30 7.73 8.19 8.69
(MeVee) MeV MeV MevV MeV MeV
0.057 - 0.067 0.24407 0.25782 0.33759 0.30479 0.28369
0.067 - 0.077 ¢.22508 0.23849 0.31946 0.29439 0.27845
0.077 - 0.087 0.20993 0.21377 0.29487 0.28086 0.26837
0.087 - 0.097 0.19593 0.19026 0.24495 0.25300 0.25601
0.097 - 0.107 0.18561 0.17137 0.20802 0.20706 0.23267
0.107 - 0.117 0.17786 0.16203 0.18245 0.17395 0.20063
0.117 - 0.127 0.17275 0.15555 0.17218 0.15224 0.17759
0.127 - 0.137 0.16943 0.15158 0.16563 0.14328 0.15977
0.137 - 0.149 0.16373 0.14878 0.16130 0.13782 0.14981
0.149 - @.161 0.15847 0.14475 0.15713 0.13372 0.14417
0.161 - 0.174 0.15322 0.14051 0.15251 0.12918 0.13872
0.174 - 0.189 0.14781 0.13470 0.145591 0.12388 0.13213
0.189 - 0.205 0.13913 0.12690 0.13655 0.11400 0.12173
0.205 - 0.222 0.13338 0.12253 0.13155 0.10761 0.111¢°3
0.222 - 0.240 0.12915 0.11927 0.12830 0.10392 0.10330
0.240 -~ 0.260 0.12468 0.11570 0.12486 0.100693 0.09602
0.260 - 0.282 0.11899 0.11059 0.11988 0.09672 0.09030
0.282 - 0.305 0.09928 0.09186 0.09950 0.08096 0.07524
0.305 - 0.331 0.09758 0.08938 0.09702 0.07853 0.07383
0.331 - 0.358 0.10871 0.09952 0.10769 0.08754 0.08168
0.358 - 0.388 0.10240 0.09540 0.10074 0.08262 0.07684
0.388 ~ 0.421 0.08879 0.08602 0.08654 0.07554 0.06527
0.421 - 0.456 0.08769 0.08653 0.08381 0.07199 0.06536
0.456 - 0.494 0.08814 0.08480 0.08520 0.07627 0.06360
0.494 - 0.535 0.08384 0.081486 0.08333 0.07173 0.06364
0.535 - 0.579 0.09180 0.08739 0.08734 0.07838 0.06625
0.579 - 0.627 0.08775 0.08254 0.08458 0.07750 0.06302
0.627 - 0.680 0.07788 0.07369 0.07206 0.06760 0.06087
0.630 - 0.736 0.07608 0.07120 0.06971 0.06360 0.05661
0.736 -~ 0.798 0.07805 0.0703S 0.06943 0.06240 0.05820
0.798 -~ 0.864 0.07621 0.06872 0.06734 0.06263 0.05663
0.864 -~ 0.936 0.07628 0.07014% 0.06672 0.05978 0.05617
0.936 - 1.014 0.07526 0.06535 0.06373 0.05751 0.05341
1.014 - 1.099 0.07193 0.06235 0.05913 0.05469 0.05118
1.099 - 1.190 0.06978 0.06117 0.05835 0.05136 0.04818
1.190 - 1.290 0.07118 0.06267 0.05716 0.05151 0.04841
1.290 - 1.397 0.07184 0.06165 0.05835 0.05100 0.04815
1.397 - 1.514 0.07429 0.06239 0.05868 0.05026 0.04865
1.514 - 1.640 0.0675S 0.05826 0.05165 0.04472 0.04175
1.640 - 1.741 0.06650 0.05556 0.05034 0.04393 0.04125
1.741 - 1.849 0.07519 0.06219 0.05668 0.043853 0.04434
1.849 - 1.963 0.07574 0.06308 0.05682 0.04825 0.04442
1.963 - 2.085 0.08039 0.06583 0.060S3 0.05009 0.04567
2.085 - 2.214 0.08242 0.06689 0.06096 0.04983 0.04596
2.21% - 2.350 0.08230 0.06303 0.06036 0.05109 0.04564
2.350 - 2.495 0.08254 0.0706% 0.06155 0.051¢90 0.045609
2,496 - 2.650 0.07940 0.063957 0.06299 0.0539%9 0.03641
2.650 - 2.814 0.07471 0.07069 0.06333 0.05546 0.04721
2.814 - 2.988 0.06984 0.06693 0.06469 0.05504 0.04951
2.988 - 3.173 0.06012 0.06289 0.06092 0.05610 0.04921
3.173 - 3.369 0.03731 0.05790 0.05672 0.05435 0.05145
3.369 - 3.578 0.01248 0.05025 0.05126 . 0.05013 0.04997
3.578 - 3.724 0.00297 0.03010 0.04926 0.04718 0.04769
3.724 - 3.876 0.00054 0.01196 0.04166 0.04724 0.04647
3.876 - 4.034 0.00000 0.00333 0.02354 0.04255 0.04226
4.034 - 4.199 0.00000 0.00000 0.0088S 0.03450 0.04020
4.199 - 4.370 0.00000 0.00000 0.00241 0.02142 0.04165
4.37Q0 -~ 4.548 0.00000 0.00000 0.00000 0.00765 0.03432
4.548 ~ 4.734 0.00000 0.00000 0.00000 0.00189 0.01649
4.734 -~ 4.927 0.00000 0.00000 0.00000 0.00000 0.00549
4.927 - 5.128 0.00000 0.00000 0.00000 0.00000 0.00159
5.128 - 5.338 0.00000 0.00000 0.00000 0.00000 0.00000
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Pulse Neutron Energy
. Height 9.24 3.44 10.31 11.25 12.T7
(MeVee) MeV MeV MeV MeV MeV
0.057 - 0.067 0.23820 0.20917 0.27439 0.29155 0.23308
0.067 - 0.077 0.23352 0.20445 0.27253 0.30158 0.25960
0.077 - 0.087 0.22750 0.200459 0.26815 0.30177 0.26835
0.087 - 0.097 0.21986 0.19539% 0.26415 0.29763 0.26854
0.087 - 0.107 0.21041 0.18888 0.25987 0.29523 0.26435
0.107 - 0.117 0.19589 0.18161 0.25410 0.29303 0.26323
