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ABSTRACT

A system for making diagnostic measurements of the energy spectra of >0.8-MeV neutrons
produced during plasma operations of the Princeton Tokamak Fusion Test Reactor (TFTR) has been
fabricated and tested and is presently in operation in the TFTR Test Cell Basement. The system
consists of two separate detectors, each made up of cells containing liquid NE-213 scintillator attached
permanently to RCA-8850 photomultiplier tubes. Pulses obtained from each photomultiplier system are
amplified and electronically analyzed to identify and separate those pulses due to neutron-induced
events in the detector from those due to photon-induced events in the detector. Signals from each
detector are routed to two separate Analog-to-Digital Converters, and the resulting digitized
infcrmation, representing (1) the raw neutron-spectrum data and (2) the raw photon-spectrum data, are
transmitted to the CICADA data-acquisition computer system of the TFTR. Software programs have
been installed on the CICADA system to analyze the raw data to provide moderate-resolution re-
creations of the energy spectrum of the neutron and photon fluences incident on the detector during the
operation of the TFTR. A complete description of, as well as the operation of, the hardware and
software is given in this report.

1. INTRODUCTION

The presently-described program was initiated in April 1984 as a joint venture between our group at
the Oak Ridge National Laboratory (ORNL) and the Radiation Shielding Section of the Tokamak
Fusion Test Reactor (TFTR) at the Princeton Plasma Physics Laboratory (PPPL). The goal of this
program is to experimentally deduce the transport of neutron and photon radiation (created during
TFTR operation) from the sources of the radiation to designated critical areas of the Test Cell
Basement (TCB) of the TFTR. Responsibilities were divided broadly into two areas: (1) ORNL
personnel were responsibie for the design, fabrication, and testing of the detector hardware and for the
software package necessary to analyze the raw spectral data; (b) PPPL personnel were responsible for
on-site installation (including choice of locations for measurements) and for the software programs
necessary for data acquisition and display utilizing the TFTR computer system CICADA. The
resulting system has been in operation as of this writing (March 1985) for several months. The purpose
of this report is twofold: (1) to document the hardware and software that have been developed for this
task; and (2) to provide a “users’ manual™ for subsequent users of this equipment at PPPL, since it is
planned to leave the equipment at the TFTR when the present experimental needs are fulfilled.



2. DETECTION SYSTEM

2.1 DETECTORS

Three different-sized right circular cylinder detectors were fabricated, the sizes chosen to span the
estimated neutron and photon fluences expected to be encountered in the TCB. The chosen sizes are
given in Table 1. After initial scoping studies to obtain a better estimate of these fluences, the two
larger detectors were chosen for the first series of final measurements in the TCB.

Table 1. NE-213 detector sizes

No. Diameter (cm) Height (cm)  Designation

1 4.6 4.6 “Large”
2 4.6 2.2 “Medium”
3 2.1 2.2 “Small”

The detector configuration for the largest detector is shown schematically in Fig. 1. The cell is an
aluminum turning, painted whiie on the inside with an insoluble epoxy (Varian Torr Seal Vacuum
Epoxy) and glued (National Diagnostics ND-707) onto the photocathode of the photomultiplier tube
(an RCA-8850). The liquid NE-213 scintillator was put into the cell via the filling hole (a threaded
hole), was “bubbled” to allow removal of trapped gases, and was then sealed in. The cell assembly is
wrapped in black teflon tape. As shown in Fig. 1, the detector system is enclosed in (a) a standard
u-metal shield and (b) a 1-cm-thick soft-iron shield which is designed to protect the photomultiplier
tube in magnetic fields up to 0.8 Tesla (8K Gauss).

An RCA-recommended, high-gain, high-current resistive chain was adopted to control the voltage
among the dynodes between the photocathode and the anode. These electronics are housed in the item
labelled “Tube Base” in Fig. 1.

2.2. ELECTRONICS

The technique adopted to differentiate events due to neutron detection from those due to photon
detection depends on pulse-shape analysis, and is known as Pulse-Shape Discrimination (PSD). It is a
measurement of time which is then converted to pulse height. The resulting pulse-height spectrum
exhibits two distinct peaks, one corresponding to neutron events and the other corresponding to photon
events.

The electronics connected to a detector in the experimental measurement area is exhibited in Fig. 2.
It consists of the aforementioned tube base, a PreAmplifier (PA), a constant-fraction discriminator
(CFD) (ORTEC Model No. 473A or Model No. 934), a NIM Bin to provide power for the PA and the
CFD, and a high-voltage (HV) supply to supply the high voltage (bias) to the photomultiplier tube. All
of these items are housed in a relatively thin-walled steel bcx designed as a Faraday shield against
possible substantial electric field transients while also allowing heat dissipation. This steel box is
electrically insulated from its environment. The box may also be insulated from the soft-iron magnetic
shield surrounding the detector.
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Fig. 1. Detector arrangement showing details of the scintillator inside the soft-iron shield for the largest detector. For the two thinner
detectors, the photomultiplier tube occupies the same position as shown, so the front face of the detector is ~3.0 cm behind the inside of the
front of the iron shield. The aluminum container is machined to yield an accurately known inside dimension; its walls are <1 mm thick
except at the base where it is glued to the photomultiplier tube.
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Fig. 2. Electronics for the detector assembly. The Faraday shield consists of a box made of stainless steel. It houses a standard NIM
bin, which unit provides power for the Preamplifier and the Constant Fraction Discriminator units.



The output of the anode (of the photomultiplier tube) is connected to the input of the CFD using a
short piece of 50-§ cable. The PA is connected (on the tube base) to the dynode output; the PA power
is obtained directly from one of the NIM bin slots, The HV supply is set to negative (switch on the
back) before connecting it to the appropriate connector on the tube base. The bias used for these
detectors ranges between — 1800 and —2100 volts. The outputs of the PA and the CFD are connected
to BNC-type connectors fixed on, and insulated from, the steel box. Approximate pulse shapes at these
points are indicated in Fig. 2.

In the present arrangement, the detectors are connected to the rest of the electronics via RG-59/U
cable, a 75-Q cable, and these cables are of different lengths depending on the location of the detector.
IT IS IMPORTANT TO NOTE THAT THE PSD ELECTRONIC TIMING MUST BE REDONE
WHEN THESE CABLES ARE CHANGED.

The PSD electronics are housed in the Safety Check Area of the TCB. A schematic of these
electronics is given in Fig. 3. The “Fast” pulse from the CFD of Fig. 1 is connected through a 25-Q
resistor to a second discriminator. The resistor is needed because the long cables are 75-Q cables,
whereas the fast electronics equipment has 50-Q inputs; a second discriminator is used to compensate
for substantial degradation of the fast logic signal after it has traversed ~135 ft of RG-59/U cable.
The subsequent logic pulse is delayed and provides the “Stop” pulse to the Time-to-Amplitude
Converter (TAC). The “Slow™ pulse, from the PA of Fig. 1, is split and fed into two amplifiers. The
ORNL Q-5695 Timing-filter amplifier is especially designed to provide a pulse of ~0.6 usec total
duration with an exceptionally fast crossover; this crossover is sensed by the ORNL Q-5686 Fast Zero-
crossing discriminator, and the output logic pulse provides the “Start” pulse to the TAC. The
LENGTHS of the two cables connected to the Start and Stop connectors of the TAC are very critical
and provide the fine tuning needed for optimal operation of the PSD logic (see Sect. 4). When properly
set up, the PHA output of the TAC should exhibit pulses similar to that schematically shown near point
H of Fig. 3. If this signal is analyzed using a pulse-height analyzer (PHA), the spectrum should closely
resemble that shown in Fig. 4. Once this spectrum has been obtained, the lower-level discriminator
(LLD) and the upper-level discriminator (ULD) of the TAC-and-SCA (Single-Channel Analyzer) unit
are set to bracket the “peak™ corresponding to neutron detection. The SCA output will provide a
positive gating pulse for a TAC-identified neutron pulse; this gate pulse is connected to the coincidence
input pulse of a LeCroy Model No. 3512 Analog-to-Digital Converter (ADC). For gamma-ray
identification, the commercially obtained TAC-.and-SCA unit has been modified by adding an output
connector to the rear panel of this unit; a positive gate pulse appears at this connector when the TAC
output is larger than the ULD setting but smaller than the range setting. Hence, this gate pulse
corresponds to detection of a gamma ray in the detector and is used at the coincidence input of a
second LeCroy 3512 ADC. The signal inputs of these ADC units are connected to an amplified,
doubly-differentiated, and delayed pulse. These ADC units require pulses having time constants of 1
usec or longer and will not work on the ORNL Q-5695 amplifier output pulses. Therefore a “standard”
linear amplifier connected in parallel with the ORNL Q-5695 amplifier is used to provide pulses to be
input into the LeCroy 3512 ADC units.

The relative times-of-arrival of the various signals must be set for operation of the PSD electronics.
Shown in Fig. 5 are signals obtained at designated locations in the set up diagramed in Fig. 3. The
setup procedure will be discussed in more detail in Sect. 4.

There are two complete detector configurations in the present experiment, each with the set of
electronics shown in Figs. 2 and 3. Thus, in a “permanent” location in the Safety Check Area of the
TFTR TCB there is a CAMAC crate containing electronics including four LeCroy Model No. 3512
ADC units. These four units are daisy-chain connected to a LeCroy Model No. 3588 Histogram Unit,
which, in turn, is connected to the CICADA data-acquisition computer system via an optic-fiber link.



ORNL-DWG 858665
PULSE-SHAPE DISCRIMINATION ELECTRONICS

EG&G ORNL
T-105 Q-3073
DISC. DELAY
FAST | 250 sERIES N .
1r® RESISTOR ]
ouTe—| @ouT ORTEC 467
r TAC AND SCA
(SEENOTE) .| (REAR PANEL) —/®
m
out
1
START STOP | e A
@ ) | "NEUTRON" “PHOTON" }
!
ORNL ORNL PHA SCA | LECROY LECROY :
Q-5695 0-5686 @ ® I 3512 3512 i
SLow AMP. DISC. 1| abec ADC. ||
@IN F——@m ® v : coine. | L@coinc. :
0 OUT®— - |ovto—m~= AL IN '
©) ] | L@SIGNAL SIGNAL |
— L L 1 I
{____cAmaccrate ___ |
CANB. ORTEC
1411 427 DELAY NOTE ORTEC 467 HAS BEEN MODIFIED TO ADD AN
AMP. ’ll u5|< AMP. ADDITIONAL OUTPUT UN THE REAR PANEL.
THIS TTL LEVEL OUTPUT PULSE OCCURS WHEN
—@®IN f\j —®IN ©® THE TAC OUTPUT IS GREATER THAN THE U.L.D.
0UT©—~——] oUT@®— BUT LESS THAN THE TIME RANGE.
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Fig. 4. Schematic pulse-shape discrimination spectrum. The dashed lines indicate probable
discriminator settings on the TAC-and-SCA unit of Fig. 3.

ORNL-DWG 85 8664
NE-213 P.S.D. TIMING

®) East
|——~ 400 ns —
TAC
SToP ||
I
© sLow
eT~] T <50 s

() Eﬁ§I___/////’——\\\\\\__—‘r————
AMP |<—‘ 300 ns—ﬁ .

® 1AC
START U

® sca

QUTPUT

I

—-ll us I——
© DELAY AMP. \
OUTPUT v
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These ADC units are preset for 250 channels total, and each ULD is set at maximum, corresponding to
about a 7.7-volt pulse, which (pulse) must be at least 1 usec wide. The LLDs on these units are set to
cut off the spectrum at about channel no. 4, i.e., corresponding to about a 0.13-volt pulse. There is a
switch on the front of each ADC unit that is set to designate that the unit is to be operated in the mode
requiring (time) coincidence of the amplified (and delayed) pulse with its associated coincidence pulse
from the PSD electronics. One may note, in passing, that the hardware of the LeCroy units does set
priorities for the transfer of data from the ADC units to the Histogram unit.

2.3. COUNTING-RATE CAPABILITIES OF A COMPLETE SYSTEM

The LeCroy Model No. 3512 ADC units require 5 usec (minimum) to properly process a pulse for
transmission to the Model No. 3588 storage unit. This 5-usec processing time would imply a maximum
upper-limit counting rate of 200,000/sec, but for practical purposes, one should strive for no more than
~25% of this maximum, or 50,000/sec. The PSD decision-making process is designed to b
accomplished in 0.6 usec; tests with units similar to those in the present systems verify accurate PSL,
for count rates in excess of 500,000/sec, indeed with very little distortion for count rates approaching
10%/sec. The Canberra Model No. 1411 amplifier is set *o 1-usec time constants and should recover
within 5 usec to properly amplify the next pulse; i.e., its counting-rate limitations are comparable to
those of the LeCroy ADC units.

Overload pulses in the Canberra Model No. 1411 amplifier, however, will result in a much longer
recovery period, of ~10 usec or longer. Overload pulses in the ORNL Q-5695 timing-filter amplifier
are rejected by an ULD in the Q-5686 unit, and as a result neither unit is “disabled” by an extended
recovery nor is there an output pulse from the Q-5685 unit to start the PSD action.

3. SOFTWARE PROGRAMMING

At present all software is resident in the CICADA system’s PDP-11/23 microcomputer. Data are
stored on the PDP-11/23 microprocessor’s hard disk (10Mb Winchester drive) and transferred via
floppy disks to another PDP-11/23 computer for further analysis, i.e., unfolding. This transfer is a
“manual” operation, and it can be done at any time. They are not (yet) accessible by any other
diagnostic system, nor are results of other diagnostic programs accessible to the present program. In
addition, only limited input and output (I/O) capabilities exist for the present program.

3.1 DATA-ACQUISITION PROGRAM

This program is resident in core and operates automatically (i.e., without operator commands).
About 1 sec prior to a plasma “shot” in the TFTR the program transmits a signal to enable the
CAMAC equipment, and data taking commences. Six seconds later a second signal is transmitted to the
CAMAC equipment to (a) disable data taking, (b) transmit the contents of the LeCroy Model No.
3588 histogram unit to CICADA storage, and (c) reset the histogram unit memory to zero. Details of
this program are given in Appendix D.

There is a second version of this program which may be used when the TFTR is not being operated.
This second version requires operator action. It is called into operation by the command RUN NETST
and allows the operator to accumulate data for any desired period of time up to 500 sec, a value for
which is input following a prompt to do so. This version is used dunng equipment setup and to obtain
energy-vs-pulse-height energy calibrations.



One limitation to these codes should be noted: the data are transferred and stored as single-
precision (signed) integers, and so there is an effective upper limit to 2!5—1 (or 32768) counts/channel
that may be transmitted.

3.2 DATA-REDUCTION PROGRAMS

Data acquired with the present system are difficult to interpret without subsequent analysis. The
required primary data analysis is designated as “unfolding” and comes about because of the nonspecific
response of the NE-213-based detection system to the radiatior, neutrons and/or photons, being
detected. The response of this type of detector to (both) neutrons and photons of a specific energy is a
distribution that has the general characteristic shown in this small figure:

Pulse Height (P)

If we designate the plotted analog function by U = U(E, P), where E is the energy of the incident
radiation (assumed monoenergetic) and P is the pulse-height value, then what we measure when we

measure a detector response are yields/channel, which, for a specific channel C; of the analysis
equipment is given by

PI+AP/2 (1)

R(E) = R(CLE) = [ UEPWP
P2APR

where P; corresponds to the centroid pulse-height of the channel C;, and AP corresponds to the
equivalent pulse-height spread (or bin) associated with the channel C;. Here we must be careful in the
understanding of the several variables. The pulse height, P, has real units of voltage. The LeCroy
Model 3512 ADC will process pulses of height, P, up to ~7.8 volts. The channel, C;, is a designation
for a particular digitized output of the ADC. For the present experiment, the ADC has been set to
output p = 240 channels, and so the channel designations are Cy, ..., Cj, ..., C,» where now C, = 240
corresponds to Ppa, ~ 7.8 volts, C; = 1 corresponds to P, ~ (7.8/240) volts, and C; (1 < j < p)
corresponds to a value of P between P, and Pp,,. The functional dependence of C; on P is nearly but
(usually) not exactly linear, and may be determined using a variable electronic pulse generator.

In our experiment, the pulse height, P, is the maximum voltage value of the pulse generated by the
electronics; as such P is a function of the amount of energy deposited in and recorded by a detector.
Therefore, we set our electronic equipment so that for events of interest the maximum energy deposited
in the detector will result in a pulse height P < P,,,. Evidently, one needs to determine the functional
relationship between P and the energy deposited, i.e., an energy-to-pulse-height calibration. This
calibration task would be straightforward if the detector responsc were a delta function for incident
monoenergetic radiation. However, the real response is not a delta function but a distribution exhibited
in the small figure above, and so some interpretation is required.
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The calibration procedure used is based upon the response, Ug(E,P), that might be expected for the
case where the incident monoenergetic radiation interacts only once (i.e., no multiple scattering) in an
ideal detector. In this case, Ug(E,P) = 1 (in relative units) for 0 € P < P,g, and Uy(£,P) = 0 for
P > P.,. Now, P is a function of E. For gamma rays, P, is a function of the maximum
Compton-electron energy, and for neutrons, P,4, is a function of the recoil-proton energy.

The real response approximates Uy for the larger P with the modification that for P ~ P4, Uy is
“smeared” by an approximate Gaussian distribution of some finite width. The calibration technique,
then, involves analyzing the obtained calibration spectrum to deduce a value of P which would
approximate the Pz, of the Up response. What is done is to determine the value of U for the
measured response for the “flat” region, and then determine the position, P;, where the value of U is
one-half of that for the “flat” region, as generally indicated in the next small figure:

Standard practice is to set P, = P,4,, since P,4, can be computed exactly, so that the P-axis can be
labelled with an “equivalent” particle energy. Some care in interpretation is required, however, for
there are real data having P > P;. Clearly, there can be no data resulting in P larger than the size of a
pulse corresponding to the energy of the detected ‘neutron or photon. The use of the “equivalent”
particle energy is very convenient but will lead to the above contradiction if taken as the actual particle
energy.

As mentioned above, the pulse-height, P, has real units of voltage. However, voltage is an
inconvenient unit since it depends upon electronic settings and is, therefore, different for every
experimental setup. So, an intermediate unit was developed as a pulse-height unit, and this unit goes by
the designation of a “light™ unit. This unit is a linear function of voltage, or nearly so. However, while
neither neutron energy nor photon energy is a linear function of “light” units, the functional dependence
of each (with respect to “light” units) is single-valued and monotonically increasing, and each functional
dependence has been experimentally deduced. The calibration procedure, then, is to deduce the
“light™-unit curve as a function of the experimental pulse-height setting, and to use “light” units as
pulse-height units for subsequent data analysis.

The actual data that we obtain are due to neutrons and photons having a spectrum of energies. We
may define, say, the neutron fluence, as being composed of m discrete energy groups (m may be a very
large value, but we assume it is finite). Let us designate separately each energy by E; (where 1 < k <

m) and measure the detector response to some incident neutron fluence made up of n(E;), where n is
the number of neutrons having energy Ey. In this case, the yield, Y}, in the 7 channel is given by the
“folding™ process,__ .
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Y, = 3 R(En(E) (2)
k=1

In our real measurements, however, it is the spectrum n(E;) that is unknown. One first measures a
spectrum of Y;. The data reduction then consists of applying the R;(Ex) and the Y; properly to deduce
the spectrum corresponding to the n(E;). It is the inverse nature of the mathematical process that has
led to the term “unfelding.”

As might be expected, the simple description given by Eq. (2) becomes substantially more
complicated when uncertainties are included in the unfolding process. We use an application' of Bayes
theorem as the mathematical basis for the unfolding software. Responses of each detector to
approximately monoenergetic neutrons having energies >0.8 MeV were determined experimentally
using neutrons generated by the Oak Ridge Electron Linear Accelerator (ORELA). Examples are
shown in Figs. 6, 7, and 8, which exhibit, in particular, that the detector responses are not simple
multiples of a very similar relative response. Absolute normalization was deduced using the Monte
Carlo computer program? OS5S. Responses for each detector to gamma rays were determined
experimentally using well-calibrated gamma-ray sources for photon energies <2.6 MeV. Interpolation
was used to deduce R/(E,;) values for (E,); < 2.6 MeV; for larger-energy gamma rays assumptions
were made about the relative shape of the response vs pulse height, and these were normalized to the
total interaction probability deduced from known attenuation coefficients.

All of these responses were determined for radiation impinging on the front face of the detector.
Experience has shown that detector response is essentially insensitive to the angle of entry,® and so that
assumption is made for these detectors also. It should be noted that no corrections have been made for
attenuation by the l-cm iron magnetic shielding. Such corrections will depend on detector orientation
with respect to the incident flux and will need to be computed as part of a radiation transport
calculation. An estimate of the magnitudes of the effects of this iron shield on neutron spectra was
ob.ained from an ANISN* calculation done for us by J. M. Barnes and R. T. Santoro for an isotropic
source incident on the iron shield. Their results confirm our original estimates of neutron attenuation in
the iron, and, in addition, indicate the amount of the moderate shift in overall response toward smaller
response energies. More detail on this calculation is given in Appendix B.

In order to relate the measured responses to the in situ plasma-produced neutron and gamma-ray
fluences, a decision on pulse-height binning was needed. It was evident that a very fine binning (i.e.,
pulse-height bin width << average pulse-height bin magnitude) would result in data arrays much too
large to be handled by the available CICADA computer, and, indeed, would result in detail that
present-day radiation-transport calculations cannot hope to reproduce, again because of the
overwhelming magnitude of the calculation. We have chosen a somewhat coarse grouping which spans
the neutron energy region between 0.75 and 15 MeV and yet provides some detail of the 1- to 3-MeV
neutron energy region so that some inferences can be made about scattering of D+D neutrons.
Primarily for simplicity in the programming and calculations, the same pulse-height binning was
adopted for the gamma-ray responses, even though the resulting gamma-ray energies at the bin limits
may not be ideal. The final pulse-height binning is given in Table 2. The units for pulse height are the
“light” units® presented above and discussed in more detail in Sect. 4. Again more for ease of
programming, responses were computed for radiation (i.e., neutron or gamma ray) energy groups
identical to those of the pulse-height binning; that is, the response arrays are “square.” Actually, the
response arrays contain one additional bin corresponding to E, > 15.2 MeV. Clearly, we do not expect
to observe any neutrons corresponding to E, > 15 MeV (except possibly during a plasma disruption);
this added pulse-height bin allows a full description, including detector resolution effects, for a detector
response to 14-MeV neutrons.



