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ABSTRACT

Neutron transmissions through Tefion (CFZ) and carbon have been
measured to provide high resolution transmission and cross sections for
fluorine from 5 eV to 20 MeV. The 0Oak Ridge Electron Linear Accelerator
(ORELA) was used for the neutron source. The 80-m flight path with a
6L1' glass detector was used for the low-energy measurements, and the
200-m flight path with a NE-110 detector was used for the higher energy
measurements. The various background contributions were carefuily
studied and are discussed in detail. The 2389 resulting values are

tabulated and compared with the current ENDF/B-IV evaluation.






INTRODUCTION

During preparation of the first ENDF/B evaluation (FU74) of fluorine,
data for the total cross section were frequently inadequate, and the
file had to be pieced together from many separate measurements. QOften,
overlapping data sets were in serious disagreement with each other, and
the energy resolution was often insufficient to resolve the structure in
the cross sections. In addition, no measurements of the fluorine total
cross sections have been reported from thermal to 1 keV. Fluorine is
one of the materials being evaluated for use in the breeding blanket of
fusion reactors, and since it will exist in combination with other mater-
jals, it is important to have an accurate absolute energy scale as well
as reliable cross section va?ues, For these reasons, we have made an
extensive study of the transmission of neutrons through Teflon (CFZ)’

Two flight paths, twe different samples, two different detectors and two
different neutron producing targets were employed in various combinations
for the measurements. Because these experiments utilized most of the
experimental techniques currently in use at ORELA for transmission
measurements, we present a detailed description of our work.

Section [ includes our experimental procedures and Section II
describes the data reduction. Section III is a discussion of the energy
resolution, Section IV is a presentation of the results and comparison
with the ENDF/B-IV evaluation, and Section V contains the summary and

conclusions.



EXPERIMENTAL PROCEDURE

Due to the wide energy range over which data were required (5 eV to
20 MeV), two different experimental setups were necessary. In the Tirst
arrangement, designea for measuring neutrons from a few eV to a few tens
of keV, data were acquired with the 80-m flight path using a 1.3-¢
thick, 11-cm diameter lithium-6 glass scintillation detector. The ORELA
electron beam burst width was 7 ns, with a repetition rate of 180 sec‘].
The power on the target was 2 kW. Two filters were inserted in the
neutron beam: 0.60 cm of lead to diminish the gamma flash produced when
the electron beam strikes the water-moderated tantalum target and a 300-

2 B]O filter to eliminate the overlap of low-energy neutrons from

mg/cm
preceding bursts. The higher energy data (above about 20 keV) were
acquired on the 200-m flight path using a NE-110 proton recoil detector.

For this part of the measurement the electron beam burst width was
1

-

either 3 or 5 ns, depending on the run. A repetition rate of 1000 sec”
was used, with 10 kW of power on the target. The filters on this flight
path consisted of 2.0 cm of uranium to reduce the gamma flash and 300

mg/cm2 of B]O

to reduce the flux of low-energy neutrons. In addition to
the water-moderated tantalum target, measurements were also made at the
200-m flight path with a beryllium block target. The neutron spectrum
from the Be block is much harder than from the water-moderated Ta, and
thus provides data with higher statistical accuracy for energies above

1 MeV. Furthermore, the largest component of the background for the Ta
targel — gamma rays from hydrogen capture by the water moderator — is

eliminated since there is no water around the Be block. However, the

energy resalution is somewhat poorer since the Be target is thicker.



The data from the two flight paths overlap from about 20 to 150 keV
and the resulting cross sections are in good agreement except where the
energy resolution at the 80-m flight path was comparable to the widths of
the narrow resonances. The two fluorine samples used in this measurement
had 1/n values of 7.639 and 59.21 b/atom and were machined from commercial
Tefion, (CFZ)n' Quantitative chemical analyses for carbon, fluorine and
other halogens, and semi-quantitative spectroscopic analyses for other
impurities showed that all impurities were less than 5 ppm except for
chlorine, which was less than 700 ppm. For the thick Tefion sample, a
reactor-grade carbqn sample was made to exactly compensate the carbon pre-
sent in the Teflon, and was used for the sample-out measurement. Thus the
fluorine transmissions were obtained directly by dividing the CF2 spectrum
by the C spectrum. For the thin sample, a matching carbon compensator
would have been too fragile; therefore transmission through the Teflon was
measured relative to the "open" beam. Following conversion of the trans-
mission to cross section, the carbon total cross section was subtracted
using the relation o(b) = -0.00333En(keV)+4.725(b), derived from fitting
the ENDF/B-IV (PE74) carbon total cross section from 12.5 to 110 keV,

The remaining cross section, after subtraction, was attributed to fluorine,
and between resonances was in excellent agreement with the fluorine cross
section obtained from the thick sample.

A neutron monitor was used to normalize the sample-in and sample-out

235U fission

data to the same neutron source intensity. The monitor is a
chamber which views the neutron target; thus its output is proportional to
the total neutron output of the ORELA target.

The alternation of sample in and out of the beam was under control

of the data-taking programs. A typical cycle time was about thirty



minutes, so many cycles were included in the measurements. Total beam
time for the data in the report was 240 hours.