0.117 - 0.127 0.17832 0.17472 0.24432 0.29008 0.26240
0.127 - 0.137 0.16405 0.16709 0.23353 0.27913 0.26139
0.137 - 0.143 0.15023 0.15788 0.22162 0.26360 0.25441
0.149 - 0.161 0.14110 0.14867 0.20727 0.24517 0.23867
0.161 - 0.174 0.13513 0.13924 0.19384 0.22567 0.22170
0.174 - 0.189 0.12829 0.13182 0.17854 0.20392 0.19798
0.189 - 0.205 0.11790 0.12118 0.16210 0.18077 0.17192
0.205 - 0.222 0.10891 0.11283 0.15084 0.1633s 0.183521
0.222 - 0.240 0.10041 0.1057% 0.14166 0.1534%4 0.14231
0.240 - 0.260 0.08907 0.09470 0.13220 0.14323 0.12847
0.260 - 0.282 0.07847 0.07980 0.117s53 0.13205 0.11861
0.282 - 0.305 0.06306 0.05861 0.08742 0.10398 0.09505
0.305 - 0.331 0.06128 0.05393 0.07683 0.09372 0.082904
0.331 - 0.358 0.068680 0.05937 0.07953 0.09680 0.09346
0.358 - 0.388 0.06408 0.05627 0.07215 0.08371 0.08423
0.388 - 0.421 0.05763 0.04976 0.06745 0.06870 0.07282
0.421 - 0.45¢6 0.05643 0.05177 0.05578 0.06865 0.06553
0.456 - 0.494 0.05404 0.08232 0.04833 0.06644 0.05703
0.494 - 0.535 0.05405 0.04834 0.04590 0.05055 0.08372
0.535 - 0.579 0.0589%56 0.05315 0.04962 0.04598 0.08864
0.579 - 0.627 0.05903 0.05344 0.04761 0.041¢98 0.05582
0.627 - 0.630 0.05304 0.04578 0.04129 0.03834 0.043¢0
0.630 - 0.736 0.04282 0.04458 0.04067 0.033542 0.03530
0.736 - 0.798 0.05120 0.04575 0.04048 0.03585 0.03297
0.798 - 0.86+4 0.05008 0.04452 0.040538 0.03627 0.03065
0.864 - 0.936 0.04935 0.04529 0.03%01 0.03523 0.03040
0.336 - 1.014 0.04898 0.04291 0.0378¢ 0.03437 0.03048
1.014 - 1.099 0.04728 0.04187 0.03791 0.03310 0.02858
1.099 - 1.190 0.04456 0.02987 0.03573 0.03166 0.02805
1.190 - 1.290 0.04354 0.04054 0.03512 0.03110 0.02739
1.290 - 1.397 0.04229 0.03920 0.03481 0.03112 0.02841
1.397 - 1.514 0.04281 0.03829 0.03641 0.03210 0.02764
1.514 - 1.640 0.03747 0.03518 0.03160 0.02754 0.023¢8
1.640 - 1.741 0.03602 0.03408 0.03063 0.02680 0.02307
1.741 - 1.849 0.03909 0.03667 0.03273 0.02941 0.02553
1.849% - 1.963 0.03938 0.03646 0.03197 0.0293%6 0.02315
1.963 - 2.085 0.039%99 0.03505 0.03202 0.02846 0.02515
2.083 - 2.214 0.03885 0.03643 0.03276 0.02853 0.02553
2.214 - 2.350 0.03933 0.03575 0.03228 0.02853 0.02522
2.350 - 2.495 0.03843 0.0353¢ 0.03063 0.02¢202 0.02443
2.496 - 2.650 0.04008 0.03486 0.03130 0.02816 0.024+3
2.650 - 2.814 0.04059 0.03454 0.03184 0.02702 0.02445
2.814 - 2.988 0.04088 0.03488 0.03042 0.02689 0.02385
2.988 - 3.173 0.04142 0.03529 0.063087 0.02680 0.02370
3.173 - 3.369 0.04134 0.03570 0.03072 0.02639 0.02350
3.369 - 3.578 0.04199 0.03575 0.03063 0.02659 0.02269
3.578 - 3.724 0.04286 0.03720 0.03125 0.02588 0.02278
3.724 - 3.876 0.04345 0.03686 0.03094 0.02643 0.02245
3.876 - 4.034 0.04067 0.03782 0.03134 0.02570 0.02224
4.034 - 4.199 0.03769 0.03s564 0.03092 0.02555 0.02164
4.199 - 4.370 0.03890 0.03835 0.03462 0.02814 0.02420
4.370 - 4.548 Jv.04027 0.03826 0.03576 0.03126 0.02601
4.548 - 4.734 0.03352 0.03203 0.03151 0.02771 0.02324
4.734 - 4.927 0.02483 0.02970 0.02800 0.02604 0.02143
4.927 - 5.128 0.01513 0.02968 0.02813 0.02640 0.02337
5.128 - 5.338 0.00600 0.02555 0.02841 0.02671 0.02435
5.338 - 5.855 0.00155 0.01475 0.02717 0.02655 0.02447
5.555 - 5.782 0.00000 0.00587 0.02300 0.02438 0.0239%9
5.782 - 6.018 0.00000 0.00162 0.01424 0.02461 0.02344
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6.018 - 6.264 0.00000 0.00000 0.005s8 0.02139 g.02180
6.26%4 - 6.520 0.00000 0.00000 0.00137 0.01374 0.02186
6.520 - 6.786 0.00000 0.00000 0.00000 0.00588 0.02000
6.786 - 7.063 ¢.00000 0.00000 0.00000 0.0017¢ 0.01362
7.063 - 7.205 0.00000 0.00000 0.00000 0.00008 0.00644
7.205 - 7.351 0.00000 0.00000 0.00000 0.00000 0.00428
7.351 - 7.499 0.00000 0.00000 0.00000 0.00000 0.00293
7.4%9 - 7.651 0.00000 0.00000 0.00000 ¢.00000 0.00149
7.651 - 7.805 0.00000 0.00000 0.00000 0.00000 0.00041
7.805 - 7.963 0.00000 0.00000 0.00000 0.00000 0.00000
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Pulse Neutron Energy