12

ORNL-DWG 85-11951

6000 — 2'25 — ?'39 MEY

T

4000

COUNTS/CH
%
@

2000

o

0 50 100 150 200 250 300
CHANNEL NUMBER

Fig. 6. Measured responses for E, = 2.25 to 2.39 MeV. The squares exhibit the raw data obtained
for the Large detector and the line indicates data for the Medium detector. The data were obtained on
Flight Path 8 at the 20-m station of the ORELA. The incident neutron energy was determined by
time-of-flight techniques. These data are not normalized; the figure is to illustrate relative yields

R(C),E) of Eg. (1).
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Table 2. Adopted pulse-height bins and associated
neutron and gamma-ray energies

Bin Pulse height Neutron energy Gamma-ray energy
no. (light units) (MeV) (MeV)
1 0.097 -0.132 0.75 - 0.90 0.24 - 0.29
2 0.132 -0.164 0.90 - 1.03 0.29 - 0.34
3 0164 -0.215 1.03 - 1.22 0.34 - 041
4 0215 -0.272 1.22- 141 0.41- 049
5 0272 -0.333 1.41 - 1.60 0.49 - 0.57
6 0.333 - 0.400 1.60 - 1.80 0.57 - 0.66
7 0.400 -0.4725 1.80 - 2.00 0.66 - 0.75
8 04725 -0.565 2.00- 2.25 0.75 - 0.87
9 0.565 -0.645 2.25- 245 0.87- 097
10 0.645 -0.742 245- 270 0.97- 1.09
11 0.742 - 0.911 2.70- 3.10 1.09 - 1.30
12 0911 -1.424 3.10- 4.20 1.30- 1.92
13 1.424 -205 420 - 5.48 1.92 - 2.67
14 205 -3.06 548 - 7.40 2.67- 3.88
15 3.06 -4.15 7.40- 9.32 3.88- 5.17
16 415 -58 9.32-12.09 517- 17.14
17 58 -6.5 12.09 - 13.23 7.14 - 797
18 65 -17.7 13.23 - 15.20 7.97 - 9.40
19 7.7 -85 15.20 - 16.48 9.40 - 10.35

There are four responses built into the unfolding program installed on the CICADA at PPPL.

These are one each for neutrons and for gamma rays for each of the Large and Medium systems given

in Table 1. These responses, and those for the Small detector, are tabulated in Appendix A. Should

__———any measurements be made using the Small detector, it is a simple matter to enter the last two
responses into the present code.

Gamma-ray responses were tested by unfolding photon source spectra. An example is given in Fig,
9 for **Mn. If the unfolding were “perfect”, the bin corresponding to E, ~ 0.83 would contain the
total yield and the rest of the bins would contain zeroes. Obviously, the ideal has not been (quite)
obtained. There are two caveats for this particular source measurement: one, there were background
radiation taken at the same time; and, two, in most cases, the unfolding process simply will generally
not reproduce ideally the overall resolution because of small differences between the actual test data
and the effectively smoothed response. For this case, the only datum that may be cause for concern is
that at E, ~ 0.375 MeV, which suggests the possibility of small errors in the lowest-energy pulse-
height bins for one or more responses for 0.4 < E, < 0.9 MeV. The maximum possible incorrect
determination is, however, <7% (after estimated background and resolution effects are considered) of
the total yield, and will be of essentially no consequence for spectra obtained at the TFTR. One might
be more concerned about unfolded gamma-ray spectra for E, > 2.6 MeV since the deduced R/(E;) are
extrapolated from experimental measurements and not based directly on measurements. Again,
however, we expect rather fewer high-energy than low-energy gamma rays, at least during normal (i.e.,
nondisrupted) plasma shots, and so any errors in R,(E;) due to incorrect extrapolation should not
impact substantially conclusions regarding unfolded spectra.
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One other aspect of data reduction needs attention. For most individual plasma shots, there accrue
fewer counts in the detectors than one would like to have for the unfolding process. A separate
program has been written to sum data of several individual runs. This program is interactive; one uses
it by calling RUN NESUM (see Appendix D for details) and then following the prompts to specify the
desired runs to be summed.

3.3 EXAMPLES OF DATA AND DATA REDUCTION

On iJecember 11, 1984, there was a series of equivalent shots starting with shot No. 11777. Data
were summed for 15 such shots. For these shots the medium-sized detector was mounted about 1 ft
south of the north wall of the TCB, about 10.5 ft above the floor, about 6 ft west of the TFTR N-S
centerline, and with the axis of the detector mounted horizontally pointing west along the E-W
direction. The summed, unbinned pulse-height data for neutrons and for gamma rays are shown in
Figs. 10 and 11, respectively. (At this point we make two observations: (1) to the untrained eye these
data are very nearly featureless; and (2) without a knowledge of the chauxel-to-pulse-height calibration
the data have little real meaning.) These data were processed at ORNL using tiic same unfolding-code
program that was subsequently transferred to the CICADA at PPPL. The first step in this
computation was to bin the raw spectral data by the appropriate bin grouping of Table 2; the result of
this step for the neutron data is exhibited in Fig. 12. The final step in this computation was the
unfolding, and the results of this step are exhibited in Figs. 13 and 14, respectively, for neutrons and
gamma rays. The unfolded results exhibit “structure” and, more important, put the measurements on a
firm, absolute-yield basis. One should resist the temptation to ascribe detailed meaning to each and
every “peak” exhibited in these figures, since these details are rather dependent on the accuracy of the
channel-to-puls=-height calibration. However, one may observe at least two meaningful peaks in Fig.
14, one near 0.51 MeV and the other near 0.84 MeV. The first is due to annihilation radiation, while
the second is ascribed to 3Fe(n,n'y)*®Fe* reactions leading to excitation of the first-excited state of
S6Fe. We speculate that these 0.84-MeV gamma rays are due to neutron interactions with the soft-iron
magnetic shield surrounding the detector.

4. DETECTOR AND ELECTRONICS SETUP PROCEDURES

Equipment and materials needed to effect a setup of one of the detection systems includes (a) a fast
oscilloscope (e.g., Tektronix Model No. 485), (b) a pulse-height analyzer (PHA), (c) radiation sources
including a *Na gamma-ray source of several uCi or stronger and a 252Cf (or a Pu-Be or similar)
mixed neutron-gamma source, (d) an assortment of 509 cables (RG-58/U) of varying lengths, and (e)
an assortment of small hand tools, including a “jewelers” screwdriver.

The process of setting up will follow generally. along these lines:

\

1. Be sure that the HV to the detector (see Fig. 2) has been turned down to zero and that this HV
unit and the NIM Bin 110-volt power are off. Then place the detector system at the desired place
and connect the signal cables. BE SURE the ground wire is properly connected to the system to
avoid a grounding problem before plugging into 110-volt power. Turn on power to the NIM Bin,
then to the HV unit. Bring up the HV to, perhaps, —1900 V slowly; all,og several seconds
between each change of switch setting to allow the PA electronics to recover.
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2. Place the 22Na source on the iron magnetic shield. Then for the PSD electronics of Fig. 3, use the
oscilloscope to be sure appropriate pulses are being transmitted over the long RG-59/U cables,

3. A decision must be made on the approximate incident-neutron energy span to be measured. The
dynamic range of the system is ~ 15:1, so if measurements of 14-MeV neutrons are desired, the
low-energy electronic cutoff will be ~1 MeV. On the other hand, the system should be capable of
adequate PSD for E, as small as 0.75 MeV, but a setting to measure these neutrons will limit the
maximum E, to about 6 MeV.

4. The overall gain setting is determined by observing the pulse-height spectrum of the 2Na source in
the PHA (the output at point G of Fig. 3). One estimates the “position” of the Compton
distribution as the channel corresponding to the channel containing counts approximately equal to
50% of the average counts/channel over the approximately flat region of the Compton distribution
as discussed on pages 9-11. The calibration thus consists of iwo such channels for display of a
22Na source: one for E, = 511 keV and the other for E, = 1274 keV. An example is shown in
Fig. 15. From Table 3, these two gamma rays are equivalent to pulse-height light units of 0.288
and 0.893, respectively. Linear extrapolation will yicld the light-unit value corresponding to the
maximum channel of the spectrum. Then by interpolating among values in Table 4 one may
estimate the range of equivalent neutron energies spanned by the given gain setting. The desired
gain is set by adjusting both the HV and the gain (amplification) of the Canberra Model No. 1:111
amplifier. Generally, one wants the coarse gain switch on this unit at a small value and the fine
gain potentiometer about mid range. The HV may be increased somewhat to adjust the final gain
setting, but should not be increased beyond —2100 V,

5. Then the gain setting of the ORNL Q-5695 amplifier is approximately matched to that of the
Canberra amplifier using the screwdriver adjustment on the front panel of the ORNL unit. It is
better to have the gain on the ORNL unit less than (rather than greater than) that of the
Canberra unit because of the ULD on the ORNL Q-5686 discriminator unit.

6. The next step is to make sure that the LLD on the Q-5686 crossover discriminator unit is set to be
the defining LLD. The LLD of the CFD (of Fig. 2) should not be the defining LLD. One may
observe the effect of varying the Q-5686 LLD on data accumulation for the 2*Na source.

7. The next step is to obtain a PHA spectrum similar to that exhibited in Fig. 4. A mixed neutron-
gamma source is placed near the detector. The various pulses exhibited in Fig. 5 are displayed on
the oscilloscope. The timing of these pulses with respect to each other may be observed by
triggering the oscilloscope with the output of the EG&G T-105 discriminator unit (note that
unused outputs on this unit are terminated in 50Q2). Coarse delzy adjustments may be made using
the ORNL Q-3073 delay unit, but fine tuning can be accomplished only by changing cable lengths
of the “Start” and “Stop” signals on the TAC-and-SCA unit.

8. Finally, the LLD and ULD on the TAC-and-SCA unit are adjusted as indicated on Fig, 4.

We comment on several of the other available settings on the other electronic units. The LLD on
the CFD of Fig. 2 is likely set as low as it will go. Pulses emanating from the output of this unit
should go away when the source is removed from the detector.

The adjustment labelled “Walk” on the Q-5686 discriminator unit affects the details of the peak
shapes of the PHA output of the TAC-and-SCA unit illustrated in Fig. 4. Generally an adjustment
needs to be made only to improve an unsatisfactory peak-to-valley counts ratio, where the valley is the
region between the two peaks of Fig. 4 corresponding to the ULD setting. Note that for the Q-5686
discriminator unit, also, unused connectors require termination of 502 on both front and rear panels.
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Fig. 15. Example of channel-to-pulse-height calibration using a *?Na source. The chosen “channels”
for the S11-keV and 1274-keV gamma rays emanating from the source are indicated in the figure.
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Table 3. Light-unit equivalences

Gamma-ray Gamma-ray energy  Light  Equiv. neutron?

source (keV) unit energy (MeV)
HiAm 59.6 0.0095 0.14
SCo 122.0° 0.0322 0.37
1Co 136.4° 0.040 0.42
WHg 279 0.123 0.86
135 193 0.200 1.15
2Na 511 0.288 1.45
137Cs 662 0.400 1.8
4Mn 834 0.537 2.2
88y 898 0.588 2.4
637n 1115 0.764 2.8
60Co 1173¢ 0.811 2.9
2Na 1274 0.893 3.1
60Co 1332¢ 0.942 3.2
UNa 1368 0.97 3.3
il ¢ 1460 1.05 3.4
8y 1836 1.36 4.1
28T 2614 2.00 5.4
24Na 2754 2.12 5.6
12Naf, 4433 3.53 8.0
1604, 6129 4.95 10.5
4 Approximate.

bUsually unresolved. The 122-keV gamma ray has an 80%
branching ratio, whereas the 136-keV gamma ray has an 11%
branching ratio, so the lower-energy gamma ray may be used
with some care.

‘Often unresolved and taken as a single “peak™ very
equivalent to the 1274-keV gamma ray of **Na.

4Known as ThC".

¢From a Pu-Be, a Po-Be, or an Am-Be neutron source.

fFrom !N decay, '%O(n,n"y), or a 2*Cm-'3C source.
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Table 4. Light units as a function of neutron
energy in MeV (after Verbinski et al., ref. 5)

Neutron Light Neutron Light

energy unit energy unit
0.10 0.00671°¢ 24 0.625
0.13 0.00886 3.0 0.866
0.17 0.01207 34 1.042
0.20 0.01465 4.0 1.327
0.24 0.01838 4.8 1.718
0.30 0.0246 6.0 2.31
0.34 0.0290 7.2 2.95
0.40 0.0365 8.4 3.62
0.48 0.0483 10.0 4.55
0.60 0.0678 13.0 6.36
0.72 0.0910 17.0 8.83
0.84 0.1175 20.0 10.8
1.0 0.1562 24.0 13.5
1.3 0.2385 30.0 17.7
1.7 0.3660 34.0 20.5
2.0 0.4725 40.0 24.8

“Estimated errors are 2% for 0.2 < E
< 20 MeV and 5% otherwise.

n

5. COMPUTATIONAL PROCEDURES

As mentioned in the text, the data-taking code runs automatically. The accumulated pulse-height
data are transferred via floppy disk to another PDP-11/23 machine for unfolding the spectrum. About
180 sets of data can be transferred via one floppy disk. After data are restored onto the analysis PDP
11/23 computer, one may RUN NESCN to obtain a quick summary of the data contents. This
program (NESCN) generates a one-line summary for each set of data.

The first step in the data reduction is to RUN NESUM to prepare data for the unfolding routine.
Follow the prompts (on the CRT) generated by this program to complete this portion of the task.

Then one may RUN UNFOLD for the final part of the data reduction. The first prompts request
information on the source of the raw data to unfold. These are followed by two prompts to enter
calibration information. Fecllowing each prompt, one enters in (a) a channel value, and (b) a light-unit
value. After the second calibration prompt the computer goes to work, providing the desired
information in about a minute as presently set up. More detailed output is recorded in a file labelled
FORO01.DAT, which should be printed out. Note that the final results are output as Yield/cm? at the
detector for each bin and are not a true spectrum in the usual sense. One may obtain a spectral
distribution by dividing the Yield/cm? by the bin width as done for the results posted in Figs. 9, 13, and
14. Details of the computer programming for the unfolding analysis are given in Appendix C.
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6. CONCLUDING REMARKS

We cannot too strongly stress the need for a regular schedule of checking electronic settings using
the procedures discussed in Sect. 4, Although these electronic units are stable over a period of several
days, they are operating in essentially state-of-the-art conditions. One should, therefore, regularly check
the gain using a gamma-ray source. One should also check the PSD circuit using a mixed neutron-
gamma Source.

Very careful work requires careful calibration, and for these demands, calibrations using several
sources should be done. In particular, if one wishes to extend E, to 14 MeV, one needs a calibration

using a high-energy gamma-ray source to reduce extrapolation errors. We provide a list of useful
sources in Table 3.

Calibration of both LeCroy 3512 ADC units connected to each detector should be done, since these
units do not necessarily have the same gains nor zero settings. This calibration can be carried out by
removing the coincidence gate requirements on both ADC units and running the program NETST.
(One must be certain to reset the coincidence gates following the calibration.)
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APPENDIX A. DETECTOR RESPONSES TO NEUTRONS AND PHOTONS

As mentioned in Sect. 3, to understand the raw spectral data one must know the detector responses.
We used a combination of measurements and Monte Carlo calculations to deduce the neutron responses
of each of the three detectors and a combination of measurements, interpolations, and extrapolations to
deduce the photon responses of each detector. Responses for the large (of Table 1) and medium
detectors are part of the unfolding code (see Appendix C) since these are the two detectors chosen for
the first data accumulation. In the following tables we give the responses for all three detectors for
both neutrons and gamma rays. If subsequent use is made of the small detector, it will not be difficult
to incorporate its two responses to the current version of the unfolding software.

The data in the following six tables are ordered in the following manner: at the head of each
column is an index number (1 through 18) corresponding to the incident particle energy bin, where
these energies (neutron or gamma ray) are given in Table 2; the columnar data give the normalized
yield per incident particle for each of the 19 pulse-height bins. Strictly speaking, these responses are
valid only for the measurement geometry, namely radiation normally incident on the front face of the
detector. However, experience’ with detectors of the roughly “cubical” shapes of the large and small
detectors indicates that the responses are quite insensitive to direction of incidence made by the
impinging radiation. We tested this assumption for the large detector by taking measurements in two
different geometries; the resulting response measurements appeared to be identical to within
experimental uncertainties. We have made this assumption of directional independence for the small
detector and also for the medium detector (although it is likely a less valid assumption), since any more
detailed response analysis would substantially complicate the unfolding calculation, and it is not evident
to us that the concomitant very moderate improvement in unfolded fluence is warranted in light of
present-day transport-calculation capabilities. We also remind the reader that these responses do not
include effects of the l-cm-thick soft-iron shield of Fig. 1, although the (anticipated very small)
perturbations due to the aluminum cell, photomultiplier tube, and u-metal shielding are included.
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Table A.l. Large detector neutron response

N-BIN = 1 2 3 4 S
1 7.589e-92 1,153E-61 1,103E-01 8,450E-82 5,946E-02
2 1.481E-02 4 ,831E-02 7.258E-02 7.420E-92 3.790E-@2
3 2,06@E-03 1,703E-02 5,359E-@2 8,606E-02 8,384E-@2
4 g.000E-01 | ,000E-03 | ,174E-02 4,206E-02 & .50E-@2
5 ¢.C00E-01 O ,000E-01 9 ,819E-04 9,768E-83 3,329E-92
) 0, 000E-A1 O ,000E-01 4,920E-05 1,119E-03 9 ,653E-03
7 ¢.900E-01 @,000E-01 O ,000E-01 4,736E-05 1 ,349E-83
8 ¢,000E-g1 O,000E-01 0 ,000E-01 @,090E-01 1 ,059E-84
9 @,000E-01 ¢ ,000E-01 0 ,000E-G1 @ ,000E-01 d,000E-01
1o g,000E-61 @ ,000E-01 O,000E-01 @, 000E~01 O ,000E-01
11 0,000E-81 ¢,000E-01 @,000E-01 O,000E~01 O ,0Q0E-A1
12 ¢.000E-01 O,000E-01 0O,000E-01 @ 0O0E-01 @,000E-@1
i3 ¢ ,000E-01 ©,000E-01 0 ,00PE-01 O,000E-P1 O ,000E-A1
14 @,000E-¢1 @ ,000E~-P1 0 ,000E-01 @,000E-01 0 ,000E-01
15 0 .QUeE-01 0 ,000E-01 ©,000c-01 O,000E-61 @ ,000E-01
16 ¢, 900E~-g1 ¢ 0O0E-01 @ ,000E-01 ¢ ,000E-21 @ ,OOPE-@1
17 ¢,000E-01 @,000E-01 ©,000E-01 0,000E-01 O,000E~-B1
18 g, oeE-61 @ ,000E-31 ¢ ,000E-01 @.EQQE g1 0 ,000E-31
19 0 ,000E-01 @ ,000E-0i ©.000E-01 o 0FVE-01 @ 000E-B1

N-BIN = 7 a8 9 id 11
1 S.761E-082 2 993E-02 2 ,696E-02 2,273E-02 1 ,8LQE-G2
2 3. 383E-P2 2 ,633E-02 2,336E-02 1,977E-02 1,598E-02
3 5,920E-02 4 ,318E-02 3 ,565E-42 3 ,@5€E-p2 2,422E-02
4 b,194E-02 4,985E-02 3 ,982E-02 3 ,250E-G2 2 ,L22E-92
5 S.776E-92 5 ,307E-02 4 ,374E-02 3, 477E-¢2 2,724E-02
) 4,553E-92 35,141E-P2 4,623E-02 3I,.838E-02 2,916E-@2
7 2,603E-02 4 ,090E-02 4,280E-92 4,000E~-02 3,251E~02
8 9.040E-95 2 ,723E~02 4 ,004E-02 4 ,456E-02 4 ,954E-@2
9 1.094E-03 7,187E-03 1,888E-02 2,833E-02 3I,280E-02
10 1.034E-04 1 ,605E-03 7,957E-63 1,957E-092 3 ,082E-@2
11 9,.,000E-61 1,433E~@4 1 ,484E-03 1,120E-02 2,L83E-02
12 ?,000E~01 O, ,000E-61 ¢ ,000E-61 7,000E-04 5 ,523E-03
13 g.000E-01 ©,000E-01 ©,000E-91 @,000E-01 @,000E-01
14 d.000E-01 o ,000E-91 ¢, 0O0E-01 O,000E-91 U ,000E-01
15 ¢.000E-91 @ ,000E-01 O,J90E-01 O,009E-01 @ ,000E-01
16 ¢,.000E-01 O 0O0E-G1 0,000E-01 @ ,00PE-G1 O ,000E-01
17 @,000E-01 0 ,000E-01 @ ,000E-81 0,000E-01 0 ,000E-01
18 3. 909E-01 ©,000E-F1 @,0B0E-O1 @,OGPE-@1 ¢ ,000E-01
19 0.000E-31 @,000E-31 @ ,000E-01 é,000E-91 @ ,000E-1

