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NOMENCLATURE

a Radius of detector

A Atomic mass

CT Total number of recoil protons

C(E)dE Number of protons which will deposit an energy between

E and E + dE in the detector

d Deuteron
i BMi
DM~ = TE Differential of the number of recoil protons in the
P ith group
i3
DMi’j = o Differential of the number of recoil protons in the
o ok ; ; :
P ith group resulting from monoenergetic neutrons in the

jth group

E Energy in MeV

E Maximum energy to be analyzed

max

En Neutron energy

EP Proton energy

F(E)dE Fraction of neutrons with energy between E and E + dE
that will stop in the detector

MD(Ep’En) Monoenergetic recoil proton distribution

M*(EP) Complex recoil proton spectrum

M Number of recoil protons in the ith group

i3

M-J Number of recoil protons in the ith group resulting from
neutrons in the jth group

Mi’J Monoenergetic response functions of protons in the
ith group resulting from neutrons in the jth group

1

n-= on Neutron

NP Number of protons per unit volume

N(L)dL Probability that a proton will see a path length to

the counter wall between L and L + dL

vi



p = lH Proton
PSD Pulse shape discrimination
P(E_)dE Probability of neutron scattering in a energy range
L between E_ and E_ + dE
p P P
R Range in mg/cm2
R(E) Range of a proton with energy E
R(E,E") Probability of a neutron of energy E' being detected at
energy E
t Triton
U(ED~EP) Unit step function
v Volume of detector
o Alpha particles
a(En) Slope of a monoenergetic response function
Y Gamma rays
o Monoenergetic neutron flux
¢j Unfolded neutron spectrum for the jth group
¢trans(E) Transmitted spectrum through a material
¢I(E') Ingident flux at E'
¢(En) Complex neutron flux
Zt(E') Total neutron cross-section at E'
GS(En) Total scattering cross section

vii



1.0 INTRODUCTION

The measurement of fast neutron spectrums is very important in the study
of nuclear reactions, neutron yields, cross sections and transport and
scattering phenomena. The detection of neutrons may be realized through the
following processes:

1. Neutron—~induced transmutations in which the product particles

are detected. This includes simple capture (n,v), ejection of
charged particles (n,d), (n,2), and (n,p) reactions, and high
energy processes (neutrons around 100 MeV).

2 Neutron-induced transmutations which result in radioactive

nuclei. The decay products are then detected by conventional
techniques.

3. Elastiec scattering of neutrons in which the charged recoil

particles are detected. The most important elastic scattering
process is the proton-recoil resulting from collision of a
neutron and a hydrogen atom.

Of these three, the last is important for energy dependent measurements
since from 0% to 100% of the neutron energy may be imparted to the recoil
proton, Also, the iH(n,n) cross section is a smoothly varying function of
energy and approaches a constant value of about 20 barns at low energies (less
than 100 keV).

At KSU a neutron scintillation spectrometer system employing the proton-
recoil principle was designed and put in operation by Simonsl. This system
(the KSU NE-213 Neutron Spectrometer System) has performed we112 for relatively
high (1.0 to 15 Mev) neutron energies but is incapable of analyzing neutron

spectrums below 1.0 MeV. To extend the range of neutron measurements at KSU,



an effort3 was initiated to identify a neutron detector responding to neutrons
of energies from 1.0 MeV down to about 1.0 keV.

This study showed that two different detectors may satisfy the energy
range requirements. The first was a cylindrical hydrogen gas-filled propor-
tional detector designed by E. F. Bennettg, and the second was a spherical
hydrogen gas-filled proportional counter designed by P. W. Benjamina. The
latter was chosen for this study because spherical detectors are known to be
omnidirectional and the electrostatic field distortions at the ends of this
type detector are inconsequential in contrast to those of the cylindrical
typea.

The study presented here primarily involved bringing a Benjamin detector
system to an operational status. As such, it was concerned with the assembly
of electronics for shaping of pulses from a Benjamin-type detector, the design
and implementation of a gamma-ray discrimination circuit, and the energy

calibration of the system.



2.0 THE BENJAMIN~TYPE NEUTRON PROPORTIONAL
COUNTER AND LINEAR PULSE SHAPING. SYSTEM

2,1 The Benjamin Proportional Counter

Three Benjamin-type proportional counters, developed at Aldermaston,
Berkshire, England, by Benjamin, Kemshall, and Redfearn4 were purchased from
Twentieth Century Electronics, Limited. These detectors consist of a spherical
active volume of radius 20 mm with a 22 micron tungsten anode through the
center of the sphere. This wire is coated with approximately 45.5 pico curies
of 239Pu. This internal source produces approximately 2 counts/sec of 5.15 MeV
alpha particles which are used for energy calibration. Only a portion of the
energy of the alpha particle 1s absorbed in the filling gas, depending on the
gas pressure. The filling gas is pure hydrogen at pressures of 10, 4 and
1 atmospheres for the three detectors. The walls of the spheres are stainless
steel, 0.020 in. thick. The glass-to-metal insulators and supports for the
anode wire were carefully designed to obtain a constant electrostatic field
along the length of the anode wire. End effects or distortions in the electro-
static field at the extremities of the anode are therefore minimized. Figure 1

shows a typical cross section drawing of the Benjamin detector used in this

study.

2.2 Biasing of the Detector

Much time was spent in selecting a method of biasing the detector to
minimize noise and high voltage breakdown. It was decided at the beginning
of this study to apply a negative high voltage to the case of the detector
(cathode) instead of a positive high voltage to the center anode wire. This
procedure was expected to increase the life of the transistors in the charge-

sensitive preamplifier, in particular the input field-effect transistor.
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Figure 2 is a schematic diagram of a biasing design that provided the
lowest noise levels and the least number of breakdown pulses of the several
designs tested. High voltage was supplied from a John Fluke Power Supply
Model 400BDA through two RC filters to the end of the detector opposite where
the anode detector signal was taken. A special mylar insulator was fabricated
in our shops to isolate the center of the E.H.T. socket from the detector
body. Prior to fabricating this insulator this socket appeared to be a major
source of high voltage breakdown for the 10 atmosphere detector operating at
up to -4600 V. The detector and RC filter assemblv was inserted in a metal
box to eliminate noise pickup. After the detector and high voltage circuit
were placed in this shielding box, the noise level (mostly 60 Hz) was lowered

from approximately 2.5 V to approximately 1 mV.
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FIGURE 2. BIASING CONFIGURATION FOR THE KSU
BENJAMIN-TYPE DETECTORS



2.3 The Charge-Sensitive Preamplifier

An important factor affecting the signal quality of a gas counter is the
degree of charge collection, the use of a charge-sensitive preamplifier will
insure the consistency of output pulses with variations in circuit capaci-

tances. Figure 3 shows a basic charge-sensitive preamplifier where

1 J ) q
V = = — idt = - (1)
o] Cf Cf

It should be noted that this circuit needs an extremely high input
impedance, (i.e. if chf = 10_4, with Cf = 10-12 F, then Rf = 1089) and
therefore field-effect transistors are used at the input.

A solid-state charge-sensitive preamplifier for use with proportional
counters has been designed by J. M. Larson of Argonne Natiomal LaboratoryS.
It has a charge gain of 2 x 1012 V/C, a 10 pF external input capacity and a
20 V peak output swing to allow high count rate capability with no preampli-
fier saturation.

This preamplifier is especially suited to a mode of operation where the
detector bias voltage is applied to the cathode from a negative supply as
opposed to the usual mode of operation where the cathode is grounded. With
the bias voltage applied to the cathode, the preamplifier may be direct-coupled
to the proportional counter anode.

Direct coupling results in the following advantages:

1. Removal of an isolation resistor at the anode and thus

an elimination of a noise source.

2. Removal of a coupling capacitor between the anode ang the

preamplifier with improvement of the signal-to-noise ratio.

3. Protection of the preamplifier's input FET against transients

from the high voltage supply and breakdown pulses occurring

in the detector.
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4, The bias voltage may be applied through a low impedance at
the counter's cathode. This stabilizes the high voltage
bias level across the detector when high multiplication and
high counting rates are present.

From the physical processes occurring inside the detector, it may be

shown that:

£ - €0A
o C

where Eo = Peak voltage pulse from detector (V)

e = Charge on an electron (Coulombs)

Q = Initial ionization = ;i (number of ion pairs)
A = Gas multiplication constant.

C = Detector capacitance (approximately

20 pF) + cable capacitance
(approximately 30 pF)®

W = Specific ionization (30 eV/ion pair).

Ei = Energy deposited in the detector (eV)

If A is assumed to be 1.0 and C is approximately 100 pF, then

1.6 x 10712 (¢) x E, (eV)
By =73 12 g
107 x 10 {(pF) x 30.0 (eV/ion pair)

Assuming 0.36 MeV of energy7 is deposited in 1.0 atmosphere of hydrogen

gas from the 239Pu 5.15 MeV alpha particle, then

-19 6
5 - 1.6 ; 10 -1; 0.36 x 10" _ 192 x 10”% = 0.0192 mv
10 = 10 x 30.0

The gas multiplication constant is typically 20 to 150, maximum7.
Therefore, even at best, the output voltage will be only approximately 3 mV.
Consequently it is necessary to amplify a very small signal with a high

signal-to-noise ratio and good linearity with no saturation occurring in the



10

preamplifier due to extraneous voltage breakdowns. The Larson preamplifier
was particularly designed for this type of service.

A commercial preamplifier with the same basic design features as Larson's
preamplifier generated noise to a level that was intolerable if low energy
neutron measurements were to be made. The Larson preamplifier performed well
in this regard. Its noise level as indicated by Larson5 was measured to be
approximately 0.120 mV.

Two modifications made to increase the signal-to-noise ratio in the
Larson preamplifier were (1) to replace the 1000 MR feedback resistor by a
2000 MQ resistor and (2) to lower the adjustable feedback capacitance.
Lowering the feedback capacitance increased the gain from approximately 2
to approximately 60. A schematic diagram of the Larson preamplifier is shown

in Figure 4.

2.4 Linear Pulse Shaping Considerations

A block diagram of the linear pulse shaping system is shown in Figure 5
while Figure 6 shows photographs of the signal pulses at various points in
the system. The signal produced by the detector was a negative pulse with
rise time varying according to the type of particle initiating the pulse.

All pulses have a long tail of about 4 msec and are from 1 mV to 10 mV in
amplitude, depending on the gas multiplication. This low voltage signal was
passed from the detector to the Larson preamplifier for amplification and
impedance matching. The positive signal obtained after inversion and ampli-
fication was transmitted through 300 feet of coaxial cable to the location of
the pulse shaping electronics and TMC 4096 multiparameter analyzer. (The
experimental facilities are discussed in Section 5.0.) The transmitted signal

was then passed through the third stage of a TC-220BLR amplifier where it was
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'integrated and differentiated with time constants of 6.4 usec. These
integration and differentiation settings yielded the best signal-to-noise
ratio (6.4 usec was close to the maximum rise time of the pulses.)

The unipolar pulse produced in the TC-220BLR was then passed through an
ORTEC 410 Shaping Amplifier where it was integrated again with a time constant
of 10 psec. This integration smoothed the pulse and resulted in the best
resolution of the alpha particle energy from the internal 239Pu source. All
analog-to~digital converters (ADC's) in the multichannel analyzers available
at KSU required pulses of 1 usec or less rise time. It was impossible to
shape the pulses to a rise time of 1 usec or less and still obtain good energy
resolution. As an alternative, the time constants in an ADC unit were altered
to accept longer rise time pulses. This change improved the resolution con-
siderably, but the result was still not satisfactory.

An adequate solution was found by employing an ORTEC 442 Linear Gate and
Stretcher., This unit generates a pulse of the same height as the incoming
pulse but with a standard rise time of 0.4 psec. Using this unit, a linear
energy pulse that matched the ADC input pulse characteristics was obtained
and produced results with much better resolution than specified by Twentieth
Century Limited.

The electronic system described above was used to measure the resolution
of the internal 239Pu source for each of the three Benjamin detectors. For
these measurements the signal from the ORTEC 442 Linear Gate and Stretcher was
fed to a Technical Measurements Corporation (TMC) Model 102 Gammascope. This
100 channel pulse height analyzer has input signal requirements similar to the
TMC 4096 analyzer used for accumulating complex neutron spectrums in this
study. The alpha spectrums for the 10, 4 and 1 atmosphere detectors are

shown in Figures 7, 8 and 9, respectively.
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FIGURE 5. LINEAR PULSE SHAPING SYSTEM
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Flgure 6.

Photographs of Linear Pulse Shapes

Pulses through 300 ft
of coaxial cable from
Larson's Preamplifier
Oscilloscope settings:

Vertical 0.2 v/em
Horizonal 10 us/em

Pulses out of ORTEC 410
Shaping Amplifier
Oscillosceope settings:

Vertical 2 v/cm
Horizomal 10 us/cm

Pulses out of ORTEC 442
Linear Gate and Stretcher
Oscilloscope settings:

Vertical 2 v/cm
Horizonal 1 us/cm
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The Twentieth Century Limited specifications for the proportional counters
state that the 1 and 4 atmosphere detectors shall have a resolution of between
10% and 15% for the internal alpha calibration source and between 15% and 20%
for the 10 atmosphere detector. The resolution of the detector due to the
internal calibration source is very dependent upon the location of the 239Pu
on the center anode wire. Also the percentage resolution of the detector is
increased due to alpha particles entering the anode wire and losing some of
their energy there before entering the active volume of the detector. The
above factors would suggest that the resolution of the detector for neutrons
would be less (better) than for the internal calibration source. To check the
energy resolution of the electronic system other than the detector, a DATAPULSE
100B pulse generator was used in place of the detector to provide an input to
the preamplifier., The results recorded by the TMC Gammascope showed a resolu-
tion of less than or equal to 2%. Based on this result the factor limiting
the resolution was probably the TMC Gammascope and not the pulse shaping

circuitry. The spectrums in Figures 7, 8 and 9, therefore, accurately

represent the internal alpha source resolutions of the three detectors.
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3.0 DEVELOPMENT OF A GAMMA-RAY PULSE SHAPE
DISCRIMINATION SYSTEM

3.1 Pulse Shape Differences

In measuring nuclear reactor complex neutron spectrums, the two types of
radiation present in significant amounts are neutrons and gamma rays. Only by
using neutron generators and time of flight or associated particle techniques
may neutrons be detected exclusively. Since gamma rays do interact with the
hydrogen gas in the proportional counters stripping off electrons and thus
causing ionization, some form of discrimination must be developed to
distinguish between neutron induced and gamma ray induced events.

In the past, low level biasing of pulses has been the main method of
discriminating against gamma raysa. If it is assumed that an electron,
stripped off by a gamma ray, cannot lose more energy than that corresponding
to the most ionizing electron traveling the diameter of the detector, there
will then be an upper limit for energy deposited in the detector by gamma
radiation which is approximately 60 keVS’g. The usuable low-energy neutron
response of the proportional counter is therefore sacrificed.

Since the energy response range of the 10 atmosphere detector is approxi-
mately 1.25 MeV to 0.4 MeV while the response range of the 4 atmosphere and
1 atmosphere detectors are respectively 0.65 MeV to 0,15 MeV and 0.30 MeV to
the lower limit of the 1 atmosphere detector, only with the 1 atmosphere
detector will gamma-ray discrimination be necessary. (The choice of these
energy limits was based on the correction factors'reported by BenjaminlS.)

To improve the low energy neutron response of the 1 atmosphere detector,
electronic distinction between gamma-ray and neutron induced pulses is
essential. The basis of the pulse shape discrimination (PSD) system developed

during this study, is the relative collection time of the ionization charge
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produced by recoil protons and gamma-ray induced electrons. The range of a
60 keV proton in 1 atmosphere of hydrogen is about 2.36 mmlo, whereas the
range of a 60 keV electron is about 620 mm. (These results are based on the
range-energy formula for electrons provided in "Nuclear Radiation Detection"
by Price. The relation R = 412En was used with n = 1.265 - 0.0954 &nE, where
R is in EEE s and E is in MeV. Therefore ionization produced by a recoil
proton W;?l occur over a relatively short path length. This results in a
comparatively long collection time for the total charge induced by gamma rays
while the total charge of recoil protons is essentially produced at a point
and collected in a relatively short period of time. Figure 10 shows the rise

time of neutron induced pulses to be about 1 usec and the rise time of gamma-

ray induced pulses to be about 4 psec.

3.2 Pulse Shape Discrimination Methods

Several methods of accomplishing pulse shape discrimination are available.
One method involves double differentiation of the pulse to obtain a bipolar
pulse whose zero cross-over point is a function of pulse shape only. A
gating signal generated from the zero cross-over point by a timing single
channel analyzer (such as an ORTEC 455 or 420A) along with a linear signal
may be combined in coincident timing logic. Alternatively, the signal
generated from the zero cross-over point may be shaped and fed into a two
parameter multichannel analyzer along with the linear signal. This method
was successfully applied by Seakll for the two inch KSU NE-213 neutron spec—
trometer system, but this method was not satisfactory for these Benjamin-type
proportional counters because of widely varying pulse rise times,

A second method involves an application of the ORTEC 458 Pulse Shape

12 : ; :
Analyzer . This device can produce a linear transformation from rise time
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to pulse height; the process is described in ORTEC Application Notes AN37,
Pulse Shape Analysis Using the ORTEC 458.

The method of pulse shape discrimination used in this study is similar
to that used by E. F. Bennettg. The basic procedure uses a fast and a slow
component of the pulse. The amplitude of the fast component is adjusted and
added to the slow component so that there is no negative portion for a pure
gamma-ray source. Neutron induced pulses will, however, produce negative
portions after the two components are added.

Figure 11 shows the block diagram for the pulse shape discrimination
system developed during this study. Photographs and sketches of pulses at
different stages in the PSD system are shown in Figures 12, 13, and 14. The
fast component of the signal was obtained by transmitting the preamplifier
output signal (no pulse shaping present) to a double differentiation and
integration circuit, with a 1.0 usec time constant which integrated the
signal over 1.0 usec and clipped it. The signal was fed to an ORTEC 442
Linear Gate and Stretcher and then delayed. The signal was next inverted
and fed to a summing circuit (see Figure 11) along with the linear signal
(slow component). The gain of the fast component was adjusted so that a
gamma-ray induced pulse cancelled itself in the slow component portion.
This results in zero output from the adder for gamma-ray induced pulses and
negative output pulses for neutron induced pulses. The negative pulses are
then fed into a TD10l Differential Discriminator operated in the integral
mode and then into an EG&G Gate Generator which provides the gating input
to the ADC of the 4096 Multichannel Analyzer. Figure 15 shows the effect
of this gamma-ray discrimination system on a Californium-252 recoil-proton

distribution.



Pulses from 252Cf

Pulses from 2526f

Oscilloscope Settings:

Vertical 2 v/cm
Horizontal 1 psec/cm

NOTE: External triggering of the oscilloscope was
accomplished by utilizing the single channcl
mode of the TMC MODEL 102 GAMMASCOPE.

Figure 10. Comparison of Neutron Induced and Gamma-Ray Induced Pulscs
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Pulses at 1 from Ccf

(See Figures 11 and 12)

Ll

e i

Oscilloscope Settings:

rESBTd

Vertical 0.5 v/em
Horizontal 2 us/em

95
Pulses at 2 from SZCT
(See Figures 11 and 12)

Oscilloscope Settings:

Vertical 2 v/cm
Horizontal 2 ps/em

Pulses at 3 from 252Cf
(See Figures 11 and 12)
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Vertical 5 v/cm
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Figure 13. Photographs of PSD Pulses
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226
Pulses at 4 from Ra
(See Figures 11 and 12)

Oscilloscope Settings:

Vertical 1 v/cm
Horizontal 1 us/cm

252
Pulses at 4 from ~~Cf
(See Figures 11 and 12)
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Vertical 1 v/cm
Horizontal 1 ps/cm
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(See Figure 11)
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Figure 14. Photographs of PSD Pulses
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4.0 UNFOLDING OF COMPLEX NEUTRON-PROTON
RECOIL SPECTRUMS

4.1 Development of the Unfolding Procedure.

To obtain a neutron spectrum, the measured complex recoil-proton
distribution must be unfolded. The unfolding procedure may consist of back
substitution of single differential monoenergetic response functions into the
siﬁgle differential measured recoil proton distribution, or of back substitu-
tion with double differential quantities (used by SPEC 4). Unfolding may also
be accomplished by the method of Coolbaughl3; however this procedure is not
applicable to the Benjamin-type detector because the differential with respect
to proton energy of the distortion factor cannot be assumed to be zero. This
assumption is necessary to simplify the Coolbaugh unfolding equation to a
workable scheme. A procedure, in which this assumption is not necessary to
solve the unfolding equation, is being developed by_Mutonela.

The particular unfolding procedure used here may be defined through the
following development:

Let

MO(EP,En)dEn = Number of recoil protons per unit energy for
a unit flux of neutrons between En and En + dEn

os(En)VNp UGE_ - EP)

or Mo(Ep’En)dEn = o dEn (3)
n
where V = Volume of detector
Np £ Number of protons/unit volume

U(E - E) =1 for E < E
n p p— n

O for E > E
P n

=
1

2 Neutron energy

111

cs(En) Total scattering cross section at energy En
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and defining
M*(Ep) = Observed proton-recoil distribution per unit energy
(number/MeV) produced by a neutron flux distribution
per unit energy, ¢(En).
Next integrate Equation 3 over all possible neutron energies to obtain a
recoil proton distribution produced from a complex neutron distribution, ¢(En).
Then,

JE MD(EP,EH)EP(En)dEn = M*(EP)

P
© ¢(E )o_(E )VN
= J e R (4)
n
E n
P
Now consider the following diagrams:
Pg
Pq
P Ideal monoenergetic
0 (Ep!En) P3 response functions
2
P
I | i
| l [ 1Ep
! ' | I
' : [ | I
P2~I-P3+P4+P5 I : { : Complex proton-recoil
: : : [ distribution
| | : :
I*(Ep) i | }
|
P#Ps#+Py [F=——==-= -
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It may be seen from these two diagrams that the integral of Mo(Ep’En) over

all possible neutron energies yields a monotonic decreasing function M*(Ep)
with a value at each Ep considered. EP is the minimum neutron energy being
considered for that particular point in the distribution, M*(Ep). This results
from the fact that neutrons of lower energies cannot produce any recoil protons
of energies greater than Ep'. Therefore, the integral of Mo(Ep’En) from zero to
Ep over En is just equal to zero.