_ Height Tr3g . 11.00 1517 13.43 17.90
(MeVee) MeV Mev MeV MeV MeV
0.057 - 0.067 0.21443 0.20606 0.24406 0.21385 0.18256
0.067 - 0.077 0.23676 0.21941 0.25208 0.21985 0.18418
0.077 - 0.087 0.25114 0.23090 0.25415 0.21887 0.18306
0.087 - 0.097 0.24807 0.23669 0.25512 0.21251 0.17747
0.097 - 0.107 0.24040 0.22355 0.2490S 0.20651 0.16766
0.107 ~ 0.117 0.23216 0.20875 0.23072 0.19697 0.15921
0.117 - 0.127 0.22708 0.19633 0.21423 0.18424 0.15449
0.127 - 0.137 0.22380 0.18619 0.20104 0.17159 0.15036
0.137 - 0.149 0.22134 0.18009 0.19115 0.16071 0.14662
0.149 - 0.161 0.21731 0.17585 0.18481 0.15227 0.14051
0.161 - 0.174 0.20931 0.17255 0.18225 0.14550 0.13411
0.174 - 0.189 0.19855 0.16917 0.17947 0.14209 0.12427
0.189 - 0.205 0.18147 0.16294 0.17308 0.13660 0.11348
0.205 - 0.222 0.17121 0.16302 0.17150 0.13458 0.10869
0.222 - 0.240 0.16404 0.16679 0.17233 0.13348 0.10535
0.240 - 0.260 0.15573 0.17016 0.17484 0.13279 0.10072
0.260 - 0.282 0.14175 0.16640 0.17520 0.13152 0.09362
0.282 - 0.305 0.10921 0.13481 0.15083 0.11363 0.07863
0.305 - 0.331 0.09968 0.11961 0.14905 0.11503 0.07815
0.331 - 0.358 0.10325 0.12103 0.16354 0.13216 0.09030
0.358 - 0.388 0.09079 0.10427 0.14921 0.12851 0.09087
0.388 - 0.421 0.08005 0.08728 0.12712 0.11654 0.07890
0.421 ~ 0.456 0.07453 0.07624 0.11246 0.11765 0.07964
0.456 - 0.494 0.07280 0.07146 0.10141 0.12348 0.08346
0.494 - 0.535 0.06443 0.06528 0.08418 0.12007 0.08480
0.535 -~ 0.579 0.06268 0.06325 0.08116 0.12330 0.09433
0.579 - 0.627 0.05635 0.06050 0.06889 0.10334 0.09557
0.627 - 0.680 0.04691 0.04833 0.05734 0.08452 0.08991
0.630 - 0.736 0.04189 0.04076 0.04999 0.06939 0.08463
0.736 - 0.798 0.03955 0.03853 0.04872 0.06192 0.08097
0.798 - 0.864 0.03286 0.03771 0.04399 0.05429 0.06928
0.864 - 0.936 0.02957 0.03857 0.03990 0.04952 0.05953
0.936 - 1.014 0.02750 0.03564 - 0.03529 0.04104 0.05153
1.014 - 1.099 0.02521 0.02941 0.02998 0.03219 0.04351
1.099 - 1.190 0.02406 0.02384 0.02631 0.02853 0.03800
1.190 - 1.290 0.02348 0.02302 0.02512 0.02829 0.03412
1.290 - 1.397 0.02268 0.02190 0.02112 0.02800 0.03013
1.397 - 1.514 0.02339 0.02270 0.02014 0.02617 0.02707
1.514 - 1.640 0.02090 0.01964 0.01801 0.01897 0.02128
1.640 - 1.741 0.01963 0.01866 0.01667 0.01587 0.01848
1.741 - 1.849 0.02236 0.01975 0.01833 0.01655 0.01935
1.849 - 1.963 0.02130 0.01974 0.01701 0.01619 0.0184S
1.963 - 2.085 0.02262 0.01965 0.01727 0.01543 0.01510
2.085 -~ 2.214 0.02184 0.01995 0.01741 0.01644 0.01548
2.214 -~ 2.350 0.02122 0.61948 0.01652 0.01523 0.01461
2.350 ~ 2.496 0.02130 0.01914 0.01656 0.01454 0.01411
2.496 - 2.650  0.02170 0.01943 0.01630 0.01523 0.01327
2.650 ~ 2.814 0.02095 0.01951 0.01645 0.01489 0.01312
2.814 -~ 2.988 0.02086 0.01869 0.01637 0.01426 0.01243
2.988 ~ 3.173 0.02091 0.01843 0.01597 0.01352 0.01276
31,173 ~ 3.369 0.02032 0.01830 0.01559 0.01348 9.01193
3.369 ~ 3.578 0.01997 0.01690 0.01514 0.01306 0.01103
3.578 ~ 3.724 0.01990 0.01754 0.01447 0.01346 0.01078
3.724 - 3.876 0.01922 0.01886 0.01556 0.01313 0.01040
3.876 ~ 4.034 0.02002 0.01752 0.01389 0.01266 0.01091
4.034 ~ 4.199 0.01878 0.01639 0.01420 0.0124€ .01026
4.199 - 4.370 0.02053 0.01825 0.01616 0.01362 0.01158
4.370 - 4.548 0.02151 0.01898 0.01588 0.01378 0.01170
4.548 - 4.734 0.01898 0.01672 0.01426 0.01177 0.01018
4.734 - 4.927 0.01783 0.01477 0.01367 0.01138 0.00983
4.927 - 5.128 0.01948 0.01660 0.01397 0.01202 0.01017
5.128 - 5.338 0.01992 0.01717 0.01460 0.01224 0.01019
5.338 - 5.555 0.01963 0.01729 0.01468 0.01254 0.01042
5.555 - 5.782 0.02104 0.01750 0.01465 0.01243 0.01066
5.782 - 6.018 0.02116 0.01828 0.01471 0.01242 0.01029
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6.018
6.264
6.520
6.786
7.063
7.208
7.351
7.499
7.651
7.80S
7.963
8.124
8.288
8.455
8.625
8.801
8.978
9.160
9.345
9.534
9.725
9.923
10.123
10.328
10.536
10.749
10.968
11.188
11.414
11.644
11.880
12.120
12.364%
12.614