Neutron energies are determined by the time-of-flight method. The
start signal for the time digitizer system is taken from a bare phototube
placed near the linac target to view the gamma flash resulting from the
electron burst. Stop pulses for the digitizer are neutron events in the
remote detector. The gamma flash is also observed at the remote detector
and provides a fiducial time for determining neutron energies. Howaver,
since the flash is so intense, its centroid is measured in a separate
experiment with extra lead filters to reduce the counting rate. For the
actual transmission measurements, the detector is gated off until the
gamma flash is over. After each detected event, the system is dead for
1.104 usec while the signal is processed, and then is alive again await-
ing other neutrons or the end of the detector gate period for that burst.
On the average, two neutrons were detected per burst for the 200-m
measurement, and 5 neutrons per burst for the 80-m measurement.

The width of the time-of-flight channels is adjusted with the data
acquisition program so as to have at least three channels per resolution
width over the neutron energy range of interest in the experiment. This
scheme minimizes the number of channels used for an experiment by crunch-
ing neutron energy regions where data may not be required into a few
wide channels. The measurements reported in this paper were performed
using 35,000 to 50,000 channels varying in width from 1 ns to 1000 usec,
the wider bins being used at long flight times to determine the room

background.



DATA PROCESSING AND REDUCTION

Since the transmission measurements result in hundreds of thousands
of channels of data, computer processing of the data is an obvious
requirement. At the end of an experiment, the data are converted to a
standardized binary representation of the time-of-flight spectra. Cor-
rections are then made to the observed counts in each channel for dead-
tine losses and background effects. The spectra are then converted from
time channels to energy, and the cross sections obtained from the ratio
of sample~in to sample-out counts properly normalized to the source
neutron monitor. Depending on the experiment, this results in a tabula-
tion of 25,000 to 50,000 energies and cross sections. We then employ an
interactive computer program which allows selective averaging of the data
to reduce the number of points while preserving the resonant structure.
In the following sections we discuss the various corrections applied to

the data and estimates of their associated errors.

Deadtime Corrections

Counting losses occur because the data acquisition system will not
accept counts for 1.104 usec following each valid stop. For each channel
we calculate the probability for loss of counts by summing the counts
stored in the previous 1.104 usec and dividing by the total number of
bursts for the measurement. This gives the probability that the system
accepted a count during this interval and therefore was dead at the time
of the channel under consideration. This procedure implies a constant
counting rate for the duration of the run, which from previous experience
is a good approximation. The largest deadtime correction occurred at

short times and was less than 15%.



BACKGROUND SUBTRACTION FOR THE NE-110 DETECTOR

Neariy all of the backgrounds associated with the NE-110 detector
result from gamma rays. As described below, four distinct background
components are identified and removed. They are: 1) constant room
background, 2) 2.2-MeV gamma rays from hydrogen capture in the water
moderator of the target, 3) 478-keV gamma rays from the ]OB(n,u) reaction
with the boron in the Pyrex face of the photomultipiier, and 4) very
small pulses at short times produced via some indirect process by ~0.5-
MeV gamma rays from the source.

To aid in background determination, we actually record four spectra
for the NE-110 detector. Each spectrum is characterized by a different
lower and upper cutoff on the pulse height. The lower level of bias
window one 15 just above the noise background and extends to about 150
keY proton recoil energy. Gate two covers from 150 to 600 keV, gate three
from 600 keV to 2 MeV, and gate four covers from 2 MeV up to 40-50 MeV.
The corresponding neutron energy regions are not well definad since the
recoiling protons have a broad energy distribution and the pulse-height
resolution of the detector is rather poor. However, this technique serves
to approximately isolate the different gamma-ray background components,
since the 478-keV gamma rays fall mostly in bias window three and the 2.2-
MeV gamma rays are mostly in bias window four. After removing the various
background components from each spectrum, we then select from each of the
four spectra regions based on maximum number of counts and the foreground-
to-background ratio, and sum these regions to obtain the final transmis-

sion spectrum.



The simplest of the four corrections is for the nearly constant
room background, which arises from various activities in the detector
room and from long-lived radiations from the neutron source. It also
includes some slow neutrons from the preceding burst. Its subtraction is
straightforward; in each of the four gates we observe the residual count
rate at long fiight times, just before the arrival of the next neutron
burst, and extrapolate this count rate into the next burst spectrum.

The second background component occurs because neutrons are captured
by the hydrogen of the source moderator surrounding the Ta target to give
2.2-MeV gamma rays, with associated Compton scattered gamma rays, which
decay exponentially following each burst. This component is not present
for the Be block target. This background has been studied by eliminating
the neutrons using a thick polyethylene filter. We find a 17.3 £ 0.3 usec
half-life, consistent with 16.6 * 0.4 usec from Monte Carlo calculations
(KI72) of the neutron leakage from the source. For transmission measure-
ments, this gamma-ray distribution, hardened by the uranium filter, causes
backgrounds which appear mostly in the spectrum of bias window four. This
exponentially decaying background is clearly visible after 10 usec, fol-
towing passage of the few fast neutrons through the polyethylene filter.
Measurements with this filter, in addition to the uranium filter, show
that about 35% of this background is distributed among the lower three
bias spectra. All four spectra are corrected accordingly.