The unfolding code, SPEC 4, subtracts a proton recoil distribution due to

neutrons above a maximum energy, E . The integral, then, of Mo(Ep’En) over

max
En from Emax to infinity is also equal to zero. From these considerations of
the limits of integration, Equation 4 may be written as
M*(E ) = fEmax $(E_ )M (E_,E )dE (5)
P 0 n’" o p’n’ n

Since the distribution functions only have values at discrete energy
points Ei’ the energy range from zero to Emax in Equation 5 may be divided
into resolution weighted groups of given lethargy (or energy) widths. SPEC 4

operates in this manner. The number of recoil-protons in the ith group may be

defined as

E,
_ 1
M- = f M*(Ep)dEp (6)

where Ei to E 1 is the ith lethargy or energy group. Inserting Equation 5 in

i+

Equation 6 the following relation is obtained:

. E, E

i _ i max

M o= jE dEp fo ¢(En)Mo(Ep,En)dEn 3 (7
i+l
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A grouped neutron energy spectrum is now defined as,

Es
J ¢(En)dEn

E
_ j+1
R R (8
j j+l
and
3 3 By # Bypy
M (EP) = ¢ MO EP’ 2 ’ (9)

where MJ(EP) is the recoil proton distribution resulting from neutrons in the

. th
j group.

; . th
It therefore follows that the number of recoil protons in the i group

resulting from neutrons in the jth group is defined as,

oLl

E, .

j MI(E YaE . (10)

" PP
141

Inserting Equation 9 into Equation 10,

Mi ’j

. Ei . 41
¢ J M\ i S o R E11y
Eit1
. . .th ;
Since the number of recoil protons in the i group resulting from

; " .th ,
monoenergetic neutrons in the j group is

i Ei E. + E'+l
Mod = f M (E ,—4—3= |dE_ , (12)
o E ol p 2 P
i+l
Equation 11 becomes

The proton recoil distribution in the ith group resulting from all of

the neutrons is simply

ks
oM (14)

=
H
Il e
I ~1=

1
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In the unfolding code, SPEC 4, N is equal to i so that the monoenergetic
recoil proton distribution functions that are generated by subroutine SNIDOW
appear as a square matrix.

This unfolding problem may also be cast into the differential domain by

differentiating Equation 14,

; s s
i a B oM
oM - i 0
TR ¥ 3E_ (15)
P J=1
In matrix notation, Equation 15 becomes
; i,j
i aM™?
oM ) i
3E_ oF ¥ (16}
P P
and solving for the set ¢J,
awiod 7L i
h| - o] oM
v TToE E_ e
p p

Solving Equation 17 by this "back substitution' is commonly called "unfolding."

SPEC 4 solves Equation 17 for the set ¢J by differentiating the measured
i

: : ; : , oM " . .
recoil proton distribution to obtain 3E and then generating and differenti-

53 ; :
ating the monoenergetic receoil proton distribution MO’J with the subroutine

SNIDOW.

4.2 Verification of SPEC 4

Although SPEC 4 has been used by a number of researchers in unfolding
data from Benjamin-type detectors, it was desirable to check the operation
of this unfolding code before complex spectra were unfolded. A computer code
was first written to generate monoenergetic neutron-proton recoil distributions
for the 10 and 1 atmosphere detectors using the correction factors published by

P. W. Benjaminls. Typical shapes of these artificially generated monoenergetic
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distribution functions are shown in Figure 16. The 1.0 Mev, 0.75 MeV, and
0.50 MeV response functions were added together and unfolded for 2, 6, and
10 per cent resolution for the 10 atmosphere detector. These results are
shown in Figures 17, 18, and 19, respectively. The 0.25 MeV, 0.20 MeV,
0.15 MeV, 0.10 MeV, and 0.05 MeV neutron response functions were also added
together and unfolded for 2, 6, and 10 per cent resolution for the 1 atmosphere
detector. These results are shown in Figures 20, 21, and 22, respectively.
Response functions were then generated for all three detectors to check
subtraction of the recoil-protons due to neutrons above Emax which is
accomplished by subroutine SPEC 2S. Neutron response functions for 1.25 MeV,
1.0 MeV, 0.75 MeV, and 0.50 MeV were added together to form a spectrum to be
unfolded for the 10 atmosphere detector. Emax was set at 1.05 MeV. Monoener-
getic response functions of 0,50, 0.38, and 0.25 MeV were added together for
the 4 atmosphere detector, and 0.25, 0.20, 0.15, and 0.10 MeV response functions
were added together to form a spectrum for the 1 atmosphere detector. These
three artificially generated spectra were normalized to each other by conserving
total counts at 0.50 and 0.25 MeV and by assuming the efficiency was directly
proportional to the filling gas pressure. The unfolded results are shown in
Figure 23, Figure 23 shows very good results except for the fact that the
unfolded spectrum is filled in between the peaks. This filling indicates
that the artificially generated monoenergetic response functions did not
assume the exact shape descriﬁiﬁg a SPEC 4 monoenergetic response function.
This statement can be verified using the response functions measured by
Graf8 and Benjaminls.
As a final test, the response functions generated by SPEC 4 subroutine

SNIDOW for 4 per cent resolution for the 1, 4, and 10 atmosphere detectors
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were added together and fed back into SPEC 4 as input data. These unfolded
spectrums are shown in Figure 24. Figure 24 shows results as expected and

indicates the SPEC 4 unfolding code is operational.
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5.0 MEASUREMENT OF COMPLEX NEUTRON
SPECTRUMS FOR CALIBRATION

5.1 Calibration of the Benjamin-Type Neutron Spectrometer System by
Neutron Penetration Studies

Ideally, calibration of the spectrometer system should be accomplished
with a monoenergetic neutron source. This would consist of measuring the
response of the system to monoenergetic neutrons and noting where the 239Pu
alpha peak occurred in the spectrum. This procedure could be carried out
for several different monoenergetic neutron energies in the range of each
detector and a plot of neutron energy vs. channel number constructed. The
equivalent neutron energy could then be obtained for the alpha peak. The
detector would be calibrated and the internal alpha source would be a quick
means of calibrating the system. This was the procedure followed by Graf8
during his study.

Unfortunately, a readily available source of moncenergetic neutrons does
not exist at Kansas State University. As an alternative, it was decided to
use a reactor spectrum transmitted through a thick sample of material which
is characterized by deep minima in the total neutron cross section. The trans-
mitted neutron spectrum is characterized by peaks at energies corresponding to
the minima in the cross section.

The basis of the initial calibration of this system was to use the amount
of energy deposited in each detector by the internal alpha source. The amount
of energy that is deposited is obtained by integrating the empirical range-
enefgy'equations over the total path length traveled in the detector. This
was done by Twentieth Century Electronics and reported to be 4.33 MeV, 1.49 MeV,
and 0.36 MeV for the 10 atmosphere, 4 atmosphere, and 1 atmosphere detector,

respectively. Using this alpha peak as a calibration point and assuming a total
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of 1024 multichannel pulse height analyzer channels, the gain of the
electronics was adjusted to that the calibration numbers would be 1.22 keV
per channel, 0.63 keV per channel and 0.29 keV per channel for the 10 atmos-
phere, 4 atmosphere, and 1 atmosphere detectors, respectively.

An iron penetration experiment was chosen for calibration of the
10 atmosphere detector because of the minimums in the total neutron cross
section at 400 keV, 600 keV, and 950 keVl6. Aluminum was chosen for
calibration of the 4 and 1 atmosphere detectors. The total neutron cross
section for aluminum has prominent minimums at 25 keV, 65 keV, 129 keV,

190 keV, 270 keV, 350 keV, 380 kaVl7 and 610 keVlB. The thickness of the

iron and aluminum samples was chosen to be approximately 3 mean free paths
for the average cross-section of each sample. This resulted in the sample
thickness being less than or equal to 1 mean free path at the minimums in

the total neutron cross-section. This procedure was followed by Millerl9

and worked well.

Because of the need to know the neutron spectrum above the maximum energy
to be analyzed for each detector, the KSU NE-213 neutron spectrometer system
was used to obtain the neutron spectrum above 1.0 MeV. The experimental
arrangement is shown in Figure 25. The KSU TRIGA MARK II nuclear reactor
was used as a neutron source. A collimator described by Simonsl collimates
the neutron flux to 1.25 inches square through the beam port. A two inch
bismuth plug was placed in the beam to attenuate the gamma-ray flux while
little affecting the neutron flux or spectrum. The sample material was placed
in the beam next to the end of the collimator. Another collimator used by

. 1
Miller ? was placed at the end of the sample to minimize the effect of multiple

scattering in the sample. The detector was then placed 118 inches from the
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FIGURE 25. EXPERIMENTAL ARRANGEMENT FOR MEASURING
TRANSMITTED NEUTRON SPECTRA
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sample in the beam. This equipment arrangement was aligned with the neutron
beam using a sutrveyor's transit. A background shadow shield (a 3-inch I.D.
cylinder 24 inches long, filled with water) was placed in front of the
detector as shown in Figure 25 for background measurements.

Since only the shape of the neutron spectrum above the maximum energy to
be analyzed is needed (See Appendix C), Miller's measured iron penetration19
spectrum was used. It was transformed to neutron flux per unit lethargy and
used to unfold the iron penetration spectrum measured with the 10 atmosphere
detector.

The NE-213 scintillation detector, and the 10, 4, and 1 atmosphere
Benjamin-type detectors were used to measure the transm?tted neutron spectrum
through aluminum. The TMC 4096 Multichannel analyzer was used to accumulate
the raw data in 1024 channels. These data were then binned down to 400 chan-
nels (to be compatible with SPEC 4) by a computer code, NUDASBIN, written by
J. W. Thiesing and typically used for all NE-213 data reduction. The unfolded
results of the iron and aluminum penetrations are shown in Figures 26 and 27,
respectively.

As can be seen from Figure 27, the 10 atmosphere aluminum penetration
spectrum must be shifted 0.0728 MeV to the left, for the 4 atmosphere detector
the spectrum requires shifting 0.045 MeV to the right and a 0.100 MeV shift to
the right is required for the 1 atmosphere detector. This results in an
equivalent neutron energy for the alpha particle of 3.86 MeV, 1.83 MeV, and
0.362 MeV for the 10, 4, and 1 atmosphere detectors, respectively. The shifted
spectrum for the iron penetration along with measured iron penetration data
presented‘by Cerbone16 are shown in Figure 28. Figure 29 shows the shifted

aluminum penetration spectrums.
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Ag a further check on the calibration of this system, calculations were
performed to obtain a calculated transmitted spectrum through aluminum and
iron in the energy range of the 10 atmosphere detector. The transmitted

spectrum can be calculated as:

oo

trans B = fO¢I(E')EXP [-Z,(E')t] R(E,E')dE’ (18)

incident flux at E'

it

where ¢I(E')

total neutron cross—-section at E'

]

zt(E')

il

R(E,E") probability of a neutron of energy E' being detected
at energy E.

Due to lack of resolution data for these detectors, the resolution function

R(E,E') was assumed to be of the form of a gaussian:

2
—_— _{E-EDH"
R(E,E") = YO(E)exp bo(E) (19)
where Yo = 1 , Which normalizes the function R(E,E') such that
VEOﬁ

=~
e
—~
=]
=
~
[a
=
|

=1

E = neutron energy detected
E' = actual neutron energy
b, = (FWHM)?/4+1n (2), where FWHM is the full width

at half the maximum height of the gaussian peak.
This procedure was also used by Millerlg and yielded good agreement between
measured and calculated neutron penetration spectrums. The results of the
calculated and measured neutron penetration spectrums through aluminum in the
energy range of the 10 atmosphere detector are shown in Figure 30.
The effect of resolution on the unfolding of complex recoil-proton

spectrums was also considered. Since the resolution of these detectors was
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not known, it was assumed to be a constant (not a function of energy) for
each detector. It should be noted that the unfolding code used, SPEC 4,
binnéd the input data according to a constant resolution. The aluminum
penetration spectrum for the 10 atmosphere detector was unfolded using 10,
7.5, 6.25, and 5 per cent resolutions. These results are shown in Figure 31.
A resolution of 6.25 per cent for the 10 atmosphere detector tends to yield a

neutron spectrum with the most character and the least oscillations.

5.2 Measurement of a Californium-252 Neutron Spectrum

A neutron spectrum for Californium-252 was also measured. This spectrum
peaks at approximately 0.80 MeV and is smoothly decreasing above and below this
20
energy . The calculated and measured Californium-252 neutron spectrums are

shown in Figure 32,
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6.0 DISCUSSION OF RESULTS AND CONCLUSIONS

The results of this study presented in the preceding pages may be
summarized as follows:

1. A spectrum of the internal alpha calibration source was measured
for each of the three detectors. Good resolution of the alpha peak was
obtained for each detector, well within the technical specifications for
each detector.

2. A linear pulse shaping electronic system was developed with a
relatively high signal-to-noise ratio and good linearity.

3. An electronic pulse shape discrimination system was developed
utilizing fast and slow components of the pulse. Performance of this system
seemed to be very satisfactory, inasmuch as very few pulses from a pure gamma-
ray source were gated through the system, while a continuous neutron spectrum
was recorded. The ratio of counts without gamma-ray discrimination to counts
with gamma-ray discrimination (the gamma-ray discrimination ratio) is
approximately 1000 to 1.

4. The unfolding code SPEC 4 was brought to an operational status at
KSU and synthetically checked using artificially generated monoenergetic
response functions and moncenergetic response functions generated by the
subroutine SNIDOW. These results were also satisfactory.

5. Calibration of the spectrometer system was accomplished using minima
in the total neutron cross sections of iron and aluminum. Comparison of
Figure 26 the unfolded iron penetration spectrum for the 10 atmosphere detector
with Figure 28 showing the experimental and calculated penetrations spectra
prepared both at KSU and by Cerbonel6, is informative. Curves A and B in

Figure 28 are the measured penetration spectrum in Figure 26 shifted linearly
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in energy and with the midpoints of the histogram connected with a dotted line
to aid comparison. If the measured penetration spectrum at KSU is shifted to
the position of curve A, the calculated KSU spectrum agrees well with the
measured spectrum at the higher energy end with a gradually increasing differ-
ence in the peaks and valleys as lower energies are approached. Similarly, if
the measured KSU penetration spectrum is shifted to the position of curve B,
the calculated KSU spectrum agrees well from 600 keV to 750 keV with a shifting
away from agreement of the peaks and valleys above and below this range. It
should also be noted that a comparison of Cerbone'sl6 calculated and measured
penetration spectra show energy shifted differences above and below the energy
range 600 keV to 750 keV. This suggests errors in the cross-section data for
irom.

An aluminum penetration spectrum was also measured with all three detectors
and unfolded as shown in Figure 27. The 10 atmosphere detector was calibrated
as in Figure 26, The aluminum penetration spectra were then shifted linearly
with energy as shown in Figure 29. The shape of the penetration spectra in the
overlapping energy regions of the 10, 4, and 1 atmosphere detectors are
conserved very well. However it is again apparent that there is a non-linear
difference between the measured penetration spectra peaks and valleys and those
indicated by BNL-325 cross-section data after linear energy shifting. Figure 30
confirms this result with a comparison of a KSU calculated aluminum penetration
spectrum and a 10 atmosphere &etector measured penetration spectrum. The two
spectra match at the higher energy end (at 820 keV and 720 keV) with a gradually
increasing difference in the position of the peaks and valleys as lower energies
are approached.

SPEC 4 unfolding was also carried out assuming various detector energy

resolutions with the results shown in Figure 31. The unfolded results obtained
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with 10% and 7.5% resclutions seem too smooth; the spectrum is too flat from
650 keV to 850 keV. The unfolded results obtained with an assumed 5% resolu-
tion tend to oscillate (the data are binned on a too small energy grid). A
resclution of 6.25% does not oscillate but still allows the two peaks to
appear between 650 keV and 850 keV. It 1s also to be expected that again, the
resolution will be a function of energy and not a constant as assumed by

SPEC 419.

6. To represent better the resolution of the detector as a function of
energy, KSU penetration calculations were performed for different resclutions
by Richard Seck using CALFLUXlg. Calculated penetration spectrums through
aluminum were obtained for resolutions from 15% down to 5%. Calculated
spectrums at 15% and 6.25% resolution are shown in Figure 33 with a measured
penetration spectrum unfolded at 6.25% resolution. The low energy peak of the
spectrum at about 380 keV, assumes a shape similar to that calculated for 15%
resolution. The higher energy valley at about 800 keV to 900 keV assumes a
shape similar to that calculated at 6.25% resolution. These results suggest
a resolution varying with energy as shown in Figure 34.

7. Measurements of a Californium—252 neutron source spectrum were
performed. Good results were obtained with the 10 atmosphere Benjamin-type
detector as compared to the calculated Californium-252 neutron spectrum. The
4 atmosphere and 1 atmosphere Benjamin-type detectors, however, did not yield
the results expected. Two difficulties encountered were the relatively low
activity of the Californium-252 source and the low efficiency of the 1 atmos-
phere and 4 atmosphere detectors. These effects resulted in poor statistics
and large standard deviations in the unfolded neutron spectrums. Also the
Californium-252 spectrum decreases sharply with energy in the energy range of

the 4 and 1 atmosphere detectors. A different unfolding procedure, such as
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that proposed by Mutonezo, may bring the problem into better perspective,

but the author is, at this time, uncertain of the exact causes of differences
between the calculated and measured Californium-252 spectra for the 4 and

1 atmosphere detectors.

In conclusion the Benjamin-type neutron spectrometer system developed
appears to have potential application to the measurement of neutron spectral
data in the energy range 1 keV to 1.1 MeV. Preliminary indications show the
resolution of the system to be better than expected and to be a varying func-
tion of energy as indicated in Figure 34. The efficiency of the gas-filled
detectors is, however, very low and will present problems in low flux fields.
The calibration studies have yielded very promising results and indicate that
only the 1 and 10 atmosphere detectors are needed to complement the NE-213

neutron spectrometer system from approximately 30 keV up to 1 MeV.
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7.0 SUGGESTIONS FOR FUTURE STUDY

A number of areas require further study to improve the performance and
reliability of this Benjamin-type neutron spectrometer system. Of primary
importance are the following areas:

k. An improved energy calibration procedure is required to set the
gain of the electronics more accurately. For this study the alpha peak was
positioned in the TMC 4096 multichannel analyzer. The gain of the electronics
was then adjusted according to the equivalent neutron energy of the alpha
particle and the desired maximum energy to be analyzed. This adjustment then
placed the alpha peak higher than the maximum energy that could actually be
stored in the analyzer. The final gain adjustment was routinely made with a
variable fine gain control for a reference. This procedure generally allowed
a substantial deviation (50 keV tolerence or more) in the calibration.

2. Further study is also required to perfect the gamma-ray discrimina-
tion system to determine the exact discrimination levels for removing
gamma-ray induced pulses. During this study, approximately 30 keV was the
low energy neutron threshold for the one atmosphere detector. With further
study energies approaching a 1 keV threshold may be obtained. Use of the
ORTEC 458 Pulse Shape Analyzer may possibly improve the gamma ray discrimi-
nation system; it would reduce the number of components required and possibly
~ enhance the difference between gamma-ray and neutron induced pulses to a
greater extent than the system described here.

3. Energy resolution of the three detectors should be determined where
possible using monoenergetic neutron beams. During such studies the energy
calibration of the system could be studied in more detail than the penetration

studies performed here permitted.
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4,  Absolute flux calibration would be straight forward if the absolute
flux above Emax is known instead of just the shape of the flux., Since SPEC 4
normalizes the spectrum above EmaX to the measured recoil proton distribution
by a normalizing factor A, the unfolded neutron spectrum need only be
multiplied by 1/A to obtain the absolute nmeutron spectrum.

5. The problem encountered in measuring a Californium-252 neutron
spectrum with the 4 and 1 atmosphere detectors must be resolved. This is
perhaps the most critical and disturbing problem encountered with the system.
As mentioned previously, an unfolding procedure other than SPEC 4 such as that
proposed by Mutonel4 may yield improved results or insight into the source of
the substantial difference between the calculated and 1 and 4 atmosphere

measured spectrums for Califormium-252,
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APPENDIX A

A-1,0 Operation of SPEC 4

SPEC 4 is an unfolding code used by Benjamin, Kemshall, and BuckshalllA,

and Grafs. It calculates a complex neutron spectrum, ¢j, by back substitution
(unfolding) in the following equation (see Chapter 4):
; i e @
DM = ) DM J¢] (1)
=1 °

The following is a general list of operations, in chronological order,
performed by SPEC 4:

1. Reads in range-energy data for hydrogen and carbon.

2. Reads in the number of points in the neutron spectrum present above
that which is to be analyzed.

3. Reads in the neutron spectrum above the maximum to be analyzed and
the corresponding energies.

4, Reads in the calibration, back bias of the analyzer, minimum neutron
energy to be analyzed, maximum neutron energy to be analyzed, number of chan-
nels present, a data smoothing indicator, and a re-run indicator.

5. Reads in detector radius, hydrogen pressure, methane pressure, and
resolution of the detector.

6. Bins the channels or energy groups according to the resolution of
the detector. |

P Calculates a range-energy table according to types of gases present
and gas pressures.

B. Generates a square matrix of recoil proton distributions according

to the binning in 6 by calling subroutine SNIDOW.
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9, SNIDOW calculates the number of protons (C(E)dE) which will deposit
an energy between E and E + dE in a spherical counter according te the

equation:

E

C(E) F(E) , 1 n dR(E' - E) o - .

S - o J ————EE————-N[R(E ) - R(E E)] dE (2)
T n n E

where CT is the total number of recoil protons, En is the neutron energy, F(E)
is the fraction of neutrons with energy E that will stop in the counter, and
R(E) is the range of a proton having energy E.

SNIDOW calculates F(E) by defining N(L)dL as the probability that a proton
will see a path length to the counter wall between L and L + dL which is given

by:

2

N(LydL = > | 1 - 2 | aL, (3)
4a 2
4a

where a is the radius of the counter. TF(E) is then defined as:

L
F(E) = J MaX N(L)dL
R(E)
3R(E) . RO(E)
= k= 4a ® 3 (4

lé6a
where L is just equal to 2a.
max
If the correction factor as mentioned in appendix B is less than 2.0, the
range is essentially constant and the term N[R(E') - R(E' -E)] is replaced by
N(R(E)) at the initial proton energy. SNIDOW then calculates the approximation

to Equation (2), namely:

C(E) - F(E) § N(R(E)) R(E - E) (5)
C E E
T n n
SNIDOW will first calculate N and check if the error is greater than 2%.
If it is, Equation (2) is used to calculate C(E)/CT by the use of Simpson's

rule.
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10, The square monoenergetic response matrix from SNIDOW is then
differentiated to obtain a differential monoenergetic response matrix.

11. The proton recoil spectrum due to neutrons above the maximum energy
to be analyzed (Emax) is then calculated by calling the subroutine SPEC 28,
which repeatedly calls the subroutine SNIDOW.