6.264
6.520
6.786
7.063
7.205
7.351
7.499
7.651
7.808
7.963
8.124
8.288
8.455
8.626
8.801
8.978
9.160
9.345
9.534%
9.72%
9.923
10.123
10.328
10.536
10.749
10.966
11.188
11.414
11.644
11.880
12.120
12.364
12.614
12.869

0.02130
0.02091
0.02034
0.02010
0.01633
0.01530
0.01396
0.01119
0.00879
0.00533
0.00344
0.00182
0.00086
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.06000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

0.01844
0.01879
0.01940
0.01923
0.01655
0.01653
0.01631
0.01602
0.01638
0.01463
0.01506
0.01234
0.00881
0.00676
0.00455
0.00270
0.00136
0.00027
0.00000
0.00000
©¢.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

0.01470
0.01559
0.01557
0.01650
0.01413
0.01458
0.01489
0.01460
0.01478
0.01480
0.01473
0.01529
0.01442
0.01402
0.01422
0.01174
0.01071
0.00852
0.00485
0.00295
0.00192
0.00126
0.00041
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
£.00000
0.00000
0.00000

0.01243
0.01324%
0.01257
0.01327
0.01182
0.01166
0.01152
0.01244
0.01194
0.01260
0.01299
0.01289
0.01324
0.01354
0.01305
0.013256
0.01294
0.01274
0.01006
0.00963
0.00914
0.00821
0.006700
0.00505
0.00369
0.00199
0.00096
0.00027
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

0.01053
0.01083
0.01082
0.01088
0.0090¢
0.00%43
0.00978
0.00997
0.00986
0.00979
0.01017
0.01022
0.01056
0.01087
0.01082
0.01130
0.01131
0.01138
0.0084¢
0.00¢13
0.00525
0.00894
0.0090¢
0.00981
0.00930
0.00847
0.00781
0.00629
0.00397
0.00281
0.001563
0.00084
0.000438
0.00000
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Pulse Neutron Enerqy
. Height 19.58 21.50 23.14 24.34 25.64
(MaVee) MeV MeV MeV MeV MeV
0.057 - 0.067 0.16214 0.19838 0.19752 0.16382 0.17497
0.067 - 0.077 0.15234 0.16843 0.16704 0.14385 0.14858
0.077 - 0.087 0.14786 0.15031 0.14403 0.12349 0.12821
0.087 - 0.097 0.14198 0.13837 0.12969 0.10938 0.11186
0.097 - 0.107 0.13708 0.12732 0.11953 0.10015 0.10125
0.107 - 0.117 0.13175 0.11863 0.10997 0.09282 0.09408
Q.117 - 0.127 0.12545 0.11229 0.10249 0.08577 0.08720
0.127 - 0.137 0.12032 0.10911 0.09609 0.08037 0.08120
0.137 - 0.149 0.11582 0.10452 0.09335 0.07593 0.07593
0.149 - 0.161 0.11297 0.10113 0.09018 0.07369 0.07224
0.161 - 0.174 0.10978 0.09858 0.08705 0.07135 0.07013
0.174 - 0.189 0.10553 0.09617 0.08428 0.06825 0.06733
0.189 ~ 0.20S 0.09744 6.09031 0.08024 0.06462 0.0628%
0.205 ~ 0.222 0.09137 0.08585S 0.0771i8 0.06280 0.0609¢
0.222 -~ 0.240 0.08748 0.08302 0.0739%9 0.06075 0.05376
0.240 ~ 0.260 0.08440 0.08023 0.07167 0.05823 0.05753
0.260 ~ 0.282 0.08032 0.07609 0.06872 0.055638 0.05463
0.282 ~ 0.305 0.06810 0.06340 0.05660 0.04653 0.04558
0.305 ~ 0.331 0.06468 0.0617¢ 0.05531 0.04512 0.04457
0.331 - 0.358 0.07324 0.06921 0.06157 0.05035 0.04933
0.358 ~ 0.388 0.07272 0.06662 0.05852 0.04774 0.04743
0.388 ~ 0.421 0.06829 0.05689 0.05224 0.04262 0.04318
0.421 -~ 0.456 0.06750 0.05647 0.05111 0.04414 0.04158
0.456 ~ 0.494 0.07086 0.05770 0.04641 0.04002 0.04263
0.494 ~ C(.535 0.07251 0.05558 0.04812 0.03977 0.04084
0.535 - 0.579 0.08058 0.05984 0.05368 0.04676 0.04584
0.579 ~ 0.627 0.07989 0.06150 0.05142 0.04313 0.04170
0.627 ~ 0.630 0.07499 0.058575 0.04624 0.0388%6 0.03783
0.680 - 0.736 0.07210 0.05469 0.04480 0.03512 0.03628
0.736 - 0.798 0.07685 0.05696 0.04524 0.03620 0.03883
0.798 - 0.864 0.07650 0.05910 0.04275 0.03407 0.03303
0.864 - 0.936 0.07648 0.06330 0.04519 0.03£05 0.03378
0.936 - 1.014 0.06790 0.06681 0.04552 0.03100 0.03158
1.014 - 1.099 0.05627 0.06664 0.04350 0.03161 0.03055
1.099 - 1.19%0 0.04789 0.06423 0.04501 0.03247 0.03002
1.190 - 1.29¢C 0.04315 0.06198 0.049300 0.03486 0.02833
1.290 - 1.397 0.03933 0.05611 0.05345 0.03636 0.02851
1.397 - 1.514 0.03734 0.04831 0.05265 0.04050 0.0350%
1.514 - 1.640 0.03031 0.03738 0.04597 0.03764 0.03040
1.640 - 1.741 0.02662 0.03084 0.03854 0.03444 0.02917
1.741 - 1.849 0.02764 0.03133 0.03528 0.03731 0.033%5
1.849 - 1.963 0.02517 0.02807 0.03513 0.032987 0.03513
1.963 - 2.085 0.02477 0.02510 0.02634 0.03004 0.03224
2.085 - 2.21% 0.02375 0.02388 0.02620 0.02633 0.03193
2.214 - 2.350 0.01981 0.02311 0.02250 0.02359 0.02550
2.350 - 2.49s8 0.01571 0.02128 0.02063 0.0198% 0.02435
2.496 - 2.630 0.01507 0.02092 0.02056 0.01742 0.02088
2.650 - 2.814 0.01397 0.01831 0.01881 0.01602 0.01782
2.814 - 2.988 0.01404 0.01697 0.01859 0.01633 0.01518
2.988 - 3.173 0.01318 0.01390 0.01733 0.01454 0.01362
3.173 - 3.369 0.01211 0.01291 0.01574 0.01350 0.01317
3.369 - 3.578 0.01096 0.01216 0.01388 0.01243 0.01385
3.578 - 3.724 0.01042 0.01099 0.01378 0.01173 0.01298
3.724 - 3.876 0.01071 0.01100 0.01251 0.01018 0.01128
3.876 - 4.034 0.01010 0.00980 0.01147 0.00970 0.01062
4.034 - 4.199 0.00934 0.00986 0.01066 0.00970 0.00982
4.199 - 4.370 0.01086 0.01039 0.01106 0.01087 0.01013
4.370 - 4.548 0.01067 0.01114 0.01085 0.01174 0.01062
4.548 - 4.734 0.00973 0.00820 0.00912 0.00889 0.00838
4.734 - 4.927 0.00836 0.00813 0.00802 0.00702 0.00841
4.927 - 5.128 0.00916 0.00842 0.00828 0.00751 0.00971
5.128 - 5.338 0.00957 0.00848 0.00844 0.00783 0.00937
5,338 - 5.555 0.00956 0.00814 0.00830 0.00717 0.00821
§.555 - 5.782 0.00941 0.00835 0.00812 0.00691 0.00768
5.782 - 6.018 0.00946 0.00776 0.00805 0.00675 0.00752
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6.018
6§.264
6.520
6.786
7.063
7.205
7.351
7.499
7.651
7.805
7.963
8.124
8.288
8.455
8.626
8.801
8.978
9.160
9.345
9.534
9.726
9.923
10.123
10.328
10.536
10.748%
10.966
11.188
11.414
11.644
11.880
12.120
12.364
12.614
12.883
13.129
13.394
13.665
13.941
"14.,223
14.510
14.803
15.102
15.407
15.718
i6.036
16.360
16.690
17.028
17.372
17.723
18.081
18.4456