The third background component is produced by neutrons which slow
down in the detector and its environs and are then captured via the
mB(n,ocy) reaction in the glass of the phototube. Use of a 7Be source,

which emits the same 478-keV gamma rays as this reaction, indicates that



about 70% of this background falls in bias window three and the remaining
30% is divided between bias windows one, two and four. In the actual
transmission measurement, this background is observed only in bias window
three at later times, following passage of the fast neutrons detected in
that bias window. The spectrum in bias window three without a transmis-
sion sample is constant to *10% from 500 to 50 keV and decreases slowly
for energies below 50 keV. It is also expected to decrease above 500 keV,
hence making a negligible contribution (n0.1%) to the spectrum from 550
keV to 7 MeV, the region which bias window three contributes to the final
summed spectrum. Possible background structure resulting from insertion
of the sample into the beam is minor because resonances are smeared by the
2 usec leakage time for slow neutrons from the detector. This background
component is corrected for by subtracting a fraction of the bias window
three spectrum from each of the four bias windows, in proportion to the
ratios obtained using the 7Be source.

The fourth component of the background is more complicated and,
although its intensity is known, its origin is not presently understood.
Measurements with a polyethylene filter and with various absorbers show
that it is created by source gamma rays with an average energy of about
700 keV. Inserting a uranium filter hardens the spectrum to about 1.5
MeV. However, pulses created by this radiation fall entirely in the
spectra of bias windows one and two rather than in windows three and
four, as they would if the pulses were created directly by the 1.5-MeY
gamma rays incident on the NE-110 detector. Furthermore, for unknown
reasons the background rises to a maximum intensity at 7.5 usec after

the electron burst and then falls rapidly with a mixture of 1 to 5 usec



half-lives. In order to avoid a detailed subtraction of this complex
background, we only use data from bias window one after 19 usec (~0.6 MeV
neutrons) and data from bias window two after 14 usec (v1 MeV neutrons).
At these times this component of the background is much less than 0.1%

of the counts. The resulting loss in count rate is not serious since
most of the counts from the faster neutrons occur in bias windows three
and four.

Having made the appropriate’background corrections to each of the
four bias windows, we select a region from each bias window for summing
into the final spectrum. Selections are made only from bias window one
at low energies and from bias window four at high energies, with bias
windows two and three contributing to the intermediate energies.

Figure 1 shows the final percentage background subtracted for the

carbon compensator (essentially the open beam) using the water-moderated
Ta target. The discontinuities in the curve result from the discrete
sections of each bias window which contribute to the summed spectrum.
The curve rises at low energies due to the detrease in neutron detection
efficiency of the NE-110 detector, and rises at high energies due to the
decrease in neutron flux relative to capture gamma rays from the water
moderator. The figure shows that from 40 keV to 4 MeV the background
correction is less than 1% and usually only ~0.1%. A similar plot for
the Be block target looks similar below about 4 MeV, but remains under
0.5% up to 20 MeV because there is no background due to capture by the

water moderator.
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BACKGROUND SUBTRACTION FOR 6Li GLASS SCINTILLATION DETECTOR

For the measurements with the 6L1 glass scintillator, the 2.23-MeV
gamma rays from neutron capture in the water moderator constitute the
largest background for measurements above 10 keV and are ~3% of the open
beam at 10 keV. The time-independent room background is a factor of ~30
times smaller at these higher energies. The room background is ~0.2%
at 500 eV and rises to 4% at 10 eV. The rapid increase at low energies
is due to the decrease in neutron flux arising from the use of the ]OB
1/v overlap filter. Figure 2 shows these two background corrections in
percent of the open beam versus neutron energy for the 6Li detector from
10 eV to 100 keV. 1In this figure, curve 1 represents the background cor-
rection due to neutron capture in the water moderator, with a character-
istic decay time of 18.2 usec. In addition, a small component with a
much longer decay time (1000 usec) exists and its correction is shown
in curve 3. Curve 2 is the correction for time-independent room back-
ground, and curve 4 is the sum of curves 1-3. These backgrounds were
determined using 10 cm of polyethylene in the beam to remove all resonance
energy neutrons. However, there is an additional background produced by
neutrons in the beam which are scattered by the detector and return to the
detector at later times (wusec). The return time is a function of the
energy of the incident neutron. This component of the background is
determined by using "blacking-out" resonances. In the eV energy region
six resonances of uranium from 20.8 to 190 eV were used and backgrounds
of 0.2% to 0.5% were observed. In the energy region from 0.7 to 50 keV,

"blacking-out" resonances in Bi, Fe and the thick CF2 sample were used
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and backgrounds of 1% due to scattered neutrons were observed. The
correction deduced by requiring that these "blacking-out" resonances have

zero transmission was as large as 2% for the open beam.
NEUTRON ENERGY AND ENERGY RESOLUTION

The neutron energy is calculated relativistically for each channel
from the path length and flight time. The path length is taken as the
distance between centers of the 3-cm thick Ta source (7.6 cm Be block)
and the 2-cm thick NE-110 detector, or the 1.3-cm thick °Li detector.