12, The measured proton recoil spectrum is then read in by the subroutine
CONTIN which normalizes background to foreground for counting times and dis-
tances and performs background subtraction.

13, The data are transferred to a smoothing subroutine called VSMTH which
smooths the measured data transferred from CONTIN with gaussian shaped curves
according to the resolution of the detector.

14. The calculated recoil proton spectrum due to neutrons above Emax is
normalized to the measured recoil proton spectrum at the maximum energy group
to be analyzed. This calculated recoil proton spectrum is then subtracted
from the measured recoil proton Spectrum.

15, This resulting spectrum is divided by the calibration number (to
obtain cts/MeV) and normalized to an external monitor.

16. The measured recoil proton spectrum is binned according to the energy
groups set up previously.

17. The neutron flux distribution is calculated by multiplying the
differential of the measured recoil proton vector by the inverse matrix of the
differential of the monoenergetic response function matrix according to the
equation:

BMij ™ i
o aM (6)

v _ o
L 9E, 3E
J . p




12

18. A neutron flux per unit energy and a neutron flux per unit lethargy
are then calculated according to the previous binning.

19. Finally, a new neutron spectrum is calculated above Emax for the
next lower pressure detector by using the previously calculated neutron

spectrum.

The following is a list of input data and code listing for SPEC 4 and

its subroutines taken from reference 14.
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Al.1 INPUT DATA FORMATE FOR SPEC 4
Al,101 Hydrogen R-E data, R in cm at 1 atm and 15°C, E in keV.
Format 6E12.6, order E(I), R(I), I =1, 92.
A1.102 Methane R-E data, R in cm at 1 atm and 15°C, E in keV.
Format 6E12.6, order E(I), R(I), I =1, 92.
Al.103 Number of points on input neutron spectrum
Format I1Q,
Al1.104 List of input neutron spectrum (flux per unit lethargy).
Format 6E12.5, order increasing energy.
Al.105 List of energies of points in Al.4, in MeV.
Format 6E12,5.
Al.106 Analyzer data:
CAL calibration in MeV per channel.
BBIAS back bias in channels (see Section 5.4).
EBOT lowest energy to be analyzed in MeV.
EMAX highest energy to be analyzed in MeV.
CH number of channels in the analyzer.
SMT smoothing indicator. SMT < O - no smoothing.
SMT + ve - smoothing.
RTST < 0 - program goes to read Al.03 on
end of this rum.

RTIST + ve ~ program goes to read Al.06
on end of this run,

Format 7F10.0 Order CAL - RTST
Al.107 Counter parameters:

RAD radius in cm.

GPH hydrogen gas pressure in atmospheres,

GPC methane gas pressure in atmospheres.

RES counter resolution (%). This determines the width of the
calculated neutron spectrum groups and is also used for smoothing.

Al,108 Number of runs at same counter and analyzer parameters and input
. neutron spectra. At end of each analysis the program jumps back

to item Al.l10 rather than item Al.3. This is useful if several

short runs are recorded on an analyzer rather than one long onc.

Format 12.



Al.109

Al.11

Al.111

COMMENTS

74

Title card for this run.

Any alphanumeric characters in columns 1-72.
Monitor count for this run.

Format F7.0.

Analyzer spectrum.

Format 10F7.0, order - channels 1 to CH.

If the input spectrum is normalized to a flux per unit lethargy
per unit monitor count scale the normalizing factor printed out
by SPEC 4 should equal the monitor count read in.

If smoothing is used the external errors are meaningless and so
they are replaced by 0.5 times the internal errors.



A-1.2 SPEC 4 CODE LISTING
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FORTRAN

0001

ooo2
0003

0004
0005
Q006
0007
aoDB
0009
goLo
0011
coi2
0013
0014
00LS
0016
0017
ools
0019
0020
0021
0022

0023
0024
0025
0026
o027
0028
0029
co3o0

0031
0032
00133
Gnig
no3s
0036
G037
0038
0n39
Co40
0041
0042
0043
Q044
0045
0046

v G L

[#
[

EVEL

177

73
998
666

667
101

999

100

18 MAILN DATE = 71251 12/20/05

PROGRAM SPEC 4L dd o dansd kb aahdbahkbRadabbxesEt b e
PROGRAM SPEC 493 dkhibdd bt d ek sttt et s rkendsra ey
DIMENSION [CH{32)¢ECHI22) ¢EMIDI3L) ySIGMACIL)4RMI3L,3110,7
LYMCL400),CTS{400)4GSPEC(30) 4 TLE{L2),GFLX(30) ,EFLX(30) ,UFLX {301,
2CORF(M00) ¢NE(3L) 4 YCHI4CO) ,DSPEL{400) ,ERS(400) ,ER2131),FER{3L),
JERT(IL)LFERT(3L},EYCH(AL) sAMMI3L,30) ,EHII31),ELOI31),ECONS(31]}
DIMENSTIN FULTS)sULTH) ¢ACHI31,31)
DEMENSION E(93)4RH(D31,RCL93),R(93)
TYPE DOUBLE TLE s eddesbehbsstnstbrbhhbdibdbhnkerss
READ(L+177) (EIKI4RI(IKIK=2,93)
READ(14177T)1 (E(K)4RCIK)4K=2,93)
FORMAT {6E12a.6)
DD I3 [=2,93
E{F)=E(1) /1000,
CONTINUE
READ(1,10L1 NSPE
IF(NSPE] 66646664667
GO TO 69
COMTINUE
FORMAT (7110}
NFLAG=0
READ(14122) (FU{TI)s1=1,NSPE)
READ(L,102) { UlL1)s[=1.NSPE)
READ(1:1001 CAL.BBLAS,EBOT,EMAXsLCHeSMT,RTST
NCH=CH
ENORM=EMAX®*1.0%
FORMAT (TF10.0)
READ(1,100) RAD,GVH,GPC,RES

[ e L R R e S R R s e A R L R et e Rt

[
C

2000
2001
2006

ROUND CAL

[=EMAX/CAL

A=1

CAL=EMAX/(A+0.5]

FORMATI10K,115,6F15. 11

FORMAT(10X,140)

FORMAT(10Xe 7TF156 7]

WRITF(3,20061 CAL,OOTAS,ER0T,EMAXCHySMTRTST
WRITE13,2006) RAD,GPH,CPC,RES

(Rl I T R R R s A i A A A R A AR A R R A AR Rl o

C
c

40
63

6?2

2007

GENERATE ENERGY SCALE

BEIAS=HBlAS~1.0

NY=131

=11

RA=1o0-(RES/1004)

1CHL 320 =0

[CHEY)=A~BBIAS
[FCICHEIY - TCHIT41) 162,633,062
ICHID) =ICHIT1+1) -1

A= [CHIT)

B=rCHit [y

ECHIT I =(B+RBBTAS+0.5)#CAL
WRITE(3,2001) 1
WRITE([3,2000) ICH{I),ECHII)
I=1-1 . i
A=AERA

FORMAT (1H1}
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FORTRAN 1Y G LEVEL 18 MAEN DATE = 71251 12720705
0047 TF(TI12s2¢1
0048 2 WRITE(3,2007)
0049 WRITE(3,2001 TCHLI+L)
0050 200 FORMATY (///40H LOWEST CHANNEL WHICH CAN BE ANALYSED IS.140)
00951 GU T0 &
0052 1 IF(ECH(I+1)~£B0T)3,43,%
Q053 4 TF(ICH(I+1)139,39,40
0054 39 WRIVE{3,2007)
0055 WRITEL3,202)
0056 202 FORMAT (//7/50H CHANNEL 1 INUICATED REACHED BEFORE MINIMUM ENERGY)
0057 GO TO 2008
0058 3 WRITEL3,200T)
0059 2008 NN=31-1
W s e e e e
c RENUMBER AND ADD ENORM (ROUNDLING)
[
c040 DO 5 J=1,NN
0061 K=J+1
0062 ICHT{J)=ICHIK)
0063 ECH{J1=ECHIK)
0064 5 CONTIMUE
C065 6 K=NN+1
0056 ICH(K 1=ENDRM/CAL-BHBIAS
0067 ECHIKI={ICH(K) +BBIAS+0.5) *C AL
(Rl R L L T T P Iy T T T T R T T T T
C GENERATE MID ENERGY SCALE AWND DE
C
0068 h=NN-1
0069 DO T J=14N
0070 K=J+l
0071 EMIDIJ I =(ECHIJI+ECHIK]} /2.0
0072 DE(J)=ECHIK)=ECH(J)
0073 T CONT [NUE
R E T e R e e
C CALCULATE NP
C
0074 RA=RAN®RANHRAD®4H. L AOB
[bleR ] AHP={GPH®Z2 JO+CP L4, 01 *RA/ 3, 9228/ 0% 04
R R L Iy T e e R P S TP P T Y 3
C CALCULATE SI[LMA
C
coTée Do o8 I=1,4
[RES AN} SIGMALTY = 9,424TT/7 1 L206%EHIDIE}+ (0,0 ]5%EMIDITI~1.86+ 00,0001 %%
ICHIDCLIeCMEOUEY dee2) 2 3, 14109/ (12008 lDUIYTHT0.4223 ¢ O,13400410
2Li1) )==%x2)
0a78 a8 COMTINUE
Cotred ot bbb et ok ok Rk Rk bk Rk R R Rk
C CALCU'LATE HAMGE-ENERGY TABLE
C
anvre WRITE(3:207)
coRn 207 FURMAY (1H1,23X,1THRANGE ENERGY DATA//Z19X,;1HE, L11X; 2HRH ; 9X s 4HRCH4,
17X SHRANSE /)
WIERY Et1)=0s
0082 R(1)=0. !
ooe3 Do 47 1=2,93
O0B4 Ril1l=1e0/[GPH/RHBILY«GPC/RCLED )
noes HRITEL3,200) ELI)RIETILRCETN,RET)

ausé

47 CONTINUE
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FORTRAN

o087

0088
0089
0090
0091
0092
0093
0094
0095
0096
097
0098
099
0100
o101
o102
01013
0104
0105
0106
o107
0108
0109
o110
oLl
o112
o113
Oll4
0l1ls
0116
o117

ol1s
o119
0120
o121

o122
0123
0124
0125
0126
oLz27
o128
0129
0130
0131
013z

0133
0134

IV G LEVEL 18 MAIN DATE = 71251 12/20/05

208 FORMAT (10X,4Fl2.4)
T R T e

c GEMERATE MATRIX 0OF RESPONSE SLOPES
c

DO 9 I=1,N

DO 10 J=1.N

RMIT4d)=0a
10 CUNTINUE
9 COUNTINUE
WRITE(3,2007)
DD 2001 J=1.N
N0 2011 I=L.N
2011 ACH{I.J) = 0.0
DD 11 J=1,N
RA=S51GMA{ J) *ANP
Ked=1
0O 13 I=1,J
CALL SMNIDOW (RyE+93,EMIDIJ)ECHIT) o YCHIT)oRAD,Q,1IM)
[F{K1310,310413
L3 CONTINUE
0o 12 I=1,K
RHLI, J)={YCHIT)=YCH(I+1)]#*RA
12 CONTINUE
310 RM{J,J1=RARYCHIJ)
DO 2010 1 = 1.4
ACHIl4d) = YCHII}#RA
2010 CONTINUE
11 CONTINUE
DO 2012 J=1,N
WRITE(3,625) (ACH(I,J)sl=1,N)
WRITE(24102) (ACH(I,J)lel=14N}
2012 CONTINUE
WRITE(3,621)
621 FORMAT(1H1y10X, 72HMATRIX OF MONUENERGETIC NEUTRON DIFFERENTIAL REC
LOIL PROTON DISTRIGUTIONS/ /)
DD 616 J=1,N
WRITE(3,625) (RMIEsJd)yl=1,N}
616 CONTINUE
625 FORMAT (5X,1PLOELl.%)
Cresoddddd ke sk A0k R E AP AR AR R bR bbbk s ek oRbhkEkbedd
C GENERAYE RECOIL SPECTRUM OUE TD NEUTRUNS ABOVE EMAX
=
CALL SPEC 25 (FU,UsRE.YCH,CAL EMAX,RAD,ANPNSPE;93,NCH,BBIAS)
102 FORMATI6ELZ2.5)
L=TCHINN#1}
HRITL(3,635)
635 FORMAT {1H1,10X,1THOUTPUT OF SPEC 25/)
HRITE(3,525) (YCHIT),I=1,4L1)
I=ICH(NN) +1
AR=0.
00 14 J=0,L
AR=AR&YCH(J)
14 CONTINUE
CH ek kb ekt SRV ENREF U AR E RS RO LR RS SRR bR VR RN F kIR e b ik
[ READ IN COUNTS, SUBTRACT. SPECTRUM DUE TO NEUTRONS ABOVE EMAX
c
1000 READIL,170) ITIMES
170 FORMAT (121
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0135
0138
0137
0138
0139
0l40
0141
ola2
0143
Ol4s
0145
0146
0147
0148
0149
0150
0151
0152
0153
0154

0155
0156
0157
o158
0159
0160
olel
0162
0163

OL64
0le5
" D166
0167
o168
0169
0170
0171
o172
0173
0174
0L75
0176
o177
o178
0179
0180
olel
oiraz
o183
0184
0185
0186
0187
[} 5:%:}

28
110
103

740
739

15

2002
2003
223

269

16

224
Cownx
C
C

18

18 MAIN DATE = 71251 12/20/05

D0 95 Kx<=1,ITIMES
READML,110) (TLE(D),I=1,121

FORMAY {12A6)

READ(1,ED3) UMON

CALL CONT[NICTSyNCH}

FORMAT { F12.0)

IF(SMT)T39, 739,740

CALL VSMIHICTS,1,NCH,RES)

I=ICHINN) +1

L=ICHINY¢1)

SCTS=0,

DD 15 J=I,L

SCYS=SCTS+TTS LAY

CONT INUE

IF(AR.LE.040) GD TO 20C2

A=SCTS5/AR

GO TO 2003

A= 1.0

WRITE(3,223) A ,
FORMAT(/// /20X, 25HDSPEC PER MEV PER MONITOR/10X,2LHNORMALISING FAC
LTOR = ,1PE12.4/1]

DO 269 J=1,NCH

YMC(J)=YCHLJ ) %A

CONT INUE

DO 16 J=1,1 ;
DSPEC(JI=(ETSCII=YMCII) ) /CAL/UMON
ERS(J)=CTS(J}##0,5/CAL/UMDN

CONTINUE

WRITE[3,224) (DSPECCJ)¢d=1,1[)
FORMAT{10%,10F10,3)
Ittil*ttt*tk**."i#‘**i‘**‘##*if‘t‘ﬂt.ilit.“lttt**"#t
FIND SPECTRUM OF SLOPES

00 1T I=1,N

J=ICHIT)

K=ICHiI+1}+]
AJ=FLOATC(I+K) /2.0
AL=K-J+¢1

SXY¥=0.

E2XY=0,

SHX=0.

5¥=0.

0O 18 M=J.K

AM=M=AJ
SXY=5XY+DSPECIM}®AM
EZXY=E2XY+{AM®ERS (M) ) #42
SY=SY#DSPEC(M)
SAA=SAA+AMEAM

CONT [HUE
B=1CH({Tel)~1CHIID)
A=SXYFSXX

RA=SY /AL

GSPECII)=~A%B
ERZ2(1)=E2XY/SXN/SXX*B*B
DD=0.

DD 188 MeJd K

AM=M-AJ
CD=0D+(AM*A+RA~DSPEC (M) ) *%2
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FORTRAN IV G LEVEL 18 MAIN DATE = 71251 12/20/05 PAGE
0189 188 CONTINUE
0190 ERI{T)=DI/(AL=2.01/5Xxs8%8
0191 17 CONT [NUE
Caddkkk bk pdrdkbbddkkb kbR dd kb vk kb dd ik kbkrk ke ek kkuE
c PRINT OUT GROUPED SPECTRUM DF SLUPES
c
0192 WRITE(3,210]
0193 210 FORMAT (LHL)
o194 WRITE(3+1L11) (TLE(I)+I=1,20}
0195 LL1L FORMAT (5X,20A4)
0196 WRTTE(3,400) BBIAS,CHySMT,GPH,GPC,RES
0197 400 FORMATI//5X,6HBEBIAS= FSe2,3X+ IHCHANNELS= F540,3X, THSHOOTH=, F3.,0/
L19H HYDRIGEN PRESSURE=4F5.2¢3%, 16HCARBON PRESSURE=,F5.2,3X,
21LHRESOLUT LON=,FSa 24 //)
oL9a WRITE(3,203) UMON,CAL
0199 203 FORMAT (////420%,45HGROUPED SPECTRUM OF SLOPES PER MONITOR COUNT/
1/20X, L5HMONETOR COUNT =,F9.2/22Xs 13HCALIBRATIDN =4F9.6//13X,9HINDI
2CATED  8Xy BHENERGY 13X, 3HMID s L1 Xy 5SHSIGMA 7X 4 THGROUPED, 12X 4 BHERROR # %
32/714X% s THCHAMNEL » 8%, BHBOUNDARY 5 L1 X BHENERGY 321 X BHSPECTRUM, 4 X, BHINT
SERNAL 6%, GHEXTERNALS )
0200 DO 24 1=L,N
0201 J=T+l
0202 JI=ICH(T) +1
0203 WRITE (3,204} JJoICHIJ)4ECHII) ECHIJ) EMIDIT1,SIGMALT)4GSPEC(T],ER2
LI L ERILTD
0204 24 CONT INUE _ :
0205 204 FORMAT (I16416yFLl0a% FBadyFlaak, FLl4,2yFla.3,2E14,4) .
(A EEEEE AR R S R A A I R R R 2 e R F R R SR SRR R 222 2R R REL 13
t UNFOLD RESPONSE FUNCTION MATRIX
C
0206 GFLX(N)=GSPEC(N)/RMIN,N]
0207 FERIN)=ER2(N)*#0,5/GSPEC(N)
0208 FERTINI=ERL(N)#%0,5/GSPECIN
0209 DO 25 1=2,N
0z1a K=N-1+1
0211 L=K+1
0212 0O 26 J=1,K
0213 A=RM(J, L) *GFLX (L]
0214 GSPECIJ)=GSPECIJ)=A
0215 B=AM{JoL)/RM(L,L}
0216 ERZ(J)=ER2(J)+ERZIL ) %B%B
0217 ERT(JI=ERT[J}+ERI(L) £B*B
0218 26 CONTINUE
0219 GFLX(K)=GSPECI(K)/RMIK,K)
0220 FERIK)=ER2(K)**0,5/GSPECIK)
0221 FERTIK)=ERT(K) &0, 5/GSPECIK)
0222 25 CUNTINUE
Chsrbkbdhbkbdadbddrsrrhubabdeb bbb bbbk brddbhbdkhkdrrdhehbyk
c CALCULATE FLUXES AND PRINT ANSWER
c
0223 WRITE(3,205)
0224 205 FORMAT {1HL/Z/720X2THCALCULATED MNEUTROMN SPECTRUM/ZLIBX,6HENERGY 414X
Ly GHFLUX /Ay 12X 6HFLUX /L2 X 6HFLUX /416Xy FHO/0 ERRORLSLITX BHBOUNDARY
213X, SHORQUP 14Xy 3HMEV 13X BHLLE THARGY y 99X SHINTERNAL 6 X BHEXTERNAL S
31 .
0225 SUMFLX=0,
0226 N3 27 1=1,N
0227 J=1+1

0Qus
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FORTRAN IV G LEVEL 138 MAIN DATE = 71251
D228 EFLX{I1=GFLX{I)/DE[I)
0229 UFLXA T 1=GFLX{ 1) /ALOGIECHTIJY /ECHUL )
0230 SUMFLX=SUMFLX+GFLX (1)
0231 IFUSMTI T4l T4, 742
0232 T42 FERTII1V=FER(L)®0.5
0233 T4l EYCHIT)=UFLX(I}*FERTLI)
0234 WRITET3,206) ECHIL)ECHIJ) ,GFLXII), EFLK[[I.UFLKi[loFERlIlnFERIlI)
0235 ECONS(I) = O.S¢(FER(TI+FERT(ITI®*EFLXCET
0236 EHIC(LY = EFLX(I) + ECONSI(I}
0237 ELOCI) = EFLX(I} — ECUNS(L)
0238 WRITE{12+555) ECH{L)4ECHIJY LEMIONL) oEFLXIL) EHI () ELOULD,I
0239 555 FORMAT (5E12.5,18)
0240 27 CONTINUE
02641 WRITE{3+7777) SUMFLX
0242 TITT FORMAY (5X, 12ZHSUMMED FLUXB.ELE 4//)
0243 206 FORMAT [F20.4,:F8.4,1P3ELRB.4,2P2F14.2)
Elttt'!tt*tt“t#*tt*tt*t##tt‘*#ttli¢#t#tt*#*tit#t#####i‘#.i#t
e PUNCH AND PRINT OUTPUT SPECTRUM FOR NEXT RUN
c
0244 DO 51 I=1,NSPE
0245 IF {EMIDINI=-U(T) 152451451
0246 51 CONTINUE
0247 I=NSPE
0248 52 SLUPE={(EFLX(NI-EFLX{N-1)) /(EMIDINI-EMIDIN-11]
0249 ENUFLX=(UITI-EMIDIN} *SLOPE+EFLXING
0250 ANEWFU=ENUFLX*U{1)
0251 IFIFUlT).EQ.0.01 GO TO 2004
0252 RATTIDU=ANEWFU/FULT)
0253 GD TO 2005
0254 2004 RATIDU = 1.0
0255 2005 K = N ¢ 1
0?56 J=N+NSPE~]+1
0257 NSPE=J
0258 I=1+J-X
0259 57 IFINFLAG)S556+5544556
0260 554 FULLY=FUlI}*RATIOU
0261 556 CONTINUE
0262 FUtJI=FUl1)
0263 uild)=ulTl
0264 J=J4-1
0265 1=1-1
0266 IF(K-JF5T457,53
0267 53 NFLAG=1
0264 0D 50 L=1,N
0269 FULEI=UFLXLI)
0270 ULT)=EMIDII)
0271 50 CONYINUE
02712 WRITE(2,101) NSPE
02713 WRETE{2:1021 (FUI1)40=1NSPL}
0274 WRTITEL2,102) ( UIT)»T=lsNSPE)
0215 WRIYE(3:610) NSPE
0276 610 FORMAT {LHL///LOX,59HOUTPUT SPECTRUM READY FOR NEXT SPEC & RUN AT
LLOWER PRESSUREF/LOXs6HNSPE =, [5//7LSXeGHEIMEV) 8%, 6HPHICUY/)
o217 WRITE(3,611) [UGIJ|FU(II.[=1'NSP£i
0278 611 FORMAT (10X, 1P2El%e%)
0279 95 CUNT[NUE
0230 IF{RTST1998,998,999

02al

69 CONTINUE
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0282 sToep
0283 END



A-2.0

NOTES

CALLING SEQUENCE OF SUBROUTINE SNIDOW

This is:

CALL SNIDOW (R, E, N, EN, EP, C, A, IF, IM),

where R is table of proton ranges in the counter gas.
First point O range.