N-BIN = 13 14 15 146 17
1 8 .602E~93 7 ,3U0E-0T 9,260E-63 9,421E-03 9 ,302E-03
2 7.337€-03 3 ,847E-03 4,847E-03 6 ,66PE-03 8,264E-03
3 1,076E-02 8,141E-03 5,152E-83 7,782E-B3 1,822E-92
4 1,1196-¢2 7 ,917€E-83 5,637E-03 6,212E-0F 7 ,68BE-03
3 1,130E-92 7 ,642E-03 S 116E-63 S,089E-03 S,985E-03
-] 1,172€-g2 7 ,437E-83 5,176E-83 4,278E-03 5 ,381E-03
7 1,214E~02 7 ,343E-03 S,184E-83 3,743E-03 5,010E-03
8 1.,533E-¢2 9.909E~-03 6,313E-03 4,200E-03 4 ,990E-03
9 1,319€-82  7,492E-03 S5,189E-83 3,475E-03 3, 134E-¢i3
14 1,631E-02 9,119E-85 6,104E-83 4 ,187E-@3 3 ,164E-03
11 2,802e~82 1,515E-02 9,797€-83 &,751E-93 4 ,911E-03
12 7.069E-82 4 ,417E-92 2,667E-82 1,807E-02 1,318E-02
13 3,827e~92 5,237E-92 3,18@E-92 2,877E-92 1,512E-02
14 1.871E-03 35,471E-02 5,.083E-@2 3 ,089E-02 2,274E-92
15 g,900E~01 1,218E-03 2,256E-92 3,122E-92 2,241E-02
16 ¢,000E-91 ¢ .0O0E-d1 2 ,S00E-G3 2,002E-92 3 ,135E-02
17 @.090E~01 O ,000E-01 & ,0PQ0E-45 2,000E-63 6 ,203E-93
18 g,000E-91 ©,000E-01 O ,.000E-G1 9,9000E-0S I ,008E-03
19 ?.900E~P1 ©,000E-91 ©,000E-B1 B,00BE-G1 3I,bPPE-05
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Table A.2. Large detector photon response

G~BIN = 1 2 3 4 5 S
i &,565E-02 8,203E-92 S5,6426-92 4,1156-092 3,2436-¢2 2,3335€E-02
2 1,1356-02 3. 790E-92 5,631E-02 3,734E-02 2.,836E-02 2,149E-@2
3 @,000E-91 1,777E-82 4,644E-02 6,587E-02 4,452E-92 3,191E-82
4 0,.000E-01 o .000E-81 6,600E-3 3I,757E~92 5,741E-02 3.715E-0G2
5 d,000E-01 @ ,000E-91 o ,9PPE-B1 8,970E-B3 3JI,B31E-92 4,779E-82
) ¢.000E-01 ©.000E-91 ¢ ,000E-0) 9,000E-94 | ,O35E-92 2,620E-02
7 0,.900E-B1 0 ,000E-01 o,000E~-01 @ ,000E-01 1,716E-83 7,710E-03
8 a.0a060E-91 ¢ HO0E-31 6 ,699E-01 O .08PE-@1 ¢ .000E-81 2,320E-03
9 2 ,000E-01 O,000E-01 O .PU0E~Q1 O,000E-01 @,0060E-@1 3,000E-@5
16 ¢,000E-01 ©,000E~-01 ¢, 0p0E-21 @.000E-01 0.000E-¢1 ¢,000E-91
11 g,000E-01 0,000E-01 0.000E-81 @,000E-01 @ ,000E-01 @ ,d00E-B1
12 9.,000E-01 ¢ ,000E-81 O,600E-P1 O P00E-01 @ .000E-81 @,000E-31
13 @,790E-01 0,000E-31 @,000E-21 @ ,000E-01 @,000E-@1 0,000E-01
14 ¢.000E~-01 ¢ ,000E-81 0,000E-01 O .000E-¢1 0§ ,000E-01 ¢,000E-01
15 ¢,000E-21 O,000E-01 0,000E-41 0O,000E-01 @,000E-31 O, ,000E-@1
16 ¢,.000E~1 0 ,000E-31 @,000E-¢1 ¢ ,000E-01 ¢ .000E-G1 O, 000E~0D1
17 ¢,002E-B1 0,000E-01 O ,P00E-01 0,000E-01 @ ,000E-B1 O ,000E-B1
18 ¢.000E-B1 ¢,d00E-@1 @ ,0e0E-91 @ .V00E-81 ¢ . 906E-¢1 ¢, ,0g¢E-B1
19 G ,0BPE-D1 ©0,000E-21 ©,000E-81 O,000E-01 @,00UE-0l 9,000E-Bi

G~BIN = 7 8 9 1@ 11 12
1 2.184E-02 1,781E-92 1,471E-92 1,308E-02 1 ,P47E-02 7 ,820E-4B3
2 1,892E-02 1,553E-92 1,264E-82 |1 .11QE-QZ 9 ,BA3E-@3 6 HBTE-B3
3 2,84pE-d2 2,338E-42 1,918E-062 1,642E-02 1, 383E-@E 9,963E-f3
4 2 . 906E-02 2,363E-92 2,800E-02 1.763E-02 1, 440E-92 1,009E-02
S 3.6B6E-B2 2,447E-92 2,951E-02 1,761E-02 1 ,442E-@2 9 ,864E-03
& 4 ,248€-02 3,161E-92 2,281E-62 1,898E-¢2 1 SO9E-E2Z2 1 .¢13E-02
7 2, 330E-02 3J.641E-92 2Z,620E-92 2,893E-02 | ,613E-9Z 1 ,00B8E-82
8 B,32¢E-03 2,338E-92 4,982E-02 2,.949E-92 2 ,.083E-¢Z2 1 .201E-62
9 1,990E-83 &,470E~-03 1,765E-02 2,961E-82 1,924E-02 1 ,028E-02
14 5.400E-@4 2,SS@E-03 9,179E-83 1,8G4E-G2 2,832E-0F 1,349E-82
11 g ,000E-01 &,840E-84 2 ,130E-83 1 ,G18E-42 2,467E-92 2,594E-02
12 ?.000E-01 O OO0E-R1 O,900E-01 7,000E-95 7 ,130E-03 4 ,458E-02
13 g, 200E-a1 @ ,000E~B1 ¢ ,000E- @1 ¢,809¢E-01 @,800E-01 1 ,892E~@3
14 ¢, 000E-g1 @ ,000E-01 ¢ ,900E-01 0,000E-01 ¢ ,000E-01 0,000E-01
15 g ,000E-01 & ,000E-01 G.ﬂﬁﬂﬁ-@l 9 ,990E-01 @ ,000E-31 8 ,900E-91
16 ¢, 000E-81 @ .00PE-d1 {,000E-91 ¢ ,000E-G1 @ ,800E-01 0 ,000E-01
17 g,000cE-41 @ ,000E-01 @,900E-91 @,000E-01 0,000E-31 @ ,000E-d1
18 #,000E-01 o . 0O0E-01 @,900E-B1 ¢ BOPE-G1 0 ,000E-81 ¢ ,000E-P1
i9 ?,000E-41 O,080E-01 ¢ ,000E-@1 @,006E~31 0@,000E-01 J,000E-81

G-BIN = 13 14 15 17 18
1 4,851E-93 2,873E-d3 1,764E-83 1.163E—ﬁa &,284E-04 5 ,953E~04
2 4 ,089E-63 2,51PE-03 1,567E-03 1,929E-63 5,459E-#4 6,238E-74
3 b,296E-A3 3 .877E-63 2,424E-03 1,585E-P3 8,341E-G4 9,804E-94
4 6., 592E-05 4 ,016E-33 2,627E-03 1 ,795E-@3 1,261E-035 1,081E-03
5 §,474E-03 4,167E-03 2, 636E-@3 1,754E-03 1,3@3E-B3 1,114E-03
b 6,675E-03 4 ,268E-03 2.798E-@3 1,BSSE-#3 1,392E-@3 1.188E-03
7 6,907E-83 4,356E-03 2 .872E-A3 1.923E-03 1,444E-83 1,239E-03
8 8,214E-03 5,201E-03 3, ,570E-95 2, 354E-¢3 1,78PE-0I3 1,522E-03
9 6,619E-63 4 ,305E-03 2,881E-@3 1 965E-@3 1,488E-03 1,260E-03
18 7.665E-83 4 ,939E-93 3 ,353E-63 2.295E-03 1,74Z2E-@3 1,5¢2E-03
11 1,243E-32 8,075E-03 5.5016-83 3.779E-03 2,927E~-03 2,527E-83
12 4,6889E-92 2,117E~-02 1 ,483E-¢2 9.712E-G3 7,962E-43 &,849E-03
13 3A18E-82 Z,B70E-82 1,533c-87 1.0b8E-02 B,431E-03 7,355E-43
14 1,310E-83 2.803E-92 2,969E-02 1,524E-02 1,153E-02 1.625E-92
15 @,000E-01 1,578E-83 1,805E-@Z 1.9L6E-0Z 1,209E-92 9 ,B96E-H3
16 4,000E-01 0 ,900E-81 1 ,901E-93 1.694E-82 2,328E-~02 1,674E-82
17 0.900E-31 0,000E-81 0,900E-01 1.,625E-03 S5,163E-03 8&,411E-93
18 0. 000E-91 o, 000E-01 0 ,900E-B1 5,360E-@4 T 463E-0% 7 ,370E-43
19 6,000E-31 @,000E~01 @,000E-01 &, JBOBE-01 &,770E-84 2 ,994E-03



32

Table A.3. Medium detector neutron response

N-BIN = 1 2 3 4 5
1 4,561E-02 6.487E-82 6,093E-82 4,850E-02 3,355E-92
2 9.074E-03 2 ,823E-0Z7 4,171E-02 4,000E-02 3 .BQ7E-92
3 9.000E-94 1,218E-82 3,179€-92 4,784E-02 4,498E-92
4 g,000E-01 4 LTOE-03 7.000E-43 2,508E-GZ 3 .6BIE-82
5 0.,000E-01 @,000E-91 3,S48E-04 &,300E-03 1,991E-92
[°) 9.000E-01 O ,000E-91 O.000E-@1 3,670E-B4 S .87SE-03
7 v,000E-01 O ,000E-61 ©0,000E-B1 0,008E-91 4,33BE-04
8 0,000E-31 0 ,000E-01 0,.000E-91 O,000E-G1 O,000E-01
9 ¢,000E-01 @,000E-01 0,000E-G1 @,000E-31 @,800E-01
19 g.ﬁﬂﬁE-ﬁl @.8000E-¢1 ¢, 000E-B1 @.000E-01 O,000E-01
11 O00E-D1 ©,000E-91 O.000E-81 @,000E-91 ©,000E-01
12 9 ,GO0E-P) O ,000E-9) O,000E-21 O,000E-01 O,000E-01
13 ¢,000E~p1 0,000E-91 O,000E-31 0,000E-01 O,000E-01
14 ¢, 0deE-g1 0 ,000E-91 ©,000E-61 @,000E-G1 ©.800E-@1
15 @,000E-01 0,000E-91 ¢,000E-31 0,000E-G1 0,000E-01
16 9.,000E-p) P ,QOBE-G1 O.00CE-81 (,000E-01 @,000E-01
17 P,BU0E-F1 @ ,000E-01 @.000E-01 @,000E-01 O,000E-01
18 @, 000E-G1 (O ,G90PE~-B1 ¢ ,000E-B1 G GO0E-d1 O ,000E-01
19 @,000E-91 © ,0O0E-01 O.000E-01 ©.F90E-01 3 ,009E-01

N-BIN = 7 B 9° 14 11
1 2,126E-02 1 ,801E-82 1,518E-092 1{,354E-02 1,897E-92
2 1,86Z2E-p2 1 ,555E-p2 1,285E-@2 1,155E-02 9,24BE-413
5 2.,972E-082 2,399E-82 1 ,964E- 1,716E-82 1 ,353E-02
4 3.320E~P2 2 ,644E-02 2,175E-02 1,8G0E-0Z 1,3BPE-92
5 S3,132E-02 2,730E-92 2,319E- 1,849E-02 1 ,400E-@2
) 2,563E-92 Z,L59E-02 2,436E-02 2,064E-0Z7 1,550E-02
7 1,441E-02 2,191€-92 2,307E-02 2,139E-92 1 ,761E-92
8 2.322E-03 1 ,6@AE-92 Z,202E-02 2 ,30BE-92 2,123E-@2
? 2,526E~04 4,279E-03 1 ,055E-82 1,548E-02 1,657E-42
10 0,000E-01 4 ,400E-04 4,618E-83 1,197E-02 1,773E-02
11 2,000E-01 @,000E-91 4,745E-84 S,000E-03 1,650E-07
12 0,0p0E-01 0 ,000E-01 o .000E-P1 1,000E-04 1,500E-83
13 B.O0GE-31 O ,00¥E-01 ©,900E-J1 0,000E-01 3I,800E-0S
14 g,000E-01 ¢ ,000E-61 0,.000E-01 @, 000E-01 O ,000E-01
15 ¢.000E-01 @ ,000E-01 ¢ ,000E-91 @ ,090E-01 @,  BDPE~31
16 0.000E-01 0 ,00CE-01 0,000E-01 O ,0P0E-91 @, 000E-B1
17 @.900E-01 0 ,000E-91 ©,000E-G1 O,000E-O1 0,000E-01
18 0,000E-01 O ,000E-01 0 ,000E-D1 0,000E-01 O ,000E-01
19 G.000E-01 & ,0A0E-a1 @ O00E-B1 @ GO0E-G1 ¢ ,aadE-31

N-BIN = 13 14 15 16 17
1 4,782E-03 3 ,670E-@3 S.B31E-83 792E-ﬂ3 4 ,888E-23
2 4,PAE-03 2 ,9359E-03 2,492E-03 3.334E-03 4 ,328E-083
3 5,953E-03 4 ,172E-83 2,718E-@3 3,959E-03 5,179E-03
4 6,204E-05 A4 ,132E-@83 2,634E-03 3I,280E-93 3 ,B96E-03
) 6,225E-83 3,951E-83 2,677E-B3 2,596E-03 3 ,87SE-983
) b,437E-05 3 ,993E-¢3 2Z,781E-03 2,220E-93 2 .778E-93
7 b, LUPE-BS 4 ,059E-03 2 ,803E-G3 1,903E-03 2Z,521E-43
8 8,139E-03 4,943E~-95 I ,408E-03 2,186E-B3 2 .496E-83
9 6.,897E-03 4 ,997E-03 2,889E-B3 1,851E-83 1,b45E-B3
10 8,416E~-03 4 ,991E-03 3I.7289E-¢3 2,139E-03 1.,451E-03
i1 1,418E-02 8,230E-93 5,162E-@3 3,475E-93 2,458E-033
12 3,.950E-02 2 ,314E-82 1,36BE-02 9,373E-03 & ,882E-03
13 2,222E~92 Z,705E-92 1,651E-82 1,057E-02 &,B48E-93
14 6,000E-04 1 964E-92 2,S53E-42 1,582E-97 1,186E-02
15 v.000E~-01 3 ,400E-04 1,189E-02 1,420E-02 1,147E-02
16 8,000E-01 @ ,000E-81 2,820E-03 1,109E-92 1,407E-02
17 0.000E-81 @ ,000E-01 O,000E-81 1,848E-04 3,418E-93
18 g,000E-01 0 ,000E-01 0,000E-01 ¢ ,06PE-31 S,.3IGE-B4
19 a.000E-01 0 ,000E-61 0 ,909E-01 0O,000E-21 ©O,000E-B1
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Table A.4. Medium detector photon response

G-BIN = 1 2 S 4 5 )
1 3,967E-02 4,644E-02 2,963E-02 2,273E-02 1,843E-02 1,438E-02
2 1,934E-03 2,295E-02 3.099E-02 1.972E-02 1,537E-02 1,197E-02
3 0. 09%E-P1 4 ,115E-083 2,617E-82 3,623E-02 2,374E-02 1 ,814E-02
4 g .000E-81 ¢,0900E-01 1.097E-03 2,145E-92 3 .BB2E-¢2 1,922E-§2
] 0,000E-01 O ,000E-01 O,000E-01 1,261E-03 1,736E-92 2,459E-32
b g,000E-01 ©@,000E-01 0.000c-¢1 0 ,000E-9d1 2,179E-93 1 ,412E-082 -
7 2,000E-81 ©@,000E-06L @,000E-@1 Q.ﬁﬂﬂE-ﬂl @,000E~1 2 ,005E-83
8 0. 000E-81 0o ,.090E-61 O,.000E-01 o,000E-01 @ ,000E-O1 ,2. Z40E ~04
9 0,000E-01 @,000E-01 O,000E-01 O,000E-01 @,000E-91 @ ,000E-01
] ¢ . 0U0E-81 ¢ ,900E-01 3.000E-01 ©0,000E-91 §,00PE-B1 @ ,000E-@1
11 6,000E-01 @,000E-01 O,000E-31 @,P00E-01 @ ,000E-D1 @ ,009E-01
12 g,000E-01 ¢,000E-91 ©.000E-01 ©,.000E-01 O,000E-01 O ,000E-B1
13 0.900E-01 ¢ ,000E-01 O ,000E-01 0,0 ﬂE—@l g . POPE-01 2 ,QovE-21
14 g,000e-81 0, ,000E-01 ﬁ.ﬂﬂﬂE-@L//E GZ@E -#1 @ ,000E-01 ¢, UOJE-@]
15 2 .000E-81 0,000E-91 5.%¢9E 3 ,000E-01 ©,000E-01 ©,000E-91
16 g,000E-31 @ ,@OCE-B) G 0GCE-91 9 ,000E-@1 @ 9B0E-51 o ,GO0E-E1
17 ¢,000E-¢1 @ ,000E- ¢,000E-a1 0,000E-G1 ©,B00E-01 O ,000E-01
18 2. 000E-01 ©0,800E-¢1 @ ,000E-@1 ©.0PFE-01 @.G00E-G1 @ .0OGE-9]
19 0,000E-B1 @,000E-01 O,000E-G1 O0,000E-91 O,000E~B1 &,P0CE-91
G-BIN = 7 8 9 19 11 12
1 1,241E-02 1| ,000E-92 8,406E-03 7,236E-03 5,701E-@5 4 ,237E-083
2 1,050€-02 8,697E-03 7 ,.306E-93 &6,271E-03 5,.035E-05 3I,561E-@3
3 1,583E~92 1,286E-02 1,099E-62 9,5346E-83 7.67YE-83 5,324E-083
4 1,622E-02 ) ,322E-92 1,136E-02 9,787E-03 7,980E-03 5,372E-93
5. 1,735e~-92 1,313E-02 1 ,117E-92 9,870E-@3 8,633E-05 5,218E-033
() 2,199E-¢2 1 ,498E-@2 1,219E-02 1,.024E-@2 8,359E-03 5,343E-03
7 1,269E-02 1 ,863E-@2 1,333E-@2 1,101€-92 8,542E-03 S5,2546E-43
8 2,228E-03 1,244E-02 2,092E-92 1,463E-02 1,.083E-02 6,371E-93
9 1,930E-04 1,883E-03 9,.047E-63 1,51PE-92 9,537E-63 S5,481E-B3
1@ §,000E-01 3 ,.090E-04 1 .045E-03 9,155E-¢3 1 ,.405E-02 &,681E-03
11 ¢,00dE-81 ¢ ,0A0E-01 0 ,000E-01 4,S6UE-04 1,230E-02 1,17@E-32
12 g.00gE-B1 (¢ ,000E-01 0 .P00E-01 ©,000E-01 5,.000E-0S5 2,231E-02
13 g ,000E-01 @, 000E-G1 @ ,000E-01 @,000E-01 O,000E-91 4 ,000E-05
14 ¢ QO0E-G1 @ ,.000e-91 0 ,000E-91 O ,000E-01 o ,000E-81 ¢ ,000E-01
15 G.ﬂﬂﬁE—@ ?,000E-31 O ,000E~-D1 0,000E-31 @ ,000E-01 O,000E-31
16 ¢,000e-d1 0 ,000E-01 O.000E-01 O,080E-81 0,000E-01 @,000E-31
17 ¢,000E-61 ¢ ,000E-01 O ,000E-01 0,00P9E-01 0,900E-A1 @ ,000E-31
18 8. 000E-G1 ¢ ,P00E-01 O ,000E-@1 O . 000E-01 ¢ .000E-01 @ ,@O0E-u1
19 g, \BODE-51 g, JBP0E-01 O ,090E-51 ¢, 0p9E~-g1 o ,000E-01 @,000E-011
G-BIN = i3 14 15 16 17 18
1 2,786E-83 1,633E-035 1.,002E-03 6,519E-94 4,9@8E-84 T ,79&E-134
2 2,286E-93 1,429E-03 8.884E-04 5,790E-04 4,359E-@4 3 ,A04E-04
3 3,433E-03 2,201E~03 1,35¢0E-03 8,949E-@4 &,854E-04 S,304E-34
4 3.467E-83  2,253E~03 1,428E-93 9 ,403E-P4 7 ,275E-24 5,659E-04
5 3,461E-83 2,241E-83 1,4446E-03 9,793E-84 7 ,355E-04 5 ,796E-@4
& 3.487E-63 2 ,297E-63 1.,497E-93 1,P18E-03 7,.812E-04 6&,176E-004
7 3.566E-03 2,359E-03 1,527E-83 1,053E-83 8,164E-94 &,512E-34
8 4,191E-03  2,.815E-03 1,848E-035 1,273E-93 9,933E-04 7 ,.980E-04
9 3.,396E-83 2,323E-03 1,517E-93 1,044E-03 8,149E-94 &,562E-04
16 3,939E-83 2,602E-03 1,767E-93 1,212E-@3 9.524E-04 7 ,590E-04
11 &, 519E-83 4,277E-83 2,861E-93 1,998E-03 1,556E-83 1,258E-03
12 2,042e-02 1,137E-92 7,538E-¢3 5,354E-03 4 ,250E-93 3 ,432E-@3
13 1,405E-92 1,4092E-02 8,951E-03 5.453E-03 4,418E-83 3,625E-03
14 2,000E-05 1,413E-02 1,299E-02 8,4833E-03 &6 ,.404E-05 4 .894E-03
15 9,000E-01 5,000E-05 8 ,857E-0G3 8,7h1E-@3 6,287E-03 4 ,844E-03
16 g,.900E-61 0 ,000E-01 S5.000E-ws 7 ,638E-93 1.B3BE-02 7.410E-03
17 0 ,000E-31 @,000E-01 0.000E-81 7,700E-@S 2,362E-03 3 ,475E-03
18 g, gade-a @ d@agE-dy @ ,900E-91 ¢ ,900E-F1 3 ,682E-04 3 120E-03
19 0,000E-31 0,000E-01 O ,000E-01 ©,000E-91 0.000E-G1 2, 836E-9A
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Table A.5. Small detector photon response