The flight time is the sum of the elapsed clock time between the centroid
of the gamma burst and the center of the given neutron channel, plus the
gamma-ray flight time. For the data taken on the 200-m flight path, a
systematic energy uncertainty of one part in 104 is assigned. Clock
timing errors are negligible, but a t1 ns error is assigned since the
centroid for the observed gamma flash may not be the centroid of the
neutron burst. The distance between centers of the target and detector
is known to 5 mm, but an error of 10 mm is assigned because the effect-
ive centers for neutron production and detection do not coincide exactly
with the geometric centers.

An energy spread, typically 2-3 channels, arises due to the burst
width At and the effective combined thickness of the source and detector,
AL. If these effects are each Gaussian, their widths combine in quadra-

ture to give the total energy spread

2 2
fp = &Y + &Y
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where L is the flight path length and t is the flight time for neutrons
of energy E. This equation is linear in E

2
(A5 = a1 + bE)

E
The parameters a and b could be calculated from the nominal AL and At
of v4 cm and 5 ns; however, a better procedure is to determine the
resolution experimentally from the observed widths of very narrow
resonances. Johnson and Fowler (J072) measured the transmission of
neutrons through calcium with experimental conditions essentially
identical to those in the present work. Using a singie-level analysis
of about thirty resonances below 1 MeV, they obtained

(%5)" = (0.25 + 0.72€) x 107°

where £ is in MeV and AE is the FWHM for a Gaussian resolution function.
These values of a and b correspond to values of AL = 5.0 cm and At =
8.5 ns. This resolution function has been used here for the 200-m data
taken with the Ta target.

For the 80-m data the systematic uncertainty in the neutron energy
scale is ~0.025% due to an estimated uncertainty of 1 cm in the average
distance between the effective center of the neutron source and the site

where the neutron reacts in the 6

Li glass detector. The enargy resolu-
tion is determined mainly from the effective source and detector thick-
nesses. From analysis of measurements of narrow resonances this is "3

cm.  Below 20 keV this results in an energy resolution AE/E of 0.08% and
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at 100 keV it increases to 0.11% due to a small contribution from the

electron burst width.

RESULTS

As discussed in the previous sections, four separate measurements
were made of the fluorine total cross section. The measurement at 80 m
provides the low-energy data, the 200-m Be block target data provide the
high energy data, and the thin and thick sample runs at 200 m with the
water-moderated Ta target provided data at the intermediate energies.
The final fluorine total cross section consisting of 2389 points is a
composite of these measurements; developed on the basis of counting
statistics and energy resolution. The components which make up this
composite are listed in Table I.

Results of our measurement, compared with the present ENDF/B-IV
evaluation, are shown in the nekt few figures.

The energy region from 2 eV to 10 keV is shown in Fig. 3. From
thermal to 1 keV there were no previous measurements. The evaluation in
the fegion js the sum of the free atom scattering cross section (MU73)
and the capture cross section. 'From T to 10 keV the evaluation is based
on data of Hibdon (HI64) and Newson (NE61). We find a constant value
3.64 £ 0.02 b from 4 eV to 10 keV from our measurement.

Figure 4 shows a comparison of our data with the evaluation from 10
to 120 keV. The evaluation is based on measurements of Hibdon (HI64),
Whalen (WH67), Bilpuch (BI59) and Bockelman (B0O50). We observe somewhat

larger peak cross sections for the 27- and 49-keV resonances, as well as
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a larger cross section between the resonances. The first inelastic
scattering channel opens at 116 keV.

The energy region from 120 to 500 keV is shown in Fig. 5. The
evaluation is based on measurements of Bilpuch (BI53), Cabe et al.
(CA65) and Whalen (WH67). We generally measure larger peak cross
sections than are in the evaluation, and in addition observe a new
resonance at 309 keV. The second inelastic channel opens at 207 keV.

Figure 6 is a comparison of our data with the evaluation from 500
keV to 1 MeV. In this region the evaluation is based on data of Whalen
(WHB7) from 500 to 650 keV, and data of Cabe et al. (CA65) from 650 keV
to 1.0 MeV. Again, we observe larger peak cross sections and obtain a
better description of the existing structure.

Figure 7 shows a comparison of our data with the evaluation from
1.0 to 2.2 MeV. From 1.0 to 1.1 MeV, the data of Cabe et al. were used
while from 1.1 to 2.2 data of Wills (WI58) were used in the evaluation.
We observe much more structure than is present in the evaluation, as
well as a larger average cross section.

In Fig. 8 we show a comparison of our data and the ENDF/B evalua-
tion from 2.2 to 6.0 MeV. The evaluation in this region is based mainly
on the data of Foster and Glasgow (F071). The average agreement is
good, with more detailed structure in the cross section obtained from
the present work.