6.264
6§.520
6.786
7.063
7.205
7.351
7.499
7.651
7.805
7.963
8.124
8.238
8.455
8.626
8.801
8.978
9.160
9.345
9.334
9.726
§.923
10.123
10.328
10.536
10.749
10.965
11.188
11.414
11.644
11.880
12.120
12.364
12.614
12.869
13.129
13.394

13.665
13.941
14.223
14.510
14.803
15.102
15.407
15.718
16.036
16.360
16.690
17.028
17.372
17.723
18.081
18.446
18.819

0.00961
0.00980
0.00875
0.00881
0.00850
0.00831
0.00881
0.00864
0.00862
0.00871
0.00914
0.00909
0.00949
0.00936
0.00930
0.00973
0.00938
0.00943
0.00805
0.00803
0.00803
0.007%8
0.00853
0.00934
0.00891
0.00924
0.00921
0.00935
0.00832
0.00734
0.00710
0.00626
0.00540
0.00425
0.00289
4.00208

0.00126
0.00079
0.00032
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

0.00848
0.00827
0.00810
0.00839
0.00726
0.00720
0.00712
0.00768
0.00738
0.00816
0.00786
0.00753
0.007913
0.00725
0.00771
0.00822
0.00798
0.00789
0.00635
0.006354
0.00649
0.00678
0.00640
0.00698
0.00744
0.00759
0.00721
0.00746
0.00670
0.00652
0.00663
0.00606
0.00632
0.00619
0.00583
0.00572
0.00513
0.00459
0.00400
0.00313
0.00261
0.00158
0.00099
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

0.00753
0.00690
0.00708
0.00746
0.00651
0.00610
0.00676
0.00744
0.006586
0.00651
0.00606
0.00655
0.0063%0
0.00644
0.00667
0.00710
G.00711
0.00683
0.00574
0.00554
0.00545
0.00537
0.00609
0.00560
0.00614
0.00594
0.00S33
0.00613
0.00532
0.00512
0.00517
0.00537
0.00522
0.00s1%
0.00454
0.00471
0.00446
0.00451
0.00396
0.00483
0.00440
0.00461
0.00405
0.00295
0.00178
0.00106
0.000S54
0.00000
0.00000
0.0000Q0
0.00000
0.00000
0.00000

0.00703
0.00665
0.00644
0.00616
0.00453
0.00551
0.00487
0.00566
0.00509
0.00535
0.00578
0.00489
0.00528
0.00S51
0.00538
0.00536
0.00567
0.00504
0.00434
0.00432
0.00454
0.00423
0.00448
0.00433
0.00493
0.00479
0.00473
.00478
.00441
.00378
.00417
.00398
. 00405
.00406
0.00364
0.00352
0.00374
0.00387
0.00378
0.00395
0.00361
0.00387
0.0038s
0.00386
0.00275
0.00257
0.00193
0.00161
0.00107
0.00000
0.00000
0.00000
0.00000

[eX=NeRoNeNolw]

0.00630
0.00653
0.00730
0.00677
0.0061¢
0.006=23
0.00495
0.00494
0.00515
0.00496
0.00536
0.00503
0.00489
0.00459
0.00508
0.00465
0.00482
0.00528
0.00415
0.00422
0.00470
0.00400
0.00409
.00438
.00427
.00417
.00428
.0048S
.00385
.00382
.00413
.00387
.00368
0.00359
0.0032+
0.00337

0.00311
0.00330
0.00346
0.00346
0.00302
0.00343
0.00326
0.00366
0.00261
0.00273
0.00260
0.00298
0.00247
0.00216
0.00126
0.00087
0.00000