N-BIN =

1 . 2 3 4
1 4,134E-02 &,083E-02 &,677E-02 3 ,150E-02
2 8 ,M68E-B3 2,744E-02 3I.108BE-02 2,65QE-02
3 3,279e-83 1,773E-02 2,742E-02 4 ,084E-0Z
4 1,182e-83 3, 3726-03 1.113E-082 3,219E-92
5 2,330E-94 5 ,680E-04 2,749E-83 1,733E-82
-] 2.,000E-01 7 ,800E-05 6,570E-04 6,971E-03
7 0.,000E-01 0,000E-01 1,S79E-P4 2,0L0E-03
8 g,000e-01 O .000E-91 4.000E-05 4 ,960E-04
9 0.000E-01 ©,090E-01 0,000E-01 8,500E-05
19 g,800E-01 ©,000E-01 0,.000E-81 2,900E-05
11 D,0DOE-B1 ©,000E-01 0,000E-@1 0,000E-91
12 0,000e-01 ©,000E-01 O,.000E-01 @,000E-01
13 2.000E-01 ¢ ,000E-01 O,900E-d1 &,000E-01
14 g,000E-01 ©,000E-01 ¢ ,900E-01 @,000E-G1
15 0 ,000E-01 ©,009E-01 O.000E-01 @,000E-O1
15 0 ,000E-01 @ .000E-01 O.0P0E-01 O,000E-G1
17 D,000E-G1 O ,.000GE-01 O,900E-01 O,000E-01
18 0,.000E-01 @ 000E-G1 o ,B00E-01 @,000E-@G1
19 o,000E-01 ©,000E-01 0,000E-31 @,000E-01
N-BIN = 7 8 9 19
1 1,731E-02 1,395€-¢2 1,027E-02 1,005E-02
2 1.4446~¢2 1,312E-97 8,.990E-03 8&,552E-03
3 2,219e-02 1 ,930E-92 1.425E-@2 1,334E-92
4 Z2,555E-02 2Z.M54E-@2 1,657E-02 1,491E-92
5 2,7376-82 Z,235E-82 1,842E-02 1,594E-92
b 2,585E- 52 2 ,352E-02 |,944E-02 1,73IIE-0
7 2.9186-02 2 ,2326-02 2,946E-02 1 ,845E-02
8 1,250E-92 1,995E-92 2,324E-02 2,235E-92
9 4 ,254E-083 8,870E-03 1,499E-02 1,638E-02
10 1,632e-03 5,850E-03 | ,613E-02 1,420E-02
11 4,450E-04 1,980E-03 6,009E-03 1,117E-@2
12 S.GUPE-95 1 ,420E-04 4,910E-94 1 ,89LE-03
13 0,.000E-01 0 ,000E-01 O,000E-31 1,400E-05
14 0.000E-01 O,000E-91 @.000E~-01 @,000E-@1
15 ¥.,000E-01 0,000E-01 0,000E~01 @,000E-01
16 ¢,000E-01 @,000e-01 0.000E-01 ¢ ,990E-91
17 0.,000E-01 0,000E-01 ©O,000E-01 @,900E-01
18 0 .,peoE-0]1 O .00CE-BY 0,000E-P1 @,000E-01
19 0.000E-01 O,000E-P1 0,000E-01 O,000E-01
N-BIN = 13 14 15 14
1 3.963E-83 2,950E-03 2,873E~03 2,887E-83
2 3,429E-03 2 ,452E-03 2,221E-03 2,240E-03
3 5,352e-93 3,713E-093 3,158E-03 3,228E-03
4 J,888E~-05 3,887E-03 3.021E~@3 3,192E-03
5 b,132E-a3 3,950E-03 2,7356-83 2,855E-03
) 6.,465E-D3 4,138E-03 2.829E-03 2 ,609E-83
7 6,696E-83 4,211E-03 2,894E~03 Z,406E-@3
8 8,165E-85 5,103E-03 3, 391E-83 2,599E-083
9 b6, 717€E-83 4 ,107E-03 2,811E~03 1,964E-033
1o 7.822e-83 4,.831E-83 3.229E-93 2,233E
11 1,297e~-02 7,899E-03 S,208E-83 3I,S33E-03
12 S3.099E-92 2 ,142E-97 1,330E-@2 9,150E-03
13 2,890E-92 2,326E~92 1,406E-32 9,401E-03
14 4,407€-85 2,213E-92 2 ,.807E~02 1 ,329E-02
15 0,009E-41 3 ,673E-03 1,S@7E-82 1,2487E-92
16 8,000E-01 6,300E-05 4 ,182E-03 1 ,266E-02
17 0,000E-01 0,000E-01 1,450E-04 1,880E-83
18 g,000E-01 O .,000E-01 O,000E-01 3I,450E-04
19 0., 0029E-01 0,000E-01 0.000E-01 ©,000E-91
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3. G. L. Morgan, T. A. Love, and F. G. Perey, Nucl. Instrum. Meth. 128, 125 (1975).

4. W. W. Engle, Jr., ANISN, A One-Dimensional Discrete Ordinate Transport Code,
ORNL/CCC-254 (1967, updated 1973).

5. V. V. Verbinski, W. R, Burrus, T. A. Love, W. Zobel, and N. W. Hill, Nucl. Instrum. Meth. 65, 8
(1969).

GLOSSARY OF ACRONYMS
ADC Analog-to-Digital Converter
ANISN Designates a program to calculate effects of neutron and photon transport.
BNC Designates a specific type of connector.

CAMAC Computer Automatic Measurement And Control
CFD Constant-Fraction Discriminator

CICADA Central Instrumentation Control And Data Acquisition (Computer)

CRT Cathode Ray Tube (designates the interactive computer terminal)
HY High Voltage

1/0 Input-Qutput

LLD Lower Level Discriminator

NIM Nuclear Instrument Modules

ORELA Qak Ridge Electron Linear Accelerator
ORNL QOak Ridge National Laboratory

PA Preamplifier

PHA Pulse Height Analyzer

PPPL Princeton Plasma Physics Laboratory
PSD Pulse-Shape Discrimination

SCA Single-Channel Analyzer

TAC Time-to-Amplitude Converter

TCB Test Cell Basement

TFTR Tokamak Fusion Test Reactor

ULD Upper Level Discriminator
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Table A.6. Small detector photon response

G-BIN = 1 z 3 4 5
1 3,484E-92 4,390E-02 3,360E-92 2,400E-02 1,849E-92
2 6,799E-83 1,930E-02 2.790E-92 2,140E-§2 1,6A0E-02
3 0,000E-01 9 ,800E-03 2Z,260E-92 I 330E-02 2,580E-92
4 9,000E-01 8 ,GOGE-04 3 760E-03 1,760E-03 2,710E-02
5 8,000E-31 ©,000E-81 ©.000E-B1 4,470E-03 1,429E-u2
& 0.900E-91 ©0,000E-01 O,000E-G1 &,300E-04 4,900E-p3
7 ¢, 000E-01 ¢,080E-01 ©,000E-G1 ©,000E-01 1,100E-03
8 B, 900E-91 B ,900E-01 ©,POCE-01 @,000E-01 ©,0GOE-0)
9 0.000E-B1 0,900E-01 ©,P00E-01 ¢,P00E-31 0,000E-a1
14 0.000E-01 ©.,000E-01 ¢ 900E-01 §.000E-01 ©.00PE-p1
i1 ,900E-01 ©,000E-B1 ©0,0O0E-01 O,000E-B1 ©,POPE-¢1
12 @.00PE-P1 ©0,000E-01 ©,060E-01 @,000E-91 O .GOCE-H1
13 6,000E-01 ©0,000E-01 0,000E-31 ¢,000E-01 @,P0PE-01
14 8. 000E-91 P ,O00E-01 ©,0PPE-01 @,000E-01 ©.0BPE-B1
is 6,000E-31 0,000E-G1 0,000E-01 O,000E-01 o, GO0E-01
16 0.000E-91 ©,000E-01 O.G00E-@1 @,P00E-@1 @.BGPE-B1
17 0,000E~@1 ©,000E-01 ©0,000E-01 O,000E-01 ©,306E-01
18 0.090E-§1 0 ,000E-01 ©,PO0E-B1 @,000E-01 @.POPE-B1
19 0. OVUE-B1 © DOPE-91 0,000E-61 ©,009E-F1 B,000E-21
N = 7 8 9 19 11
1 1,420E-62 1,170E-82 8 ,9460E-83 7,450E-83 6.210E-
2 1,160E-02 9 590E-03 7.51PE-03 &\SPUE-03 5.250E-03
3 1,640E-82 1,380E-92 1,130E-92 9 ,08QE-83 7.870E-03
3 1,620E-G7 1.320E-92 1,150E-02 9.690E-03 8 .030E-03
S 1,75PE-02 1,320E-92 1,1B1E-82 9,778E-03 8,B30E-93
& 1,7B0E-92 1,490E-92 1,290E-02 1.050E-02 B8.400E-03
7 1,050E-02 1,4B0E-82 1,388E-02 1.129E-02 8 ,940E-03
8 4., 400E-03 1\@30E-92 1\6BBE-@2 1.467E-02 1,130E-07
9 8.400E-04 3,250E-03 5,070E-03 1.160E-82 9 ,580E-75
10 9.000E-95 1,210E-03 3.,690E-03 8.420E-03 1.141E-027
11 0.000E-01 1,990E-08 1,280E-B3 4.BAPE-03 1,154E-02
12 0.000E-01 0,000E-91 ©.080E-01 3.B800E-04 1,440E-03
13 0.000E-01 @, P00E-01 B.000E-01 @,000E-01 @,000E-71
13 0.000E-01 0,000E-01 @,800E-01 0,000E-G1 O.0BPE-G1
15 8,000E-01 ©,000E-01 ©,000E-01 g, O00E-0 1 ¢ ,000E -0
16 0\B0E-01 0\008E-91 0\.GOPE-@1 @.000E-21 & 000E-1
17 B, OOOE-01 0.0U0E-G1 ©.900E-01 O.000E-G1 O.080E-71
18 0.\00PE-@1 .G00E-01 0,000E-61 O.000E-01 ©.000E~01
19 ¢.000E-01 @,000E-01 ¢ .000E-B1 ¢,000E-01 O ,000E-@1
3 18 15 16 17
1 3,038E-03 1,829E-03 1,138E-93 7,177E-04 S,185E-14
2 2,648E-§3 1,992E-83 9,950E-94 &,395E-84 4 ,620E-@4
3 3.988E-83 2,AS4E-03 1,543E-03 9,93GE-04 7,184E-04
3 4,175E-93 2,549E-03 1.,629E-03 1.86LE-03 7.790E-04
5 4 A9BE-93 2,558E-03 1,462E-93 1,093E-03 8,044E-04
& 4,209E-93 2,681E-03 1,727E-83 1.157E-B3 8.544E-@4
7 4,277E-03 2,748E-93 1,788E-03 1.204E-@3 8,358E-04
8 S.A75E-03 3.278E-03 2.193E-83 1.0bGE-B3 1,0P6E-013
9 3,243E-03 2,6726-93 1,793E-03 1,213€-83 9.093E-04
14 4,939E-83 3.127E-83 2.06LE-03 1,424E-03 1.B6UE-03
11 8,265E-83 5,126E-03 3I,362E-03 2,329E-03 1.769E-33
12 2.011E-P7 1,810E-02 9,199E-93 6,280E-03 4.772E-03
13 S,736E-83 1,364E-0Z 9,998E-¢3 &,T30E-03 S ,B33E-03
1 1,030E-p4 5 ,168E-63 1,211E-02 9,640E-03 7.310E-83
is 0.090E-01 2,100E-05 3,297E-93 7.887E-03 7 .942E-@3
16 6. PPPE-01 @,000E-61 2 BEOE-05 3.GTOE-0S &.973E-03
17 8,000E-01 ©0,000E-71 ¢ ,0B0E-B1 7,200E-05 9,181E-94
18 O.000E-G1 0.000E-G1 0.G00E-01 B8.0PGE-D5 1.07BE-GS
19 0.000E-01 @,000E-01 0 .90PE-GL @.0PPE-91 1,170E-B4
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APPENDIX B. EFFECTS OF THE SOFT-IRON MAGNETIC SHIELD

Because of the substantial uncertainty in magnetic field strengths in the TCB, we chose a quite
conservative approach to magnetic shielding since our experience with photomultiplier tubes has led us
to be cautions with these devices even in the presence of very modest (~10~2 Tesla) magnetic fields.
The operational magnetic field inside the TFTR is expected to exceed 5 Tesla;, the combination of
toroidal and poloidal sources leads to a nontrivial computation of magnetic fields in the TCB. During
the design phase of the present detection systems, “definitive” information on magnetic fields near the
floor of the TCB varied by five orders of magnitude, depending on the source of information. It was
not until Dec. 10, 1984, or well after the detectors were in place in the TCB undergoing final tests (and
preliminary data taking), that we were informed of a measurement of the magnetic field in the TCB.
The then-reported measurement indicated a magnetic field strength of ~0.02 Tesla 5 ft above the TCB
floor (the magnetic field direction was not reported). We expect our configuration to be a satisfactory
shield for at least 0.5 Tesla, perhaps as much as I Tesla, and so seems very adequate to protect the
photomultiplier tube at least for measurements planned for the current campaign.

It is of some concern, however, to determine the effect of this iron shield on the detector responses

of Appendix A. For neutrons normal to the surface of this shield (to first order), the neulron
attenuation is given by

N/No . e—crptA/S6 , (A.l )

where ¢ is the total Fe + n cross section and ranges between about 2.6 X 1072 ¢cm? and about 4 X
1072 cm?, p(Fe) = 7.86 g/cm>, A = Avogadro’s number = 6.023 X 10?3, the number 56 is the mass,
in grams of the major isotope of elemental Fe, and t = 1 cm. Then N/N, is the fraction of non-
attenuated neutrons. Thus, this fraction varies between about 0.8 and 0.7 for the ¢, (Fe) limits of
interest. However, the detector will register some of the “attenuated” neutrons anyway, as pulses
corresponding to apparent lower-energy neutrons, and also a few percent as gamma rays. Indeed, the
incident neutron attenuation will be somewhat compensated for by detector registration of neutrons that
were not originally headed in the direction of the detector but that impinge obliquely on the iron and
are subsequently scattered into the detector. Some idea of the overall spectral effect on the neutron
fluence incident on the iron shield was obtained from an ANISN calculation. (We are indebted to R.
T. Santoro and J. M. Barnes for performing this calculation.) As this calculation is a one-dimensional
calculation, the experimental configuration (of Fig. 1) had to be “modecled™ for the calculation. The
model chosen was an iron sphere having a 4.76-cm outside diameter and a wall thickness of 1 cm. A
spherical “detector” was located at the center of the (iron) sphere, with the “detector” radius being
deduced from the volume of the actual detector. These dimensions put the model “detector” at
approximately the same average distance from the inside surface of the iron sphere as in the actual
configuration of Fig. 1. The air space between the “detector” and the iron sphere was treated as a void.
The C:H ratio of the scintillator was taken as 1:1.22,

For the purpose of the calculation, the incident neutron source was essentially monoenergetic and
was assumed to be spatially isotropic and uniformly distributed over the outer surface of the iron
sphere. More specifically, the neutrons impinging on a point on the surface of the iron sphere could be
normal to the surface, tangential to the surface, or have any in-between orientation to the surface. The
computation then determined the energy distribution of those neutrons deduced to be at the surface of
the model “detector,” without, however, deducing the directional orientation of these neutrons. The
overall secondary neutron energy ranged between thermal and the energy of the incident neutrons. In
addition, the energy distribution of gamma rays produced by neutron interactions with the three
elements (Fe, C, and H) was also deduced.
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These computations were done for incident neutron energies between 0.75 and 14 MeV, and for
three different models corresponding to the threec different detectors. In addition, some of these
computations were carried out by replacing the Fe with Void, and others by replacing the model
“detector” with Void. The characteristics of the calculations are very similar_for all incident neutron
energies. In Tables B.1 and B.2 we give the results of the model corresponding to ~2.5-MeV neutrons
and the medium detector, and for the three model configurations [i.e., (1) full model, (2) no Fe, and
(3) no “detector”]. In Table B.1 the calculated neutron energy distributions are given, and in Table B.2
the resulting photon energy distributions are given.

Table B.1. Neutron energy distributions of 2.5-MeV neutrons for the model
corresponding to the medium detector: three different configurations.
Units are in % of incident neutron flux.

Energy Full No No
bin (MeV) model iron detector
2.36 - 2.72 44.87 50.83 50.64
2.31 - 2.36 0.95 0.23 0.86
2.23 - 2.31 0.70 0.27 0.54
1.65 - 2.23 3.35 2.17 1.53
1.35 - 1.65 2.65 0.59 241
0.86 - 1.35 1.44 0.93 0.47
0.82 - 0.86 0.11 0.08 0.03
0.74 - 0.82 0.21 0.16 0.04
0.61 - 0.74 0.41 0.27 0.13
0.00 - 0.61 2.49 1.80 0.46

Total 57.18 57.33 57.11

Table B.2. Photon energy distributions of 2.5-MeV neutrons for the model
corresponding to the medium detector: three different configurations.
Units are in % of incident neutron flux.

Energy Full No A No
bin (MeV) model iron detector

>2.0 0.04 0.00 0.04
1.5-2.0 0.13 0.00 0.13
1.0-1.5 0.42 0.00 0.44
0.6-1.0 4.21 0.00 442
0.2-0.6 2.19 0.00 2.12
0.1-0.2 0.88 0.00 0.83

Total 7.87 0.00 7.98
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APPENDIX C. THE UNFOLDING COMPUTER PROGRAM

As discussed in Sect. 3, the obtained raw data (e.g., as shown in Figs. 10 and 11) must be processed
to obtain meaningful results; the manner of processing is called “unfolding” as a contradistinction to the
“folding™ process, of Eq. (2), that is inherent in the experiment.

There are a number of programs written to unfold data such as we obtain. One major family of
codes depends (essentially) on matrix inversion and iteration. Another family, based upon the FERD
(or FERDOR) concept,*' does not use matrix inversion, but depends upon a technique of expanding a
postulated ideal instrument response in terms of the actual instrument response; the output of the codes
is in terms of a “confidence interval,” which is often, mistakenly, interpreted as a specific value + one-
standard-deviation error. A third family, the oldest process, is essentially peak stripping. We have
developed- a-somewhat different method which depends upon solving what are called “Bayes’ equations”
which, in turn, are based upon definitions of probability. Wc do not here give derivations; these are
provided in the report by Larson' which also documents thc general-purpose code developed on these
principles. The primary advantages of adopting the Bayes’ methodology are threefold: (1) a complete
description of covariances among the input data as well as among the output values can be effected; (2)
the calculation is rapid, as no iteration is involved; and (3) the (hardware) memory requirements may
be minimized so that the program written in FORTRAN can be fitted on the CICADA PDP-11/23
microprocessor at our disposal.

A complete description and a complete listing of the general-purpose program BAYES is given in
ref. 1. We have taken only some portions of this general-purpose package. We have added routines
necessary to prepare the input to the package. Listings of all of these routines are given. Not included,
however, are “standard” subroutines to do matrix inversion, matrix manipulation, etc., as the
LINPACK package that we used is copyright protected.C?

In principle, one may start with no a priori estimates of fluence magnitudes; however, experience
dictates that one reduces substantially the overall required computer time by first providing a finite
zero-order set. We do this by reading in the raw data and then use a very crude peak-stripping method
{family no. 3) to provide these initial guesses. Since these initial estimates were deduced from the same
data to which they will be subject for adjustment, we are not, strictly speaking, using the Bayes’
methedology as a “no-iteration” technique, but rather as a “one-iteration™ computation. However,
unlike standard iterative techniques which rely on goodness-of-fit parameters to deduce the adequacy of
the computation, we instead depend upon the correctness of the methodology to provide the answer
following a single pass through the routine. (Although the code allows a second iteration, in principle

the second iteration should never be exercised. If it is, one ought to check for errors prior to entering
the BAYES routine.)

A flow chart of the overall process is given in Fig. C.1. The only operator entries that are required
correspond to the oval of this figure and are the results of prompts issued by the code of the CRT. The

final results are presented in a graphics display and are in a file labelled “FOR001.DAT” which should
be printed for archival reasons if no other.

We will now discuss the pulrposes of the specific routines in this program.

The main routine performs the tasks in the oval of Fig. C.1, then calls subroutines to set up the
calculation, and thqn finally presents the computed results.
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ORNL-DWG 85-9054
PATA ANALYSIS PROCESS

CICADA GET RAW-DATA
STORAGE SPECTRUM

ESTIMATE
ZERO-ORDER
FLUENCE
MAGNITUDES

l

‘BAYES’
MATHEMATICAL  |—ipo] Pf?;gzmgSE
PACKAGE

CICADA
OUTPUT RESULTS |——iin~ GRAPHICS
DISPLAY

Fig. C.1. Flow chart of the unfolding computation. User interaction occurs in the oval portion.
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The subroutine CALIBR accepts the operator-supplied calibration information, and thon co
the (linear) calibration coefficients for (pulse-height) light units vs channel. (Note that a4 neacron
energy may be used instead of a light-unit value as the second parameter of each input.)

The subroutine BINSUM provides the binning of the raw spectral data into bins of predetermined
light-unit values. The algorithm, incidently, is very simple. One computes a running-sum array of the
240 channels of raw data along with a 240-element array of monotonically increasing pulse-height
values corresponding to the calibration. One uses simple interpolation to determine a summed-data
- value corresponding to a specific pulse-height value which corresponds to, mo-t likely, a fractional value
of channel number. The difference in summed-data values for the lower and upper pvlise-height bin
limits gives the yield for that bin. The algorithm is fast since it depends on a minimal number of
interpolations, and it preserves overall integral yields.

The subroutine UNFOLD decouples the main routine and its subroutines from the BAYES
package. It also provides nondiagonal covariance elements for the binned pulse-height data with values
chasen to correspond to small uncertainties in calibration parameters. As noted in comments, the —4%
off-diagonal elements were deduced somewhat empirically by simply trying different calibrations and
observing the effects of these tests.

The subroutine PBAYES is the main routine of the BAYES package. We have made several
alterations, the most important of which is to remove all DOUBLE PRECISION statements and to set
the dimensions exactly for our computation (and to eliminate statements checking on these dimensions).
One space-saving “trick” is to condense the symmetric data covariance matrix VARDAT into just the
upper (or lower) triangle for storage, and thus its dimension is 190 instead of 19 X 19. This
condensation takes place in subroutine FIXV. Subroutine THEORY is a simple general routine to
prepare calculated data and partial derivative arrays from user-supplied functions THEO and DERIV,
Function THEO provides the deduced bin yield expected from the postulated or deduced fluence,
parameters n(E;), for Eq. (2). Function DERIV provides the partial derivative of this deduced bin
yield with respect to a particular E, parameter; in our case it is just the appropriate element of the
detector response.