Finally, Fig. 9 is a comparison of our data with the evaluation
from 6.0 to 20.0 MeV. Good agreement is observed over this energy

region, witn an average value o = 1.784 + 0.029 b between 12 and 20 MeV.
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COMMENT ON ERROR ASSIGNMENT

Accurate error assessment is one of the most difficult aspects of
an experiment. Both statistical and systematic errors exist. The
statistical errors are propagated simply from’the observed counts and
are those tabulated in the Appendix. Systematic errors in this work
can arise from uncertainties in sample thickness (< U.S%),kbackground
remova], deadtime correctians, flux normalization, energy calibration
and possible equipment ma1funct1§n. As is evident from this report,
background sources have been studied in detail and corrections made for
the various components. Figures 1 and 2 demonstrate that these are
small corrections,usualiy less tﬁan 1%, with an uncertainty in the
corrections of 20-30%. The deadtime corrections are well understood
and are less than 15%, with 0.1% uncertainty in the correction due to
fluctuations in beam power. Thé remaining sources of error are difficult
to study. Perhaps the best way to determine an overall error is to note
that we have actually done many experiments in this work. The data
obtained in each bias Tevel can be viewed as a (correlated) measurement,
and we have used two different flight paths, two sample thicknesses,
two different detectors and two different neutron sources in the various
aspects of this work. Following application of appropriate corrections
and conversion to cross sections, we find agreement between the various
overlapping measurements to 2-3%. We thus assign a systematic uncertainty

of 3% to the cross sections.
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SUMMARY

We have measured the transmission througn Teflon and carbon, and
derived cross-section values for fluorine from 5 eV to 20 MeV. A variety
of experimental systems were used in order to define as well as possible
the existing resonant structure. Background corrections were discussed
in detail and found to be negligible for most of the energy region.
Comparison of our data with the present ENDF/B-IV evaluation revealed a
number of discrepancies, mostly due to poorer resolution of previous
measurements.

The transmission and cross-section values have been sent to the

National Neutron Cross Section Center at Brookhaven National Laboratory.
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Table I. Summary of experimental information about the boundaries
which were used to generate the final set of cross-section values.
Neutron energies are in keV unless otherwise noted.

Sampie
Flight Thickness
Neutron Energy Path (m) n(atoms/b) Target Run
Fmin Fmax
4.56 eV 25.99 80 ‘ 0.1309 Ta 8079
26.15 28,32 200 0.01689 Ta 3030
28.47 45.15 80 0.1309 Ta 8079
45.53 53.19 200 0.01689 Ta 3030
57.37 81.88 200 0.1309 Ta 3005
82.70 107.8 200 0.01689 Ta 3030
108.6 309.2 200 0.1309 Be 8206
309.3 392.0 200 0.1309 Ta 3005
393.7 1270.2 200 0.1309 Be 8206
1271.6 1291.1 200 0.1309 Ta 3005
1291.9 21.8 MeV 200 0.1309 Be 8206
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APPENDIX

This Appendix Tists the 2389 values of the averaged transmission
and cross sections. The neutron energies are in keV, and the cross
sections and errors are given in barns. The errors given are statisti-

cal only, and do not include an estimated +3% systematic uncertainty.
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0.36647E
0.36€55E
0.35913E
0.36793€
0.3698ZE
0.37117E
0.37019F
0.3794EE
0.38524E
0.40282F
0.41u3SE
0.44488E
0.45%92F
0.480278
0.528608
0.61031E
0.7BEQSE
0.87161E
0.10073E
0.12839%
0.16UBTE
0.24218E
0.37u408
0.33866E
0.42211E
0.45405E
0.54128%
0.61391E
0.6531u42
0.83347F
0.86174E
0.106387E
0.11287E
G.13z4%E
0.12833€
0.12534E
0.11805E
Q.100u1g
0.83809F
0.81268E

2 0.72175E
Z 0.53609E

0.47930E
0.3996€E
0.41218E
0.29581E
0.32397E
0.20225F
0.23248E
0.18129¢8
0.12972E
0.11526E
0.11162E
0.82057¢

2 C.B4928E

0.81142E
0.55387¢
0.51801E
0.48071F
C.45089E
0.43277E
0.41513F
0.40560E
0.38956E
0.39412EF
0.35046E
0.39280E
0.39¢Ce8E
0.39986E
0.39958E
9.4003SE
0.41556E
Q.42729¢
0.43613E
0.44972%
0.4741€F
0.51112E
Q.54799%
0.62451E
0.76247E
0.75673E
0.810487E
0.8654SE
0.92192E
C.99850F
0.102352
0.13260E
0.14188¢E
.14 7B4E
0.16652E
0.765Q4E
0.1728ZE
0.13109E
0.20050F
0.20457E
0.2uQuue
0.245208
0.25786E
0,28335E
Q.29487€
0.31400E
0.33423F
0.37407E
0.3BENLF
0.38702E
0.41897E
0.43934E
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02
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Gt
01
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€2
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02
02
02
02
02
o2
02
Q2
02
02
02
02
02
02
02
c2

