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AN NE-213-SCINTILLATOR-BASED NEUTRON DETECTION SYSTEM 
FOR DIAGNOSTIC MEASUREMENTS OF ENERGY SPECTRA FOR NEUTRONS 

HAVING ENERGIES b 0.8 MeV CREATED DURING PLASMA OPERATIONS 
AT THE PRINCETON TOKAMAK FUSION TEST REACTOR 

J. K. Dickens, N. W. Hill, F. S. Hou, J. W. McConnell, 
R. R. Spencer, and F. Y. Tsang 

ABSTRACT 

A system for making diagnostic measurements of the energy spectra of 30.8-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 TFTRTest 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 
information, 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. (1) ORNL 
personnel were responsible 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. 

Responsibilities were divided broadly into two areas: 
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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 white 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 
p-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 box 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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. 

The output of the anode (of the photomultiplier tube) is connected to the input of the CFD using a 
short piece of 5042 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 7 5 4  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 2 5 4  
resistor to a second discriminator. The resistor is needed because the long cables are 7 5 4  cables, 
whereas the fast electronics equipment has 504 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 4-5695 Timing-filter amplifier is especially designed to provide a pulse of -0.6 psec total 
duration with an exceptionally fast crossover; this crossover is sensed by the ORNL 4-5686 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 
psec or longer and will not work on the ORNL 4-5695 amplifier output pulses. Therefore a “standard” 
linear amplifier connected in parallel with the ORNL 4-5695 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. 



6 

m W 10 
m 
m m 
W 

1 
z 
a: 
0 

cc 

[r 4 
I- - q a a+ I 

3 
3 
v) 

I 

. 



7 

I-- 400 ns- 

@ TAC 

@ SLOW 

. 

+ T i  T 50 ns 

P.S.D. SPECTRUM 

LLD 

I 

I 
I 
1 
I 
I 

1- NEUTRONS ~ 

ORNL-DWG 85-8656 

(SCHEMATIC) 

TIME 
ULD RANGE 

I I 

CHANNEL 
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Fig. 5. Pulse-shape discrimination time and pulse shapes. The timing scale for the pulses labelled C, 
F, and G is much more compact than for the pulses labelled A, B, D, and E. 
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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 psec wide. The LLDs on these units are set to 
cut off the spectrum at about channel no. 4, Le., 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 psec (minimum) to properly process a pulse for 
transmission to the Model No. 3588 storage unit. This 5-psec processing time would imply a maximum 
upper-limit counting rate of 200,00O/sec, but for practical purposes, one should strive for no more than 
-25% of this maximum, or 50,00O/sec. The PSD decision-making process is designed to be 
accomplished in 0.6 psec; tests with units similar to those in the present systems verify accurate PSD 
for count rates in excess of 500,00O/sec, indeed with very little distortion for count rates approaching 
106/sec. The Canberra Model No. 1411 amplifier is set to 1-psec time constants and should recover 
within 5 psec 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 psec or longer. Overload pulses in the ORNL 4-5695 timing-filter amplifier 
are rejected by an ULD in the 4-5686 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- 1 1 /23 microprocessor’s hard disk ( 1 OMb 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 during equipment setup and to obtain 
energy-vs-pulse-height energy calibrations. 
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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 215-1 (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-21 3-based detection system to the radiation, 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 Cj of the analysis 
equipment is given by 

p, + U P  

p ,  - MP 
R j ( E )  = R ( C j , E )  = U ( E , P ) d P  , 

where Pj corresponds to the centroid pulse-height of the channel Cj, and AP corresponds to the 
equivalent pulse-height spread (or bin) associated with the channel Cj. 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, Cj, 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 CI, ..., Cj, ..., C,, where now C, = 240 
corresponds to P,,, - 7.8 volts, C, = 1 corresponds to Pmin - (7.8/240) volts, and Cj (1 < j < p) 
corresponds to a value of P between Pmin and P,,,. The functional dependence of Cj 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 response 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, Uo(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, Uo(E,P)  = 1 (in relative units) for 0 < P < Pedge, and Uo(E,P)  = 0 for 
P > Pedge. For gamma rays, Pedge is a function of the maximum 
Compton-electron energy, and for neutrons, Pedge is a function of the recoil-proton energy. 

Now, Pedg, is a function of E. 