Four response functions, two each for the large detector and medium detiector, are tabulated in
function RESPON(LJ,K). The index K designates which of the four responses is chosen. The index I
corresponds to the (input) energy parameter, and the index J corresponds to the pulse-height bin.
Although the response arrays are two dimensional, the DATA arrays are one dimensional; to
accommodate the standard FORTRAN compiler, the responses are entered first in terms of increasing
I, then in terms of increasing J. To accommodate the compiler on our particular computer, we have

had to resort to designating several vector arrays for each response matrix and to use EQUIVALENCE
statements to enter all of the data.

The subroutines SETPAR and QUICK perform essentially the tasks in the box under the oval of
Fig. C.1. In addition, estimates are given for the parameter covariance matrix PARCOV, and then
these covariances are condensed into the triangular version array VARPAR. In these routines to

deduce the zero-order fluence estimates, we have observed the physics constraint that none may be
negative.

The function ETOL is used to equate pulse height (in light units) to neutron, or photon, energy (in
MeV). The functions XTERP and AA are simple interpolation functions.
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The subroutine NEWPAR sets up and solves Bayes’ equations and returns with the first-order set of
fluence parameters n,(E;). It calls three services routines, viz. SCALE, MUL and MUL2. The last
two routines calculate pieces of the Bayes’ equations, while SCALE (a) checks for accidental
singularities in the matrix given in its calling sequence and (b) performs a scaling operation to maintain
numerical magnitudes of the matrix elements in a mid range so that subsequent matrix manipulations
avoid operations among matrix elements differing by many orders of magnitude with concomitant
relatively large round-off errors.

The subroutines OUTPAR, OUTTH, OUTPI, OUTP2, and QUTY prepare the output and transmit
to it unit 1, resulting in a file labelled FORO0O1.DAT. Moderate changes from Larson’s original

package' were made to accommodate the present task. The subroutine SETDAT is essentially a
dummy subroutine in the present use. The subroutine RAWDAT retrieves the NE-213 raw data from
the data file NESUM.DAT. The subroutine PUTDAT puts the unfolded results into file
NEPLOT.DAT for graphics plotting. The subroutine DPPCO called in NEWPAR is part of the
LINPACK package®® mentioned above, as is the subroutine DPPSL. The original subroutines are
completely in double precision; we have redone them to single precision but keeping the same structure.
These subroutines taken together perform the matrix solution

A X C=8 . (C.1)

The subroutine DPPCO tests the “condition™ of the triangular two-dimensional matrix array EN prior
to the operation given in Eq. (C.1). If the EN array passes this test, the subroutine DPPSL performs
the task of Eq. (C.1) where our input arrays are EN — 4 and DUM — B. The solution vector C of
Eq. (C.1) is returned as vector B at the exit of DPPSL.

SUPPLEMENTARY REFERENCES

Cl. B. W. Rust, D. T. Ingersoll and W. R. Burrus, A User's Manual for the FERDO and FERD
Unfoiding Codes, ORNL/TM-8720 (1983); B. W. Rust, “Mathematical Foundations of the
Burrus Techniques for Spectral Unfolding,” A Review of Radiation Energy Spectra Unfolding
Proc. of a Seminar Workshop April 12-13, 1976, ORNL/RSIC-40 (1976}, p. 23; W. R. Burrus,
Utilization of a priori Information by Means of Mathematical Programming in the Statistical
Interpretation of Measured Distributions, ORNL-3743 (1965).

C2. J. J. Dongarra, C. B. Moler, J. R. Bunch, and G. W, Stewart, LINPACK User's Guide, SIAM
(1979).
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C  FILE 'UNFOLD.FTN’
€ UNFOLD NE-Z13 DETECTOR DATA OF 1984-1985
SUMID(64)
DIMENSION IDAT(25@) ,SDAT(19) ,DDAT(19) ,AN(&)
COMMON /BLOWER/ MINbIN.Txx
COMMON /RESP/
COMMON /JKD/ uncc19)
COMMON /NORM/ AN
COMMON /RESULT/ EM(lB) DEM(IB) AARC18) ,DAAL18)
. DATA AN/@ .06, .06, 0,06, B.06, 0,29, 8,29/
79 TYFE 8@
83  FORMAT(//,' TYPE N=1 FOR LARGE DETECTOR, NEUTRON'
1 7)' TYPE N=2 FOR LARGE DETECTOR, GAMMA'
2 /' TYPE N=3 FOR MONITOR DETECTOR, NEUTRON'
3 7, TYPE N=3 FOR MONITOR DETECTOR, GAMMA'
3 71% ENTER N >3 ')
READ(5, 81 MM
91 FORMAT(12)
MO=MM/2
MP=MM-Z*MO

IF (MP,.EQ,1) WRITE(1,94)
IF_(MP.EQ,d) WRITE(1,95)
94 FORMAT (/2iH NEUTRON UNFOLDING)
95 FORMAT(/19H GAMMA UNFOLDING

C
€ GET APPROPRIATE NORMALIZATION FOR RESULTS IN ~FER CM#*2 ~
) ANORM=AN (MM)
L
€ GET DATA NOW
[
CALL_RAWDAT (MM, IDAT, NSLOT, SUMID) \RETURN THE SLOT NUMBER
—3:.

NOW, INPUT FULSE-HEIGHT CALIBRATION
CALL CALIBR

. NOW BIN THE PULSE-HEIGHT DATA INTO ARRAYS *SDAT! *AND !DDAT
T DDAT ARE THE UNCERTAINTIES FOR SDAT
CALL BINSUM{IMX,IDAT,SDAT,DDAT,NBINS)

C
C THERE WILL BE *NBINS’ VALUES OF 'SDAT' AND ’DDHT’
C FOR THIS PPPL VERSION NBINS = 19 ,, ,, 2/4
C
C  NOW OUTPUT THE RESULTS

WRITE(S,120)

)
124 FORMAT ¢ } g%ﬁgED DATA'/T12,'COUNTS? ,T26, *UNC,!)

DO 19 J=1 N
UNC{J)=DDAT(J)
WRITE(&,148) " J,SDAT(J),DDAT (J)
. wRITE(l 14¢1) 7', 8DAT(J),DDAT(J)
146~ FORMAT(17,0P2F{1.1)

1 CONTINUE

NEXT STEF, UNFOLDING
CALL UNFULD(NBINS SDAT,DDAT ,NP)

IF (MF,EQ.,1) WRITE (6,94)
IF (MP,EQ.@) WRITE (&6, ,95)

c
C 'EM!' NEUTRON ENERGY
C *'DEM! NEUTRON ENERGY BIN WIDTH

nc

(o)
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'AR*  YIELD/CMSQ
'DAA' UNCERTAINTY ON AR

DO 26 I=MINBIN,N

EL=EM(I)-0, S*DéM(I)

EU=EM(1)+0,5*DEM(T)

XAAR=AA(I) /DEM(I)

XDAA=DAA (1) /DEM(I)

WRITE(&,158) I,EL,EVU,AACI),DARCI),XAR, XDAR
158  FORMAT(} 1,13,5F&"2,1P4E12,3)
26  CONTINUE

Lo Y T Yo L)

[}

iwlelulnlely

CALL ROUTINE PUTDAT TO WRITE DATA_ INTO FILE 'NEFLOT,DAT’,
AND THEN INVOKE THE PLOTTING ROUTINE

CALL PUTDAT (MINBIN,NP,MM,NSLOT,SUMID)

%HLL EXIT

SUBROUTINE_UNFOLD(N,DATA, UNC NP)
PURPOSE 1S TO SET UP TO 'UNFOLD’ THE 'DATA’ ARRAY CONTAINING
'N* ELEMENTS, THE 'UNC' ARRAY CONTAINS THE UNCERTAINTIES RELHTED
TGO THE 'DATA’, THE 'NPY DATUM WILL RETURN WITH THE NUMEER O
FINAL VALUES OF THE UNFOLD DATA, WHICH WILL BE FOUND IN THE
'AA' AND 'DAA’ ARRAYS OF THE /RESULT/ COMMON
COMMON /NUMBER/ NDRT,NPAR, ITER, ITMRX , CONVER
COMMON /DAT/D1(19),D2(19) ,DAT(19),VARDAT(198) ,D3(198),D4(19),
X D5(19),D&(19)
DIMENSION DATA(1) ,UNC(1),DATCOV(19
EQUIVALENCE (DATCOV(1, 1)) VARDAT (1)}

NDAT=N
DO 1@ I=1,NDAT
DHT(I) nﬁ?ﬁ(I)
5 J=1,N
5 DHTCUV(J,I)-
DHTLUV(I,I)-UNL(I)*UNC(I)
1% CONTINUE

WE PUT IN A SMALL OFF-DIAGONAL COVARIANCE TERM TO
ACCOUNT FOR A MODEST ERROR IN THE CALIBRATION
AMOUNT CHOSEN TO BE 4% BASED ON EMPIRICAL TRIES

DO 15 I=2,NDAT
DD=-9, @4*UNC(I)*UNF(I 9]
DHTCOV(I -1)=DD

15 DATCOV{I-1,1)=DD

CALL PBAYES

SUBROUTINE IN PBAYES WILL

(1), MAKE AN ESTIMATE OF THE UNFOLDED SPECTRUM

(2), DO ONE_ITERATION (ONE ONLY) TO GET THE FINAL RESULTS
USING THE BAYES THEOREM IN THE MATHEMATICAL PROBLEM SET-UP

NP=NPAR
RETURN
END

19)
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SUBROUTINE PBAYES
g THIS 1S NMLARSON'S GBAYES. STRIPPED DOWN FOR THIS APPLICATION

COMMON/NUMBER NDAT,NPAR, ITER, ITMAX,CONVER
ITMAX=2
14 CALL SETPAR

20 CALL SETDAT(KGO)

IF (KGO,GE,ITMAX) RETURN
C LAST ADDED 1/2/85 TO RETURN CONTROL TO MAIN PROGRAM
Co.

CALL FIXV
ITER=0
36 CALL THEORY
CALL OUTTH
CALL _NEWPAR
& OUTFUT FROM THIS ROUTINE ARE THE ADJUSTED PARAMETER VALUES

IF (ITER,LT.,ITMAX) CALL OUTP1
IF (ITER,EQ,ITMAX) CALL QUTP2

C

ITER=ITER+1
IF (ITER.LE,ITMAX) GOTO 38
GOTO 26
C
END
c
[
e
SUBROUTINE FIXV
[ :
C PURPOSE--- REARRANGE DATCOV TO BE VARDAT, IE.. KEEP ONLY LOWER
C TRIANGULAR PORTION OF DATA COVARIANCE MATRIX
COMMON /NUMBER/ NDAT,NFAR,ITER, ITMAX, CONVER
COMMON /DAT/ E(19),E2(19),DATA{19),VARDAT (19%) ,EN(198),
1 TH:19),DUM(19),51G(19)
DIMENSION DATCOV{IG,19)
) EQUIVALENCE (DATCOV(1.1),VARDAT(1))
L
IL=g
DO 2@ I=1,NDAT
DO 1@ L=1,1
IL=IL+1

VARDAT ( IL ) =DATCOV(I,L)
15 CONT INVE

CONT INVE
RETURN
END

M2
=

oo
00

SUBROUTINE THEORY

PURPOSE=--~- GENERATE TH(EORY) CALCULATION AT EACH POINT AND THE
DERIVATIVE MATRIX G(DATA,PARAMETER)

COMMON /NUMBER/ NDAT,NPAR, ITER, ITMAX, CONVER
COMMON /DAT/ E{19),E2(19),DATA{19) ,VARDAT(198) ,EN(198) ,TH{19),

{1
X_DUM(19),81G(19)
G{19,18), EMG(19,18)

elelglyl

COMMON /B&TH/

DO 3@ I=1,NDAT

KDAT=IDAT

TH{IDAT)=THEQ (KDAT)

?? %ﬁ I=1,NPAR

G(KDAT, IT)=DERIV(KDAT,II)
i@ CONTINUE
59 CONT INUE

RETURN

END
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SUBROUTINE NEWPAR
PURPOSE TO SET UP AND SOLVE BAYES' EQUATIONS

COMMON /NUMBER/ NDAT,NPAR, ITER,ITMAX,CONVER

COMMON /PAR/ POLD(le PARM(18) ,PDUM({8) ,VARPAR(171),

1 VARNEW(171),IDUM(18}

100""3¥14?H§fu%(19) 52(19) DATA(19),VARDAT (199) ,EN(198) , TH(19),
COMMON /BOTH/ G(19,18), EMG(19,18)

DO 1@ I=1,NDAT
TH(I)-DHTA(I)-TH(I)
1@ CONTINUE

IF(ITER EQ E)GOTO 11@

i ﬁ-
no 9@ ?
TH(I)-TH(i)—F\I IPAR)* (POLD( IPAR)-PARM(IPAR) )
ONT INUE
CONT INUE
CONT INUE
CALL MUL_
CALL MULZ
CALL SCALE(EN.SIG,NDAT,IFDIAG)
[FlggF%ﬁIG .EQ.9) ¢oTo {20

CALL DFPCO(EN.NDAT,RCOND,DUM, I1111)
IF (1 ,0+RCOND,.EQ, 1.8) GOTO 306

126 CUNTINUE

DO 130 I

DUM(I)—TH(i)*SIG(I)

CONTINUE

OO0

.—‘-.-sg
=
S S

130
IF(IFDIHG EG.1) CALL DPPSL(EN,NDAT,DUM)
DO 148 I=1,NDAT
DUN(I) DUM([)*SI&(I)
&5@ CONTINUI
G ek Now CALCULATE M*G¥EN*%—1%TH
17¢ 1=1, NPHR
Pnun(l)-m

176  CONTINUE
DO 198 I= NPHR
DO 186 J=
PDUM(I)-PDQM(I)+EMQ(J 1)*DUM(J)
186 CONTINUE
199  CONTINUE
1CONV=0
IL=p
DO 218 I=1i,NFAR
A= PDUM(I)+ﬁOLD(I)
IF( CONVER,LE.#,8) GOTO 2@
IL=IL+]
FDN=VARPAR ¢ IL)
o Boh oD ) G0 To 200
B=RABS(A-PARMLI)
IF (B,LE, CONVER*PDN) ICONV=ICONV+1
Pﬁg¥(§)

I
( ICO
( ITE

33

Pdg
=2

F NV.EQ,NPAR )} ITER=ITMAX
3 R.NE. iTMAX ) GOTO 298

ﬂ
Q 2 1=1 ,NFAR
DO 22ﬂ J-i,I
I1J=1J+1
VARNEW(IJ)=VARPAR(1J)
220  CONTINUE

238  CONTINUE

Q
S

[ P L1 ¥}
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I=1,NPAR
J=1’NDAT
EpG(J 1)*SIG(T)

D%BGTEQ 66 CALL DPPSL{EN,NDAT,DUM)
ﬁg)=DUM(IDHT)*SIC(JDHT)

J=1,1

K=1,NDAT
VﬁﬁHEU(IJ)-VﬂRNEU(IJ)—EMC(K.J)*DUM(V)

CONTINUE
CONT INUE
RETURN

Y
[~

~
]

Lo et o]
g +tRZoSMZ
-

WRITE(S
GOTO 126

ESSMHT(/” *¥#%% ERROR IN NEWPAR, RCOND=',1PE12,5)

%) RCOND

SUBROUTINE SCALE(A,SIG,N, IFDIAG)
DIMENSION A(1),SIG(N) (
IL=@
DO 20 1=1,N
JLE@.@) GOTO 16
=1 ,8/8GRT(SI)

1.8/5GRT(-SI)

CNoOuE

'JHOH-nEP(
]

—N O~

— HUJ2

o Za-da~

] ha
e~ N U

NE @,d) IFDIAG=1

D= U~
AT OHC

I
CONT INVE
CONT INUE
RETURN
END
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SUBRQUTINE MUL

COMMON /NUMEER/ NDAT,NPAR, ITER, ITMAX,CONVER
COMMON /PAR/ POLD(18} ,PARM(18),PDUM({8) ,VARPAR(171),
1~ VARNEW(171),1DUM(18)

COMMON /BOTH/ 'G(19, 18), EMG(19,18)

19

[

cc

JK=@

DO &8 J=1 ,NFAR
DO 1@ L=1'NDAT
EMG(L,J) =08
CONTINUE

DO 58 K=1,NFAR

1

IF (J,GE.K) GOTO 2@
WI=T+ (K* (K=-1))/2
EM=VARPAR (KJ)

GOTO

JH=TK+1

EM-VHRPHR(JM

CONTINL

IF( EH EG 8.0) GOTO S@

DO 4@ L=1.NDA
EMG(%NJ)—EMG(L J)+EM*G(L,K)
CONTINUE

CONTINUE

RETURN

END

SUBROUTINE MULZ

COMMON /NUMBER/ NDAT,NPAR, ITER, ITMAX, CONVER

COMMON /DHT/ %51?) Eé(l?) DHTH(l?) VéRDHT(l?ﬂ) EN(19@),TH(19),

1 M(19)

LOMMON /BGTH/ G(19,18) EMG(19,18)

IL=NDAT*(NDAT+1)
IL=IL/2

DO 26 1
EN(I)-VHRﬁHT(I)
CONT INUE

?IU gﬁ J=1,NFAR
DO 4 1=1,NDAT
DO 3@ L=1,I
IL=IL+1

EN(IL) G(I,J)*EMG(L,J)+EN(IL)

ONTINUE
LONTINUE
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FILE 'DATSET ,FTN!

SUBROUTINE SETDAT(KBAR)

THIS (EFFECTIVELY) IS A DUMMY ROUTINE
DATA KB/d/
KB=KB+1{
WRITE (1,1)

1 FORMAT ( /1@ (4H* ), 'N-TIME THRU SETDAT ='12/)

[aUN el a)

[ply]
a0

FUNCTION THEO(KDAT)
GENERATE CALCULATED VALUE OF THE YIELD FOR THE DATA FOINT 'KDAT!
AND THE PARAMETERS 'PARAM’ AND THE GIVEN RESFONSES

COMMON /NUMBER/ NDAT.NPAR.ITER, ITMAY, CONY
COMMON /FAR/ PO(18) ,P(18),PD{18),V(171),V1(171),1D(18)
THE TPY ARRAY IN THIS c6MM0N éTHTEnENT HAS THE
AMPLITUDES OF THE BIN
COMMON /RESP/ WR

¥=KDAT
T=1,8
?? %@ [=1,NPAR
S=RESPON{I1,K,KR)
T=T+S*P(I1)
1 CONTINUE

L]y

e R el

Iyl
[ yw]

FUNCTION DERIV{(KDAT,.KPAR)
GENERATE PARTIAL DERIVATIVES DEL{DATA(KDAT))/DEL(PARAM{KFAR))

CCONCECCCCT COnnCen CCC
=0

CCCCOOCCCCCOCoCECrCCOCeCCCCCtiTiitolncs
FOR_THIS PARTICULAR APPLICATION THE PARTIAL

SR 0
[wr]

or
8

DERIVATIVE IS JUST THE HF ROP

ELEMENT OF THE RESPONSE ARRAY,

R I O 1 T T e e O e

COMMON /RESF/ KR
DERIV=RESFON(KFAR ,KDAT,KR)
RETURN

END

te lnlwlnlw] '."'