X~ERa00n

0.22072E-01
0.219408- 01
0.21846E-01
0.220002-01
0.301398-01
0.30002E-01
0.29717E-01
0.29639¢€-01
0.29571E-01
0.29380e-01
0.291908~01
0.285588-01
0.:8305E~01
¢.28323e~01
0.394y2E-01
0.39117e-01
0.39136E-01
0.38491E-0)
0.38865E-01
igs@sR-01
0.38704E-01
0. 38683E-01
0.38921E-01
0.387288-01
0.617148-01
0.62495E-01
0.70847E-01
0.€3939E-01
0.65752E-01
0.14359E 01
0.169302 C1
0.141928 01
¢, 149012 01
0.16269E 01
0.17405E ¢1
0.32786E 01
0.29736E 01
0.33278E 01
0.:00262 01
0.34170E 01
0.30234E 01
0.2€7088 01
0.38398€ 01
0.6C5752 01
0.475128 01
0.64251E 01
0.€E4194E 01
0.533%9% 01
0.57111E 01
0.48766E 01
0.5u4836E 01

+SE962F 01
0.48011E 01
0.39108E 01
0.38493E 01
0.30521E 01
0.26%012 Q1
0.31664E 01
0.28423E 01
Q.24723E 01
0.25486E 01
0.296308 01
0.13973E 01
0.12867E 01
0.12385E 01
0.15970E 01
0.14011E 01
0.96122E 00
0.83416E 00
0.€28292-0%
0.61685E-01
0.60949E-01
C.€1126E-01
0.38013eE-01
0.3856%98-01
0.37152E~01
0.36839E-01
0.372758-01
0.38124E-C1
0.39487E-01

«35030B-01
0.37832E-01
0.37598E~01
0.36018E-01
0.360512-01
0.47118E-03
0.50790E-01
0.433585~01
€.496072~01
0.49040E-01
Q.43 Z14E~ 01

- S0085E+0 1
0.62527E 0Q
0.708232 00
0.674418 00
0.66304E 00
0.66T44E 0QC
0.63086UE 00
0.596102 ¢4
0.62199E 00
0.64268E 00
¢.11335E 01
0.11354E @1
0.117028 01
0.13666E 01
¢.13¢83E 01
Q.12232E 01
0.12723E 01
0.11812E 01
0.12332E 01
0.12299E 01
0.115778 01
9. 121848 01
0.13110E 01
€.120938 03
0.12071E8 01
0.12467E 01
0.14617E 01
0.12757E 01
0.15505E 01

TEANS

0.6<364E
0.62383E
0.62335E
0.62307E
C.62082E
0.61917F
0.625808
0.62311%
0.61990F
0.62C10E
0.62456%
0.62008E
0.62611E
0.€1940%
0.€1943%
0.62538E
0.€61819¢
0.61653E
0.61557¢€
G.61635E
0.60895¢
0.60420F
C.59069E
0.5817SE
0.558678
0.551C38
0.53363E
0.50090¢
G.uSCILE
0.87571%
0.86315E
0.84351F
0.80511E
0.78301F
0.66436F
0.58809E
0.56449E
0.49030E
Q.U6U56R
0. 40094 E
0.35109E
0.33393¢
0. 24480F
0.233398
0.16428E
0.148708
0.10692E
0. 31455
C.120u78
0.13624¢%
0.18353¢
0.24290E
0.25355E
0.295628
0.4QUU6E
0.448617F
0.50923¢e
0.49859%
0. 60705E
Q.574987e
0.71070¢2
0.67534¢8
0.73631E
0.80329%
0.823158
0.82823¢%
0.87062E
0.86641E
0.87196%
0.48151¢
0.50782F
0.53345E
0.55458E
0.56794E
0.581182
0.588408
0.60087¢F
0.59719E
0.60026F
0.59838E
0.595862
0.59360¢
0.59298E
0.592572
0.58070F
0.571828
0.56558F
0.555348
0.53794E
0.51264F
0.48826%
0,44203¢8
0.87920E
0.880Q058
0.87210¢
0.86404E
Q.85584 %
0.84UBSE
0.B84129E
0.79940E
0.786972
0.779032
0.75489E
0.75679¢8
0.7u69VE
0.72422F
0.71232E
0.70792¢
0.68632R
D.£60%YE
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0.61975¢
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0.58849F
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0.52023E
0.49625E
0.4u7625E
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T-EFEFOR

0.1€277E-0C2
0.18172E-02
0.180€0E-02
0.18218-02
0.24972E-02
0.20791E-02
0.24814E-02
0.24641E-02
0.24457E-C2
0.253045-02
0.243161-02
0.2394BE-0:
0.241358-02
0.238CEE-02
0.32571E-02
0.32614E-02
0.32282E-02
0.31629E-02
0.31891E-02
0.31657E-02
0.31415E-02
0.311852-02
0.306452-02
0.30031E-02
0.4E963E-02
0.45920E-02
0.5C517E-02
0.42718E-02
0.3950Z5-02
0.212325-01
0.24673E-01
0.20214E-01
0.202%€F-01
0.21509£-01
0.1952uF-01
0.32556£-01
0.283u3E-01
0.275502-01
0.23552E-01
0.231326-01
0.179232-01
0.20570£-01
0.1€078F-01
0.238712-01
0.12180E-01
0.1€1:38-01
0.11589£-01
0.10320-01
0.11617§=-01
0.11218-01
0.169S3E-01
0.23362F-01
0.205£uE-01
0.19520E-01
0.26288E-01
0.22942E-01
0.23131E-0%
0.26657E-01
0.291338-01
0.241568-01
0.308€2E-01
0.33787§-01
0.173728-01
0.17453E-01
0.17213§-01
0.21075E~01
0.20596E-01
0.14062€-01
0.122€1E-01
0.40340E~02
0.41757£-02
0.43333E-02
0.45180z-02
0.287€7E-03
0.29844E~02
0.291162-02
0.29478%5-02
0.296535-02
0.300928-02
0.315C%E~03
0.31210E-02
0.29923E-02
0.296SE2-02
0.28413E-02
0.278€9E-02
0.358781-02
0.382985-02
0.369B03-C2
0.351268-02
0.
0.320178-02