E is a table of energies (in MeV) corresponding to the
range points.

First point O energy.

N is the number of points in the R-E table.
EN is the neutron energy (MeV).

EP is the proton energy (MeV).

C is C(E)/CT returned by the subroutine.

A is the counter radius in cm.

IF indicator for forcing method.

IF = 0 subroutine will use best method.
IF = 1 subroutine will use full integration.
IF = 2 subroutine will use approximation.

IM indicator for method used returned by subroutine.
IM = 0 returned if EP > EN.
IM = 1 returned if integration used.
IM = 2 returned if approximation used.

Listing given is for an accuracy of 2%. To change accuracy
recompile with ERT = X, where X is the fractional accuracy
required.

The integration will be carried on for 257 terms, if accuracy
is still not sufficient subroutine will print out accuracy.
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FORTRAN IV G LEVEL 18 SN1DOW DATE = T1251 12720705 PAGL 0D3L
0001 SURRDUTINE SNIDOW (ReEeN(ENGEPsCoAy1F, M)
0002 DIMEMSEDN RU93),E{93),AINTI257),ENS(S)
CrREbkdd sk kxF R ERERP k3 Ek R R Ed 0SB kF b o d kbbb Ebkkbe kb kk
G FIND FRACTION OF RECOILS STOPPED
C
0003 ERT=0.02
0004 IF(EN-EP) 21,861,061
0005 61 DDLE=1,N
0006 IFCE{LY-EPYIL,1,2
0007 1 CONTINUE
0008 2 RU=RITI={RIDI-REI-1}I*LECTI-EPI/(EILI~E(I-1))
0009 RU=RU/A
o0ol10 [FIRU-2,0120,21,21
0ol1l 21 C=0.
0012 IM=0
o013 RETURN
0014 20 F5=1,0-0, TS*RU+RUSRU*RU/ 1640
0015 IFIIF-2122,82,22
ctttﬁtittcttct##it!!tttitt#t*tt"tt*t!tit#‘ltttlniittt't*att
C GENERATE ENERGY SCALE AND TERMS FOR INTEGRATION
c v 5
00l6 22 ITEST=1
ooL7 AS=0.
0018 DINT=L.0
col9 JJ=5
0020 DE={EN-EP1 /4.0
0021 T2 00 40 K=l,JJ
o622 AINT(K)=04
0023 40 CONTINUE
0024 p0 3 J=1,J0J
0025 Ad=J-1 .
0026 ES=EP#DE*(AS+AJ¥DINT)
o027 ESMEP=ES-EP
0028 DD & Kal.N
0029 IFIELK)-ESMEP)4,44,5
0030 4 CONTINUE
0031 5 DD 6L=K,N
co32 [F(EILI-ESV16:647
0033 & CONTINUE
0034 7 Ll=L-1
0035 Kl=K~1
0036 RES=R(L)-{RIL)-RILLII*{ELLI-ESIALEILI-ELLLY)
0037 RESMEP=R{IK)~{RIKI~R{KLY}¥[E(KI-ESMEP)/LE(K}-ELKL))
0038 DRDE  =(R(KI=RI{KL))/(EIK)=EIKL)]
0039 RO= (RES-RESMEP)/A
CEEXE AR r e F ok I RFFERRARFEFRRREKRE TR BILEREFSL ISR TEEXERE S b SR EE
C STORE NS [F FIRST TIME ROUND
[4
0040 IF{ITESY)8Y,81,80
0041 80 ENS{J)=1.0-RO®R0*0.25
0042 8L IF(R0O-2.D)30,31,31
0043 30 AINT(JVY=DRDE*0,T5/A%(1.0-RO*RO%0.25)
0044 3 CONTINUE
[ AL RS R R R R R 2 R L R A e R A R R R RS R R P R RS S S RS 22 RS R 2 2
¢ TEST IF APPROXIMATIDN.TS SUFFICIENTLY ACCURATE
C
€045 31 IF(ITESTITE, 71,70

004%é TO IFLIF-1)T00.,83,700



FORTRAN IV G LEVEL

[OENS
0048
0049

€050
0051
0052
0053
Co54
005%
0054

0057
0058
0059
0060
0061
0062
0063
0064
0065
0066
0067
00&8

0069

0070
0071
0072

anvs
0274
anTs
AI7h
ant?
GovTa
0nrg
UhEo
[0y

Gupe
0083
0084

00as
00as
00RT
ooas
onas
0a90
0091

86

18 SNIDOW DATE = T1251 12/20705 PAGE

700 ERRDOA=1,D-ENSL1)/ENS(S]

ERRDR= ABS({ERKROR]
IF(ERROR-ERT 1B2,82,83

C‘#*tttttt#*ttlli***.ttt****ttt‘t#;i*t.t.i"t*#‘***t‘lt*‘i‘l

c
C

83
87

88

TESY IF ANY TERMS EXCEPT LAST ARE ZERD

DO 87 J=2,.4

[FLAINTIJ)Y)BT,BB,87

CONT INUE

GO TD 832 C
Ad=J~-1

DE=NE¥*AJ/ 4.0

Go TD 72

Chdkerd bk ok R R eRdbT ke Rk Ak I SRR RS ERER ISR E b b X T R T EEES

c
C

830

Tl

73

PERFORM INTEGRATION

SEN=ATNT{1)+AINT(5)
SE=AINT(2)+AINTI4)

SO=AINT(3)

C=(SEN+4o 0%SE+2.0%50) /3, 0%DE+FS
ITEST=0Q

Jd=t

AS=1.0

DINT=240

DE=DE/2.0

GO 10 72

S0=50+SE

SF=0Da

00 73 d=1,JJ

SE=SE+AINTILY)

CONT ENUE
CREEP={SEN+4.0¥5E4+2,0%450) /73, 04DE+FS

cvtt*ttt##tttltt#tttt'tt't#!‘lti*tt*t“‘tttiitt‘ﬁt‘**tttti“

C
C

15

T6
221

T4

TEST IFf MORE TERMS ARE NECESSARY

ERROR=1.0-C/CKEEP

ERROA= A#S(ERROR)

C=CKEEP

JFIERROR-LRT 374,74, 75

QE=DES 240

Jh=JJ=2

TF134-2581T72,T6,76

WRITE[3,221} EPEN,ERRCR

FORMAT (£10Xy38HACCURACY OF SUBROUTINE SNIDOW AT EP = (F6e0414H KE
Ly AND EN = Fba0,94 [5 UNLY 4Fée6/)
C=C/EN

IM=1

RETURMN

Chbbrkbesraabedbtaeskekirrersbbrabkprehsdhdbehdrbdshahdhrsdats

C

C

82

85

B6

APPRDXIMATE CALCULATION

ES=EN-EP

Bl 85 L=L1.N

IF(EILI~ES185,B5,86

LONTINUE

L=N

L1=sL-1
RES=RILI-(RELI-RILLIISCEILI~ESI/LECLI-E(LL}}

0002
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FORTRAN IV G LEVEL 1B SNIDOKW DATE = T1251 12/20/05 PAGE 0003
0092 RU={1,0-0,25%RUSRU)I$0,T5/A

0093 C={FS+RURES)I/EN

0094 IM=2

0095 RETURN

0094 END
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A=3.0 CALLING SEQUENCE OF SUBROUTINE SPEC 28
This is:

CALL SPEC 2§ (FU, EU, R, E, YS, CAL, EMAX, RS, VNP, NE, NRE, NCH,
BBIAS)

where FU and EU are tables of flux per lethargy and energy (MeV)
with NE points on the input neutron spectrum.

R and E are tables of proton range and energy having NRE points.
YS is a table of counts per channel returned by SPEC 2S.

CAL is the energy width of each channel (MeV).

EMAX is the minimum neutron energy (MeV).

RS is the counter radius (cm).

VNP is the number of hydrogen atoms in the counter (in units of 1024).

NCH is the number of channels.
BBIAS is the analyzer back bias in channels.
NOTES

The subroutine divides the energy scale into KK equal points with
EMAX at point N. The recoil proton spectrum is tagbulated in these

KK points. The neutron spectrum above EMAX is divided into the

(KK - N) equal energy intervals and a further M equal lethargy
intervals up to the maximum neutron energy specified (which must

be less than 10 MeV), Subroutine SNIDOW is called KK. (M + KK - N)
times and so the running time of the subroutine depends on the values
of these quantities. In the listing given N = 20, KK = 25 and M = 30
and so SNIDOW is called 875 times. These values can be halved without
serious loss in accuracy.

Having generated KK points on the recoil proton spectrum the
subroutine carries out a linear interpolation to give NCH points
with an energy spacing of CAL. If EMAX. KK/N is on the analyzer
higher channels will be returned with zeros.



A-3.1 SPEC 25 CODE LISTING
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FORTRAN [V G LEVEL 1B SPEC2S DATE = 71251 12/20/05 PAGE 0001
0001 SUBROUTINE SPEC2S (FUEUR+E 4 YSsCALEMAX RS, VNP (NE NRENCH,BBIAS]
0002 DIMENSTON UI80)ES(BO)4FSIBO)+EMIBO)FMIBO)4FULTS) ¢EUITS)RIF3)

LEL93),Y5(400),DDUL50)
0003 N=20
0004 M=30
0005 KK=25
0006 no 1 I=1,NE
Q007 ULL)=ALIGIEULT))
o0oos 1 CONTINUE
CRdkp TRk ke e Fh kR Rk kg g ket ko kb ko
c GEMERAYE ENERGY SCALE
C
C009 DE=EMAX/(N-1])
coL10 AANCIH=NCH
o1l AJ=CAL*AANCH/EMAX
0012 TF{AJ-1.00122,22,23
oolL3 22 WRITE{3,101)
0014 101 FORMAT (///10X,44HEMAX NOT ON KICKSORTER. SPEC2S WILL NOT WORK)
0015 23 DO 2 I=1,80
ooL6 AJ=1-1
0017 ES(1)=AJ*DE
ooLe FS{1)=0.
0019 2 CONTIENUE
(i R e R R e e e e LRy
C GENERATE TABLE OF ENERGIES AND FLUXES ABOVE EMAX
c -
0020 EMU= (KK-1] *DE
0021 EMU=ALOGTEMU)
0022 RU=CUINEY=-EMU) /M
0023 KEKK=KK=-N
0024 DO 20 I=1,KKKK
0025 Al=1-0.5
0026 C=EMAX+AJ*DE
ao27 EM(I)=ALOGICI
0024 ODULEI=ALOGLIC+DE/ 2,01 /7(C~-DES2.0)1]
Q029 20 CONTINUE
0030 MM=M+KKKK
co31l BO1l K=KKKK+1
Q032 DD 21 [=K MM
0033 Ad=140.5-K
0034 EM{E)=EMA+AJEDU
0035 DoUCl 1 =DU
0036 21 CONTINUE
0037 J=1
003n 00 3 1=L,MM
0039 DO & K=J,NE
0040 IFLUCKI=EMUT) 445,45
0041 4 CONTINUE
0042 K=NE
0n&43 5 J=K
0044 FMIIY=FUCK=~L)+(FU(K)-FU{K=1) ) *{EM(T)-UIK-1}]1/(UCK)-ULK=-1))
Co6sS EMIT)=EXPIEMIL})
0046 3 CONTINUE
(I EE R RIS RSN A R RS2 2R R R AR 2R RS2 R RS R 2 2] 1]
c CALCULATE RECOIL PROTUN SPECTHUM
C
Q047 CO &6 I=1,MM

0048 S51G=9442677/11e206%EMIT)14(0.09415%EMI1)~1486+0.00013%EMIT) *EM(T))



FORTRAN

Q049
0050
0051
0052
0053
0054
0055
0056
0057
0058

0059
0060
0061
0062
00563
0064
0065
0065
0067
0068
0069
0070
0071
ootz
0073
0074
0075

IV G LEVEL

25
26

I
&

18 SPEC2S DATE = 71251 12/20/05

12820 +43,16159/(1206%EMII ) ¢{0.4223+0.13%EM(]))%%2)

SIG=SIGH/NP*CAL*FMI{L}*CDULT)

DO 25 J=1,80

IFIESIJ)I-EM(1]1)25426,426

CONT INUE

KKK=J-1

DO 7 J=1,KKK

CALL SNIDOW [(ReEsNRE¢EMUL1)4ESII)4CoRSE,0,1M)
FSUJ)=FS5(J)+CHS TG

CONTINUE

CONT INUE

CHRESrEt s b b3 RARRRREREE R IIFIEI BRSO XN AT IR RS TS e R T TR bk kS kkg

C
c

10
EN

INTERPOLATE FS TO GIVE 400 POINTS ON YS

J=1

DO B T=14NCH

Ad=1

EY=CAL®(AJ+BBIAS)

00 9 K=JyKK
IF(ESIKI-EY)9,10,10

CONT INUE

K=KK

J=K

IF [J-14311,11,37
YSUI)=FS{J-1)4(FSIK}=FS{K-1))*[EY-ES(K-1))/{ES(K)-ES{K-1))
IF(Y5(1).LE.Q.0) GO TO 11
GO TO 8

YS5(1)=0.0

CUNTENUE

RETURN

END
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A=4.0

NOTES

CALLING SEQUENCE OF SUBROUTINE VSMTH

This is:

CALL VSMTH (X, N1, N2, RES),

where X is the array of points to be smoothed.

N1 and N2 define the lower and upper limits of points in X
to be smoothed.

RES is the smoothing (or counter) resolution in per cent.

X is overwritten by the smoothed data.

92



A-4.1 VSMTH CODE LISTING
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FORTRAN IV G LEVEL

0001
aoo02
0003
0004
Cc00S
0006
0007
coos
0009
0010
0011
ool2
0013
0014
o015
0016
o017
o0L8
ool9
0020
0021
0022
0023
0024
co25
0026
ao27

200

99

102
101

103
100

18 VSMTH DATE = 71251

SUBROUTINE VSMTH (X N1,N2,RES)
DIMENSTON X{400), SMX (400}, Il {400)
DO 200 I = N1,N2

LICTY = 1% RES/200, +. 5

ITE) = 11 (1172

COMTINUE

KM = NL ¢« II (N1}
KN = N2 - 11 (N2)
DD 99 I = N1, N2
SHX (1) = XI(I)

CONT INUE

Do 1001 = 1, 8

DD 101 J = KM, KN
KL = 0 - I (J]

K2 = &4 ¢ LI {J)
TOTN = O

DO 102 K = K1, K2
TOTN = TITN + X (K]
CONT INUE

SMX (J) = TOTN/(2#11(J) = 1)
CONT INUE

0D 103 J = N1, N2
X (J} = SHX (J)
CONT INUE
CONTINUE

RETURN

END

12/20/05

94
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A-5.0

NOTES

CALLING SEQUENCE OF SUBRQUTINE CONTIN
This is:

CALL CONTIN (CT, NCH)

where CTS is the analyzer spectrum

NCH is the number of channels in the analyzer

This subroutine reads in the analyzer spectrum, normalizes
background to foreground for counting times and distances and
subtracts the background spectrum from the foreground.

95
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FORTRAN [V G LEVEL

¢ool1
aoo2
0003
0004
0005
0006

0007
0008
0009
0010
D011
gol12
0013
0014
0015
0016
ao17
aols
aol9
" Qo020
aozl
o222

0023

0024
0025
o026
oo2T
o028
0029

101
105

100

104

102

i1a
10

106

1001

14 CONTIN DATE = T1251 12/20/05

SUBROUTINE CONTINICTS.NCH)

OIMENSION CTS(4001,8CNT(400)

READ{1,101) FYIME,BTIME,FDIST,ADIST

FORMAT(4F12a5)

WRITE(3.,105) FTIME.BTIVE,FDIST,BDIST

FORMAT{ /1 7TH FOREGROUND TEME=,F12.242Xs LO6HBACKGROUND FIME=

1 F12.2/21H FOREGROUND DISTANCE=,Fl4a2,2%,20HBACKGROUND DISTQNCEE.
2 Fla 2//1

TRATIO=FTIME /BTIME
DRATIO=(BDIST#*BOIST}/{FDISTHFOIST}
WRITE(3,100)

FORMAT [//18H FOREGROUND COUNTS.//)
READ(1,102} (CTSUI}eI=1,NCH)
WRITE(3,103) {CTS(T},I=1,NCH}
FORMAT (10X,10F8.0)

WRITE(3,104) _

FORMAT (//18H BACKGROUND COUNTS//)
READ(1,102) {BCNTIL}e1=1,NCH)
FORMAT {12X,10F6.0)

WRITE[3,103) {BCNTII),T=1,NCH)

DO 10 [=L,NCH
CTS{I)=CTSII)-BCNTII}#TRATIO
IFICTS(I1)110,10,10

€I511}=0,

CONTINUE

WRITE[3,106)

FORMAT(///16H ADJUSTED COUNTS/Z)
WRITE(3,103} (CTSCI)yf=1,NCH)
CONTINUE

RETURN

END

97
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APPENDIX B

Typical Qutput of SPEC 4

98



99

0.0031293 1.0000000 0.3000000 l.1499996 400.0000000 1.0000000 -1.0000000
2.0000000 10.0000000 0.0 6.2500000

31
367 1. 1499987

30
344 1L.0780268

29
322 1.0091829

28
302 0.9465983

27
283 0.8871425

26
265 0.8308160

25
249 0.7807480

24
233 0.7306800

23
218 0.6837412

22
205 0.6430610

21
192 0. 6023807

20
180 D.5648297

19
169 05304080

18
158 D.%959862

17
148 0s 4646937

16
139 0.4365304

15
130 0.4083672

14
122 0.,36833331

13
Ll4 0.3582991

12
107 0.3363944

11
100 0.3144897

10

94 02957141



£

0,0010
0.0015
0.0020
0.0025
0.0030
0.0040
0.0050
0.0060
0.0070
0.00R80
0.0090
0.0100
0.0125
0.0150
0.0175
0.0200
0.0250
0.0300
D.0350
0.0400
0.0450
0.0500
0.0550
0.0600
0.0650
0.0700
0.0750
0.0800
0.0850
0.0900
0.,0950
0.1000
0.1100
0.1200
0.1250
0.1300
0.1400
0.1500
0.1600
0.1700
0.1750
0.1800
0.1900
0.2000
0.2250
0.2500
0.2750
0.3000
03500
0,4000
0.4500
0.5000
0.5500
60,6000
0.,6500
0.7000

RANGE ENERGY DATA

RH

0.0147
0.0195
0.0235
0.0272
0.2310
0.0375
0.0435
0.3490
0.0545
0.0595
0.2645
0.06%0
0,0800
0.0910
0.1010
0.1100
0.1280
0,1440
0.15600
0.1740
0.1900
0.2050
0.2200
D.2360
0.2510
0:2660
0.2820
0.2970

0.3130

0.3290
043460
0.3620
0.4000
0.%380
0.4550
0.4750
045140
0.5510
0.5980
06400
0.56620
0.6820
0.7300
0.7800
0,9200
1. 0500
1,2200
1.3700
1. 7300
2.1300
245700
3.0500
3.5700
44,1200
4a 7200
5.3500

RCH4

0.0050
0.0070
0,0082
0.0097
0.0101
0.,0130
0,0155
0.0170
0.0190
0.02C5
0.0220
0,02135
Q0. 0275
0.03CT
0.0340
00367
0,0420
00470
00515
0.05¢5
00,0610
040660
0.0710
0.0T60
0.0805
0. 0850
0.09C5
0. 0950
0+ 10C0O
0.1050
Oe.11CO
0. L1550
0.125%0
0.1350
0.14C0O
0s1450
0.1550
0.1650
0, 1750
0.14850
0.1900
01550
02050
0.2180
022550
0.29C0
0e33C0
03750
04700
0.5750
0.69C0O
0. 8LCO
0.34C0
1.0700
1.2200
1.39C0

RANGE

0.0015
0.0020
0.0024
0,0027
0.0031
0.0038
0.0043
0.0049
0.0054
0. 0059
0.0064
0.0069
0. 0080
0.0091
0,0101
0.0110
0.0128
0.0144%

© 0.0160
0. 0174

0.,0190

_0,0205

0.0220
0.0236
0,0251
0. 0264
0.0282
0.0297
0.0313
0.0329
0. 0346
0.0362
0. 0400
0.0438
0. 0455
0. 0675
0.0514
0.0551
0.0598
0. 0640
0.,0662
0. 0682
0.0730
0.0780
0.0920
0. 1050
0.1220
01370
0.,1730
0.2130
0.2570
0.3050
0.3570
024120
0.4720
0.5350

100



0.7500
0. 8000
0.8500
0.9000
8. 9500
1.0000
1.1000
1.2000
1.2500
1.3000
1.4000

1.5000

1.6000

1.7000

L. 7500
1.8000
1.9000
2.0000
2.2500
25000
2.7500
3.0000
3.5000
4,0000

" 4.5000
5.0000

5.5000
6,0000
645000
7.0000
T.5000
8.0000
8.5000
9.0000
9.5000
10.0000

6.0200
6.7200
7.4600
8.2400
9.0600
9.9100
11.7000
13,5000
1446000
15.5000
1746000
20,2000
22.5000
© 2540000
2644000
27,8000
31.0000
33.8000
41,3000
50,6000
$9.0000
7043000
92.8000
118,0000
14640000
177.0000
210.0000
246.0000
285.0000
326.0000
370.0000
417.0000
466.0000
518,0000
62840000
752.0000

1.55C0
1.72C0
1.92€0
2s.12C0
2.32C0
2+50C0
3,0000
3,45C0
3. 70CO
31,95CC
6. 45C0
5.02C0

T Gl 6000

661500
6.45C0
6.,B5C0
T.50C0
B.24C0
10.00CC
12.20C0
14,4000
16, 70C0
22,00C0
27.90C0
34,5000
41, 60C0O
9, 40C0
5T.B0CO
66.T70C0
The30C0
86,50C0
97.20C0
108.00C0
120,00C0
132.20C0
143.00C0

0.6020

00,6720
0« 7460
0.8240
09060
0,9910
1. L7C0

" l.3600

14600
le5600
1. 7500
2.0200
2. 2500
245000
2. 6400
2. 7800
3.1000
343800
441300
5« 0600
59000
7. 0300
3. 2800
11.8000
14.6000
17.7000
2l.0000
246000
28.5000
32,6000
37.0000
41.7000
4646000
51.8000
62, 8000
T5. 2000