QOOODO0OO0OO0O
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Pulse Neutron Enerqy.
Height 27.04 28.57 30.23 32.04 34.02
" (MeVee) MeV MeV MeV MeV Mev
0.057 - 0.067 0.17576 0.20091 0.18276 0.23468 0.19325
0.067 - 0.077 0.14830 0.16786 0.15308 0.19512 0.16213
0.077 - 0.087 0.12922 0.14593 0.13090 0.16687 0.13754
0.087 - @G.097 0.11216 0.12780 0.11622 0.14626 0.11987
0.097 - 0.107 0.09973 0.11288 0.10247 0.13063 0.10719
0.107 - 0.117 0.09164 0.10206 0.09154 0.11667 0.09605
Q0.117 - 0.127 0.08557 0.09446 0.08341 0.10537 0.08644
0.127 - 0.137 0.07952 0.0888S 0.07787 0.09642 0.07845
0.137 - 0.149 0.07416 0.081%94 0.07290 0.09020 0.07225
0.149 - 0.161 0.06959 0.07673 0.06771 0.08443 0.06740
0.161 - 0.174 0.064634 0.07206 0.06365 0.07872 0.06313
0.174 - 0.189 0.06403 0.068S55 0.05%00 0.07282 0.05842
0.189 - 0.205 0.05362 0.06440 0.05492 0.06614 0.05251
0.205 - 0.222 0.05725 0.06124 0.05257 0.06322 0.04397
0.222 - 0.240 0.05604 0.05956 0.05060 0.06102 0.04725
0.240 - 0.260 0.05496 0.05817 0.04912 0.05875 0.04587
0.260 - 0.282 0.05190 0.05820 0.04758 0.05643 0.04323
0.282 - 0.305 0.04323 0.04623 0.03994 0.04769 0.03633
0.3Q05 - 0.331 0.04227 0.04523 0.03846 0.04651 0.03613
0.331 - 0.353 0.04598 0.05049 0.04290 0.05143 0.04031
0.353 - 0.388 0.04491 0.04742 0.04257 0.04782 0.03921
0.388 - 0.421 0.04097 0.04199 0.04298 0.03879 0.03942
0.421 - 0.4S58 0.04157 0.03829 0.04060 0.03874 0.03363
0.456 - 0.494 0.03924 0.03855 0.04087 0.03723 0.03706
0.49¢ - 0,535 0.03510 0.03522 0.03826 0.03636 0.03495
0.535 - 0.579 0.04186 0.03914 0.04183 0.03547 0.03687
0.579 - 0.627 0.03919 0.03791 0.03909 0.038%95 0.03599
0.627 - 0.630 0.03477 0.03428 0.03328 0.03271 0.03201
0.630 - 0.736 0.03233 0.02928 0.03056 0.03014 0.02836
0.736 - 0.798 0.03113 0.03313 0.03160 0.03025 0.03029
0.798 - 0.864¢ 0.03178 0.02986 0.03044 0.02947 0.03011
0.864 - 0.936 0.03068 0.02995 0.02988 0.02888 0.02820
0.936 - 1.014 0.02930 0.02789 0.02844% 0.025%8 0.02583
1.014 - 1.099 0.02796 0.02502 0.02481 0.02503 0.02434
1.099 - 1.190 0.02578 0.02395 0.02397 0.02357 0.02362
1.190 - 1.290 0.02474 0.023s52 0.02292 0.02315 0.02300
1.290 - 1.397 0.02603 0.02279 0.02199 0.02197 0.02451
1.397 -« 1.514 0.02633 0.02239 0.02268 0.02181 0.02203
1.514 - 1.640 0.0246s 0.02010 0.01915 0.01806 0.01970
1.640 - 1.741 0.02411 0.01889 0.01773 0.01692 0.01898
1.741 -~ 1.849 0.02782 0.02183 0.01956 0.01886 0.01247
1.849 - 1.963 7.02753 0.02137 0.01766 0.01637 0.01884%
1.963 ~ 2.085 0.02942 0.02284 0.01%822 0.01683 0.01863
2.085 -~ 2.214 0.02814 0.02330 0.02004 0.01808 0.01648
2.214 - 2.350 0.02842 0.02313 0.01976 0.01693 0.01667
2.350 ~ 2.495 0.02454 0.02247 0.02004 0.01591 0.01623
2.496 - 2.650 0.0231S 0.0228% 0.01971 0.01717 0.01494
2.650 - 2.814 0.01980 0.02052 0.01974 0.01621 0.01451
2.814 - 2.988 0.01741 0.01847 0.01855 0.01652 0.01561
2.988 - 3.173 0.01553 0.01639 0.01778 0.01560 0.014S6
3.173 - 3.369 0.01345 0.01500 0.01626 0.01562 0.01455
3.369 - 3.578 0.01181 0.01329 0.01377 0.01364 0.01431
3.578 - 3.724 0.01137 0.01141 0.01226 0.01242 0.01336
3.72%4 - 3.876 0.01163 0.01073 0.01162 0.01203 0.01339
3.876 - 4.033 0.01107 0.01048 0.00983 0.01107 0.01138
4.034 - 4.199 0.01008 0.00991 0.00935 0.00978 0.01030
4.199 - 4.370 0.0108S5 0.01047 0.01002 0.01017 0.01082
4.370 - 4.548 0.01083 0.01009 0.01091 0.00957 0.01185
4.548 - 4.734 0.00884 0.00808 0.00879 0.00858 0.00862
4.734 - 4.927 0.00785 0.00774 0.00776 0.00737 0.00806
4.927 - 5.128 0.00819 0.00768 0.00820 0.00733 0.00793
5.128 - S5.338 0.00841 0.00750 0.00842 0.00732 0.00801
5.338 - 5.555 0.00781 0.00738 0.00762 0.00717 0.00744%
5.555 - S§.782 0.00808 0.00789 0.00695 0.00755 0.00792
5.782 - 6.018 0.00825 0.00716 0.00659 0.00727 0.00676

55




AFWL-TR-88-83

6.018 - 6.264 0.00796 0.00712 0.00772 0.00733 0.00672
6.264 - 6.520 0.0072§ 0.00722 0.00730 0.00610 0.00691
6.520 - 6.786 0.00675 0.00740 0.00634 0.00652 0.00693
6.786 - 7.063 0.00606 0.00766 0.00715 0.00597 0.00688
7.063 - 7.205 0.00580 0.00691 0.00641 0.00565 0.00577
7.205 - 7.351 0.00506 0.00617 0.00622 0.00589 0.00553
7.351 - 7.499 0.00515 0.00637 0.00637 0.00561 0.00588
7.499 - 17.651 0.00537 0.00604 0.00616 0.00584 0.00573
7.651 - 7.80S 0.00511 0.00569 0.00615 0.00614 0.00527
7.805 - 7.963 0.00543 0.00597 0.00624 0.00538 0.00569
7.963 - 8.124 0.00578 0.00493 0.00606 0.00599 0.00591

. 8.124 - 8.288 0.00557 0.00499 0.00699 0.00611 0.00630
8.288 - 8.455 0.00519 0.00512 0.00586 0.00566 0.00692
8.455 - 8.626 0.00506 0.00499 0.00566 0.00556 0.00486
8.626 - 8.801 0.00473 0.00551 0.00555 0.00622 0.00539
8.801 - 8.978 0.00488 0.00525 0.00496 0.00655 ¢.00586
8.978 - 9.160 0.0041% 0.00532 0.00451 0.00595 0.00589
9.160 - 9.345 0.00473 0.00471 0.00486 0.00609 0.00535
9.345 - 9.534 0.00374 0.00352 0.00405 0.00492 0.00473
9.534 - 9.726 0.00353 0.00355 0.00334 0.00435 0.00454
9.726 - 9.923 0.00372 0.00361 0.00365 0.00473 0.00501
9.923 - 10.123 0.00378 0.60379 0.00396 0.004:8 0.00493