0.29505E-02

0.9283%F-02

0.10520%-01

0.99310F-02

0.9673UE-02

0.96452E-02

0.9C533F-02

0.84676E-02

0.839562-02

0.854C0E-02

0.14990E-01

0.14740E-01

0.14962E-01

0.1723uE-01
0.159598-01

0.14712E-01

0.122098-01

00
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0.13764E-01
0.1343€5-01
0.12115E-01
0.125008-01
0.130278-01
0.11613E-01
Q.1082€1-01
0.109¢€2E-01
0.12840F-01
0.10¢5CE-0Q1
0.1246B8E-C?



RNEESY

0.48819E
2.488918
D.48963E
0.450368
0.491008
Q.4918 18
0.49254€
9.493278
0.49400E
0.4987a8
0.495408
G.49621%8
Q496858
0497698
0.4984a8
0.495188
0.45993%
4.50067E
6.501428
0.50217¢
0.502538
0.50368¢
0.50804E
9.50520%
0.50596%
0.5056728
06.5C0882%
G.51139¢
0.513978
0.51658E
6.519208
0.52185E
0.5245 18
C.521208
0.521838
0.53649g
C.54206%
0,547T3E
0.553088
6.555338
0565278
0.571318
0,58682E
Q.606298
0.6 26742
Q.64825%
G.663698
0.67526E
0.687148
C.65934F
0711868
0.724728
0.7379u%
g.75152%
0.76547%
B.7798 28
0.,793338
3.80338E
0.813628
6.826978
0.8401372
0.854108
G.86B178
0.882598
0.89738%
0.912548
¢.928088
0.944038
€.960392
0.97718%
G.99441E
0.101218
.10303%
0.104898
0.10581%
0.1Q657%
Q. 109778
0.111002
G.11256R8
J.11426%
0.116008
0.11778K
0.119608
0.121462
0.12299%8
2.12420%8
a.125q28
0.126678
6.12793%
0.12927p
0.130528
0.11184%
0.13319%
0.1349S%
0.1359u8
0.13734g
Q.13877e
0.140228
0.14169%
0. 143198
B.14u2E
3.1u626%
0.147837
0.14942E
0.1510ug
0.15269E
0.154378
0.156078
9.15780%
0,15556%
0.16 1358
6.163178
0.365028
0.16520E
0.16882%
C.17076E
0.17275¢
§.17476%
0.17682%
0.17330%
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X-SECTION

0.,450U4UF
D.4STHE
0.47230%
0.480348
0.470852
0.4S891E
QLEZ175E
0.40%968
0.41029%
0.36914E
0.34700¢
0.31006 F
0.29%48E
0.23%4482
0.23905E
0.226208
0.21083¢
0.185528
0.16562F
015075
0.1SE09E
0.16%40u¢
0.137768
0.117uz2e
0.13315¢
0.116208
0.710829¢
0.85020F
0.73374E
0.6604uE
0.70752%
0.58¢99¢
0,49€93¢
0.55568%E
B.527728
0 UZTHEE
0.40U84E
0374458
0.38074E
0.36630F
0.36237F
0 .35490E
0.359618
0.35060%
0.348998
0,356852
0.363278
0.36282E
0.36945¢F
0.376918
0.37911%
0.39010%
0.399798
0.417618
0.8316DE
0.85459¢
0.u7830¢
0.50097E
0.53091F
0.58966F
0.65375E
0.72068¢
0.778138
0.926388
0.10970%
0.130128
0.16170%
0.201918
0.23018%
5.25316 %
0.25300%
0.22306%
0.18317E
0.16C118
0.13303%
0.110608
0.10127¢
0.92090%
0.83296%
0.74613F
0.60£258
0.€5133p
0.62294%
0.59955g
0.58501%
0.564008
0.552388
0.550u5%8
0.52a% 28
0.£2658%
0.51263
0.50366¢
0493518
9.48701E
0.4706 38
0.47173
0.87C738
0.46635%
0.645403E
b.451588
G.4u773p
0.43787%
0.43762%
0.42996¢
0.u2058p
Q.42415%
0.41920¢
0.413208
N.40932F
0.412348%
9.90764%
0.405u1Y
0.%0253E
0.401732
0.39998¢
0.39585y
0.39177
0.355592
D.352828
N.39158y¢
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a1
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01
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1
a1
o1
81
01
21
21
a1
(3]
0y
€1
L&)
91
a1
01
[A]
01
@1