[Ty Dl (] £
£
¥
i J
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SUBROUTINE SETPAR

GET GOOD INITIAL GUESS FOR PULSE HEIGHT BIN MAGNITUDES

FOR
+

THIS

FILL

ou

LAST
7

11

'PBAYES' TO ITERATE O

COMMON /NUMBER/ NDAT.NPAR, ITER, ITMAX,CONVER
COMMON /PAR/ POLD(18) ,PARM(18), ,PDUM({8) yVARPAR(171),

VARNEW(171), IDUM(18

COMMON /DAT/ é1(19),522(19) DATA(19) ,VARDAT(19¢) ,DUM3 (194,
DUM4(19) ,DUM5(19) 93

COMMON /ELOWERY MINQ N TMHX

COMMON /RESP/ MZ

COMMON /JKD/ UNC(19)

DIMENSION D(19),V(19),A(19),DA(19),AT(19),DATCOV(19,19)

DIMENSION PﬁRLOV(l&,lé)

EQUIVALENCE (PARCOV(1,1),VARFAR(1))

EQUIVALENCE (DATCOV(1i,1),VARDAT(1))

DATA FIVEP/@ .05/, TENP/@ .1/

NPAR=NDAT-1

IS DEFINITION OF *NPAR’ FOR THE TFTR UNFOLDING PACKAGE

T 1§ -- THE NUMBER OF 'UNFOLDED! DATA IS ALWAYS

HAT

ONE LESS THAN THE NUMEER OF RAW DATA BINS. THIS

ALLOWS FOR THE FACT THAT THE DETECTOR RESPONSE

APFEARS TO INCLUDE FINITE VALUES PULSE—HEIGHT

BINS THAT SCALE OUT TO NEUTRON (OR PHOTON) ENERGIES

GREATER THAN THE ENERGY OF THE DETECTED NEUTRON (OR PHOTON)

S5M=0 .0
DG 4, J=1,N
D(J)=DATALJ
8SM=G85M+D(J
WRITE(H,95) SSM
WRITE(1, ,95) SSM

DAT
)
)

IN 'HOLES'. IF POSSIBLE

W= NDR

DO S5 NDAT

aF (D(V) 'GT.@.8) GOTO 6
15= NDHT K2

DO 7 1=IS, NDH1

K=NDAT-IS5+

IF (D(H).GT @.8) GO TO 7
DIK)=1 ,@

IF (D(K),GT.d. 5*D(K+1)) D(K)=81,5%D (K+1)
D{K+1)=D{K+1)=D(K)
STATEMENT TO PRESERVE INTEGRAL YIELD
CONTINUE

K=NPAR

A(NDAT) =@ , @

DA (NDAT) =0 , ¢

CALL QuicK{Mz,D,AT,V)

DO 1 I=1,NPA

A(1Y=AT(])

IF (A(I),LT.@.8) ACI)=@,0
IF (WD) ,LT,1,8) WD)=1,8
CONTINUE

SEM=@ , B

DSUMM=0 , 1

DO 9 J=MINBIN,NDAT
SSM=SSM+DATA(J)
DSUMM=DSUMM+D(J)

RINC=1,8 + DSUMM/SSM
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IF (MINBIN,EQ,1) GO TO 1&
MB=MINBIN-{
DO 14 I=1,MR
AR=TMAX*FLOAT (MINBIN-1)
UNC(I)=AR

14 DATCOV(I, I )=AR*AR

16 DO 20 1 iNPﬁR

DSS=F IVEP

DH(I) SGRT(DSS*DSS+V(I)**2)
2d CONTINUE

DO 3¢ I=1,NPAR

IF (AT(D) ,LE,8,8) GO T

IF (DA(I) LT, TENP*H(I)) DA(I)=TENP*A(I)
349 CONTINUVE

NOW WE SHOULD HAVE SUITAELE FIRST GUESS PARAMETERS
AND UNCERTAINTIES
WRITE(b,99)
ASUM=@ , B
DO 35 1=1.NPAR
WRITE(4,98) I,A(I),DA(D)
35 ASUM=ASUM+A(T S
WRITE(&,97) ASUM

DO 38 I=1,NPAR
DO 36 J=1 NPHR
36  PARCOV(I,N)=
PﬁRM(I)-A(I
PHRCOV(I,I)—DH(I)*DH(I)
38  CONTINUE

NOW PUT SOMETHING IN DFF-DIHGONHL LUVHRIRNCE ELEMENTS OF
THE FIRST GUESS PARAMETERS. THE IMPORTANT POINT IS THAT IF
SOME_'PARM(N) ' INCREASES, THEN 'PARM(N-1)! HAS TO HAVE A
RELATIVE DECREASE T0 COMPENSATE,

DO 42 I=3,NPAR
PEAR = -@,36%DA(I1)*DA(I-1)
PHRCOV(I,I-1)=PBRR

42 PARCOV( I—I,I)=PBHR

00O ’

OOOCO0

I1)*DA(I-2)
) =FBAR
)=PBAR
(2)*¥DA(1)

44 PARCOV(

’
PBAR=-# ,4%D
PARCOV(1,2)=PBEAR
PHRCOV(E )=PBAR

PBAR=-&,4*DA(NPAR) *DA(NPAR-1)
PARCOV (NPAR , NFAR-1 ) =PBAR
PARCOV (NFAR- 1,NPAR) =PBAR

C
E NOW WE REARRANGE COVARIANCE TO STORE IN VARPAR AS A VECTOR

IL=0
DG &6 1
POLD(I)= PARM(I)
DO 55 L=1,1
IL=IL+1
55 VHRPRR(IL)-PHRCOV(L 1)
4%  CONTINUE

RETURN

92 FORMAT ( /48X , 1 2HR~ INCREHSE L1PE12.4/)

95 FORMAT(8H 'TOTAL=,@PF18,1)

97 FORMAT (BPF14 1 zah SUM OF FIRST GUESSES)

98 FORMAT (14 QPgFfZ

99 FORMAT ( //50H FIRST PASS RESULTS/SX,
1 E%BHFIRST GUESS  UNCERTAINTY)
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COMMON /NUMBER/ Négf NQQR , ITER, ITMAX , CONVER

COHNON /BLOWER/ M

DIMENSION D(1),T(1) DD(19>
SIMPLE “STRIPPING" 'ROUTY

DO 4 I=1,NDAT
r =D f

D(I) LE @,6 .AND,
LONTINUE

MM=p

K=NPAR

DO 16 I=1,NPAR

L=K+1

IF (L,GT, NDHT) L=NDAT
S=RESPON(K

IFL(S ,GT.G, a3 GOTO 3

GOTO 2
DOFL=D{(L)

[ L

NE FRO

ﬁ HIGH—ENERGY END TO LOW-ENERGY END,

I,6T,1) DD(I)=@,1%DD(I-1)

IF (DOFL,LE,@,d) DOFL=@,1% DD(L)

AK=DOFL/S
Q=5GRT(DD(L))/8

IF (D(L) ,LE, §.0) Q=0,32% Q

LONTINUE

FRAC=@.8 + o ,0@54%FLOAT(K)

MINBIE) GOTO 6

6
L COEFFICIENTS IN LAST STATEMENT DETERMINED MORE OR LESS
C EMPIRICALLY, BY TRIAL AND ERROR

AK=FRAC*AK
Q=0Q *SGRT(FRHC)
3,8) AK=,8

—
'n
:D
I
I"
_|

(
D(J)—DSUB

S A EPROMISE NOT A TRUE ERROR FROPAGATION
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FUNCTION ETOQL(N,A)
Sgesglgy Tg'bET HhNEUTRON ENERGY (MEV) FOR A (PROTON) LIGHT-UNIT
OR, G%g n (PﬁOTON) LIGHT-UNIT VALUE FOR A NEUTRON ENERGY VALUE OF

OR PHOTON ENERGY FOR A LIGHT—UNIT VALUE 2F A, IF N=J
OR, LIGHT-UNIT VALUE FOR A PHOTON ENERGY OF A (MEJ), IF N=4

DIMENSION ALU(3Z),ALGI35) ,EL35)

DATA NN/35/
DATA ALU7 @.001, @.003, ©.805 m wﬂ671 @ 20886 ,0 ,H1207,
1 @ .8 455 3, @1838 .a2ad, @.0365, '@,0483,
2 @, ﬂb? 0,091, u 1175 m 1565 0,2385, @,366,
3 @.4725, 5635, B aee, .04 2. 1,327, 1.718.
3 2.21,7" 2.95," 382, 5 36, ,a3,
5 19,8, 13,5, 17,7, =28.5,' 24,8/
DATA E/ ©.81, @.043, 0875, 4,1, B.13, ©.17, 8.2,
1 Q.l-4, Eo-\s, g.‘sq‘, 9'4, g048 @06' @Q?L’
2 m 54, 1.9, 1.3, 1.7 z.@, 2.8, 3.9,
3 4,8, 4.8, b)3, 7.2 8,4, 18,9,
4 1308, 179, 20,0, 24.0 30,0, 34,8, 46.9)
DATA ALG/ ©.9693, ©,0952, 0,0143, ©,8237, 0.0369, o 8572,
1 @.9739, @,9979, #1364, 9.1634, @ 255, @.2437,
2 @.q54, m 447, @'\582, ﬂ.67$ #,915," 1.244,
3 1,493, 1.826, 2.327,) 2.662, 3.1b 3.84,
3 4,84," 5.85," &.@e,’ 8.21," 18,73, 134.1,
5 16 62, 26,8, 25,8, 28.4,° 33,5/
AA=A
E=d 0
IF (N,LE.®,0R,N.GE.5) WRITE(S,1) N
1 FORMAT (/370 77277 ERROR IN #uqurom ETOL --N =,118/)
IF (N,EQ,1) B=XTERF(ALU,E,AR.N
IF (N|EQ.2) B=XTERP(E,ACU,RA, NN)
IF (N\EQ.3) B=XTERP(HLG£ AR, NN
IF (NEQ.3) B=1,6835+ARAA/ (4, 511+ JI*AA)
ETOL=B
RETURN ;
END
FUNCTION XTERF(A,B,C,N) )
LINEAR INTERFOLATION IN’LOG-LOG OF ARRAYS A,B FOR VALUE C
DIMENSION A(1),B(1)
IF (C,LE.A(1))'GO TO 3
IF (C.GE.A(N)) GO TO &
Do 1 {=2,N ]
IF (C,LT,A(I)) GO TQ 2
CONTINUE
2 J=1
I=1-1
AE=ALOG(A
=(ALOG (L

1
D
r
[
o)
'11

I
1)
Y=X+D*(HLO$

A
<
S
cB
D0
]
m
—

XTERP=E(N)
RETURN
END
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FUNCTION RESPOQ
DIMENSION R

DIMEN :
{THE REASON FOR HLL THIS
EQUIVALENCING IS THE LOC
ONLY SO MUCH CONTINUATIO
OUT QUITE HOW MUCH THAT

LER -~ IT ACCEPTS
HAVEN'T FIGURED

[93 i
:D

QOO

[eleledylwlely]

(]

I=INDEX CORRESPONDIN

S

OTMMNoOmD D00 IS DL

o S P o)

EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVACENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE

DATA RD2/
@, 084625,
@, 61350

.009421,

@

- ® e * -,
SIS
S @b

oS o
®
Bu B
—

=
=
0
3
o~
>

77
Smmé

15 Sy S e 1SS S
A Nt
g - F-3

oY
~] -
[#Y]

L I I I N

D SJWVHE R SISE SIS SIS S S0 S

DS
(>
=
o~
A
-
|2

[y
D HZ3

2
[=]
(=5

-

[ el f
Do~ D~

O
PR VW PO 1 « SO L

[ANTN Sy N P N a [l e =
e B ~e U~

s S s P S oy S i, P i, P s BN o, I o,

@,87589,
§.,083761
@, 0e86i2,

@. méaws
7.61218",

@ ,G005373

9 ,9081959,

@ ,04054 ,
@ @@42,

U
.#is88,

PUPETINIC S

=t bt e

OO~Oo'm—~wmhm—-~mBbo~o ~

y
Ngahuvﬂpuhpﬂ*»ubpp*»nhuvﬂha

:ng:numnxnm;ﬂumztnmzﬁﬂmhun .

PITI P o™ om 5 o o S S o S S

— — e
o
N

yREZ22

NEUTRON (GAMMA-RAY) ENERGY
J=INDEX CORRESPONDINb TO PULSE-HEIGHT BIN OF RESPONSE
K=INDEX TELLING WHICH RESPONSE TCO USE

THE FIRST ARRAYS CONTAIN THE LARGE DETECTOR NEUTRON RESPONSE

ﬂ 1155,
] ﬂZ?ﬂd,

@4¢9
m #6734

@, 1103
@, 92696
@092

, @, @143{

W 33383,
g .08735%,

¢,B8384,
] ﬂ2422,

@
@

@
@,809633,
9062916
¢ 095381

'@, mmmw47aé,

9,0428
mms1é4

@,0845,

@8.92273,

mﬂbds
095847,

.z53m74
307642

82824 ,

' 91947"
906374,
991349
44

93743,

.-

S &e@@m& Ea&

@.05946,
#.0186,

=]
=3
g
o
[

SRR DS
& Bass
o g
(2] H

> ® o ® a " o *

SIS SIS ESTO RS



[3rY o T 19K

DATA RD3/

L 2,807492,

L 8.9,

M N

N 0,02842

N @.,984415,

1 G0

2 0,04205

2  0,00583%,

N

3 @,0ba7,

4 @,01807,

5 9.0,

5 0.9

7 8.05237,

7 8.9,

8 @9

9 @.9,

9 g.81761,

A B,

B 0.0,

o o.83122,

C ﬂ.,

': @.,
DATA_RD4/

1 0,02002,

2 m.’

3 4.,

4 @002,

5 w.,

6 ﬁ.

7 4,00009,

8 @,

9 @,

A ’dop

DATA_RBZ/
¥, 82355,
@,0g782

a4,82169
@,08666

@,83191
@', 889955
d 8089854,
@,93715,

9,001081
a,4477,

201114
| B262
ig13
@118k,
@771,
1068

~NDEePoZIr-Ro,~ITONMoComD

[oESIOENTOESTIO RS

—
—

D

(=1 e

g,0006238,08,

@\ 0P906
g.091009%, %.EG&S?é, o
¢ 4
G984, 0,006474, @

,Q’Q Q’
#.p4248, @
3 ,006675, ©
. B
0233, B
6 ,006989, @

‘s

B
239, 3

o.,098214, @

G bee2as,
L)

@,

g,6a3,

u,,

@', Bpauss

@

g

3. 0006953,0.01135, ' @
B.01892, &

@ ,004989, @
g

8

@

@ .9284
#0626,

)
0]

7]
d3606, O

(0]

1]

NEXT IS LARGE DETECTOR PHOTON RESPONSE

@, 06565, @
#,0214%,
@.@a4851

8.61319

8.903475, 9.003134, 9,004219,

) 3.9 3.8
,8.801605, 8.007952, 0.01957, ©.03082
6,00911," @.006814, 0,00418Y, 7,003164,
3.0 3.9 9.9, @ .8
9.0001433,0,001484, 0,0112, 0.05683
9.01515, '8.009797, 0.806751, @.004511,

é,g, g.4, .0,

6.9, 3.9 6.8, 0.9,
8.88966, @.07569, 0.08417, ©8bes7,
4,01283, ] 0.8,
@4, 3,0, .0 .0

¢.9 8.8, @ .od208%, &,03827,
a.02877, @.0is512, @.81247,

Q’Oﬂ' (.7’.@, @.‘d'

2.8, @0 @, @0
8.0%471, o,05003, o,03089, @.92270,
] i, 3.0, 0.0,
.4, 8.9, N 0.8,
.8 0.0, 3.851218, @.852256,
%.mf737, i i 2.,

2, 2y e, “w,,

@0/

3.9 ¢, .8, i, 0825,
d.62656, @, @4, o

g, , . gy, a, )
a., 3., ., o, dugwea,
@.839765, @,, @, oy

g_cg mo, moo mo!

w. @" Q’o’ ey
g.8102, @, g, iy,

g.. ‘f:,’.’ QQ,’" Il’

(] ko, L] L]

. beza,
8203, @,05642, O.04115, ©,03243,
WB2782, @,01471, ©.61308, O.011047
00287, @.601764, 0.001165, ¢ 0006284,
6375, ' @,05431, ' ©,83734, @.,92836,
01555, @.91264, @.6111," O.009045
06251, 8,061567, B.991029, B,0095459,
W1777,  0.\04584," @.96587,' 004452,
02338, @,01918, 8,61642, O,01383
WOO3877, @.007428, (001585, 00068341,
8, ' g)adks, | 8,83757, @.05741,
02363, 0,02 @\01763, ©,06144
V034016, @,B02627, U.001785, 0.001261,
5 @, 0\ 00897, @.03931,
2447, @)d2051, ©.91761, ©.01442
04167, @,002630, 001755, §.001363,
. . @,9609, = @,01635,
B3161, @.67281, @.61898, &.01569
684268, @,992798, ©,061853, 0.001392,
\ . a., 2.09171,
03641, @.0202,  9.02093, ©.01613
JB43I5hL, @.002872, 0.001925, @.00144b,
N} (X @'Qj/
005201/



[ lwle]

|

D

D

TA RE3/
Bp199

6054

+

61244,

-
-

4089,

-
-

b3,

‘!

a,
@\ bo131,
AL |
o '

,,

o b

é,,
DATA RB4/

L

a.,

‘t

g,
a'’

gy
L

Bes

LI SIS ol IV T GIC LTS ST O

LI OMMoMimD
5SS

CHUODLVOZIr- X~ oTMoCom

006619,

087005,

9.80357,

@,
¢ bpba7
904303,

bazs5
\B04935

‘bogesa,
‘008075 !

L ]

]
@
g
@
]
a,

g.b2117,

2
a,
@.,0287,
L

g,
o’ bzaes,

@,
@,081578,
@,

fyy

7,

s

@, 84561 ,
@ 02136

, @.00478%,

@,089574,
0,01862,
8.,08464
@ .09
@.,02972,
0.605555,

3o
086204,
Gp672%,

b2563
@056437,
@,
g.41841,
g.0066,

L

i
7]
@
¢
0]
@
o)
)

L
.
’
+
L]

g,
g .bu5322,

' §.008139,

58

@ 002354,

g,
381765
@ .902881,
@ .00917
7 ,083353,
. be213
9,005591
L]
a,
#,51463,
[N}
@,
2.91533,
L ]
@,
@' bz999,
@'
g,018@5,
4
49

d,

@, 001941,
1
L]

@,06487,
#,81801,
@ ,0803467,

0273
003951 ,

\B2659
3,803993,

@',
$.92191
g.m@4msb,

L}

ToEsmEstehntn
[

(ST

g, 01604,
6,6094943/

@.09178,

Vb9t
, 001965,

0

g

g 91804

6 ,892295,
g 91918
8.,003773,
;

@

bopa7
869715,

+

d1068,

L

“b1524,

@)
B.51966,
g.’
N

¢
4
+

7]
0
i
)
o

@.,016%94,
'Z’.'

w1625,
i’
@ . Buns3e,
@,
i 4

B,

s S

NEXT IS NEUTRON RESPONSE OF MEDIUM DETECTOR

52436
032781,

62307,
202805

LR}

+

@,02202,

)
L]
=
)
-
L
]
[N

3. 3 ,00003,
0.b1924, @.01028"
¢,001488, 0,00126,
go - ﬂ‘
0.02832, ©.01349,
6.001742, 9,08150%,
. @,
@ 02467, @.02554
@ ,802927, g.aezsz%,
ﬁ.é®7135 G 94458
g.@w79e“, g.mwea4b,
[N ] *
a, @.bo189z,
%.éms431, %.m@7355,
SRR L
. o,
g.b1153, @ b1ees,
[N ] EO’
@.é . B,
3.061209, @.0@9896,
e [N
@,02328, ©.01674,
‘30, g.'
0065163, @.008411,
m" g',
g, 003463, @.0@737,
g. Qj.
B, bepa77, B,bB2094/
#,0465, @ ,03355
0.81354, @.01697
@,00879%2, @.00488k,
@.040 @ 63807
@.01155, @.00924h
@.083334, ©.004328)
9',94784," ©,04498,
§.81714, 0.P1353,
@,092955, 000517,
G.82508,  0,03689,
2,618 G618
0,00324, 0.P03896
g.0063, ©.61991,
G,01849, o.014
@\,002596, 0,003875,
3 .900367, ©,905875,
8,02064,  @,.0155
8,00222, @,002778,
@' 9,009433)
8,02139, 0.91781,
@,061883, @,002521,
6.0/
@,02408, ©,02123,
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DATA RE3/ ' @.063408, @,062184, 0,002496, 0.002994,
Ad, @, g, g, ﬂ. @,
B @.b00252, ¢.boaz79, 0.81055 a.b 1568, ©.91657, @£.91214
C 9.006897, a.m@4ﬂ97, a B0280%, 0.001851, 9,001644, 0.002239,
D@, @ 3, @, g, 3,
E @., ¢.b004a, 0.004618, 0.61107, @.41773, ©.41468
F @,008016, 0,004901, §,003289, ¢,002135, 0.6081651, ,002291,
G ﬁo; ‘aop [ ﬂo ﬁ, go
H 8 2, 0.besa7as,0'bose,  0ib1ss,  @.b2az9,
1 0.61418, @,00823, m W0@51462, '9.003475, 9,002438, 0.00296%,
J gop mo, ‘aob @o ﬂo ﬂ.
K g, g, , g.0001, 8.0015, 0.827
L @.b39s5, @.b2314, m.b1368, @', @@93 73, 3.,666882, ﬁ.ﬁwb4ﬂ$,
M w" k", e 0" E’.' g
N 8.} &, @ g, 4op @, bos56
Q ¢,02222, 3.02705, @.01651, g 91857, %.@ 8@4é 0 ‘oas7ah,
¥ L) L] 00 ‘9 0’

Q 00 g. @0, m.
R B.bo06, 0.51984, @.82553, m Vo1saz, @.b118s, 6.0699,
s 4, By H u 'Z’-o @y,
T 8., @, @,
vog,, 4 .00834, m $1189, @ 9162, m 81147, @,089893,
\Y 0;' [ !Z’o, E “” Jes
W, ., @, .8/

DATA RE4/ @ ., @,
A d,, i, @,00282, @©,01109, ¢,01687, ©,0131,

B O,, @, @, on a,, ﬂu
L [} mo, (X] ‘aoy @o

ba @, @) m Qep18s, 0,003418, 0.,00514,
E @0’ m.’ Q“, L ] g.’ Q‘O'

Fa, @) i g, ) @'
G 4d,, @, a,, a., d . 0e@s533, @,d0641,
Hd,, B, @, @, @., a,,

10, @, @, g., @, g, _

I o, B, By g, @, 8\ benz3/
NEXT IS FHOTON RESPONSE OF MEDIUM DETECTOR \

DATA RC2/ ﬂa?b? #,00644, @,02963, ©.82273, ©.01843
A #,01438 .018, 3 ,008484, ®w753é 9 .095731
B @,004237 m m@z7se @.BF1633, o, 001602 m \BO0a51, @ ,00P4968,
C 90085794, 0 G .901934, @.92295,  B.93099, 0,61972, " JG1537

b @.,01197, 0.0195, ' @,008687, @,@07306, 0,006271, 0065635
E #,063561, @, @z°zéb 0.001425, §.000B884,5 000579 86094359,
F 6, 00034804, 8 .0 #,098115, 0,02617, @ @.03623, B.,02376,
G 9,01814, 8.0{583, 0.81286, 0.01699. B.609535, O .DOTLT
H @.005324 m ‘003435, 0002201, 0.G0135, @ B0EB94Y , o' 0ep6s54 ,
1 4,0005384,0.0, g, @.0801897, ©,02145, '§.03082,
J 0,91922,  0.01622, 0.01322, @,61136 @, 9689787, ,08798
K 8,005372, 0.003467, ©.002253, 0,001428, m.@wm94ma,e.www7zis.
L m.mmmsasb @ @, g, m.mm1za1, 01736,
M @,024 wf735 @.01313, @.41117, 0.0698 @ 'G5803%
N m.ﬂws21é w V603861, @,002281, ¢,00144%, ﬂ.ﬂﬂﬂ??bo,ﬂ @ﬂm7u55.
0 9,9005794,0 ., a, a3, 3,082

P #,01412 o 02199,  @.51498, @.b1219, @hipz4, @, ﬂm815§
Q @,90534%, @ 663487, 8,962291, 0.001497, 0.081818, 0.0007812,
R §,0006175,0.¢ @ g, @, @,
S 0007605, '8.01269, ©0.01865, 0.41335 0.81101, 8,608542
T 0,805256, 0.06356b, §.00235%, 0.04152%, ¢.001055, 0\000B164,
U .Q’E’@éSls,@.@, m., 0’, @cg/

3, 0000224 ,0 602228, §,01244, 9,02092, ©.01463, ,@1083.
We63TL, '3 .004191, @ 037815/
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~ T DATA RC3/ @.0¢1848, ,881273, §,0609933,0.008798,