101



442312E-01
040
0.0

3,8527E~01"

0.0
0.0
3,5023E-01
D.0
0.0
3.1B24E-01
0.0
0.0
2.8920€-01
0.0
0.0 .
2.4305E-01
0.0
0.0
2s3952E-01

842E-01
BYBE~01

129€e-01

OO HDONGO
2 & 8 2 a8 0 8 v e 2 o
CTDOCOOEOD=DD

16595€E-01
1.4369E=01
0.0

1.5178E-01
1.3081E-01
0.0

1.,3933€-01
1.1938E-01
0.0

1.2799€-01

“1.0900E-0Ok

0.0
1.1743E-01
9e9334E~-02
0.0
1.0B2BE~-0O1
9.1032€-02
0.0 v
1.0009€-01
B.31694E-02
0.0
9.25B9E-02
TeT39BE~02
0.0

_Ba59T3E-02
T«1T719E-D2
0.0
Te9992E-02
645%03F-02

0.0
0.0

3,8225E-01

‘0.0

3.4767TE~01
0.0

3.,1590E~-01
0.0

2.BTO4E-DL
0.0

2.6102E-01
0.0

2.3762E+01
0.0

2. 1664E-01
0.0

L« 9T70DE~OL
0.0

1. 7971E-01L
0.0

1l.6441E~D1
0.0

1,5028E-01
1.2782E-01

1.3790E-01
lel66TE-OL

1.2665E-01
1l 0643E-01

le1616E-01
F6905E-02

1,0707E-01
8.B693[-C2

9.8936E-02
Bal407E-C2

9. 14759€E-02
1.4993£-02

8o 4936E-02

691 38E-02

7.901%E-02
b, 40B1E-02

3.4441E~01
0.0

3.1312E-01
0.0

2.3452E-D1
Q.0

2.5864E-01
02

2. 3540E-01
0.0

2. 1453E-01
0.0

1.9501E-01
0.0

L. T781E-01
0.0

1.6252E-01
0.0

1.4859E-01
0.0

1.3628E-01
1.1355E-01

1.2510E-01

.1l.0358E=01

1.1469E-01
Fe4226E-02

1.0567E-01
Buab140E-02

9. T605E-02
T.B96TE-02

9.0227E-02
Tu268TE-02

8.3723E~02
6. TO91E-02

T«TRSIE-02
be2410E-D2

3.1011E-01
0.0

2.8191E-01
0.0

2.562T7E-01
0.0

203315E-01
0.0

2.1245E-01
0.0

1.9305E-D1
0.0

1.7588E~01
0.0

1.6079E~01
0.0

1.%6BTE-OL
0.0

L.3463E-01
0.0

L.2352E-01
-1.0067E-01

1.132CE-01
9.1551€~02

1.0425€E-01
Be43612E-02

9. 6252E-02
T.6533E~02

B.8961E~-02
T+0151E~02

8.2514E~02
63 4B42E-02

TGTLTE-D02
5.9889E~02

0.0
0.0

2 TB&HIE-O1
0.0

2.5345€-01
0.0

2.3057E-01
0.0

2+1000E-01
0.0

1.9078E-01
0.0

1.7375E-01
0.0

1l.5B86TE=0O1
0.0

la44B88E-01
0.0

1.3281E-01
0.0

1l.2176E-01
0.0

1.1152E-01
8.841TE~C2

1.0265E~-01
8.0701E-02

Y. 4T30E-02
T7.3782E-02

Ba T20TE~D2
6. T48BE~02

8.1113E-02
6e2247E-02

Ta5396E-02
56 T40UGE-02

0.0

2.5048E-01
0.0

2.2796E-01
0.0

2.0760E-01
0.0

1.8B850E~01
0.0

1.7161E-01
0.0

1.5664E-01
0.0

Lo 4295E~01
0.0

1.3090E-01
0.0

1.1997E-01

1.09B2E~01L

0.0

1.0103E-01L
T 1564E-02

9.31B7E-02
7.0860E-02

8.5604BE-0G2
6.4730E-C2

T.9749E-02

5.9441E-02

Te441TE-02
S«4TQ9E-02

0e 0

0.0
0.0

0.0
0.0

0.0
0.0

0.0
0.0

2.2480€=01
G0

2,0480E-01
0. 0

1.4591E-01
0.0

1,6917E-01
0.0

1a5434E-01
0.0

1. 4072E-01
G0

l.2BB4E-0L
0.0

l.1802E-01

L.07T93E-01
G. 0

9.9234E-02
0.0

9. 14T7TE=-D2
6.7913E-02

B8.4409E-02
6.1973E-02

7.8186E-02
5.6737E-02

T.3086E-02
5.2221E-02

0.0
0.0

2.0186E-01
0.0

1.8330E-01
0.0

l.66T3E~01
0.0

1.5206E-01
0.0

1.385TE-01
00

L.2671E-01
0.0

1.1598E-01
0.0

1.0604E-01
n‘o

2.T419E-02
0.0

B.9T44E-02
0.0

Ba27570-02
5.8852E-02

7. 1105E-02
4,38106-02

T« 1600E-02
4,93600-02

102

Q.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
D.O C.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
1.802TE-01 Ca 0
0.0 0.0

1.6401E~01 1.6084E~01
0.0 0.0

L.4950E-01 la4b6GE-D]
0.0 C.0

1,3616E-01 Lla3347E-01
0.0 0.0

lo24%4E-0l l.2192E-01
0.0 0.0

1.138lE-01l l.1137E-01
0.0 0.0

1.0394E-01 1.0165E-01
0.0 0.0
9,5423E-02 F.32510-02
0.0 U.0
B, T848F-02 B.4740t-02
0.0 0.0
Ba095TE-02 TaUI43E-DZ
0.0 U.0

7.5334E-02 7.3179F-02
5.0T07E-02 0.0

699320 -0D2 b HO0LOF=D2
4eb63TLE-02 44311400/
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0.0

To4B4LE-D2 74369TE-D2 Ta2621E-02 To153CE-02 7.0999E-02 6,9644E-02 6, BL426-02 6.64856-02 6,49L9E-02 6.3255E-02
6e153TE=02 5,9644E-02 5.7356E-02 5.5561E-02 5,2903E-02 5,0508E~02 4.B02BE-02 4a54116-02 4.2610E-02 3.96430-02
31.6530E-02



MATRIX OF MONDENERGETIC NEUTRON DIFFERENTIAL RECOIL PROTON DISTRIBUTIONS

4+2312E-01
0.0
0.0
3,0221F~03
0.0
0.0
245597E-03
0.0
0.0
243355E-03
0.0
0.0
241510E-03
0.0
0.0
2.0361E-03
0.0
0.0
1+8965E-03
0.0
0.0
1. TT755E~03
0.0
0.0
1.7776E~03
0.0
0.0
1.5B850E-03
0.0
0.0
1.5423E-03
1.4369E-01
0.0
1.4972E-03
2.9B43E-03
0.0
1.4318E-03
2.T117E-03
040
1.3453E-03
2.5T09E-03
0.0
1.2735E~-03
2.4290E-03
0.0
1,2118E-03
2+3393E-03
0.0
1.1502E-03
2.2461E-03
0.0
1.1097E~03
2+ 4053E~-03
0.0
1.0373E-0%
246404E-03
0.0

0.0
0.0

3,8225E-D1
0.0

3.2556E-03
0.0

2.TTB3E-03
0.0

2.5282E-03
0.0

2.3806E-03
0.0

2. 2230E-03
0.0

2.1105E-03
0.0

1.9868E-03
0.0

1.9032E-03
0.0

1.8832E-01
0.0

L.6B7BE-03
1.2782€-01

l.6163E-03
3.1206E-03

1.5472E-01
2.8496E-03

Le 4715E-03
2.6TB3E-03

1.4006E-03
2e5534E~03

1.3305E-D3
2. 4402E-03

1.2526E-03
2+ 305T7E-D3

1.21266-03
2.0475€-03

0.0
0.0

0.0
0.0

3.4441E-01
0u0

3.00B0E~03
0.0

2.6022E-03
0.0

2.3664E-03
0.0

2.2495E-03
0.0

2.07B9E-03
0.0

1.96T2E-03
0.0

1.7256E-03
0.0

1.7337€-03
0.0

1.7169E-03
0.0

1. 6499E-03
1.1355€E=01

1.5735E~03
2.9056E=-03

1.4904E-03
2.67%3E-03

1.41T9E-03
2.5268BE-03

1.3533E-03
2.4346E-03

1.265TE-03
2.5360E-03

1.2088E-03
24248BE-03

0.0
0.0

0,0
0.0

0.0
D«0

3.1011E-01
0.0

3,2286E-03
0.0

2.8227€-03
0.0

2+5TBEE=-03
0.0

2.%532E-03
0,0

2,271¢E-03
0.0

2+ 1343E-03
0.0

2.1195E-03
0.0

1. 9941E-03
0.0

1.8262E-03
0.0

1. 76T4E-03
1.0067E-01

l.680BE-03
3.134CE-03

1.6001E-03
249115E-03

1.5220E-01
24 T50BE=-03

1.4544E-03
2+662BE-03

1.4011£-03
2+459956E-03

oo oo ©Oo (==

2. TB69E-OL
0.0

2.9667E=-03
0.0

2.61T1E~03
0.0

2.4040E-03
0.0

2.2T96E-03
0.0

2.1392E-03
0.0

2.0264E-03
0.0

1.9248E-03
0.0

1.9099E-03
0.0

1.7910E-03
0.0

1.6994E-03
B.841TE~02

1.6170E~03
3,1371E-03

1.5426E-03
2.9220£-03

1.4588E~-03
2:7576E-03

le3644E-03
2.,8054E-03

oo

(=R =] oo 0o oo (=N

2.5048E-01
0.0

3.1539E-03
0.0

2. T945E-03
0.0

2.5817E-03
0.0

2.4317TE-03
00

2.3053E-03
0.0

2.2340E-03
0.0

2.,0583E-03
0.0

1.9501E-03
0.0

1.8893E-03
0.0

1.7985E-03
T.7564E~-02

1. 7106E-03
2+9472E~03

1.6383E-03
2.T5T4E-03

1.5623E-03
2.T7037E-03

0.0
0.0

0.0
0.0

0.0
0.0

0.0
0.0

0.0
0.0

0,0
0.0

2.24B0E-01
0.0

2.9444E-03
0.0

2+6163E-03
0.0

2.44T3E-01
0.0

2.2742E-03
0.0

2.1538E-03
0.0

2.1252E-03
0.0

2,0357E-D3
0.0

1.6920E-03
0.0

1.8150E-03
0.0

1.7326E-01
6.7T913E-02

1.6527E-03
3.1213E-03

1.0B04E=03
2.,9278BE-03

286E-03

M)
(=N} (=R

2.T149E-03
0.0

2.5634E-03
0.0

2.4025E-03
0.0

2.2T13E~-03
0.0

2.1706E-03
0.0

2.0944E-03
0.0

1.9952E-03
0.0

1. 8960E~03
0.0

1.7999E-03
5.8852E-02

1« 771 TE-03
3.1022E-03

1B&E-01
1]
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1.8027€-01
0.0

3.1751E-03
0.0

2.Bb616E-03
0.0

2.6348E~03
0.0

2:53576-03
0.0

2a444LE-03
0.0

2.2965E-03
0.0

2s LT25E-03
0.0

2. LOBOE -0
0.0

2.0139E-0C3
0.0

2.1556F-03
5.0707E-02

1.6084E~-01
0.0

2.9450E-03
0.0

2466001 -03
0.0

2,37020-03
0.0

2.31230-03
D.0

2. 21841 -03
0.0
2. 0RB54F -03
0.0
le56538 -03
0.0
1.6020¢8-03
0.0



9«TT36E-D4
1. B219E-03
0.0

9.4409E~04%
1.8932E-03
3.6530E-02

L.1556E£-03
1.6705E-03

1.0759€-013
2.2B7BE-03

1.1425:-03 1.320FE-03
245215E-01 2.4B01E-03

1.0914E-03 5.304CE-04
La7954E-03 2.65T4E-03

9. TF19E~04 1.3309E~03 La4TH3E-03 L.6T6L1E-03
2.6998E-03 2.4875E-03 2.861TE-03 2.9382E-03

Le3555€6-03 1.50L6E-03 1.6575E-03 1.565TE-03
2.3955E-03 2.4T79BE-03 2.6168E-03 2.8009E-03

105

L+8910E-01
3.0550(-03

leb641E-01
2.92T0UE=-03

2413767 -D Y
4e 4316 -D2

lo71771-03
3.15308-03



OuTPUY DOF SPEC 2S

5.6996E 01 5,6911F
5.6144E 01l 5.6059E
5.527T9E Ol 5,51B7E
Se4354E 01 5.4261E
S«3418E 01 5.3320F
5.2445E 01 5.2348E
S5.1416E Ol 5.1300E
5.0255E 01 5.0139E
4.,9010E 01 4.B87OE
4, T618E 01 4. T479E
4.46299E D1 4.6177E
4<507BE Dl 4,4954E
4,3760E 01 4,3619E
4a2343E Ol 4,2202E
4.0B41E 01 4.06B4E
3.9271E 01 3.9114E
3.7801E 01 3,7661E
3.6392E 01 3.6251E
3.,4961E 01 3,4Bl&E
3.3519€ 01 3,3375E
3.2147TE 01 3,2012E
3.0797E Ol 3.0662EF
2.9524E Ol 2.9399E
2.B26BE 0l 2.8142E
2.6969E Ol 2.6B39E
2a5665E 01 2.5542F
2.4497E 0L 2.4360E
2.333BE 01 2.3239E
2.2343E 01 2,2244F
2.134BE 01 2.1249E
2.0357E 01 2.025PE
1.9374E Ol 1.9280E
1.8435E 01 laB341E
1.T515E 01 1.7429€
1a8660E 0L 1.6574E
1.5815E 01 1.5733E
1.4996E DL 1.4914¢E
1.4092F 01 1,3986E
1.3030E 01 1.2924F

FOREGROUND VIME=
FOREGROUND DISTANCE=

FOXEGROUND COUNTS

ol
ol
01
43}
01
01
ol
0l
01
ol
01
ol
ol
01
ot
oL
ol
0L
01
ol
0l
01
0l
01
01
01
ol
01
01
0l
01
01
01
01
ol
01
ol
01
01

5.6825E
5.59T3E
5.5094E
5.4169E
5.3223F
5.2251F
S.11B4E
5.0022E
4,3731E
44 T340E
4.6055E
4,4B34E
4436TTE
4.2060E
4,0527E
3.8957E
3. 7520€
3.6110E
3,46T2E
1,3231E
3,1877E
3,0529€
2.9273E
2.B012€
2.5TDBE
2.5426E
2.4264E
2.3139€
2,2144E
2.1150€
2.0159€
1.9186E
1.B247¢
1.7344E
1.548%E
1.5651t
1.4832E
1, 318B0E
1.2817E

01 5,674CE 01
0l 5.5888E Ot
01 5.5002E 01
01 5,4076E 01
01 5,3126E 01
01 5.2153EF 01
Ol 5.1068€ 01
01 4.9906€ 01
01 4.8592€ Ol
0l 4,7200E 01
01 %.5932 Ol
01 4447L2E 01
Ol 443335 01
01 44191€E 01
01 4.037CE 01
01 3.8800E 01
01 3.737SE 01
01 3.5969E 01
01 3.4528E 01
01 3.3092E Ol
01 3.17¢2€ 01
01 3.0404E 01
0L 2.9147E O1
Ot 2.78B2¢ 01
01 2.6578E 01
OL 2.531CE 01
01 2.4148¢ 01
01 2.3040E O1
01 2.2045E Ol
01 2.1051€ 01
01 2,0060E 01
01 1.9092E Ol
0L 1.8153€ 01
01 1.7258 O1
0l 1.6403E Ol
01 1.5569E 01
01 1.4T5CE 0l
0l La3773€ 01
0l 1.27L1E 01

1.00 BACKGROUND TIFE=
BALKGROUND DISTANCE=

27535, 3542,
1425268, 104130.
138108. 1244544
49621, 45632,

22366. 20322,

12142, 11703,

10329, 10074

9709, 9653,
9143, 8884,

1,00

54383,
68984,
112125,
41980,
18820
11411,
10170,

9% 34,

BA66.

34975,
36450a
99672
3222,
17550,
11227.
9901.
9952,
8681,

273,
45975,
90303,
15363,
16219,
11058,

9085,
9563,
8702,

S.6655E
5.5803E
5.4909E
5.39B4E
5¢3029E
5.2056E
5.0952E
4,9T90E
4e B453E
4o TOGLE
4o 5RLLE
4, 4590E
4e3193E
4oL TTBE
4,0213E
A,B64TE
3,7238E
3.5825E
344384E
3,2957E
3.160TE
3.0278E
2.9022E
2. TT52E
2.664TE
2.5194E
2.4032¢€
2.2940E
241945E
2.0952E
L.9961E
1.8998E
1. B0O60E
1.7173€
l.6318E
1.544BE
le4b69E
le366TE
1.2605E

1.0

6573
234549,
80838,
32680,
L5425,
L0745,
9885,
2361,
Bh43.

01
o1
oL
o1
ol
o1
o1
o1
o1
o1
01
o1
01
ol
ol
o1
01
oL
ol
ot
01
o1
o1
ol
o1
01
ol
01
ol
ol
o1
ol
0l
o1
ol
ot
01
ot
01

0

1
2

S.65%70E
545T18BE
S.%8l7E
5.3591€E
G.291kE
Se 1959E
5.0B836E
4.96T4E
©e BI14E
heb922F
4. 5689E
4y b6b6EE
45 3052E
4416256E
4, 0056E
3.8506F
3. TUITE
3.9631E
3.4240E
3.2822E
3.1472E
3.0152E
2.BBI95E
2:,7621¢E
2.6317E
2.5078E
2.3916E
2+ 2641E
2.1846E
2.0853E
1.98562E
1.BY905%E
L. 7956E
L. TOBTE
1.6232E
LeS5406E
Lle 4537TE
ie 35861E

1

50923, 1
09868, 1
T3it6l.
29774,
164122,
L053é&.
1001 7.
9359,
8950,

01 5.64K58 01
01 5.5632¢ 0Ol
01 S.4724E 0L
Ol 5.3799E 01
al 5.2834F 01
01 5.1862F 01
01 5.0719€ 01
0l 4.9558€ Ol
01 4,8L75E 01
0L 4.6788F GL
01 4.5567¢ 01
Ol 4.4327F 01
0l 4.2910E 01
01 4.1469E Ol
0l 3.9899E 0Ol
01 3.8365f 01
01 3.6356E 01
01 3.5537e Ol
0l 3.4096E 01
01 3.25B7% 01
01 341337 0L
01 3.0027E OL
01 2.6T70E 01
Ol 2.7491E 0l
01 2.6186EF 01
0l 2.4961E 01
OL 2.3800E 01
01 2.2741E 01
01 2417466 01
0L 2.0754E O
01 1.9763E Ol
01 1.B811E 01
oL 1.7872E 01
0L 1.7002E 01
01 l.6147E 01
01 1.5324E 01
0l 1.4505f 01
01 l.3455F Ol

«00

B1l934, 127250.
B2124, 163686,
LEED9, 60359,
27958a 25711l
13468« 12799,
L0632. 10354,
9834, 9707«
94784 9235
82524 8128.

Se6399E
S5ab56TE
544632E
5.3706E
5273TE
5. 1TH4LE
5.0603E
44942 TE
4+ BO3SE
4 6666E
4,5445E
4. 41B5E
4o 2 THBE
4el312E
3.9742¢€
3.8224E
J.6815E
3,5393E
3. 3952E
31.2552E
3.1202E
2+ 9901E
2.BH45E
2. T350E
2+ 0O56E
2a4B45E
2.3683E
20 2642C
2o lb4TE
2.0L55€
1. 9663E
1.B717E
1.7778E
1.6716E
l.6061E
1.52642E
lat&llE
1. 3348E

192920,
153679,
54931,
23763,
12317,
10212
9632
9225,
TBl4.

01
01
ol
ol
ol
0l
o1
cl
ol
[*F ]
01
ol
01
0l
o1
01
ot
01
oL
ol
01
0l
ol
0l
01
01
ol
0l
0l
01
ol
o1
oL
oL
oL
ol
ol
01

5.6314E
5.5462E
5.4%39E
5.3612E
5, 264DE
5. 164YE
5. 048 [E
4.92RBE
4. THI6E
4y 6544E
4.5327E
habUGGE
4.2627E
4al155€
1,9585¢
3., BON3E
3.65THE
3,5249€
3. 3308t
3.2417E
3,106 TE
2.9T75E
2.8519¢C
2.1230€
2a5926E
2.4129E
24354 TE
2.2542E
2154 7E
2.0555E
1+ 9554E
le65623E
1.THB6E
1.6B3ILE
1.5974€
1.5 160F
1.63064¢
1.3242E

106

ol
ot
0l
oL
01
0l
ol
0l
ul
Ot
ot
ol
ol
ol
01
ol
01
01

01
ul
oL
Gl
ol
ol
0l
0l
gl
a1l
01l
ol
o1
Dl
ol
0l
ot
Gl
01

Bab229E
5.0537¢¢
Sabbhni
5435157
54296 2F
Selu ik
La3 1LY
Goill b}
Geflut
hebheli
4o D203
4. 3902¢
Ge lHB0T
4, 099081
E TN
3, T342EF
3. 653130
3.0106¢E
3. 3063k
3.22828
3.0232¢
2.96%0F
2ab3unz
2. 70918
2aHTH9uF
2afib] i
2.34517
24245438
Zellateilt
204541
1a94454F
la 5520
le 76002
1a6T45F
15891711
le 950G 7HF
Tatl 5k
l.31%5¢t

0t
il
ol
0}
al
ol
ol
ot
ol
0l
o1
ul
ol
01

ol
ol
ol
al
al
0l
ol
01
01
al
ol
al
al
ol
91

al
0l
ol
Dl
0l
Jl
0l



1737,
6201
55894
4936,
%294,
3985,
3733,
3267,
3184,
3022.
2922.
2770,
2675,
2501,
23454
2142
2023.
1958,
1850.
1762,
1570,
1607.
1524,
1448,
1278.
1160,
1081,

988

987.

905,

BZbs

BAZKGROUND COUNTS

7584,
6211.

5638,

4907
4347
1800,
3572,
3420,
3247
3122.
2945,
2TT7.
2597
2464%a
2362,
2202
2010.
1870.
L779.
1666,
1624,
1610,
l415.
i372.
1254,
L1201,
L141.
1008,

997,

909.

833,

0.