®~BPRGR

©.13743F 01
¢.132358 01
0.115168 01
0.15082¢ 01
£.933¢38 01
0.130702 91
DLIBBIHE 01
0.13¢578 01
0. 122068 01
0.118618 01
0.110¢3E 01
0.124732 01
0.,12398E 01
0,112508 01
0.111208 01
G.111218 01
G. 109048 01
9.109572 01
3.113062 M
0.121048 O1
0.110728 01
0.985634F 00
0.106082 01
0.107612 0
0.101378 01
0.938128 00
D.52277¢ 00
£.58319% 00
0,553668 30
0.563338 00
0.344742 On
0.499558 OO
D.52€648F 0O
0.524472 00
2.37683% 0O
0.78770E-D1
0. 789218~01
0.782742~61
0.801758-01
0.771588-0
0,80007E-01
0.70932¥-01
0.392728-01
8.374092~01
0.366068~01
v.359038-01
0. 468308~ 01
0.873498-01
0.471558-01
0.65238%~01
0. 45396E-01
0.438768-01
4.433152-01
0. 427598-01
0.639178-01
0.42691F-01
0.51245%-01
9.519062~01
0.501268-01
0.19605% 00
0.19801% 00
0.191672 §0
8.19385¢ 00
0.19907% 00
©.189108 00
5.1888%¢ 00
0.182928 00
0.18853E 00
0.19¢011% 80
0.197778 00
0.7194338 00
0.18936F DO

0.196&£% 00°

6,17938% 00
0.173012 00
0.496378-~01
Q. 44674 E~01
0.429268-01
0.376568-01
0.305268-09
0.287638~01
0.28%¢1e-01
0.271518-01
0.260452-01
0.33560£-01
U.313668-01
0.311838-01
0,29988K-01
0.286312-01
0.25209E-01
5.30809¥-01
0.286548-01
0.25832¢-01
0.27 3198~ 01
0.26E878-01
0. 26027%-01
6.26574E~01
0.283q4p-01
0.28335-01
0.278388~01
G.263878-01
0.26007E-01
©.256328-04
0.25018E~01
0.23979- 01
D.20076p-M
0.23%67%~01
6.229312- 01
Q. 23162801
C.229548~01
0.227892-01
9.22117E-01
0.216718-01
0.205€08-01
0.21475%-01
9.214a58-01
0.207538-01
0.20230E-01
0.201268-01
0.199118~D1

TRARE

0.4876DE
0. 461708
0.65063%
J.uu439%
4.45217%
0.46309E
0.39060E
0,501 118
0.500%8%
0.53618%
0.55652E
G.58242E
0.603108
0.h6184E
C.645712
0.5682538
¢.70096E
0.731078
G.756058
0.775278
0,76962¢8
0.78338E
0.79246F
0.82015F
0.73866R
0.924538
G.83290E
0.865827%
U.po34HE
0.89U48F
U.8874CE
0.90978E
0.91951E
0.91044E
6,914 758
0.57224E
0.589718
0.61301E
0. 605338
0,61947E
0. 623048
0.620998
0.62516¢
D.62912%
0.63381E
0.627598
0.622338
0.62260E
0.61735%2
0.511338
0.6034BE
4.597618
0.59309E
0.57949€
0.56510R
0.55211¢8
6.535232
6.51947¢2
0.495608
0.905238
0.895498
0.88543F
0.87688¢
?.85513¢
0.83092%
0.80275¢
0.76107%
0711118
0.67797E
0. 652178
9.65230%8
0.686178
.73380R
0.78312E
0.79882E
0.23535%
0.26568E
0.29980F
7.336 388
0.376752
0.40749%
0.426538
0.44265¢8
0.US63I5E
0.45527¢
0.47797%
0.48556€
0486712
0.503568
0.50214¢
0.51159E
.51750¢
N.52303E
0.52862E
0.53722
0.53959¢
0.54025¢8
0.543408
0.55158¢
@.5539488
9.556 728
0.56399€
0.564 148
0.56980F
0.57388¢
#.5744V9E
0.57793g
0.582u0¢
0.58542¢
0.583118
2.586508
0.586418
0.530€1E
0.591238
0.5925%E
6.59856 9€
€.598992
6.59%988
0.59812¢
0.59915E

00
a0
00
a0
G0
Go
a0
B0
[
(]
20
&0
80
00
00
20
00
0o
Do
Q0
00
00
00
00
00
oo
00
3]
00
00
[]e)
00
00
00
00

00
<0
00
00

D]
60

00
g0
00
00
Q0
b0
[y

00
o0
00

00
00
o0
6o
oo
20
00
00
00
00
g0
00
oo
00
00
00
00
08
80
ei]
80
o0
00
09
0o
00
(1]
00
eu
20
00
o0
00
of
(4]
09
00
00

00
oo
00
o0
6o
1]
on
4]
00
0t
80
8o
a
0a
00
o0
00
o0
a0
an
a0
bo
[
60
0]

31

T~ERBDF

0. 108 46 £~01
G104 11201
0.875825-02
0,113172-01
CL101576=C1
6.101906-01
0.119568-01
0.110865-01
0.16303.8-01
0,107 388~ 1
0.103565£-01
€.124778-C1
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