10.123 - 10.328 0.00350 0.00298 0.00323 0.00410 0.00520
10.328 - 10.536 0.00372 0.00313 0.00386 0.00399 0.00522
10.536 - 10.749 0.00387 0.00372 0.00359 0.00373 0.00480
10.749 - 10.966 0.00383 0.00320 0.00375 0.00318 0.00514
10.965 - 11.188 0.00353 0.00300 0.00363 0.00359 0.00453
11.188 - 11.414 0.00382 0.00333 0.00337 0.00370 0.00453
11.414 - 11.644 0.00334 0.00351 0.00291 0.00284 0.00396
11.644 - 11.880 0.00328 0.00295 0.00276 0.00292 0.00336
11.880 - 12.120 0.00320 0.00263 0.00241 0.00297 0.00315
12.120 - 12.364 0.00311 0.00263 0.00288 0.00253 0.00295
12.364 - 12.614 0.00354 0.00254 0.00244 0.00273 0.00262
12.6134 - 12.869 0.0033s 0.00279 0.00240 0.00263 0.00286
12.863 - 13.129 0.00292 0.00237 0.00254 0.00227 0.00258
13.129 - 13.394 0.00274 0.00252 0.00240 0.00203 0.00239
13.394 - 13.665 0.00288 0.00243 0.00227 0.00209 0.00226
13.665 - 13.941 0.00274 0.00245 0.00228 0.00204 0.00219
13.941 - 14.223 0.00251 0.00247 0.00234 0.00214 0.00191
14.223 - 14.510 0.00273 0.00230 0.00194 0.00222 0.00218
14.510 - 14.803 0.00312 0.00202 0.00214 0.00219 0.00219
14.803 - 15.102 0.00283 0.00236 0.00202 0.00226 0.00195
15.102 - 15.407 0.00310 0.00229 0.00251 0.00179 0.00197
15.407 - 15.718 0.00306 0.00260 0.00201 0.00191 0.00191
15.718 - 16.036 0.00242 0.00207 0.00205 0.00156 0.00147
16.036 - 16.360 0.00236 0.00168 0.00168 0.00147 0.00156
16.360 - 16.690 0.00246 0.00205 0.00158 0.00165 0.00146
16.690 - 17.028 0.00250 0.00216 0.00190 0.00169 0.00148
17.028 - 17.372 0.00253 0.00208 0.00177 0.00163 0.00146
17.372 - 17.723 0.00238 0.00230 0.00176 0.00159 0.00137
17.723 - 18,081 0.00216 0.00182 0.00154 0.00129 0.00126
18.081 - 18,446 0.00164 0.00156 0.00129 0.00127 0.00120
18.446 - 18.819 0.00181 0.00169 0.00119 0.00123 0.00119
18.819 - 19.199 0.00111 0.00143 0.00119 0.00123 0.00101
19.199 - 19.587 0.00062 0.00116 0.00102 0.00079 0.00067
19.587 - 19.982 0.00018 0.00095 0.00112 0.00083 0.00072
19.982 - 20.386 0.00000 0.00104 0.00101 0.00089 0.00095
20.386 - 20.798 0.00000 0.00123 0.00171 0.00163 0.00137
20.798 - 21.218 0.00000 0.00000 0.00160 0.00152 0.00108
21.218 - 21.647 0.00000 0.00000 0.00130 0.00163 0.00130
21.647 - 22.084 0.00000 0.00000 0.00079 0.00101 0.00102
22.084 - 22.530 0.00000 0.00000 0.00045 0.00102 0.00089
22.530 - 22.985 0.00000 0.00000 0.00000 0.00083 0.00099
22,985 - 23.450 0.00000 0.00000 0.00000 0.00064 0.00077
23.450 - 23.923 0.00000 0.00000 0.00000 0.00040 0.00073
23.923 - 24.407 0.00000 0.00000 0.00000 0.00000 0.0005s
24.407 - 24.900 0.00000 0.00000 0.00000 0.00000 0.00045
24.900 - 25.403 0.00000 0.00000 0.00000 0.00000 0.00050
25.403 - 25.916 0.00000 0.00000 0.00000 0.00000 0.00036
25.916 - 26.439 0.00000 0.00000 0.00000 0.00000 0.00000
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Pulse Neutron Energy
- Height 36.20 38.60 41.25
(MeVee) MeV MeV MeV
0.057 - 0.067 0.24837 0.28180 0.32426
0.067 - 0.077 0.20845 0.23242 0.26330
0.077 - 0.087 0.1778S 0.20022 0.22439
0.087 - 0.097 0.15434 0.17177 0.1958S5
0.097 - 0.107 0.13571 0.15191 0.17186
0.107 - 0.117 0.12330 0.13527 0.15240
0.117 - 0.127 0.11132 0.12399 0.13749
0.127 - 0.137 0.10022 0.11217 0.12590
0.137 - 0.149 0.09108 0.10110 0.11437
0.149 - 0.161 0.084C2 0.09237 0.10358
0.161 - 0.174 0.07883 0.08S11 0.09478
0.174 - 0.189 0.07288 0.07897 0.086S6
0.189 - 0.205 0.06555 0.07129 0.07799
0.205 - 0.222 0.06047 0.06536 0.07181
0.222 - 0.240 0.05673 0.06092 0.06669
0.240 - 0.260 0.05508 0.05717 0.06246
0.260 - 0.282 0.05237 0.05502 0.05824
0.282 - 0.305 0.04338 0.04546 0.04859
0.305 - 0.331 0.04280 0.04389 0.04708
0.331 - 0.358 0.04820 0.04971 0.05228
0.358 - 0.388 0.04575 0.04908 0.05078
0.388 - 0.421 0.03928 0.04423 0.04638
- 0.421 - 0.456 0.03839 0.03720 0.04290
0.456 - 0.494 0.0373% 0.03714 0.04058
0.494 - 0.53S 0.03431 0.03781 0.03719
0.535 - 0.579 0.03640 0.03994 0.04320
0.579 - 0.627 0.03884 0.03527 0.04375
0.627 - 0.630 0.0317s 0.02763 0.03363
0.680 - 0.736 0.02927 0.03186 0.03136
0.736 - 0.798 0.02667 0.02659 0.03029
0.798 - 0.864 0.02608 0.02864 0.02863
0.864 - 0.936 0.02806 0.02552 0.02804
0.936 - 1.014 0.02754% 0.02543 0.02636
1.014 - 1.099 0.02723 0.02343 0.02473
1.099 - 1.190 0.02272 0.02492 0.02216
1.190 - 1.290 0.02188 0.02172 0.02274
1.290 - 1.397 0.02111 0.02031 0.02181
1.397 - 1.514 0.02273 0.02257 0.02078
1.514 - 1.640 0.01885% 0.01676 0.01743
1.640 - 1.741 0.01664 0.01637 0.01839
1.741 - 1.849 0.01821 0.01990 0.01806
1.849 - 1.963 0.01953 0.01720 0.01876
1.963 - 2.085 0.01747 0.01830 0.01657 !
2.085 - 2.214 0.01852 0.01760 0.01838
2.214 - 2.350 0.01653 0.01683 0.01632
2.380 - 2.496 0.01473 0.01765 0.015637
2.496 - 2.650 0.01562 0.01597 0.01563
2.650 - 2.814 0.01477 0.01475 0.01498
2.814 - 2.988 0.01409 0.01499 0.01418
2.988 - 3.173 0.01332 0.01341 0.01420
3.173 - 3.389 0.01371 0.01317 0.01324
3.369 - 3.578 0.01306 0.01280 0.01121
3.578 - 3.724 0.01228 0.01065 0.01159
3.724 - 3.876 0.01364 0.01055 0.01046
3.876 - 4.034 0.01188 0.01024 0.01073
4.034 - 4.199 0.01225 0.01041 0.00909
4,192 - 4.370 0.01286 0.01083 0.01087
4.370 - 4.548 0.01156 0.01301 0.01111
4.548 - 4.734 0.01006 0.01156 0.00987
4.734 - 4.927 0.00761 0.00915 0.00980
4.927 - 5.128 0.00773 0.00957 0.00954
5.128 - 5.338 0.00808 0.00873 0.00844
5.338 - 5.555 0.00795 0.00853 0.00905
5.555 - 5.782 0.00752 0.00836 0.00824
5.782 - 6.018 0.00695 0.00800 0.00892
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6.018
6.264
6.520
6.786
7.063
7.205
7.351
7.498
7.631
7.805
7.963
8.124
8.288
8.455
8.625
8.801
8.578
9.160
9.345
9.534
9.725
9.923
10.123
10.328
10.536
10.749
10.966
11.188
11.414
11.644
11.880
12.120
12.364
12.614%
12.863
13.129
13.394
13.665
013.941
14.223
14.510
14.803
15.102
15.407
15.718
16.036
16.360
16.690
17.028
17.372
17.723
18.081
18.446
18.819
19.199
19.587
19.982
20.386
20.798
21.218
21.647
22.084
22.530
22.985
23.450
23.923
24.407
24.900