0.
Do
0.
Qe
e
0.
0.
0.

Oe
U'
0.
G
0.
0.
0.

0.
Oe
0Oa
[+
0.

1392,
6349,
5579
4872,
4214,
3649
3508,
3361,
3215.
3044
2924
2661,
25813,
2463,
2292.
216%.
2058
1807,
1742,
1733,
1679
155B.
1434,
13664
1282,
1162.
1126
1003,

947

302.

865.

Ti80.
6130,
544%,
4891,
4134e
366%.
3583,
3375.
3082,
3069
28564
2T72%.
2648
2370.
2276,
2134,
1997,
18424
1829,
1633,
1593,
1448,
1428,
1397.
1268,
1171,
108l

996,

925,

913.

855,

T202.
54968,
5334,
4877,
“2l1le.
3735,
3518.
3389,
377,
2977,
2869,
2734,
2470,
2382,
2265,
2160,
2012,
1903,
1808,
1684,
1643,
1507,
1424,
1350,
12264,
1202,
1134,
1071,

96l.

856,

829,

67254
5980,
5354,
47824
41344
3714,
3451,
3329,
31754
3034,
2924,
2718,
2444,
2289,
21964
2091.
1906.
1840.
1790.
1648,
1638,
1568,
1441,
1316.
1237.

1196

1071,
1022.
935,
Ghb,
824,

0.
Oe
Os

Os
Os
0.

Oe
De
0s
Os

Os
De
ul
0.
Oa
Oa
Oe
Oe
0.
Oa
0‘

66824
5868,
5234,
4522,
39688,
31730
3526,
3359,
3148.
2936.
2880,
2653,
2463,
2415
2126
2105.
1982,
1877.
1743,
1665
1591,
1585,
1523,
13004
1274,
1168,
1060,
1023,

938,

850,

781.

0.
0.
0.

0.
0.
0.

0.
0.
0.
0.

0.
Do
0.
0.
[N
Oa
Oe
0.
Qe
[+ 2%
0s

6637,
5127«
5339.
46T7B.
3946,
3713,
3507,
31335,
3125.
2930.
2B1l1l.
26k4,
2654,
2368,
2234,
2095,
1900
1805,
1703.
1715,
14924
151 5.
1437,
1298,
1283,
1129
1091,
975.
897,
857.
815,

6493,
5649,
5090
4589,
3940a
3613,
3401.
3208,
3206.
2928,
281 3.
2668«
2576,
2326
2184,
2115,
1943,
1897,
1730.
11-Te
1554
1473,
L415q
1294,
1237,
1201a
1115,
965,
937.
877.
783,

6354,
5T4b6.
508b .
4530,
3854,
1655,
3455,
3274,
3lT1.
2996.
2839,
27D5.
2454,
2355,
2198,
2037,
1918.
1B6B.
1776.
1597.
1581.
1501«
14204
1356.
1179.
1156a
1006.
F9T
B68.
B4b,
165,

107



ADJUSTED COUNTS

27535,
1425280
138108,

49621,

22366,

12142,

10329.

9709.
9143,
7737
6201
5589.
4996
4294
3985.
3733,
3287.
3184
3022,
2922,
2770
2675
2501,
2345,
2l42.
2023,
1958,
1850,
17624
1570,
1607.
1524,
1448,
1278,
1160,
1081,

988,

987.

3542,
1041304
124454,

45632,
20322,
11703,
10074,

3653,

8084,

7584,

6211,

5638,

4907.

4347,

3800.

3572a

3420,

3247,

il122.

2945,

2777

2597,

2464

2362,

2202,

2010.

1870.

1779

1E66.

1624

1610,

1415,

1372

1254,

1201.

1141.

10084

99 7.

54383,
68984,
112125
41980,
18820,
11411,
10170,
9434,
BB66e
7392,
6349,
5579,
4372
4214.
3449,
3508.
3361.
3215,
3044,
2924,
2661,
2583.
2463,
2292,
2169,
2058,
1307,
1742,
1733,
1679.
1558,
1434,
1366,
1282,
1162,
1126,
10013,
94T,

34975,
364504
99672,
3B222.
17550,
11227,
9901%.
9552,
B681le
71804
6130,
5449,
4891a
4134,
3669,
3583,
3375,
3082,
3069.
2856,
2124,
2648,
23704
2276,
2136,
1997,
1842,
1829,
1633,
1593,
l448a
1428,
1397.
1288a

117ia

1081,
990
925,

273,
45975,
50303,
35363,
16219,
11058,

9885,
9563,
8702.
12020
596B.
5384%4.
4877,
4211a
3735,
3518.
3389,
3177
2977.
2869.
2734,
2470.
2382.
2265,
2160,
2012.
1903,
1808,
16B%.
1643,
1507«
14244
1350,
12244
1202.
1134,
t071a
961,

6573,
234549,
B0B38.
32680.
154254
10745,
9B85.
9361.
8543,
6725,
5980a
5354,
4782
4134,
3714,
3451
3329.
3175.
3034
2924,
2718,
24440
2289.
2196.
2091
1906,
1840.
17904
1648
1638,
1568.
Laals
1316,
1237
1196
1071.
1022
935,

150923,
209868,
73767,
29774,
14122,
10536,
10017.
9359,
B550.
6682,
5868,
5234,
4622,
3988,
3730.
3526,
3359.
314B.
2936,
2BA0.
2653,
2663,
24l5.
21264
2105
1982.
1877,
1743,
16654
1591,
1585,
1523,
13G0.
1274,
1168,
1060,
1023,
938,

181934,
189124,

66609,
27958,
13458,
10632,
9B14.
9478,
8252,
66BT.
5727,
5339,
4678
1946,
3713,
3507.
3335,
3125,
2930.
2B11.
2644,
2464
2368,
223%,
2095,
1900.
1805,
E703.
1715,
1492,
I515.
1437
1298,
1283.
1129,
1071,
9475
897,

127250,
169696,
60359,
25711,
12799,
10354,
9707,
9235,
81284
6493,
5649,
5090,
4589,
3940,
3613.
3401,
3208,
3206
2928,
2813,
- 2668,
2576,
2326,
2184,
2115,
1943,
1897,
1730.
1607,
1554,
1673,
1415,
1294,
1237,
1201
1115,
985,
937,

0.
Q.
0.

119
Oe
0.
D
Qe
0o
D.
0.
0.
0.
Oe
Oe

192920,
153679,
54931.
237613,
12317,
10212.
9632.
9225
TEl4.
6354,
57464
5086,
4930,
3854,
3655,
3455.
3274,
3171.
2996.
2839,
2705,
2454
2355,
2198,
2037,
1918.
1868,
1776
1997
1581.
1501.
1420
1356.
1179
1156«
1006,
997,
848,
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905«
8264

909
833,

902.
B65,.

913. B56.
855. 829,

DSPEC PER MEV PER MONITOR
NORMALISING FACTOR =

6.9573E

ol

b4
824

75320.250 -1334,057161155.063 99152.750-11723.809
442987,313320299.625208004,125104055,813134513,313737149,250658295.313592024.5625529958.3754T08793,503
429054,688385441.B15346063.108306288,313276368.750246142,500223566,500201352.0001B0760.625163435,148
1464B6.B13133759,938122110.000110121.313101005.500
53087.238 48308.988
26214.840 25280,.328

59597.527
27306.590
21287, 277
19682, 258
18076, 738
14130. 129
9935,570
7950.328
6352,723
46764680
32854336
2829.567
2493, 385
2253,.,835
2091.260
1924,120
1T42.662
1522.837
1209, 799
1112.910
951.132
820. 980
677,089
618,986
5324401
4734896
460,328
427.679
351. 715
252.909
163,042
B9, 288
L4.533

210504180
19553, 707

17775.387

13613.637
9719.,223
7802, 156
6194, 48%
4499, 207
3202.286
2795.957
24T1.901
2229.204
20T4.439
1910. 046
1720.9%0
1499,191
1271. 036
1094, 050

938.285
B05. 349
66T7.874
611,141
523,877
471.540
458.618
421.509
342,397
2424409
155,603
Bla355

Be240

208414059
19435.508
17467520
13103.129
9515.176
7651.816
6037.663
43274125
3131,165
2760.482
2452,035
2207, 752
2056,833
1695, 905
16994340
1474,895
1253.019
1075.953
925,750
788,429
659,772
603,094
515 776
469, 669
456,630
415,184
332. 896
232,235
148,323
T3.436
2.312

44212.129
24475.020
20660.6%56
193244117
171%8,359
12599.930
93C5.395
T456.266
5880.621
41€2.4320
30T1.736
2723.952
2432.504
2189.669
202B.774
1880. 202
1617.785
1449095
1235.4%54
1058.027
913,352
T7l.801L
652,693
594,001
50841498
4EH. 104

C 453,841
4CR.493
323,254
222.413
L4l.143
E5.562
-3.296

40040.328
23777.828
20507.559
19213.906
16839.250
12109.969
90B2.324
7T335.871
57214332
4006.006
3022. %44
2686 G40k
2612.021
21 74,781
20200634
1862.980
16564310
L423.665
1218.436
1040.402
900. 798
755,645
6464515
5864246
50l.221
40b.986
451.261
40Lat53
313.534
212.953
134,040
57757
-8.582

B850,
T61.

857, 877. 846.
815. 183. 765.

109

B427.T46469739.00056B8858,375394126,188604003.675

92452.188
37524.598
23176.059
20373.109
149096,938
16491.508
11643.629
8851.836
71704832
5558.023
3860.808
2982,935
247,366
2369.597
2162.212
2002.775
1B44a710
1634.829
1398, 865
120Le457
1023.309
883,111
7640.135
6414099
5774456
494,909
465.965
448,377
394,023
303.797
203,847
126,975
50.060
-13.543

B3186.188
33382.289
22661.719
20243.9130
18962.328
16097.680
11211.207
86284649
7006, 785
5389,547
3726,224
2949,275
26104256
2364, 780
214B,9456
19854504
1B25.917
1613.204
1374,929
11B4.418
1007.122
875,200
7254439
63t .284
568,417
489.308
465,025
445,183
3864230
294,115
195.089
119.926
42,510
~1Ba199

TT403.438
316664367
22226.617
20109.008
18800.770
15651.719
L0B19.568B
8426.098
6841.492
5215.758
3601.006
2919285
25754959
23371.780
2135.714
1969. 009
1806.034
1591.286
L352.010
1167141
991.753
B62,014%
Tll.496
631.900
559,383
4B84.433
464,073
441.672
378.081L
284.533
186,659
112.80606
35,155
-19.304

T0267%. 150
30043.4177
21863.816
L9966.207
1B6U0L 559
15162.949
104764797
82504250
6676551
5037,609
3485.408
28904485
25444984
2309.4623
2121.9%3
19534357
17854396
1568,9647
1330194
1149.500
977.237
B48,.536
699.013
627784
550264
480,275
463.03A4
437.B35
3649.595
274.T715
178,533
10%.112
2H.0L7

64040, 738
285804729
Z185%.297
1968214277
1815964791
LabteDa 7LD
10183, 604
2095, 107
6h13.4171
4BHT. 044
3319,745
P AV
éulT.%?)
228044915
2101.0945
193B. 450
Libaa 197
1946,125
1309.471
1131.422
G4 440
B34.530
LB, 4660
623,182
S61.233%
G416 014G
G461 TRT
433,101
3607017
263,15
170,113
Qi 20h
21135



w4# RCTORPECTM

BRIAS= 0.0

HYDROGEN PRESSURE=10.00

TH 6.5 ALUNUM PHA 4,313V

CHANMNELS= 400.

GROUPED SPECTRUM OF SLOPES

SMOOTH= 1.

CARBON PRESSURE= C.0

MCNITOR COUNT = 100. 00
CALIBRATION = 0.003129

INDICATED ENERGY
CHANNEL BOUNDARY

95 100 0.2957 043145
101 107 0.3145 0.3364
108 114 0.3354 0.3583
115 122 0.3583 0,3B33
123 130 0.3833 0,4084
131 139 04084 0.4365
140 148 04365 024647
149 158 04647 0.4960
159 169 0.4960 D0.5304
170 180 0.5304 0.5648
181 192 0.5648 0.6024
193 205 0.6024 04,6431
206 218 0.6431 0.6837
219 233 0.683T 07307
234 249 0.7307 Q.T807
250 265 0,7807 0,8308
266 283 0.8308 0.8871
2B 302 0.887T1 0.9466
303 322 0.9466 1a0092
323 344 1.0022 1.0780
345 367 1.07B0 1.1500

B4/ T1

0

RESOLUTIDN= 6425

PER MONITOR COUNT

HID
ENERGY

0.3051
0.3254
0.3473
0.3708
0. 3959
044224
0.4506
0.4803
0.5132
0.54176
0.5836
Q.6227
Oub663%
0.7072
0.7557
0.8058
0.8590
0.9169
0.9719
1.0436
1.1140

SIGHA

Te9%
T+ 68
Tebt
Te19
6 96
673
6451
6.29
6,08
5.87
5.68
5249
5231
5.13
4.95
4478
4ob2
4o 56
4a31
4alb
4,02

GROUPED
SPECTRUM

2298.113
1530.573
1102.517
1301.939
1349.072
1337.610
521315
348,920
257,300
1B9.263
198.3148
260,502
3074293
270.162
2204364
204,189
136.256
48,531
120.759
203.992
162.263

110

. ERRDR*#2
INTERNAL EXTERNAL
0.5916E 05 0.1064E 05
0.5091€ 05 0.1079¢ 03
0. 4696E 05 0.33331 03
0.410BE 05 0.1334E 02
0.3719€ 05 0.1883€ 03
0. 314KE 05 0. 1415F 04
0.2B55E 05 0.15640L 06
0.2544€ 05 0.1978F G2
0.2282€E 05 D 19991 02
0.2158E 05 0.7395E 02
0.1941E 05 D.614TL 01
0.1733E 05 0.1470E 02
0. 1604E 05 0.4514E 01
0.1344E 05 0.2904E DI
0.1171E 05 0.1050E D2
0. 1060E 05 0.5194F 02
0.8873E 04 0.1501F 02
0. TT6HE 06 D L7740 02
0.6759E 0% DJ281l6E D2
D.5495E 04 0.6721t 01
0.4528E 04 0.6349L 01



EN

CALCULATED NEUTRON SPECTRUM

ERGY

BOUNDARY

0. 2957
0.3145
0.3364
0. 3583
0.3833
0.40B4%
0.4365
0as4647
0. 4960
0.5304
0.5648
- 0.6024%
D.6431
0.6837
0.7307
0.7807
C. 8308
0.8871
0.9466
1. 0092
1.0780
SUMMED FLUX=

0. 3145
0s33064
0.3583
D.3833
0.40B%
0.4365
Qe 47
0.4960
0.5304
0.5648
0.6024
06431
0,6837
0. 7307
0.7807
0.8308
(. 8871
0.9466
1.0092
1.0780
1.1500

D.551T7E 05

FLUX /
GROUP

5.2266E
3. 7724E
2.9681lE
3,9506E
4o GOTIE
5.1118E
2.0898BE
la4702E
1.1254E
8,5705E
1o 0144E
1.6432E
2.307T4%E
2+ 2325E
2.0398E
2.2154E
1.5567E
2.9244E
1.8608E
4.3860E
4e4419E

FLUX /

HEV

2«TB3TE
Le7222E
1. 3550E
l.57T81E
1.8406E
la B151E
T«4203E
4« 6983E
3. 2694E
2+ 4898E
2. TOL&GE
44 0394E
5.6721E
4a T562E
4. 0T41E
4.4248E
2.TG3TE
4.9186E
2.9T33E
6.3710E
6.171TE

05
05
0s
05
s
05
o4
0%
04
04
04
04
04
04
04

04
03
04
04
04

FLUX /

LETHARGY

B,4905E
5.6026E
4. TD50E
5,8497E
T.2838E
Te6649E
3a3426E
2.2560E
la&6T72E
1. 3630E
1l.5T60DE
245146E
3. TH1TE
3.3624€
3,0778HE
325643
2.3731E
4%.,5082E
2+9066E
6.b6464E
64BT30E

04
e
04
04
04
[+1%
04
04
0%
04
04
04
04
04
04
04
0&
03
04
04
0%

111

0/0 ERRDR
INTERNAL EXTERNAL
11.00 5.50
15.66 7.43
21.21 10.61
Llbe56 Ha28
15.03 Ta52
13.87 ba%4%
36.01 18.01
53.B4% 26.92
T4a63 37.31
106. 79 53440
95.B5 47493
62.86 3la43
4849 24225
51.82 25491
60.28 30e14
60,17 3C0.08
B9.56 b6, 78
5l4,62 257.31
87.49 43475
39,14 19.57
4leo&T 20.T4



DUTPUT SPECTRU
NSPE = 46
E(MEY)

3.0510E-01
3. 2544E~01
3.4T35E-01
3.7082€-01
3.9585€~01
4o 2245E-01
4e 5061E-01
4.8034E-01
5. 1320E-01
5. 6T62E-01
5.8360E-01
6. 2212E-01
62 6340E-01
T.0T21E-01
Te55T1E-01L
B.0O5T78E-01
Bo 5898£-01
9. 16B7E-01
9. 7789E-C1
1.0436E OO0
1.1140F 0O
1. 2000E 00
1.4000E 00
1.4000E 0O
1.8000E 0O
2.0000E 00
24 2000€ GO
2. 4000E CO
2.6000E 00
2.8000E 00
3.0000E 00
3., 2000E CO
3.4000E CO
3.6000E 0O
3,8000E OO
4. 0000E CO
4e 2000E GO
44&000E 00
%44 6000E 00
% 8000E 00
5.0000E 00D
6, 0000E 00
1. 0000E 00
8,0000E 0O
9.0000E 0D
1. 0000E 01

IHZ22151 CONVERT — ILLEG

«0714625 1.0

M READY FOR

PHI(U)

B.4905E
5,6026E
4, TOS50E
5.8497E
7.2838¢E
Teb549E
3.34256E
242560E
1.,6772€
1.3630F
1.5760E
2.5146E
3.7T61TE
3. 3624E
3.0778E
3.5643E
2,373
4,5082¢F
2.9066E
B,6464E
6.B730E
T.1139¢
T.5193E
B.5935E
9.8501E
9.8095F
9.454BE
1.0144E
1.0671E
l.0782¢
1.0732E
1.0590C
1.0372¢
1.0453E
1.1188E
1.2181F
le 2575E
1.2373E
1a 1 T45E
1.0752E
9.8298E
7.53964E
5.0365E
3.1567E
1.8900E
1.1806E

AL NDECIMAL

NEXT SPEC & RUN AT LOWER PRESSURE

04
04
04
04
04
04

0%

04
0%
04
04
0%
04
04
04
04
04
03
04
0%
04
04
04
04
04
04
0%
05
05
05
05
05
05
DS
05
05
[+53
05
05
09
04
04
04
04
04
04

0.15 0a55

CHARACTER

400.

1.

1.
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APPENDIX C

Measured Raw Pulse Height Spectra

Presented in this section are the raw pulse height spectra measured for

complex neutron distributions during this study.