The real response approximates Uo for the larger P with the modification that for P - Pedge,UO 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 Pedge of the Uo response. What is done is to determine the value of U for the 
measured response for the “flat” region, and then determine the position, Ph, where the value of U is 
one-half of that for the ”flat” region, as generally indicated in the next small figure: 

P ph 

Standard practice is to set Ph = Ped@, since Pedge 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 > Ph. 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 Ek (where 1 < k < 
rn) and measure the detector response to some incident neutron fluence made up of n(Ek), where n is 
the number of neutrons having energy Ek. In this case, the yield, 5, in the jth channel is given by the 
“folding” process, 
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In our real measurements, however, it is the spectrum n(Ek)  that is unknown. One first measures a 
spectrum of q. The data reduction then consists of applying the Rj(Ek)  and the Yj properly to deduce 
the spectrum corresponding to the n(Ek). It is the inverse nature of the mathematical process that has 
led to the term “unfolding.” 

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’ 05s. Responses for each detector to gamma rays were determined 
experimentally using well-calibrated gamma-ray sources for photon energies S2.6 MeV. Interpolation 
was used to deduce Rj(Ei )  values for (E, ) i  < 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,3 and so that 
assumption is made for these detectors also. It should be noted that no corrections have been made for 
attenuation by the 1 -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 
obtained from an ANISN4 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 (Le., 
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. 
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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 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11  
12 
13 
14 
15 
16 
17 
18 
19 

0.097 - 0.132 
0.132 - 0.164 
0.164 - 0.215 
0.215 - 0.272 
0.272 - 0.333 
0.333 - 0.400 
0.400 - 0.4725 
0.4725 - 0.565 
0.565 - 0.645 
0.645 - 0.742 
0.742 - 0.91 1 
0.911 - 1.424 
1.424 - 2.05 
2.05 - 3.06 
3.06 - 4.15 
4.15 - 5.8 
5.8 - 6.5 
6.5 - 7.7 
7.7 - 8.5 

0.75 - 0.90 
0.90 - 1.03 
1.03 - 1.22 
1.22 - 1.41 
1.41 - 1.60 
1.60 - 1.80 
1.80 - 2.00 
2.00 - 2.25 
2.25 - 2.45 
2.45 - 2.70 
2.70 - 3.10 
3.10 - 4.20 
4.20 - 5.48 
5.48 - 7.40 
7.40 - 9.32 
9.32 - 12.09 

12.09 - 13.23 
13.23 - 15.20 
15.20 - 16.48 

0.24 - 0.29 
0.29 - 0.34 
0.34 - 0.41 
0.41 - 0.49 
0.49 - 0.57 
0.57 - 0.66 
0.66 - 0.75 
0.75 - 0.87 
0.87 - 0.97 
0.97 - 1.09 
1.09 - 1.30 
1.30 - 1.92 
1.92 - 2.67 
2.67 - 3.88 
3.88 - 5.17 
5.17 - 7.14 
7.14 - 7.97 
7.97 - 9.40 
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 54Mn. 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 j ( E i )  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 j ( E i )  due to incorrect extrapolation should not 
impact substantially conclusions regarding unfolded spectra. 
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Fig. 9. Unfolded gamma-ray spectrum for a measurement using a source of 54Mn. The source was 
placed 25 cm in front of, and on axis of the bare Medium detector. The lines delineating a “peak” are 
included only as guides. 
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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 December 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 channel-to-pulse-height calibration 
the data have little real meaning.) These data were processed at ORNL using the 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-pulse-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 56Fe(n,nfy)56Fe* reactions leading to excitation of the first-excited state of 
56Fe. 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 22Na gamma-ray source of several pCi or stronger and a 252Cf (or a Pu-Be or similar) 
mixed neutron-gamma source, (d) an assortment of 50Q 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 1 10-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; allow several seconds 
between each change of switch setting to allow the PA electronics to recover. 
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2. 

3. 

4. 

5 .  

6. 

7. 

8. 

Place the ”Na 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. 

A decision must be made on the approximate incident-neutron energy span to be measured. The 
dynamic range of the system is - 1 5 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. 

The overall gain setting is determined by observing the pulse-height spectrum of the 22Na 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 two such channels for display of a 
22Na source: one for E, = 51 1 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 yield 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. 1411 
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. 

Then the gain setting of the ORNL 4-5695 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 4-5686 discriminator unit. 

The next step is to make sure that the LLD on the 4-5686 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 4-5686 LLD on data accumulation for the 22Na source. 
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 50Q). Coarse delay adjustments may be made using 
the ORNL 4-3073 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. 