Lar ] v F'w ]

CICH
i xly]

ﬁ g. E’. go a. g. gl

B 0,000193, @.b@1883, 6.009049, 0.b151, ©.009537, &.005481

¢ 8.00359, g 002323, ¢.081517, 8,061644, %.uaas14é,%.zaﬂeseé,

E @., @ .08309, ©,401045, §.409155, 0.01405, 8066681,

F 0.b03939, 0.002602, 2.001767, §.001212, 0.0009524,0 006759

G 8,, @, ., 3, Bo, B,

H @ g, @' 8.bep456, 0.5123, 0.b117

L @,806519, q.ém4277, %.6@2861, .001998, %.mmtséb, %.ee1zés,
L 209 [} .t + L]

@, 3. B, g, 8.00005, @.02251

L @.62042, @.51137, &.007538, §.005354, 0.06425, O.063432,

M Qof mo' E’oy ﬂoo ﬂ.. @o

N @ @, @, a, @' bagea

0 %.é14ms, 3.61492, %.émams1, @.995453, %.ém4418, %.mzsazé,
o 'y 4y X X o

Q @, @, @, ., 3., @,

R o.besez, @.bi1413, 801299, ¢besess, 6.bwesss, 504894,

) @0' @o; a,, AN} @09 Qo'

T @, é, a, @, @, i

U@, 0.bo00s, ©.008857, 3.008761, @.006287, 0.004844,

V mc, Q‘oo l?’o' mo wv, (¥}

woa,, ., g, @ .8/

DATA RCA/ @,, B,

Ad,, . 3 .000605, 6.007638, 0,01938, @,00741,

? w" @09 LN ) Q" u" s-’-"

L w'? ‘5501 E" ﬂo 00' ﬂ'

D &, @ @, . beeaT7, 0.602362, 0003475,

E g" - ¢4 ”9 L * s il N |

F fi’., k’co ﬂ.' @0, E‘o m',

G B,, . 3., ., g ,0003682, 9 ,08312

H Qﬁ., Q", m', ﬂo' mo, @o'

I @o' @09 ‘ao' go, @o, Eo,

J Q’t, E‘o, Q)og ﬂg, Q,., @.‘Z‘Q‘Q‘Z&Eb/

(IF_THERE ARE ANY DISCREPANCIES BETWEEN THESE TABULATED
RESULTS AND DATA IN AFPENDIX A, THE AFPENDIX A DATA ARE
THE CORRECT VALUES,)

= =g

LE,¥,0R,J,LE.@) RETURN
.6T,18 ,O0R, J,GT,19) RETURN
KK,EQ,1) RESPON=RNI1(I,J)

KK ,EQ ,2) RESPON=RG1(I,J)

KK EGQ,3) RESPON=RNZ(I1,J)

IF (KK ,EQ,4) RESPON=RG2(I,J)
RETURN
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SUBROUTINE CALIBR

COMMON /CALIB/ XZERO,SLOPE
DIMENSION C(2).F(2)
WRITE(5,80)

. 8¢  FORMAT(/,' ENTER CALIBRATION DATA'$)
€ INPUT P(I)> @ THEN IN LIGHT UNITS
C INPUTDP(J)} 0 THEN IN E(NEUTRON) IN MEV
0 i J=1.2
WRITE(S,81) ]
81 FORMAT('$ FOR J=',I2,', ENTER CHANNEL &
READ(5,82) C(J),F{J)
82  FORMAT(2F1¢,4)
4 CONT INVE
DO 6 J=1,2
PP=—P{J) )
IF (P(I).LT.8,.@) F(I)=ETOL(Z,FF)
& CONT INUE
[
SL=(F(2)=F (1)) /(C(2)-CI1))
SLoPE-SL
XZERO=F(1)~C(1)*SL
WRITE (&,83) XZERO,SL
wRITE(S,QS) XZERO, 5L
WRITE(1.83) XZERQ,SL
83  FORMAT(!
RETURN

END

P.H, IN 2F16,4 FORMAT =>

P.H, (L=0) =',1FE1#.,3," + CHAN-NO * ! E11,4/)

")
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c THIS IS FILE BINSUM,FTN

o SUBROUTINE BINSUM(IMAX,IDAT,SDAT,DDAT,JB)

C PURPOSE IS TO BIN (OR CRUNCH) THE RAW DATA INTO YIELDS-

c PER-PREDETERMINED PULSE-HEIGHT BINS, THE BINNED DATA ARE

C RETURNED IN *SDAT' WITH UNCERTAINTIES IN 'DDAT!, THERE ARE
% tJB? SUCH ELEMENTS IN 'SDAT!

DIMENSION IDAT(1) ,SDAT(1),DDAT(1),BLIMS(28),DSUM(Z50)
DIMENSION PH(254)
COMMON /DAT/ ELOW(19),EHIGH(19) ,DM1(19),DM2(194) ,DM3(194),
1 DM4(19),DM5(19) ,DM6{19)
COMMON /BLOWER/ MINBIN, TX
COMMON /CALIE/ XZERO,SLOPE
COMMON /RESP/ MS
DATA JBINS/19/
DATA BLIMS/ @97,.1 164, ,215, ,272 .3:3,.4 4725, 565,
X .685,.742, 911 1,424,205 5,04 4.13/5.814.8/7.7.8 .5/

FIRST STEP_ IS TO DETERMINE PHSLOWER> AND FPH{HIGHER> OF THE
HISTOGRAM CHANNELS, AND TO GET A RUNNING SUM OF THE DATA

DSUM( 1)=FLOAT(IDAT(1))
IF(DSUM(1) LT 8,0) DSUM( 1)=DSUM( 1) +6553b,8
PH(1) XZERO—w #SLOPE
DO 4 AX
FIDAT= FLbHT(IDRT(I))
IE(FIDAT.LT.0.0) FIDAT=FIDAT+L5536 .0
DSUM(I)=DSUM(I-1) + FIDAT

4  PH(I)=PH(I-1) + SLOFE

MAIN LOOP FOLLLOWS
SUMLOW=AA(BLIMS(1) ,PH,DSUM, IMAX)
JJJ JBINS+
DO 7 J=2,11J
BHI—HLIMQ(J)
SUMHI=AA(EHI,PH, DSUM, IMAX)
SDAT ( J-1 ) =SUMHI~SUMLOY
DDAT(J-1)=8QRT (SDAT (J-1))
IF (DDAT(J-1).GT,0.8) GO TO &
DDAT (J~1)=1,@
IF (BHI,LT. BH(1)) DDAT(J-1)=0 , 3oL
IF (BHI \GT.PH(IMAX)) DDAT(I-1)=@,3@@1
C LAST 2 cases OUTSIDE OF RANGE OF RAW DATA
& SUMLOW=SUMH
7 CONTINUE

GET NﬁnggN OR PHOTON ENERGIES AT BIN LIMITS

M@=ME~2*MF

IF (MQO,EQ,.8) MO=3

ELOW(1) ETOL(MQ BLIMS(1))
EHIhH(l)—ETOL(Mu BLIMS(2))

++

OO0

0

o

1)
EHIGH(J) =ETOL (M@, BLIMS(J+1))
28 CONTINU

E
H LARGEST YIELD PER BIN-WIDTH
LL BE THE VARIABLE *MINBIN!

L BE THE VARIABLE 'TX!

(

)

Y-ELOW(1)
E

[ Yl XY ]
T}
_|

({2 -4

-

S
rTII"'I

BINS
-ELOW(I)

JAND, I,EQ,2) GO TO 25
GO TO 23
o TO 27

N by
(=]

TX-SDHT(I)
25 CONTINUE
27 MINBIN=J
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C
C NOW WE TEST FOR POSSIBLY HIGHEST ENERGY BINS
C HRVING ENERGIES CORRESPONDING TO CHANNELS > 258

JB=0
DO 3¢ J=1,JBINS
}g §BLINS(J).hT LPHOIMAX)) GOTO 56

C IF 50 WE REDUCE THE NUMBER OF ACTIVE BINS IN
C THE CALCULATION
JE=JBINS
58 RETURN
END

cC
cC
cC
. FUNCTION AA(A,B,C,N)
Ct++
E+ LINEAR INTERFOLATION
+
DIMENSION R(1),C{1)
AR=C(1)
iIFiA, LE B(1)) RETURN
HH=L(N
NM=N-1
DO 1 I=2,NM
IF( A LT B(I+1)) GOTO 7
1 CONTI
RETURN
7 R=(RA-B(I))/(B{I+1)-B(I M
S=Eé1—1)+&*(ﬁ(1)-t(1—1))
RETURN
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SUBROUTINE RAWDAT (M, IDAT,NSLOT,PLOTID)
THIS_PROGRAM READS NE-213 RAW DATA AND RETURNS IT TO THE CALLER
M=1 FOR LARGE DETECTOR, NEUTRON
M-Z FOR LARGE DETECTOR, GAMMA
M=3 FOR MONITOR DETECTOR, NEUTRON
M=4 FOR MONITOR DETECTOR. GAMMN
IDAT IS THE ARRAY TO RETURN DATA

INCLUDE *NECOM,FTN!

(SEE APPENDIX 'D’ FOR FILE 'NECOM.FTN®)

INTEGER  IDAT({1)
BYTE PLOTID(1)

ASK FOR SLOT NUMBER
WRITE

{ )
FORMAT ENTER DATA SLOT NUMBER, 1-5 >» ')
READ(S ) NSLOT

914  FORMAT
S +OR ,NSLOT.GT,5) THEN
ROR?77 SLOT 1 TO 5 ONLY, TRY AGAIN®)

aAOO0O00O0
-+ +
+ +

(o Ty L o]

-

o~ Ul P I 8 Oy

LU0
~t e T B

=

5]

ot
-
—

,..
N
M

mec.

[~

129

€
o5
D=
—
I
Vg ~ O

GOTO

Q02

READ FILE 'NESUM DAT* FOR THE RAW DATA
OPEN(UNIT=4,FILE="NESUM,DAT* STATUS='0LD’ ,READONLY,
1 FORM—'UNFO§MHTTED' BUFFERCOONT— HCCESS"DIRECT’
Z RECORDTYPE=’FIXED’ RECL=512)
REHD(UNIT 4 REL—NSLbT) NEREC
CLOSE{UNIT=

USER'S RAW DATA,

S MONITOR DETECTOR, NEUTRON

S LARGE DETECTOR, NEUTRON

S LARGE DETECTOR, GAMMA

S MONITOR DETECThR GAMMA

GOTO (18,20,34,40) M \GET DIFFERENT DATA ARRAY

DO 15, I=1,240
IDHT(f)—HDLZ(I)
CONTINUE

GOTO S8

20 DO 25, I=1,246

25 CONTINUE
GOTO 50

3¢ DO 35 246
IDﬁT(f)—ﬁDfl(I)
35  CONTINUE
GOTO 50

= QOO0
D
[ =
10
AR
P g e Pt

—
m =

DO 45, I=1,
IDAT{1)=ADC
45 CONTINUE

c
Sp DO 55, 1=248,256
IDAT(1)=¢@

5 CONTINUE

RETURN THE RECORD DESCRIPTION
DO &8, I=1,b
PLOTID(T)=5UMID(1)

&@ CONTINUE
RETURN
END
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SUBROUTINE PUTDAT(MINBIN,NP,MM,NSLOT,SUMID)

C THIS ROUTINE PUTS DATA INTO FILE *NEPLOT.DAT!', THE INVOKES
THSK 'NEPLOT! TO DO THE PLOTTING

COMMON /RESULT/ EM(18) DEM(18) ,AA(18) ,DAR(18)
BYTE UM

REAL NEP T
DATA NEPLOT/&RNEPLOT/
INTEGER IBUF(13)

OPEN FILE 'NEPLOT,DAT’
OPEN(UNIT=4 ,FILE="NEFLOT ,DAT' ,STATUS="0OLD’
1 FORM-’UNFORMRTTED’ BUFFERCOUNT ,RECORDTYPE='FIXED’,
2 RECL=98,ACCESS='DIRECT')

GET_RECORD NUMBER FROM THE SLOT NUMBER AND DETECTOR SELECTED
RECNO=(NSLOT-1) *4+MM \EACH SLOT HAS 4 GRAPHICS DATASET
UE&;E{SR%;=2$REC=RECNO) EM,DEM, AA,DAA, SUMID ,NIMBIN,NP,MM,NSLOT
C =

L
C INVOKE TASK *NEPLOT,TSK' TO DO THE PLOTTING
C FASS_THE RECORD NUMBER

IBUF (1)=RECNQ

CALL SDRC(NEFLOT,IBUF )

RETURN
END

)

0

00
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THIS IS FILE SHOWG,FTN

ADAPTED FROM N M LARSON VERSION

SUBROUTINE OUTPAR
COMMON /NUMBER/ NDAT,NPAR,ITER, ITMAX, CONVER
COMMON /PAR/ POLD(18),PARM(18),PDUM(18), VARPAR(171),

X VARNEW(171),IDUM(18)

19

WRITE (1,99)
I1 =p
DO 18 I=1,NPAR
[I1=1I+1
PDUM(I)=SQRT(VARPAR (I1))
CONTINUE
WRITE (1,98)

DO 15 {=1,NPAR

ZFDUM=PDUM( 1)
IF (ZPARM,NE,
IF (ZPDUM.NE,
WRITE(1,94) |
GO 7O 1
WRITE(1,95) I,ZPDUM
GO TO 15 '
IF (ZPDUM,NE.®.08) GO TO 14
WRITE(1,93) I,ZFARM
Go TO 15
WRITE (1,97) 1,ZPARM,ZPDUM
CONTINUE
CALL OUTV(VARPAR,PDUM, IDUM,NFAR)
RETURN

FORMAT (/29H *%¥¥**INPUT PARAMETER VALUES)
FORMAT ( 34H PARAMETER  UNCERTAINTY)
FORMAT (15, 1P2E14,5)
FORMAT(15,3X,3H2 .@, 8X, 1PE14,5)
FORMAT(15,3X,3Ha .0, 14%, SH@ , i)
ENEORMHT(IS,1Pé14.5,3X.3H@.ﬂ)

GO TO 13

g,
) GO TO 12

¢
.@

— o

SUBROUTINE OQUTTH

COMMON /BLOWER/ MIN, TDUM

COMMON /NUMBER/ NDAT,NPAR, ITER, ITMAX , CONVER
COMMON /FAR/ POLD(18) PﬂRM(lB),PDUM(fB),

X VHRPHR(171),VﬁRNEU(lbl),IDUM(IB)

COMMON /DAT/ E(19),E2(19),DATA(19) ,VARDAT(19¢) ,EN(19d) ,
X_TH(I?),DUM(I?),SI&(I?)

COMMON /JKD/ UNLC(19)
COMMON /RESF/ MNG

IF {MIN,LE.0) MIN={
CHISG=0,0

WRITE (1,99)
IF (MNG.EQ,1 ,OR, MNG.EQ,3) WRITE (1,98)
IFDBMTGiEG.Z ASR' MNG.EQ.3) WRITE (1,92)

1.N

CHI=(DATA(I)-TH(I))/UNC({I)

IF (I,GE.MIN) CHISQ=CHISQ+CHI*CHI

IDATA=DATA(I)

ITH=TH(I)

EDELTA=E2(I)-E(I)

7DD1=ZDATA/EDELTA

7DDZ=ITH/EDELTA

ZCHI=CHI

IF(1.LT.MIN) WRITE(1,95)1,E(

IFd

CONT

IF (

MINN
(
(

-t

NUE -
IN,EQ,1) WRITE(1,96) CHISQ
MIN-1

@,2) WRITE(1,93) CHIBQ
T,2) WRITE(1,94) CHISQ,MINN

[T 4

IF
IF
RETURN

IN.E
ING

Xx

1),E2¢(I),ZDATAR,ZTH,ZCHI,ZDD1,ZDD2
GE ,MIN) WRITE(1{,97)I,EX(I),E2(I),2DATA,2ZTH,2CHI,ZDD1,ZDD2
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99 FORMAT (/3@H ***** THEORETICAL CALCULATICN,36X,5HDATA/,

S  &X,7HTHEORY/)
9 XFORM&?(SSH E-NEUTRON BIN DATA THEORY (EXP-TH) /U
97 FORMAT(15

PHNG ; 2X (4x 9HBIN UIDTH
oPFs,
96 FORMBT(4E*§6HCHI§0—61§ 11

[+ 2]

)
6,2 2,2F12.1, ,1PE14,4,4X,2E13,5)
95  FORMAT(1S,@FF6,2 ¢

60h|2F1Ln1 1PE14,4,4H*¥* | 1P2EL3,5)
94 FORN?T(40X'6HISQ—'fPE11 y8H EXCEPT IZ,;lH DATA HAVING #¥% IDENT

93 FORHHT(4@X'LHISO—'1PE11 4,31H EXCEPT 1 DATUM HAVING *¥ IDENT/)
92 FORMAT(8X, 46HE-GAMMA B N DATA THEORY (EXP=-TH)/
XENDQ UNC'LX'L(4X FHBIN~WIDTH))

SUBROUTINE OUTR1
COMMON /NUMBER/ NDAT,NPAR, ITER, ITMAX , CONVER

COMMON /PAR/ PULD(18$ PARM(18) ) PDUM( 18) , VARPAR(171),
X VARNEW(171), IDUM(1

COMMON /DAT/ £(19) E¢(19> DATA(19),VARDAT (19@) ,EN(198),
X TH(19),DUM(19),31G(19)

COMMON /BLOWER/ MINBIN, TXX

WRITE(1,99)
WRITE(1, /98)

Z0LDT=4 8
INEUT=0 .6
DO 19 I=1.NPAR
ZPOLD=P6LD(I)
ZFARM=FARM( 1 )
ZOLDT=ZOLDT+ZPOLD
IF (1 GE MINKINS ZNEWT=ZNEWT+ZPARM

b

()

P zn
(1,97) 1,2FO0LD,ZPARM, 22
E& MINQIN—I) WRITE(1,9@)
1,

IE
91) ZOLDT,INEWT

99 FORMAT(/27H ##*%* INTERMEDIATE. RESULTS )

98 FORMAT(49H OLD PARAM NEW PARAM NEW/RIN)
97 FORMAT(I7,0P3F14,2)

21 FORMAT(’ TUTHLS—’FluoL,F14QL,24H FOR DATA BELOW THE LINE)
9a EﬂRMRT(¢X 24(2H- )

(Y o 2 ]

SUBROUTINE OUTP2
COMMON /NUMBER/ NDAT,NPAR, I TER, ITMAX , CONVER

COMMON /PAR/ POLD(185 PARM(18) | FDUM(18) , VARFAR(171),
X VARNEW(171), IDUM

COMMON /DAT 7 E(l?) E7(19) ,DATA(19) ,VARDAT (194) ,EN( 198),
X TH(19),DUM(19), SIG(

COMMON /NORM/ ANORM

COMMON /RESULT/ EMED(18),DEMED(18),PMED(18),DPMED (18}

WRITE (1,99)

I11=@

DO 18 I=1,NPAR

II=11+1

PDUM{ I)=8QRT (VARNEW(II))
1@ CONTINUE

Lo T o
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WRITE(1,98)
DO 15'I=1,NPAR
DE=EZ(I)-£(1)
DEMED( I )=DE
EMED(I)=E(1)+@,5*DE
X=PARM( I ) *ANORM
Y=PDUM( I ) *ANORM
PMED(1)=X
DPMED (1) =Y
Z1=1,0D+@
12=1 0D +@
IF (DE,LE.0,8) GO TO 14
Z1=X/DE
72=Y/DE

14 7L=71-12
U=71+22

waITE(li97) 1,E(1),E2{1),POLD(I},PARM(I) ,PDUM(I),X,Y,21,22
. 15 LbNTiNUé

CALL OUTV(VARNEW,FPDUM, IDUM, NFPAR)
RETURN

99 FORMAT(/34H_ **¥x*¥%% NEW VALUES FOR PHRHMETERS
8 TFORMHT(&X 13HE-NEUTRON BIN SX AHPOLD, 7X, 18HPNEW  UNCERTAINTY

NORMED-, 12X , FH~PER’ M=U= 11X SHU#PER 6% , SHLOWER)
97 FRFMHT(IS Fb._,gH - Fb.h,1P9t 1,3,15)

SUBROUTINE OUTV(V IC
DIMENSION V{1),S¢( Ic

WRITE (1,99
SHORTENED VERSION OF N.,M,L, ORIGINAL SINCE WE KNOW N < 25

N)
{N)

NN=N
URITE (1,98) (I,I=1,NN)

no aﬁ =1, NN

MIN=MAX +{

MAX=MAX+1

JMAX=1

SI = S(I)

IL=MIN-1

DO l?LL-l , JMAX

SV(IL)*100 , 0/ (S(L)*ST)
(D.GT.,9,8) D=D+8.,5
(D.LT.@,6) D=D-@.,5

(L)=E

wR y97) 1,81,¢IC(L;,L=1,JMAX)

RETURN

99 FORMAT(32
98 FORMAT(18

: ? babalial STD. DEV, CORRELATION)
97 FORMAT(IS5,
END

2514)
1FE13,6,2514)
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APPENDIX D. THE DATA-TAKING PROGRAM

The system is configured as shown in Fig. D-1. The interface hardware for the NE-213 detector
signals consists of four LeCroy Research Systems Model 3512 peak-detector ADC modules plus one
3588 histogramming memory module. A 50-pin conductor cable connects these modules via front panel
matching connectors. This cable is the common bus for exchanging data between the histogramming
memory (“histogrammer™) and the ADC modules. It works as follows:

1. The detector electronics send 1-us pulses, with different pulse heights, to the peak detector ADC
modules. These pulses are digitized into “channels” ranging from 1 to 240. This range was chosen
to minimize the load on computer processing without compromising the accuracy needed for the
intended use.

2. For each pulse, an ADC module sends the “channel” value to the histogrammer via the common
bus. The histogrammer uses this datum as an address pointer, and the content of that memory
location is increased by one (1). A total counts-per-channel data set is thus accumulated in the
histogrammer. Each ADC is programmed to use a different memory partition within the
histogrammer.