*%%kkk DIRECT BEANM 10 ATM. of/1/TL  Ht&i¥
44129 Ele 624 1968e 2871e10763:2442004187D« 7659« 20630+ 234. 383.
653 14Bls 4259.14613e79563s 5130.2122472482.46664.30815.17581. 6352,
9676888691 8C6CTaT298206564T0591416526206045505.39436.329404268279:20786-
16152.10321« 5358, 3095052090233.88890e8215T7797275233471948.67944.
64T18661819:59659.5682354176052033:46937+4T837.46165.45061442691:41365.
3940038012+3717435914435052.33980632925431776.30935.30073.23979:.28036.
27315+26915+2631825415:24976024036+22873+23024.22533.22239.22007.21403.
2109720749.201C9:.1986721961319480.1506319274.18653.18898.184d6.18354.
1789717904.17878.1765917433.17412.1733Be17102:1727016946+16680.16933,
16650616421:1£548.16193.16248616088:16004161221577615704415606015292.
152524151924151£2.15038+14842.15207e14605e¢14637:1477541461801444914434.
14528414293.142¢621431914347:14167014154013836.13609.13847.13764.13403.
13565613501513632:13064+130576131501299241286T7:12B2912757.12812412647.
12730612705:122544123540122610122260121381201421196811911412008+11397,
1171811669.11420.1175211439-.11441.1152111238.11079.11239.11168.10937.
10939.10754.1080710606210557-10671:1C693.10417-,10641.10472.10507.10429,
1036510423.10140+10260.10086010143+10148410158+1001710199. 9859 9832,
10020+ 9809 9877« 9819« 9719 9634« $560« 99534« 9271le 9420+ 9514« 9400.
9372+ 9341« 9384 9175, 9005« 8974. G008« 8966+ 9280. 8858. 9034 B9E9.
8871« 8789« £778. BB43. B740s B635. £669« 8662+ 8B340s 8408. B463. B513.
8489. B307. B8386. B8375. 8282. 8273. ELT70« 8090« 8159, 7992. Bl72. B8062.
7889« 8053, 7943, 7949 B0T71le T832. 7942« 7772 7945. 7889« 7753, T710.
T662e T750. T54Te TT22+ T501e 7569 T567« T604e T513. T482. T34T. T503.
T278. 7330, 7388, T7291. 7319 T221le 7272« 7139s T7147. 7287« 7038. 7013,
7192+ 7011l 7062+ 710le 7026. TLl59. 71055« 693T« 7070 6909+ 7080+ 6956,
6927« 6824 67193 6909 6922. 6744« EB6EO« 6828. 6596« 6608. 6717« 6594,
6596+ 6620+ £690s 6621 b446e 64Tbe £539« 660ls 6531« 6463« 6303+ 6358,
6384. 6392 6493 6355« 63166 6230e €£39%s 633H6. 6233. 6L41. 6185« 5103,
6209« 6129 6023+ 6076e 60300 5990+ £134« 5948. 6203- 6042. 5954« 6103
588B0s 5891« 5928+ 5782+ 5670s 5740« 5917« 5711+ 5759 5839. 5717« 55692
5720« 5792« 5650e 56506 556le 5618 €546 5532. 5509« 5547. 5473« 5444.
5429« 5296+ 5473+ 5401e 5383, 5392. %310. 5346. 5407 5229, 5235. 5163,
5358« 514ls 5250« 5139 5197« 5167« 5250e 5047+« 5335« 5164 52i5¢ 5175
5052« 5085« 4973+ 4972¢ 4B02« 4962« 4867+ 48560 4925« 4890, 4Tude 47940
472Te 4770« 4837« 4809 4T7T22¢ 4753 4B51le 4598« 4734« 4733. 4669 4636,
44854 4441e 45T1e 4564« 4486. 4658. 45576 4651l 4491le 455le 4559. 4448.
448le 4432« 4357e 4452¢ 4334e 4331le 4369« 4548+ %392« 42%6¢ 4314e 4302
42620 4336. 4249. $238s 4132. 4139 4137 4088. 4071l. 4000 4171 4223.
4078+ 4113+ 4003« 4007e 3956s 4054. 4140« 3904« 3906« 4024 4020+ 3959.
3821« 3B9l. 3857. 3838. 3852. 3763. 2872« 3956. 37B7. 3840. 3838. 3829.
3614« 3774 3834, 3612. 3782 3688« 2683+ 3615 363B. 3656, 3700« 3627,
36660 3625+ 368T7s 3599. 3596+ 3598« 2619 3475. 3571s 3538. 3534 3453,
3520« 3562« 3639, 35C% 3372« 3377« 2282« 3471e 3435. 33664. 3371l. 3355.
3356« 3404 3387. 3247« 3196. 3408. 2249 3291. 3357. - 3229. 3242. 3313,
3349. 3273. 3150, 322%« 3116+ 3090s 2229« 3242. 3249%. 3202. 3085. 3179.
3095+ 3059s 295B. 2993« 3119. 3066+ 2027« 3082« 3086s 3053« 3074« 3009.
3076+ 2953, 2%€6s 30C6s 301l 2021« 202Be 2953. 2912. 2928. 2927. 2374,
28924 2857« 2780. 2853« 2B77. 2958. 280l. 2876. 2815. 2801. 2715« 2808B.
2708+ 2803. 2779 2798. 268le 2870« 2648+ 2702. 2704« 2705. 2672+ 2706.
2679+ 2572« 2721 2557- 2586 2612. 2539. 262T. 2515. 2661. 2631« 2582,
2508 2480 246T. 25174 2503« 2410e 2477w 2550« 2476. 2488. 247le. 2413,
2363+ 2385. 2362+ 2468« 2304. 2380. 2404« 2388. 2343« 2314 2441e 2367
22664 2314 2334. 2311e 21940 2291 2221e 2264 2312 2274« 229Y1le 2253,
2185, 2114 2179. 2228s 2158. 2200. 2173« 2153, 2196 2173. 2156« 2162,
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2114. 2183, 22C3. 2052. 2063. 2069. 2046. 2172. 2131. 2167« 2087. 200l1.
2026+ 2015« 2CC0s 2061le 2054 1997 2027s 1976+ 2014. 1992. 1970. 1971,
1884, 1888, 1942. 1943+ 1909. 1915. 1910s 16892+ 1911. 1879. 1863. 1880,
1832, 1851. 1845. 1805, 185B. 1B8l4. 1825s 1811. 1851« 1796 1853. 1827,
1835. 1782« 1813. 1721le 1T766e 1670. 1858« 1713. 1682. 173%. 1630+ 1753,
1710« 1700s 17l4e 1749« Ll64Te 1655. 1625« 1585. 1663+ 1670. 1651 1608,
1683« 1647 1653¢ 15THe 1644s 1586« 1642« 14940 1551le 1513e 16174 1634
151B. 159%4s 1545. 1565 1576s 1505+ 1497s 1542 1513. 1486. 1549, 1472,
1510s 14B4e 1494 146Be 1450¢ 1412. 1506a 1464 1470. 1492. 1378. 1404
1375« 1397, 1367« 1413 1424 1411e 1421 1412+ 1345. 13B2. 1402. 1340.
1378 1334, 1383. 1328 137T7. 1377« 1334. 1262. 1264. 1252. 1326. 1292.
1269+ 1251s 1293 124%4%e 1288. 1205« 1268+ 1267 1270. 1209 1209 1197.
1221s 1222. 1208« 1268« 1206. 1199, 1214%a 1206 1184« 1201. 1147+ 1162.
1113. 1158¢ 1142. 1247 1072. 110l. 1183« 1118+ 1180. 1145. 1101« 1143.
1108« 1096+ 1138 1139« 1132. 1119. 1119« 1104. 1040. 1093. 105T. 1096.
1081« 1092, 1049, 1067. 1045 1077 1022« 956« 1003 1009. 104l 1066.
982. 1020« 1C13. 1009 98B0« 1005 975« 962« 975. 950. 964 931.
913« 922. 979. 95le¢ 946« 942. 969« 965 947 895. 939. BBY.
940. 90l. B890. 904 925. 915 902. B860. 860. B80. 877. 858,
B99« 900, 844, T4 H6Te B53. 8Z2B« 846 B58s B53. 847 B830.
784 TT77. 803 807 788« BOBe TB9« 7TT3s 7T50. T91la 7T64s T56e
786e T34e T36. T75Te T27« 697« 7T57« 705 710 T3T7Ta T44. T45.
T2le 736+ 7T13. T05. 7T07. T26e T40e 693 672+ 658. 670. 752
659« 754« €B6e 6660 680« 6260 675« 642 663« 700 672« 636
6T74e 679« 634. 63le 631le 654e 641le 658« 6350 618« £39. 635,
651« 610s 634. 597« 601« 5B3s 623« 60ls 611« 586. 53ls 597
539. 569, 552. 604 539. 589. 554« 574s 57%. 576. 539. 562.
562« 528« 561. 587« 526 526 566« 516e¢ 534 555. 490. 538.
525¢ 503s 493. 502 478s 479. 534. 489. 4B8T7. 503. 50ls 484.
47% 502« 455. 498, 48b. 480. 463. 464s 452. 46be &T4. 507.
428e¢ 43Bs 428e 446e 473« 422¢ 424« 44Be 421ls 432. 41lle 423
423« 412s 441. 414

deddkd REACTOR SPECTRUM THRU 6% IRON ALPHA = 433 MEV B8/718/T71 *k¥k%
30680, 34s  4T70. 1l431le 2145 6624.1€6977.35899.10742. 9%5. 132. 212.
319, 5Tle 10Tle 2246e72542.69563.984T73.80012.6T7T373.57323.51573.47528.
4419444144404006Te38174436519435720.349413417733T727.32615.32312+312T79+
31154¢30416430015.2957329092:28664.28153.2736T2T7104.26848.26760.26201+
25942:25614625429:2484924644+24590.22967.23700.23039.22838.22203.21900+
213B8+20803+2078720384:20094+19869e15745.19523.19327.18880.18908.18576,
18277417951e1799017755+1719017589.17380.17364:17012:167861669T7168B22+
16585.16568:16530.15908160351596T-15667156051559715337.15476.15263.
15009.1498114673.14773014423.14076:16123.1430113875.13932.13793.13445.
13137.1312012911.12704012439¢12147+12206e117201155211462.11419.11070.
11006+10797+10744410728+10465+10497:1C406410332610456+1027110171.10312.
10109410072« $9C5s 9530 9891.10043. 5893. 9883, 9701l 9764 IB26. 9499.
GT64e 9577 9618. 9533 2303. 9234. 6332 9183. 2030« 9240. 9033, 9251.
9086« 9118. 9060, 8973« 9159« 9015. BT79Ll. 8790. 8879, 8665. B64D. BTS2
B6b4e BE63. 8587. 8530. A530. 8455. B8569. 8349. B594. B8171. B8361. 852T.
B289. 8273 B227. 8150. B8037. 8300« P246. 5159 8l63. 81l9l. BO5B. B1l45.
8039. 8103. 8C17. 8130 7935. B8034. E057. 8066 T30« 790%. TTT7%= 7915,
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7975
7348
6983
6515,
590G,
5693.
5389.
5019
4742
4544,
4204
31864
3844,
3742
3662
3496
3322
3295.
3190,
2954,
2871
2958«
2732
2569
23B0.
2334,
22%95.
1982,
1953,
1798.
1716
1653,
1474
1396,
1348,
1298.
1216
1157,
1140,
1084«
1057,
1022.
989
963
1011.
943 .
836
855
Bl9.
786
T73.
718
753,
649
602
628
565
514.
533,
487

T795.
T358.
7033.
65"’5-
6150
5598,
5271,
5014
48Q4.
4463,
4152,
4012,
3821l.
3689«
3480.
3381.
3321.
3104,
29853
2987,
2794,
2647«
2520
2357«
2269
2190«
2052
1874,
1850
1676,
1618.
1495,
1327.
1368,
1259,
1271,
1205.
1224,
1101.
1070.
1025.
i0l2.
1026.

93%.

889.

874

883.

804

Ta4e

699,

653,

659,

656

582«

543,

521.

551,

443,

7746
T358.
7G20.
6453.
5900,
5836
5280
4855
4844
4349,
4156+
3864
3817,
3640,
3621
3559,
3189,
3210.
3056
3024.
2910,
2827.
26(9.
2477
2438,
2291,
2285.
2C84.
1911.
1857.
1645
1573,
1461.
1403.
1351,
1268.
1192.
1191,
1C52.
1134.
1043.
1047
10¢9.
1016,

592.

860.

913.

875,

758.

854

710.

682.

676

735,

£€33. -

588.
573.
546a
507«
528,

7583.
T421.
6935,
6391.
5960

5595.

5404
5007.
4487,
43426
4133.
391 4.
3776
3721.
3586+
3391,
3443.
3216.
3198
3074
28Tk
27206
26660
2525,
2386.
2286.
22%%.
2082«
1839
1781.
1685
1599.
1475.
1417.
1310.
1302.
1233.
1232.
1134.
1119.
1108.
952+
1039,
958.
991.
G24.
897
B56s.
B835.
791
T60.
707«
665
626«
591.
600.
540.
519.
Sl1e.
489,

T6E58.
T260
6949,
6328
5830,
5492
5193
4998 .
4701«
4282,
4059,
3B6HT.
3637
3682
3541 .
36040
3440.
3143,
3147,
3000.
2934
2724
2594 .
2473
2411»
2274«
2140
2051«
1965
1723
1615«
1558,
1500.
1314,
1398,
1333,
1211,
1160,
1051,
1134.
1084+
1021.
1035.

390,
1003.
894«
838.
B5B.
B0%.
757
753,

T19.
T06.

651,
5506
576
52%.

5406

509

503,

Ta3le
T280.
6807,
6223,
5901.
5618
5158,
4895 .
4675
4296,
4110«
3775
3866,
3704
3514.
i511.
3319.
3289.
3192.
2925,
2745
2690,
2619.
2584,
2396.
2299.
2187«
2011
1854.
1746
1679«
1512«
1472«
1488.
1357.
1294,
1196.
1165,
1167«
1079.
1117,
1028,
995
968,
931,
922.
880.
837.
_B62.
819
TTTe
690
659,
625,
592
541
549
453 .
509.

76820
1273,
£T733.
€102,
5974
5533,
€275.
4909
§533.
4339,
4050
3869.
2769,
3750
2465,
2488,
2292.
2227 -
2147
2106
Z2859.
ZT78Be
£64%s
2545.
2377
2269
2106
2071«
1972«
1704
1665,
1505
1486«
1410+
1404,
1332.
1207
1075,
11454
1044,
1064,
982
967
903,
921
868,
B23.
781«
TT7.
T67.
686,
670
638«
607
578s
575
S44%e
518
4T3

7542
7073,
6722
6185,
5TT4.
5475«
5160.
4928.
4559,
4233,
4100.
3823,
3704.
3591.
3418.
3387.
3333,
3154.
3051 .
2974
2869,
2775,
2587,
2417,
2349.
2200,
2045,
1983.
1823.
1742,
i636.
1551 -
1501,
1412,
1315.
1230.
1146,
1156,
1134,
1128.
1045,
1056«
958
963,
SRl .
8B4 »
9lB.
B6T »
181 »
T75.
120
676«
645
627,
54T
512
533.
518
458,

7599,
T145.
6T17e
6114,
5949,
5359,
508l
4821«
4608
4348,
4049
3875.
3704
3673,
3542,
3513.
3228
3260
3152
3031.
2823,
2726.
2548
2487
2383.
2184.
2125.
1958«
1936.
1722
1628,
1550
l44le
1366.
1336.
1185,
1218«
1143,
11i11l.
1094,
1022+
1C0l4e.

76

956«

962

901.

B6T

Bla.

T68.

740 .

793
636
632
519.
575,
555
565
463,
%77

7694
Tl43.
6639
6092,
5626
5371.
4B852.
4584
4275
4049,
3824.
3752«
3572,
3533.
3431.
3384
3221,
3090.
2869«
2832,
2659«
2585«
2410.
2376.
2186«
2120.
1986,
186H.
1812.
1640,
1500.
1405
1341,
1271.
1278,
liB&e.
i132.
1081l.
1071
1101.
1061«
1002
964
953,
908,
869.
T9% .
789.
798
728
628.
597.
549.
582.
553,
541

T691 .
T142 .
6629«
6280.
5709,
5319.
5082 .
48240
4432«
4243 .
3985,
3828e.
374l .
3646,
3507,
3465 .
3333.
3221.
3144
3018.
2892,
2652 .
2650
2412
2383.
21468,
2069.
1972.
1870.
1696,
1595.
1533,
1507,
1377.
1315.
1232.
{191.
1250.
1091
1089.
1032.
109 .
1037,
CEL
910
913«
B93.
830.
T&3.
737,
717
679
669.
571«
586 .
555 .
479.
517
453.

T493.
T185.
6516.
6039.
5770,
5359.
5103.
4731
4504 .
4205+
3963.
3767.
3630,
3566
3599.
3410,
3275,
3179.
2946.
3028,
2819.
2719,
2592,
2349.
2331.
2186.
2164,
1942,
1819.
i668.
1579.
1607 .
1476«
1354,
1278.
1227,
1240,
1121.
1090.
1093.
1030.
1023,
1023.
903«
947
B56.
B55.
838,
Bl8.
763,
737,
T09.
678,
601«
629.
581.
551
528.
4B0.
508.
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441
434,
457
428
411.
358,
382,
356.
331,

490,
450,
434
410
386.
394,
372
327«
328.

*hk B/22/T1

Qe
l.

9273.
T495.
5866,
4733
3901
3321,
2962
2458,
2219.
1900.
1679
1509.
1323.
1236
1100«
960
912
805,
7674
690,
578«
510.
507,
445,
374.
333,
311,
301.
258,
210,
188.
IQOC
182,
129,
144.
121.

Da
1.

9246
T178.
5794.
4559,
3774
3237.
2832,
24784
2112.
1897.
1683.
1505,
1278.
1190.
1020.
1016,
857
TBTe
Tl8a
665.
570
537.
481«
413
383,
347,
318,
250.
281
256
216
188.
172,
153.
136.
137.

490.
4€8e
427
403.
380.
3€3.
332,
336,
323.

NE 213

De
13.

G125«
7Cc0l.
5783.
4608,
3688,
3316.
2735.
2435,
2111
1905.
1647,
1472«
1330.
1190.
1C83.
592.
Slée.
T€5.
163
662«
612.
543.
480
434
37l.
349.
310.
255.
279»
217.
204-
2C5.
142.
160-
125.
130.

442
465
420-
397.
385,
427
375
345.
337

Al
Qs

450-
446
419,
ATis
385.
387,
P
343,

493
458«
408
423
399,
363.
331.
346

434
4T7%e
443 .
420
362,
374,
341 .
345.

PENETRATION #%x%

Qe

0.

Qe

440,
424,
432,
373.
372-
372,
346,
339,

0.

438
433,
420
381.
371
377,
339.

Qe

469.
433.
517
408

388.

390.
336
348

Oe

447,
421,
44l
306
359,
378.
332,
339.

0.

435
380.
399.
395,
335.
377.
338.

l.

5050012911.21225.22158.21893.21363.20728.20055%+19230.
18819¢18153.17858¢16849:16530:1606T+1570515418+1506214T7041416713762.
13279:12866.12727-1198811771.11344.11037.10431.10297.

8830
6720,
5498
G642
3722«
3221,
2814.
2395
2156
1808
1640,
1476
1349,
1201.
1090
969,
871«
808
T02.
618
571,
509
468
410
337.
305.
247
252
217.
192a.
lqlt-
157
165,
128.

8841.
6696,
5490
4410
3801
3176.
2759,
2364.
2023.
1890.
1595.
1430.
1348.
1177.
1040,
9627
9l4.
813.
Tlle
590,
597.
539,
495.
400,
377
302
298.
ZQU.
258.
225
210.
161.
164,
136,
1400
126.

8578
66524
5316
4320.
3604«
3214e
2744
2323,
2060
1808
1602
1495«
1259
1207.
1007+
987.
T71»
749
763.
612
569.
525
449,
397.
360

330..

318.
275
235
215,
186,
163.
180.
153,
141
126.

8554 .
E626 .
€297.
4235,
21533,
3152«
2686
2278
2020.
1781.
1601 .
1430.
1167.
1186+
1003.
963 .
818,
810«
Ti8s
683«
531
516.
429
418
336.
333.
308,
256-
2204
232.
237.
178-
171,
161«
127.
118

8299
6399,
5111,
4340,
3521
2977»
2633,
2298,
1994
1835,
1639.
1408,
1252,
1142.
999,
902.
852,
733,
6T4.
605
482
518.
4T4e
433,
352.
293,
291 .
283
252.
234,
185.
185.
145,
143.
112.
118a.

8137
6339,
5108.

4073

3560
3034
2664
2226+
2025
1761,
1597,
1456
1251,
1044,
961 .
922.
T92.
T28»
T28.
582
563
500
439.
378,
359,

312.

210.
246
2420
194.
193.
187.
168,
146«
139.
104.

93994,
7952,
6090
5167
4014,
3454,
2983.
2568,
2272
1930.
174G,
1546.
1372.
1274,
1085,
993,
903.
824
806«
647
597.
547
467,
47{)-
434,
365,
29“.
291.
237a
226
203.
175
140.
125
130.
105.

9846 «
7811
6026
5016.
3982
3325.
2923.
2583,
2215
1977,
1725
1565,
1302.
1262 L]
1074.
975 »
894 .
860
701,
639.
642 s
573
475
424«
G424
378
342
306
26F e
226
203.
191.
159,
163,
137,
132.

96

9466
7506
6042
4781
3986
3326.
2832
251l4.
2158
1996«
1682«
1551
1352.
1221«
1110.
956«
229.
810,
692
TOBe
618
532.
4T6 e
398.
3196
382.
293,
301.
254,
2hbhe
228
191.
155.
l4b.
142«
116
112.

117



120,
105.
69.
71
67
T8s
62»
55
52
43,
46
35.
27«
32
2Ts
3l.
22
26«
19.
13.
19.
22
13.
10.
13.

9.
6.
11l

Te

4,

2
11.
11l.
Be
boe

Ge

6o
& o

5e
5.
4o
2o
l.
3.

kvt REACTOR SPECTRUM THRU 6.5°°

27344
185

111e.
109
92
Tée
b6
58.
73.
57
63,
45,
5T
32
25e
35.
28
24
30.
37,
29.
25
14,
20.
16«
15.
13.
15.
9
11.
l4.

10«
10.

4o
l.
5
3.
Te
be
4o
le
3.
b4e
2e
4o
3.

20
583.

117.
102.
ab.
91 .
T4
1.
€0
56
52.
58.
50.
37.
35.
28
33.
30.
26
25.
15-
25.
22
10.
16.
12.
12.
13.

9.
14-

9.

Ta

Te

8.

5

Te
Te
4.
4o
2
2e
2e
Te
3.
le
O«
2e

iC7.
2397,

113,

95.

Tbe
The
The
Libe
52
57.
bbe
44,
50
3l.
37
37.
26.
25
24
23.
18
21.
19.
18.
12.

7.
13.

Qe

9.

e

6o

4o

9,

be

6o
8.
5-
3.
2.
l.
2e
4o
0.
4o
i.
le

738.

105.
119.
89.
91.
Tle
Tée
75«
51
62
4o
35.
59
36.
33.
26
35.
28
22.
20,
19.
16
20.
21l
1le.
13.
Te
Ge
10.
3.
Te
12.
Te
2e
11l.
1le
3.
Se
3e
ba
S5e
3.
4
5.
2e
Ha

117,
104
97
T2,
80.
68
62
50«
4Be
49
40.
39.
23.
2T
33.
38.
3l
26
23.
16.
14.
22
20«
14
10.
17.
Qe
8o
e
Qe
6-
Te
b4 o
b4 e
Te
6o
5e
2o
10.
le
Te
2
2e
1.
&4 o

ALUMINUM ALPHA = 4.33MEV

114.
88
T2,
69
69.
6T
58.
64
54.
32.
27
35.
31.
33.
31.
29
20.
27.
17«
17«
18e
17.
17

B
Qs
12
13.
5a
6o
Be
9e
8e
4o
3e
3a
bo
2o
2e

Te

be
2e
2e
3.
5e

116
99.
88a

102«
TTe
TTe
T3a
59
56
b4
50.
41 .
32.
30
39-
32.
25s
19.
17-
20.
21
18e
20
13.
12.
12.

8.
10.
l4s

105«
107.
96
7.
T8
54
75
54,
58
62
3“.
38
40
34,
32
30.
28+
25
26s
24
l8e
18.
1B.
15.
12«
15.
22
Te
Be
4
Qe
be
bHe
Te
5e
Be
3.
4o
Ga
2e
3e
Se
4o
Z2e
be

1922. 6227.17130646726619949
BTBe 71050 T79949-.9E687602403460441054T7.95368.83545.
73635465137.58369.50854245316+4030)35784+29684¢23964218988.14273.10126.

120.
B8.
Bb6e
82
80«
Sq.
62
5T«
55,
40
4T
§0.
7.
35.
41
37.
19.
23.
19.
244
15«
22e
27,
15.

be
10.
He
Ts
13.
6e
5e
3
4o
9.
Se
4s
S5e
3.
6e
5e
3
2e
4o
6e
2e

60 .

102.
104«
87
93 .
T1le.
56«
48
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1003.
g61.
923
927«
869.
830.
Thb e
728
677«
589
569,
510.
473
506
458,
480«
437«
435.
434,
413.
403,
369,
394 .

65947,
4235.
3126
2956,
2854,
2786.
2679,
2535.
2326
2144
2026
1735.
1467
1288,
1155.
1167
1061.
L087.
1036.
1011«
967
989.
937
868.
901.
889.
829.
T46.
728
615,
574
504
4954
483,
481.
531.
490.
454
436
41l
441
422
371,

6657,
3955.
3034%.
2861
2903.
2811.
2771
2451 a
2393.
2173.
1858,
1707.
1434.
1286.
1170.
1079.
1081.
1019.
1015,
928.
978.
968.
879.
897.
838B.
806,
T60.
733.
64T
553.
517.
539.
484,
455.
463,
468.
454,
430.
427
432,
422
393.
415

3939.
6449,
3872,
3109.
2932
2801«
2816,
2691 -
2561 .
2311.
2135.
1880.
1678
1387.
1213.
1216.
1110.
1081.
1040.
1035.
979.
999 .
954
913,
897
887.
BO5.
769
T45e.
649
592.
545 -
524«
489.
472«
437
450,
465 .
455 .
436.
451 .
422
402.
378.