6.264
6.520
6.786
7.063
7.205
7.351
7.499
7.651
7.808
7.963
8.124
8.288
8.455
8.626
8.801
8.978
9.160
9.345
9.534
9.725
9.923
10.123
10.328
10.536
10.749

10.965°

11.188
11.414
11.644
11.880
12.120
12.364
12.614
12.869
13.129
13.394
13.665
13.941
14.223
14.510
14.803
15.102
15.407
15.718
16.036
16.360
16.690
17.028
17.372
17.723
18.081
18.446
18.819
19.199
19.587
19.982
20.386
20.798
21.218
21.647
22.084
22.530
22.985
23.450
23.923
24.407
24.900
25.403

0.00664
0.00649
0.00727
0.00623
0.00437
0.00606
0.00526
0.00551
0.00567
0.00529
0.00550
0.00553
0.00558
0.00564
0.00503
0.003546
0.00S568
0.00540
0.00500
0.00411
0.00443
0.00496
0.00472
0.00465
0.00535
0.00426
0.00432
0.00441
0.00405
0.00388
0.00439
0.00434
0.00382
0.00361
0.00327
0.00292
0.00248
0.00239
0.00234
0.00227
0.00231
0.00255
0.00222
0.00209
0.00152
0.00131
0.00141
0.00152
0.00133
0.00169
0.00106
0.00106
0.00086
0.00082
0.00055
0.00062
0.00078
0.00110
0.00113
0.00100
0.00084
0.00078

0.00078,

0.00064
0.60069
0.00047
0.00056
0.00043

0.00705
0.00711
0.00707
0.00674
0.00582
0.00589
0.00524
0.00615
0.00572
0.00665
0.00581
0.00551
0.00583
0.00520
0.00622
0.00547
0.00544
0.00486
0.00478
0.00413
0.0043%
0.00453
0.00413
0.00443
0.00508
0.00443
0.003%6
0.00444
0.00358
0.00384
0.00368
0.00453
0.00379
0.001384
0.003438
0.00324
0.00325
0.00328
0.00345
0.00357
0.00363
0.00288
0.00309
0.00253
0.00188
0.00182
0.00121
0.00153
0.00139
0.00160
0.00133
0.00119
n.00102
0.00077
0.00058
0.00062
0.00079
0.00111
0.00122
0.00092
0.00094
0.00072
0.00079
0.00065
0.00053
0.00063
0.00037
0.00038
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0.00819
0.00844
0.00776
0.00687
0.00646
0.00613
0.00S46
0.00504
0.00513
0.00564
0.00700
0.00573
0.00610
0.00488
0.00538
0.00553
0.00543
0.00452
0.00412
0.00391
0.00415
0.00392
0.00410
0.00511
0.00486
0.00443
0.00442
0.00404
0.00388
0.00395
0.00379
0.00316
0.00398
0.00317
0.00341
0.00325
0.00321
0.00336
0.00260
0.00301
0.00270
0.00345
0.00305
0.00325
0.00260
0.00268
0.00246
0.00240
0.00238
0.00184
0.00159
0.00113
0.00123
0.000%89
0.0008¢
0.000539
0.00063
0.00137
0.00144
0.0009¢
0.00065
0.00051
0.00065
0.00071
0.00058
0.00042
0.00036
0.00045
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25.403 - 25.915 0.00054 0.00049 0.00025
25.915 - 25.439 0.00047 0.00033 0.00033
23.429 - 25.974 0.00039 0.00052 0.00037
25.974 - 27.513 0.00043 0.00038 0.00039
. 27.513 - 23.074 0.00000 0.00C+: 0.0003%
23.074 - 28.642 0.00000 0.0003s 0.00027
23.642 - 29.229 0.0000C 0.00000 0.00034
29.220 - 29.810 0.0000Q0 0.00000 0.00017
. 29.81i0 - 30.413 0.00000 0.00000 0.00021
30.413 - 31.027 0.00000 0.00000 0.00017
31.027 - 31.654 0.00000 0.00000 0.00018
31.654 - 32.293 6.00000 0.00000 0.00007
32.293 - 32.94¢8 0.00000 0.00000 0.00000
1
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