To communicate with to the Remote CAMAC crate, which is located inside the experimental
building in the TCB (2000 ft away from the Local CAMAC crate), a Kinetics 3992-bit serial highway
driver module is installed in the Local CAMAC crate. Through this 5 MHz, optical-fiber CAMAC
link, the microcomputer programs and controls the CAMAC-resident modules in the Remote crate for
data taking. The CAMAC driver software for this configuration was developed by the CICADA group.
The PDP-11/23 is a standard package from Digital Equipment Corporation. It has a 10Mb
Winchester drive disk and two floppy disk drivers, each of which can hold a 400Kb floppy disk.
Currently this machine has 256Kb of memory; the operating system is micro-RSX. The CAMAC
interface is Kinetics 3912/2912 plus the Q-bus auxiliary crate controller set. This pair allows the
PDP-11/23 to access any of the modules in the Local communication crate, such as the graphics
modules. The graphics capability is based on CICADA module types 205 and 208. A microcomputer
sends down (via 3912/2912 auxiliary crate controller) high-level commands such as NNOVE CURSOR,
DRAW VECTOR, pixel-to-pixel addressing and bit-map manipulation. A composite video signal is
output from the 205/208 hardware to an Electrohome 9-in. CRT, where the display is shown.

The data taking is started at one second before TFTR plasma pulse discharge (¢,) and it is stopped
at 5 seconds after ¢,, for a total duration of 6 seconds. Ideally, the start/stop should be triggered by
hardware timing signals that are synchronized with the TFTR machine cycle. However, the LeCroy
modules do not have an appropriate hardware control input. Currently, the data-taking start/stop is
done by the software, and all the timing marks are accurate to ~+0.25 sec. At the end of the 6-sec

period, data accumulation is stopped and the data are unloaded from the histogrammer and put onto
the computer’s hard disk,

Two data files store the raw data: NE-213.DAT and NE-213.IDX. The file NE-213.DAT contains
records of fixed size (2Kb each), one for each shot. Data stored here are the raw counts/channel for
every detector signal, data and time, shot number, and a 16-character description for each detector’s
characteristic parameters. The file NE-213.IDX is the index file for the NE-213.DAT file. These two
files constitute an index-sequential organization, with two search keys in the index file: the date and
time stamp; and the shot number. A user accesses the stored data by specifying a key value (a shot
number) or a range of key values (starting/ending dates and times).
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CRNL-DWG 85-10713
OVERALL SYSTEM CONFIGURATION

(C 3 [ 3y oetecrors

TEST-CELL BASEMENT

SAFETY-CHECK AREA

ELECTRONICS
ADC AND g REMOTE
HISTOGRAM c CAMAC
MODULES L EQUIPMENT
CAMAGC SERIAL
HIGHWAY SAFETY-CHECK AREA
CICADA COMPUTER ROOM
K[ K
sls
clc
als LOCAL CAMAC
olo EQUIPMENT
1]o
2|2
MICRO PDP 11

Fig. D.1. Overall system configuration exhibiting the relationships among the detectors, the
CAMAC equipment, and the controlling computer,
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The hard disk in the microcomputer system (10Mb) is shared among several users. Each user is

limited to no more than 1Mb disk space. With this limitation, the on-line system can store data for
~450 TFTR plasma shots.

Once the data have been archived, there are utility programs to scan through the data records, or to
sum up several records for better unfolding analysis. A software data-flow diagram, Fig. D.2, is
included here to show the general software structure. Two of the programs, NEMAIN and NESUM,
are listed on the following pages. There are brief descriptions from CICADA entitled “NE-213
Detector Diagnostics Overview Design™ and “NE-213 Detector Diagnostics User's Guide” which provide
detailed step-by-step illustrations of how to use the software utility programs.
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DATA FLOW DIAGRAM FOR NE-213 SYSTEM SOFTWARE

|
|
| C.N,AF
|
|
A e || newa i NESUM. DAT NEPLOT . DAT
,/r(
l
| “DATA | RECORD
[ [
| |
! f
| GLOBAL
[ EVENT
| | FLAG
]
I |
| I
I
|
| RAD-
WPRRGLOCK: S0P, MONITORING ————————
] PROGRAM }
| |
I |
| |
| |
| |
| |
| |
| |
HARDWARE : SOFTWARE : USERS

Fig. D.2. Flow diagram for the software for this experiment. The item labelled “Rad. Monitoring Program” is a system program which
provides a flag, or signal, which is synchronized with the TFTR plasma shot.
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PROGRAM NEMAIN

THIS PROGRAM SERVES THE NE-213 DETECTORS., THE ARMING IS

AT 1 SECOND BEFORE T ZERO, DATA COLLECTION IS STOPPED AT
S5 SECONDS AFTER T ZERO.

IMPLICIT INTEGER {(A-Z)

REAL SECNDS, NERF'T

DATA NERPT/6RNERPT / \ONLINE REPORT TASK

INTEGER IBUF(13) \USED FOR SDRC CALL TO PASS DATA

INCLUDE *NECOM.FTN'

READ FILE 'NEID.DAT’ FOR THE 1& CHARACTERS DESCRIFTION FOR

EACH DETECTOR SIGNAL

OPEN(UNIT=1,FILE='NEID,DAT',RERDONLY STHTUS"OLD'
FORM='UNFORMATTED* , BUFFERCOUNT=2 , RECL=
RECORDTYFE='FIXED')

READ (UNIT=1) ADC1ID,ADCZID,ADLSIID,ADCAID

CLOSE (UNIT=1)

FROGRAM THE ADC'S TO START THE DATA HCQUISI ION, F(16)AH)
CALL TRANO(CRATE,NADC1,d,16,4, *@60@ 't X , @, IERR) \OFFSET @
CALL TRANO{CRATE. NHDCE 16 @ ’Dbﬂl’X, \IERR) \OFFSET 256
CALL TRANQ{CRATE, NHDE:, 16 m teemp2t X, e, . IERR) \QFFSET 512
CALL TRANO(CRATE. NADCA, ) 16 @' 'Eéﬂ:’x ¢, IERR) \OFFSET 768

WAIT FOR THE EVENT FLAG FROM THE MASTER CONTROL TASK
CALL WAITER(44,IDS)

A_SHOT 1S5 COMING,.,,GET THE INSTRUMENT RERDY
DISABLE THE EXTERNAL PORT OF THE HISTOGRAMMER, F({19)A(d)
CALL TRANO(CRATE,.N3588.%,19,4,6,%, IERR)

CLEAR THE HISTOGRAMMER, F{9)A(d)
CALL TRANI(CRATE,N3588,8,9,%, IERR)

GET THE SHOT MNUMBER
CALL GTSHOT (HSHOT)

RECORD THE DATE AND TIME FOR THIS SHOT
CALL RCDATE(HDATE
CALL RCTIME(SE!NDS(M ) HTIME)

LENGTH=6 .13 \DATA COLLECTION DURATION

WAIT FOR 14 SECONDS, TARGETING AT T MINUS 1
CALL WAIT(60H,4)

IT IS TIME TO ARM_THE INSTRUMENT. RESET LAM AND ENABLE THE EXTERNAL
FORT, F(1d)A(m) TO RESET LHM F{11)A(d) TO ENABLE PORT

CALL TRANI(CRATE,N3588,48,16,4, IERR) \DO NOT NEED THIS

CALL TRANI(CRATE,N3588, ﬁ 11 @, IERR)

WAIT FOR & SECONDS, WHILE INSTRUMENT IS COLLECTING DATA
CALL UHIT(Qb@ )

IT'S TIME TO STOP HISTOGRAMMER AND READ DATA., F(19A(H) TO
STOF THE HISTOGRAMMER, DISABLE ITS EXTERNAL FORT
CALL TRANO(CRATE,N3588,8,19,8,8,0, IERR)

READ THE DATA INTO THE DATA RECORD
CALL RDDATA( 1,248 ,ADCL,TOTLCNT(
CALL RDDATA(25 6,240 ADC2) TOTENT
CALL RDDATA(S12,24#,ADCT,  TOTENT
CALL RDDATA(7&8 .24@ HDL4 TOTCNT
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WRITE DATA RECORD INTO NEZ13 DATA BASE,
FIRST OPEN INDEX FILE 'NE213 IDX'; FIND OUT THE LAST RECORD NO,
OPEN (UNIT=1,FILE=’NE213.IDX » ACCESS=!DIRECT’,
1 FORM='UNFORMATTED' ,BUFFERCOUNT=2,8TATUS='0LD*,
2 RECORDTYPE='FIXED', RECL=3)

READ (UNIT=1, REC=1) IDXREC \FIRST RECORD THERE POINTS TO
: \THE LAST RECORD NUMBER USED,

RECNO=IDXREC(1)+1 \BUMP THE POINTER

IDXREC(1)=RECNO \RECORD NUMEER

IDXREC(2)=HDATE(4) \DAY-QOF-THE-YEAR

IDXREC(3)=HTIME(4) \TICKS-OF-THE-DAY

IXSHOT=HSHOT \SHOT NUMBER

WRITE TO INDEX FILE, APPEND TO THE LAST RECORD
WRITE {(UNIT=1, REC=RECNO) IDXREC

WRITE TO THE FIRST RECORD, (THE FIRST RECORD POINTS TO THE MOST
RECENT DATA RECORD)

WRITE (UNIT=1, REC=1) IDXREC

CLOSE_INDEX FILE
CLOSE (UNIT=1)

OPEN FILE 'NE213,DAT' IN DIRECT MODE, WRITE DATA RECORD INTO
THE SLOT POINTED BY RECNOQ
OPEN(UNIT=4,FILE=*NE213,DAT' ,ACCESS='DIRECT*

1 FORM='UNFORMATTED', BUFFERCOUNT=2,STATUS='0LD",
2  RECORDTYPE='FIXED',RECL=512)

WRITE (UNIT=1,REC=RECNO) NEREC
CLOSE (UNIT=1}

SEND A REQUEST FOR THE ONLINE DISPLAY TASK
IBUF (1)=RECNO \PASS THE RECORD NO, AS A GIFT
CALL SDRC(NERPT, IBUF)

RESET THE EVENT FLAG
CALL CLREF(6&4,1DS)

GOTO STARTING POINT, WAIT FOR NEXT ROUND
g 1
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SUBROUTINE RDDATR(STADDR.COUNT,ARRAY,SUM)

C
€ THIS ROUTINE READS DATA FROM THE LECROY 3588 HISTOGRAMMER
C STADDR 1S THE STARTING HDDRESS IN THE HISTOGRAMMER . = COUNT
¢ IS THE NUMBER OF WORDS TO BE READ, ARRAY 1S THE PLACE THAT
C_DATA GOES. SUM IS THE SUMMHTION OF THE DHTH.
) IMPLICIT INTEGER (A-Z)
INCLUDE *NECOM,FTN?
INTEGER ARRAY(1) \DUMMY ARRAY TG RETURN DATA
) INTEGER*4 SUM
¢ ENABLE ADDRESS AUTCO INCREMENT MODE. F(25)A{(M)
. CALL TRANI(CRATE,N3588,8,25,, IERR)
€ LOAD MEMORY ADDRESS REG WITH STARTING ADDRESS, F(18)A(1)
c CALL TRANO(CRATE,N3588,1,18,%,STADDR, A, IERR)
C READ SSSKWDHTH SUM THEM UP, F{(2)A(%) IN REFEAT MODE,
=yl
CALL TFHNI(CRHTE N3588,8,2,1, IERR) \REPEAT MODE
DO 1@, 1 COUNT
CRLL “RMIfNHIwﬁY @,% . DATALY, DUMMY , @, IERR)
(DATALO,GE 1&u84) DATALO=DATALO-146384 \SOFTWARE PATLCH
sum SUM+DHT
) ARRAY (1) = DﬂTﬁLO
1@ CONTINUE
C
RETURN
END
C
£
SUBROUTINE GTSHOT (SHOTNG)
IMPLICIT INTEGER (A-1)
INCLUDE *NECOM,FTN'
. INTEGER*4 SHOTNG
C GET LoW 4 DIGITS. F‘E)ﬁ'ﬂ)
. ZALL CAMI(NSHOT,@,®,DATALO,DUMMY,a, IERR)
¢ GET HIGH 2 DIGITS, F\U)H(@)
L CAMI (NSHOT+1 DATAHI , DUMMY, @, IERR)
N DRTAHI=1TAND (> BoFE> k bATAHT)
C CONVERT THE HIGH 2 DIGITS INTO INTEGER*4 VARIABLE. THEN
C PROCEED TO GET THE RESUL
SHOTNO~BEDBIN(DHTHH
. SHUTNU‘100@0*8HOTNO+BLDBIN(DHTHLO)
) RETURN
END
o
¢
€
INTEGER FUNCTION BCDBIN{DATA)
IMPLICIT INTEGER(A-Z)
TEMP=0
?gﬂémiﬁ*TéMP+ IIAND ('mme'x ?%?&gg(Ig@%gvyEgﬁTﬁ)/4w9b))
§
. DHTH-IISHFT(D T .4) \SHIFT BY 4

ONTINUE
BCDBIN*TEMP
RETURN
END
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PARAMETER (CRATE=2) \CRATE NUMEBER
PARAMETER (NADC1=11) \1ST ADC SLOT
PARAMETER (NADC2=13) \ZND ADC SLOT
PARAMETER (NADC3=15) \3RD ADC SLOT
PARAMETER (NADC4=17) \4TH _ADC SLOT
PARAMETER (N3588=19) \HISTOGRAMMER SLOT NO,
PARAMETER (NHIWAY=17) \HIGHWAY DRIVER SLOT
PARAMETER (NSHOT=4)

PARAMETER (N208=18)

\SHOT COUNT SLOT NUMBER

\208 FIFO FOR THE GRAPHICS

INTEGER NEREC(1824)

00

[ply

a0 OO0O00

\BIG ARRARY OF ALL
INTEGER HDATE(S), HTIME(4) \DATE, TIME
INTEGER*4 HSHOT HFF SHOT NUMQE
INTEGER*4 TOTCNT (4) \TOTﬂL COUNT
INTEGER ADC1(240) \1ST ADC DATA
INTEGER ADC2(244d) \2ND ADC DATA
INTEGER ADC3(24@) \3RD ADC DATA

\4TH ADC DATA

INTEGER ADCA(244)
REAL LENGTH \DATA COLLECTION LENGTH, IN SECONDS
\16 CHARACTER ID.

(

{

(

BYTE (
BYTE SUMID(6&
E

EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE X ’

EQUIVALENCE (NEREC(44),ADC4]
EQUIVALENCE (NEREC(S2), JLENGTH)

SOME SPARE WORDS RESERVED HERE., ,NEREC(54) TO NEREC(463)

EQUIVALENCE (NEREC(&4),ADC1(1)
EQUIVALENCE (NERELC(384),ADC2(1
EQUIVALENCE (NEREC(544),ADCS(1
EQUIVALENCE (NEREC(784),ADCA(1

COMMON /NEDAT/ NEREC

DECLARE THE INDEX FILE RECORDS NEXT
INTEGER IDXREC (&)
INTEGER*4 IXSHOT
EQUIVALENCE (IDXREC(4),IXSHOT)

\64 CHARACTER FOR SUMMATION RECORD

\THE SAME SPACE
\ FOR ID’S

\PUT EVERYTHING INTO COMMON

IDXREC(1) RECORD NUMBER
IDXREC(Z) DAY-OF-YEAR INTEGER
IDXREC(3) TICKS-OF- THE-DAY
IDXREC(4,5) SHOT N

IDXREC( &) SPA E

COMMON /1DXDAT/ IDXREC
END OF THE DECLARATION
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PROGRAM NESUM
Ct++

C THIS PROGRAM SUMS UP SEVERAL NE-213 DATA RECORDS IN

E++ORDER TO GET A BETTER ANALYSIS DATA SET.

IMPLICIT INTEGER(A-Z)
INCLUDE  'NECOM.FTN!
INTEGER*4 FSTSuT,| STSHT
INTEbER*4 TOTAL(4)

INTEGER  ADC1S(Z4@),ADC25(248) ,ADCIS(24@)
INTEGER  ADCAS(Z4#) ,ASDATE(5) A STIME(3)

. CHARACTER*L  YESNO

C ASK FOR START SHOT NUMBER
WRITE (5,968)

93 FORMAT(®$ ENTER START SHOT NUMBER ¥ ')
READ (5,918) FSTSHT

914 FORMAT(1&)

c ASK FOR LAST SHOT NUMBER
WRITE (5,920)

926 FORMAT(?% ENTER THE LAST SHOT NUMBER > *)

READ (5,91@) LSTSHT

C
C SEARCH FOR THE FIRST RECORD
OPEN (UNIT=1,FILE='NEZ213,IDX’,READONL

Y,

1 FORM=" UNFORMATTED , BUFFERCOUNT=2 ,GTATUS="0LD" ,

?  RECORDTYPE='FIXED’ .RECL=3)
READ (UNIT=1) IDXREl

c

C IS THE SHOT NUMBER QUT OF RANGE 7
IF (FSTSHT,GT,IXSHOT) THEN
URITE (5, 9303 FSTSHT

938 FORMAT (' "START SHOT NO ',17,* OUT OF RANGE!)
CALL EXIT

. ENDIF

1o READ (UNIT=1) IDXREC \READ RECORD BY RECORD
IF (FSTSHT,LE,IXSHOT) GOTO 2@

) GO TO 1@

[

el RECNO=IDXREC({1) \KEEFP THE RECORD NUMBER

CLOSE (UNIT=1)

C OFEN FILE 'NE”lq DAT* TO GET THE REAL DATA
OPEN (UNIT=1,FILE='NE213,DAT',READONLY ,STATUS='QLD’,

1 FURM—'UNFORﬁHTTED' , BUFFERCOUNT=2,

2  RECORDTYRE='FIXED', 'RECL= S512,ACCESS='DIRECT')

C

K1) READ (UNIT=1,REC=RECNO) NEREC

e RECNO=RECNQO+1 \NEXT SLOT
C

CONVERT DARTE AND TIME TO BE PRINTED
CALL B2ADAT(ASDATE,HDATE(1) ,HDATE(Z2)
CALL BZATIM(ASTIME,HTIME(1),HTI ME(Z),

C
C  PRINT ONE-LINE RECORD INFORMATION

WRITE (3, 94@) HSDHTE HSTIME HSHOT TOTPNT
' TOTRL: ', T4,

940 FORMHT(/ SAZ,! ',4AZ,' SHOT: 167
1 4(17) fNLLUDE THIS 'REC? Y/N

READ <5 §5ﬂ) YESNO

958 FORMAT (A1)
IF (YESNU EQ 'Y1) THEN
DO 4@, 243
HDCIS(I) ﬁbCIS(I)+HDCI(I
ADC2S(1)=ADC25( 1) +ADCZ( I
ADC3S(1)=ADCI5(1 ) +ADC3( 1
ADCAS(I)=ADCAS(I)+ADC4( 1

49 CONT INUE

-J

\ADD CHANNEL BY CHANNEL
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-

DO 3¢
S8 TOTHL(I) TOTHL(I)+TOTLNT(I)

C
€ WRITE OUT THE CURRENT RUNNING TOTAL
WRITE (5,96@) TOTAL
960 FORMATC' exkkxkd* RUNNING TOTAL #¥xxxts¥’.T4g,
ENDIF

IS IT THE LAST RECORD?
IF{LSTSHT ,GT.HSHOT) GOTCQ 3@

hw ]

CLOSE (UNIT=1) \CLOSE FILE ’'NEZ213.DAT!
C
C ASK FOR SLOT NUMBER 1-5, ENTER # IF DO NOT WANT IT
&4 WRITE (5,973)
78 FORMHT(// ' ENTER SLOT NUMBER (1 TO 5) TO SAVE THE DATA’.

1 ‘s ENTER @ IF YOU DO NOT WANT TO SAVE IT 5 ')
READ (5, éa@) NSLOT

980 FORMAT (I12)

[

IF (NSLOT.EG.@) CALL EXIT
IF _(NSLOT ,LT,# ,OR, NSLOT,GT.5) THEN
WRITE (5,99d)

999 FORMAT(!' ERROR77? VALID SLOT IS FROM 1 TO 5, TRY AGAIN?)
GOTO &
ENDIF

C

L HOW ABOUT THE RECORD DESCRIFTION?

74 WRITE (5,189@) SUMID

1058 FORMHT(’ REC, ID »>» !
1 *$ DO YOU WANT Tu IHﬁNuE THIS? Y/N 3> ')
READ (5, bsm) YESNO
IF (VESNO,NE,’N’) THEN
WRITE(S, 1m1m)
1018 FORMAT(/,' ENTER NEW RECORD 1D ON THE NEXT LINE, 64 CHAR MAX'.
1 /. ENTER t)
READ (5,1
1928 FORMAT (44
GO TO 76
ENDIF

Jﬁ

9
02 } SUMID
AL

c

€ WRITE THE DﬁTn INTU RECORD
DO 8@
ﬁDc1(i) HbLiS(I)
ADCZ( 1)=ADC2S(I)
ADCZ(1)=ADC38(1)
ADC4(1)=ADC4S(I)

ap CONTINUE

DO 9¢ .4
TOTCNf(I) =TOTAL(I)
9@ CONTINUE
HEHOT=F5TSHT \RECORD THE FIRST SHGT
CALL DATE (HDATE)
CALL TIME{HTIME) \RECORD DATE AND TIME

OPEN(UNIT=1,FILE='NESUM, DAY ,ACCESS='DIRECT ',
FORM-’UNFORNHTTED’ BUFFERCOUNT=2.STHTUS='OLD’,
RECORDTYPE='*FIXED' ,RECL=512)

WRITE(UNIT=1,REC=NSLOT) NEREC

CLOSE (UNIT=1)

WRITE (5, 1036)
1330 FORMAT (7 FHEREERHEE DATA SAVED **%*EEEXKKET )
EQBL EXI?

ra-
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There are some interesting results that may be deduced from these tables, although one must be
cautious not to over-speculate since the model is only an approximation to the actual configuration, and
the assumcd incident neutron spatial distribution is not likely to be that studied in the TCB. For our
present measurement purposes in the TCB, the magnitudes of the perturbations due to the iron shield
are no larger than other experimental uncertainties and are much smaller than present-day transport-
calculation uncertainties. Clearly, though, when the latter reach a stage of sophistication to reverse the
relative uncertainties vis-a-vis the experiment, then the transport calculations will need to include the
details of the detector configuration given in Fig. 1.
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