.95’.‘?.
6082,
36T4.
3113.
2806.
2792«
2T17.
2664
2558.
2354,
2073.
1903.
1579.
13¢61.
1228«
1166«
1069
1054.
1035.
1055.
1026
94].
926«
868.
890.
905
804.
792
T46e
676«
578.
562
463.
551
491«
476
439.
453.
38%.
"‘30.
440.
420
400.
327.
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3B4« 387« 396 400e 389. 431s 403. 387« 405 377« 388« 3T4e
394 407 3T1le 42T 402 356T. 347« 330. 400. 369. 359. 392.
398. 335, 347. 340. 379« 385. 356+ 368. 368. 379, 341l. 38l
361 341l. 349. 383. 330« 361l 370e 345« 345 355. 330« 346.
333. 343, 380« 356s 33le 336« 355. 340. 355. 376« 355, 357.
336« 345. 341. 329¢ 34l. 355%. 326 351 329. 331l. 351. 3l6.
311. 321« 3CHs 325« 342 354 329« 325. 343 33le 360 33l
317« 341l. 339. 357 308. 343. 331 330. 304« 326« 360« 314,
305. 298. 308. 311l. 326. 298. 30B. 348. 323. 31l6. 293. 283.
340 313. 3Cée. 303. 294. 299. 303. 339. 286+ 31le 315. 307.
284, 333. 300. 326e. 295. 318. 307. 295. 279. 298. 292. 288
293, 308. 304, 284 290, 323. 291. 288. 31%4. 291 315. 291.
321e 297 26T« 285 2B0. 306. 306e. 279. 300s 266« 273« 276
283. 327. 305. 289 274. 290. 28le 289 287. 2T4« 280. 305.
257+ 28BB. 26ls 256s 2Tle 305« 266e 2Tba -264e 262 27T 281l
268, 261. 277 252 2B&4e 234. 317 282« 286 256 252« 257
286 231, 251s 288s 2T74%s 315 269 2The 245« 222 25B. 266,
234. 26le 2T8es 2560 2THe 216. 262 2B2. 264« 229« 251les 258,
257« 241ls 247 23Be 230« 240. 265+ 254. 268. 23B. 24B. 205.
244e 200e 219. 228. 229« 239. 22%e 250s 24le 235« 230. 207
224 222. 232¢ 212 209. 230« 212 1B9. 213 222« 194. 234,
194 217« 213. 21Be 223. 224. 221 229+ 206¢ 180. 206s 216+
204« 1BB., 155« 189 199. 200. 172« 186« 184 174 195. 188.
198 174« 197s 192, 1H0s 163« 183 177. 183s 158. 169. 161,
160« 173 165. 163 173« 178s 172 156« 15Te 1l46s 14B. 167
171 165 17le 158. 175. 164« 14T« 152. 147« 14ls 157 162
172. 187. 162, 155 159. 150 1T7le 154 169 164 152. 156
151 177« 137 153« 161ls 142 139 1l68. 151 126. 136. 133.
128 14le 149« 142. 140 109 1llée 140 160, 139. 122. 117
162« 153. 128« 142 130« 137 1l24e¢ 133. 125 1l4le 152. 164
125« 133. 140. 143. 131. 143. 135 130. 120. 109 109« 124.
124¢ 126« 137« 136s 123. 132 128, 1ll4e 125. 137 1l42. 129
134 127. 133. 132 133,  118. 120 1ll. 138 119. 122. 108.
147 120. 132+ 110 120. 120 130« 127 121 120. 139. 105,
“141. 128. 120. 100. 117 134. 128. 118. 112« 113. 123. 119.
129, 135, 129 1l4e 124 110. 113. 105. 126« 105. 107 117.
125« 123. 123. 120.

fxdkk CALIFORIUNM — 252 10 ATMe 4~-TH SET  9/1/71 #%¥¥x

79743, 84s 832, 2265« 5240.18858.4%633.82773.18549. 2419« 280, 376,

T40e 16B2e 4584.16641e3B224072290.175452851586172:54490.33266412261+
94857 TT48861136+43172227996.12380978BTBBLT73.66609453309.40533.26575.
16693« 4073.94211B8B3400e73381:65594:5636T-48056.40796.33880.26630.20790.
14843s 9818 4549.99019:.94243.90124.8639T7-81835.77855.75500.73124.68965.
65733.63608+61358.600060578095640854219+52906051848+49908:488164T76T1a
46461 «4546T+4489Te434B3042669419T56416160409724010139452.39075.38205,
37980e37352e36622:36369e35764¢3541T735490e3490134424+33998.33650+33487+.
3332832687e3246331972.3201131932.3173531239.31101.30980.20551.30656+
3021230149268 7329419¢29291e2938L1+2517828760.28652.,28636.28401.28141«
2195228004027 7312T74202T4R5:2T72642T112462686602698926835.26481:260440
264T402613B80259254259392582425478B42572502520125149+250844.25086¢24979.
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»

2452T7424616026201.2428T7624384624005622726+238B9724004023685+23728423496.
23578.23028423239:2294122766023073.22415:227922240722338.22139.22103.
22033.22152+21733:21854+21T11+21684421348421411.21588+21015.21148.20971.,
21107.2058620487.20626¢20460+20410.2C405.20221.1984120196.19958.20002+«
19745:19680:.19611¢19531019423:.19643.15478.19031.1920419194:18930.18763.
1857918576 18T7C9:.1B477-1R552:183141E257.18277-18037.18192.17929.17800.
18107617B191799217624417377417354:1775617394417375.17319.17220.17163,
1683441689641 7C4Le1699716759:1662216800216548016491.16610.16261.16382.
16189+4162171600516115+15937:1619415913.15666.1558715682.15813+15583.
15332.15365.15390.15308.15182.1509015212+15386+15094¢14838.14771.14867.
15116:14746e14682+14T960 148261477314 T18e14655.14335.14083.14402.14292.
14127+14119.14435.14078.1421013958.14117.13872.13759.13%940.13836.13630.
13542413654413760.13388.13380.13350.12166.13213.13333.13271.13364.13171.,
13148412993412932.13002.12974+128B4712T77.12593.12632.12622.12524+12393.
12439.12419.12603.12546012425.1255112251.1226B.12157.12120.12157.11965.
1233C0+11946+11930.11934.11792:11818:120101172911634211490+11654411671¢
11457.11354.11390.11407.11347.11310.11201.11057-11312.11166.11194.11102.
11182.10882+1092310973410941s107921C91510851.10563+10774+10735.10719.
10710.1053810563.10500410358.10619+1C40710235.1027710441.10186.10140.
10079.10061+1C108.10119. 9870. 9991. <774s 9938. 9810. 9794. 9792. 9782,
9728« 94T4e 9657« 96560 9462« 9514« €571e 9425. 9530. 9408. 9339. 9443.
9254« 9261+ 9111 9057« 914Bs 9392« S1T0s 9041e 9230. 8997. 8996+« 9105.
9132. 8878. B924. B958. B628. BB29. £E594. B8619. 8746. 8639. B6HBS5. BT40.
B696e 8506+« B570. 8459« B459. 8467« £323. 8383« 8474 81B5. 8350« B240.
8240 8268+ 82BB. 8196+ B205« BO6le 80l4e 8156« 7892+ 8l4le TB6EF. T9I99.
7925« 7942+ 7858. 7820 T792. 7853« 1836« 7763. T652. 7580« 7590. 7541,
T642e 7552 T758le 7529« 7540 T534. 7286e 7385« T30le T310. 7171. 7245.
7403e 7262+ 7235+ T142. T133. Tlb4e T066s T160e 6893« T104. 7134. 6990.
7017« 6991s €931« 6944s 6B6le 6799« 6900+ 6B2l. 6895. 6T17. 6£86T- 6707,
6627« 6563« €643. 6504s 640660 6377« €456+ 6587« 6375+ 6402« 6533« 6367
6392« 6518. 6322. 6201 6310« 6393. £092. 6244 6322, 6257 6278. 6072,
6136+ 6003s 6151e 6165s 5943. 6071e 5794 e 594T. 5998+ 5846« 5850« 5T70.
S777e 576le 5851e 5625 5752« 5672« £736e 5688. 5733. 54T6. 5535+ 5576
5457« 5675« 54B2. 5460 5484. 5378. %500« 5270. 5342. 5351« 5359. 5390.
5434« 534Te 5261 52T4s 5356. 5245« %339« 5227. 5135. 5210. 5058. 5208.
4993, 5015« 5C86. 4989e S51llle 4998. 5052« 4937T. 4902 5062+ 4791le 4994,
4857« 4868+ 4755+ 4TBYe 4Tb4e 4840s 4TBTe 4722+ 4810. 4694s 4644 4629
4591 4613 4494 469l 4467 450T. 4458« 4549« 4590« 4473 44B9. 4443,
4468. 4479 4474« 4418e 4393e 4285. 4399e 4244 4414« 4209. 42Ble 4309.
4275« 4257+ 4120« 4216s 41Pbe 41B7. 4239« 4147« 4054 4062+ 4199. 4079.
4126¢ 4057 4135+ 4Cl5. 4024. 3983. 2936« 4004. 4024+ 3902. 38B82. 3B79.
3885« 3B33. 3948. 3795. 3821. 3857« 2718« 3701. 3742. 3721« 3722« 3739.
37B6. 3820. 3673« 3695« 3622+ 366T. 2665« 3622. 3675« 3613+ 3630. 3583.
3485 3491« 3563« 3502. 3564 3460« 2398. 3447. 3354 3447, 3453. 3413.
3403« 3395. 3363. 3348. 3373. 3329 23350. 3271 3304 3296« 3337. 3283.
3243. 3211s 31£€9. 3247« 3067. 3150. 2114« 3152. 3102« 3145« 3131. 3098,
3107« 3002+ 2559« 304le 303B. 2964- 206Te 2999. 2935. 3022. 29B5. 2956,
2821+ 3007. 2858. 2873. 2835s. 300l 2B78. 28Bl6. 2902 2799. 28B28. 2869.
2775« 2851le 276B. 2766+ 2770 2792. 2758+ 2701ls 2710« 2687s 2687« 2700«
2680+ 2678e 2634. 2660. 2603. 2518« 2647. 2638. 263Be. 2583, 2466+ 2526.
2499, 2531. 2498+ 2479. 2613. 2503s 2368B. 2411l 2418« 2413« 2457. 2433.
2372+ 2365. 23tbe 23T4e 2346+ 230Be 2432 24l4. 2221« 2345. 2336+ 2230
2310e 2419. 2275. 2224. 2393. 2258. 2178. 2167 2198. 2264« 2109« 2166,
2169. 2223. 2293 21T76e 2131 2117+ 2154+ 2131. 2156+ 2163. 2138. 2088.
2111+ 2125+ 16G1. 2060 2094 2071le 2003. 2020e 1985 2007. 2026« 2062
2003« 1956+ 1961. 1977. 1869. 1965. 1924. 1902. 1938. 1877. 1874« 1900.
1915« 1793. 1874. 1B45. 1860. 1800. 1806+ 1803. 1758s 1843. 1801. 1712
L1T75. 1784e 1716e 1751le 1784. L7119« 1757 1756« 1641s 1749« 1703« 1634
1624 1687. 1721e 1632 1667« 1622« 1630. 1558. 1653. 1624. 1568+ 1570.
1613« 1590, 1578. 150&e 1502« 1496« 1613 1560« 1487« 1495« 1546« 1609.
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1537« 1533« 1462 14B5. 1467« 1516« 1479. 1535 1449. 1410. 1464 1l416.
1412. 1432. 1357« 1408s 1398, 1424. 1380« 1300. 1388+ 1349« 1422. 1279.
1399. 1284« 1288. 1261« 1347. 1407« 1260+ 1271le 1263. 1269 1257. 1331.
1244« 1221 1223+ 1235« 1293. 1246. 1230. 1211. 1235, 1178. 1191« 1187,
1189« 1171« 1172. 1198. 1208. 1179. 1193. 1101+ 1137+ 1162. ll63. 1116,
1159 1113. 1110« 1088. 10B4s 1042. 1129 1137. 1087« 1021l 1084+ 1057,
1053« 1045« 1055. $94s 1074. 1022. 976es 985« 1047« 954e 972. 944,
971le 996+ 1CCY9« Gb64e 951. 1004 939. 956« 968 9TE. 933. 919.
919 922. GS11. 936. 903, 931. B859. 907. 905. 875. BB5. B58e.
870. 86l. 878+ B832s 882+ 905« B24e 847« Bl4s B8l7« B05. 787
819. 824. BCbe 7TTBs 833. 7T66. T6T7e. B23« B30. B26. B8lbe 7T95.
769 774« 796e T4Be T34e T42e. T46e TLDe T6Be T2Be 7Tl6. 6950
785« 764 145 7T18s T20e 7T3le 682s 728« 7T06s 570« 656s 698,
698« 663. T24. 634

¥xkkx CALIFORIUM - 252 4 ATMe 4-TH SET 9/71/T71 %dk*

11534« 357. 3144. B8001.19948.91466.26799.81385.55631.84289. 578. 835.
1419« 4191.15269:3201661022.87309:.6£106.33058+43622.921B9.85632.96225.
24330560660 1519445546496931e5529B¢17503e77519447758+145454B8391.59237.
36606¢11678093347.71281e50933e34722e18140s 928+868B0972717+59707.44870.
33100¢20844.1C1E697C54e8575973813:65025+52949.438284324752355711450¢
GT4T24+89124eBL344T375Be655T0e5TT1IBe4ST42.40653:3276126263418178. 9160,
2477494325+88213:8124Te741T76e69139:62098e56316051137445634240806+35510»
30B62+25633.21582.15839.11882. 8365« 4564« 691-96873.94138.90221.86895.
B4BB2e81751e75445T6210eT73718BeT720596563266896e565350:62964+6221959416.
58780656389¢55379.53424e5231550708645B96e48419476]10446544445534444425.
43365.42490442C75407904038763975643%63703389138120.3777837195.35359.
35999.35648.35037349304342064.3405133455.33243.32734.32662.32312.31832.
31618+31562.31282.310683051330019+3C29130166e30195629538+29478.29347.
28800:289842854442821902836202831927893.28033.27837e2755Te274542T7367T
26995.27078.27183:26B46e2T7072:26788+26634026545:2618802660T26304:26004.
26019:626214025860¢25743e6254550256420425T72025478025545425348+25184424971.
24825424951 024T8)Le24661024535.245T0246T73024317e2415422439624355.24161-
2396123952.24C82423733e2374742351223627+2375223465423703+23366422972e
23312423160.2315442309522868.22651272B57230B860232342304562254222529.
22622+2264T.22519:22126622358422418022156422053021979+2230122095421890.
21909+216834219264215922168042177002157821500421428421397+21367+20980+
20970+21351212352087402096342090402C84920915.2088720606420310.20578.
2045002062B8+420573420369620472:203412C201204642035020242:2005720094.
20064+20287+15863¢1951519848419597e1553001976919618B1984019773.19392
19307.19477:.15470+19074+19285.19139415193.1930618943.19036419052.19204.
19169:18929.18567+18869+1883618742+1F0913.18454187084+18471418318.18248.
18692:18374018145.18453.18278.18436.18237.18009.17948.1834%4.17894.18133.
18222.17991+17968417977«1R065.1803617806417480e1776811750117539.17640.
17684417696+17350.17369-17352.17415.17382.17303.17155.17322.17092.17116.
168511706717121e17142:16939.16638:1€96041695016916+16698.16T68.16377.
16800:16515.16551a167191644401632801€665401634Le16471416372+16308.16314%+
16238.16029.16071.16012+15975.16072215933.15940e15776+157T4716049:16004.
15692150406158£5+1539215663¢15738:15674¢1584Ta1571115482e615698.15477.
154460156044+156506415386415367015457e15210.15265.14794.15107.15042.14928.
15081e1498115083+14875e15021:14935.1464914624.1481014830.14888.14673.
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14827414732:146591452501450214735.14T798014753.14391.13983.14358.14434.
1422014273.1428541407T1014248.14065.14261613915.14375.13975.13890.13981.
14078414146+13960413960.13806.137T4.1275T.13675.13T09.13867-13643.13821.
13834413667¢12470.13814613503413595413583.13527+13562413246.13333.13476.
1318841310012237.13266e13342:13067412169+13049+13009413168.13107.13331.
13048413102412902:1289912903.12855.12826+12863.127511272112644+12708e
12627:12530.1251341257912456412760.1262512525.12348.12438.12465.12327.
12426412330+124328.12326412006412155.122C00012254.12073.12203.12222.12009.
11957.12193.11832.11777411857.118B2.11964+11828.11803.11918.11869+11721s
1176741174311 778411531e116B3611754.117571155511442.112271164311519.
11444011528611569.11212:11261211256.1140341153711221+11190.11407411375.
11469¢111644112471131110967110251112911049¢11156.10859.10926.11047.
10951.10817+10961107971075541055341C79610713.1080110887+1074110767.
10837+10B863.1074110785¢10626010534¢1(43110924.10396,10354.10533.10398.
10281+1042041048710155.10308.10276+1031810219.1023110230.10216410165+
10143.10023.10077« 9984 996110141.1C150. 9879.1C040.10154. 9853. 9882
9920« 9843. G533. 9915. 9B&64. 9IBOHL. S9T7le 9593. 9648« 9671. 9T704. 9573
9729+ 9684 G568. 968le 9563. 9790 %619 94T1ls 94T4e F4bbs 9520. 93E80.
9553. 9615« 5455« 9438B. 9314. 926B. 5318. 9305, 9518s 9214« G266+« 9366,
9206« 9285« 9343. 9243s BIBTe. 9221e 9173. 8912. 9019, 3090. BI973. 9025.
9105« 9001« B995. B990. 8909 BT7S59. E£8T6e B9I954. 8739« 8754. 8727. B8OT.
8752. 8813. B920. B690. BT733. BB42. PF63l. B8706. 8801. B645. 8705. 8632,
8594« 8568« B577. 84B4e B450e B434. P446+. 8416« 8338B. 8368. 8361l. B488B.
8308. 8383, 8431. 8165. B8158s B24T7« £216+ B190s 8403 BOOB. 8l65. B26T.
8218. B028. 8225+, 7944« 7965. 7986+ 7802« 7983. B8072. 8007. 7957. T899.
T944. 8011« 7S€9. 8005. 7582. 7B28. 7971l 7909e 7935. 7T745. 7920. T834.
7849« 7909 7657 7830s 7620 T645« 1687« T737. 7728« 7439« 7654 7596,
7456+ TH50e 7392« 7503s 7533 T42B8. 1568+ 7502« 7324« T7399. T400. T460.
7548 7234« Té444e 1580« T361e 7334. 7276 T207. 7238B. T300. 7300. 7018,
T361le 7085. 7183. T236. TO0B3s 7244. 1156¢ T1B2s T104e 6976+ Tllle 6909,
T044e T193. 6849. 6954 6998. 6899. 700l. 6973 6910. 6850« 6921+ 6846,
6970« 7005+ 6840« 6861le 6728+ 6B69e £655a 6734s 6796 6T4T. 6726+ 6688,
675Ce 6655 6747« 6T45« 6880 6725. €792« 6605+ 6777« 6698 6629 6483,
6557 6566 6500. 6608Bs 6577« 6520 €610 6340. 6480s 6465+ 6400+ 6492
6333. 6533, 6400« 6430s 6479« 62T1. €328« 6330. 6329. 6342. 6375. 6384.
6291l. 6279 6253« 6333 6315 6122« €110 6247« 6184 6130 6229. 6239.
5698 6096 £113. 6lé4e 65098. 6082. £9T75. 5961s 6044s 6061le 5899. 6016.
6005« 6115+ 6010« 6055+ 65030« 5883. %964« 5977 5888« 5997+ 5B40. 5872,
5817. 5733« 5804. 5839. 5787« 5758. 5933. 5688« 5724 5662« 5775 5711l
5791 5687s 5715« 5726« 5740e 5599« 5813. 5578s 564%e 56344 5770s 5642
5603« 5612« 5583. 5601ls 5504« 5360. 5474« 5583« 5573 5429. 5375« 5579.
5406+ 5233. E474. 5365. 5297. 5309. 543B. 5385. 5382« 5276« 5360« 5314«
5159 5297 53C0. 5261« 5377. 519l %18le 5263« 52B6. 5241« 5161. 5141l
5317 5133. 5216 5152« 5183« 5094e 5169« 5079. 5041le 5092. 5169+ 5026,
5056« 4993« 5093 5144. 5051 5150 5083+ 5017« 4811« 4916« 4946. 5032
5036« 4931s 5Cl4e 4983. 5132. 4991. 4884 4878. 4925. 4852+ 4990. 4935.
4866e 4999 4778« 4802« 4BT4. 4B8l4e 48BB. 4731« 4769« 4780. 46B0. 4T719.
4707 4687 46S8e 4T4Te 4T03e 4766« 4803 46976 4679 4662+ 4615« 4744
4659 460Te 4569« 462Te 4734« 4585« 4669« 4606« 4553+ 4560« 4467+ 4650.
4521e 4T1le 4556+ 4658¢ 4600« 4528« 451Bs 4387. 4521e 43B9. 44Bl. 4452.
44456 4475+ 4393« 4504,
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e 0. 0. 1. 10. 10. 66+ 105. 68, 75 9B » 134.
228« 1791. 6765.14001s 9364 3377. 1316 7T9l. 567 409. 273. 301.
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ABSTRACT

A Benjamin-Type Neutron Spectrometer System was put into operation using
detectors filled to pressures of 10.4, and 1 atmospheres. Biasing of the
spherical gas—-filled proportional counters was accomplished with a negative‘
high voltage power supply. A special charge-sensitive preamplifier was built
and used for the initial amplification of the signal and a linear pulse
shaping system was designed. Studies were performed to obtain the optimum
resolution for the system.

Several gamma-ray discrimination systems were designed, built, and tested,
with the final design using a fast and slow component of the signal to accom-
plish discrimination. The fast component was adjusted to cancel the gamma-ray
induced pulses in the slow component of the signal.

Neutron penetration data were obtained through iron and aluminum specimens
using the KSU TRIGA MARK II nuclear reactor as a neutron source. These data
served as a means for obtaining an energy calibration for the spectrometer
system. Finally, a Californium-252 neutron spectrum was obtained. All
unfolded neutron spectrums were obtained with the code SPEC 4; this code
was verified through the use of artificially generated proton-recoil

distributions.