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 4-5686 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 4-5686 
discriminator unit, also, unused connectors require termination of 50Q on both front and rear panels. 
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Table 3. Light-unit equivalences 

Gamma-ray Gamma-ray energy Light Equiv. neutrona 
source ( keV ) unit energy (MeV) 

59.6 

1 36.4b 
279 
393 
511 
662 
834 
898 

1115 
1173‘ 
1274 
1332‘ 
1368 
1460 
1836 
2614 
2754 
4433 
6129 

1 22.Ob 
0.0095 
0.0322 
0.040 
0.123 
0.200 
0.288 
0.400 
0.537 
0.588 
0.764 
0.81 1 
0.893 
0.942 
0.97 
1.05 
1.36 
2.00 
2.12 
3.53 
4.95 

0.14 
0.37 
0.42 
0.86 
1.15 
1.45 
1.8 
2.2 
2.4 
2.8 
2.9 
3.1 
3.2 
3.3 
3.4 
4.1 
5.4 
5.6 
8 .O 

10.5 

aApproximate. 
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 22Na. 

dKnown as ThC”. 
eFrom a Pu-Be, a Po-Be, or an Am-Be neutron source. 
fFrom 16N decay, 160(n,n’y), or a 244Cm-’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 
energy 

Light 
unit 

0.10 
0.13 
0.17 
0.20 
0.24 
0.30 
0.34 
0.40 
0.48 
0.60 
0.72 
0.84 
I .o 
1.3 
1.7 
2.0 

0.0067 1 a 

0.00886 
0.01 207 
0.0 1465 
0.01838 
0.0246 
0.0290 
0.0365 
0.0483 
0.0678 
0.09 10 
0.1 175 
0.1562 
0.2385 
0.3660 
0.4725 

Neutron 
energy 

Light 
unit 

2.4 
3.0 
3.4 
4.0 
4.8 
6.0 
7.2 
8.4 

10.0 
13.0 
17.0 
20.0 
24.0 
30.0 
34.0 
40.0 

0.625 
0.866 
1.042 
1.327 
1.718 
2.31 
2.95 
3.62 
4.55 
6.36 
8.83 

10.8 
13.5 
17.7 
20.5 
24.8 

‘Estimated errors are 2% for 0.2 d E,, 
d 20 MeV and 5% otherwise. 

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-l1/23 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. Following 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 
FOROOl.DAT, which should be printed out. Note that the final results are output as Yield/cm2 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/cm2 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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ADC 

ANISN 

BNC 

CAMAC 

CFD 

CICADA 

CRT 

HV 

I/O 
LLD 

NIM 

ORELA 

ORNL 

PA 

PHA 

PPPL 

PSD 

SCA 

TAC 

TCB 

TFTR 

ULD 

GLOSSARY OF ACRONYMS 

Analog-to-Digital Converter 

Designates a program to calculate effects of neutron and photon transport. 

Designates a specific type of connector. 

Computer Automatic Measurement And Control 

Constant-Fraction Discriminator 

Central Instrumentation Control And Data Acquisition (Computer) 

Cathode Ray Tube (designates the interactive computer terminal) 

High Voltage 

Input-Output 

Lower Level Discriminator 

Nuclear Instrument Modules 

Oak Ridge Electron Linear Accelerator 

Oak Ridge National Laboratory 

Preamplifier 

Pulse Height Analyzer 

Princeton Plasma Physics Laboratory 

Pulse-Shape Discrimination 

Single-Channel Analyzer 

Time-to-Amplitude Converter 

Test Cell Basement 

Tokamak Fusion Test Reactor 

Upper Level Discriminator 
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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, experience3 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 1-cm-thick soft-iron shield of Fig. 1, although the (anticipated very small) 
perturbations due to the aluminum cell, photomultiplier tube, and p-metal shielding are included. 
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Table A.l. Large detector neutron response 

N-BIN = 
1 
2 
3 
4 
5 
6 
7 

9 
1 B 
11 
12 
13 
14 
15 

a 

16 
17 

19 

1 
2 
3 
4 
5 
6 
7 

9 

i a  

N-BIN = 

a 
l B  
11 
12 
13 
14 
15 
16 
17 
18 
13 

N-BIN 

5 
6 
7 
a 
9 

1 B 
11 
12 
13 
14 
15 
16 
17 
18 
19 

13 
a, bWZE-ra3 
7,357E-83 
1 ,W75E-BZ 
1 ,119E-liQ 
1 '130E-82 
1 ; 172E-82 
1,214E-02 
1,535E-B2 
1 , 3  19E-82 
1,631E-82 
2 , 8 0 2 E - t ~  
7,569E-B2 

i,871E--B3 
0 ,8CzIBE-Bl 
rir , 8CjlrijE-liri 
B , BBBE-8 1 
0 , BBZIBE-CJ 1 
B , BOB€-8 1 

3,327E-Wz 

2 
1 ,155E-211 
4,331 E-W2 
1,703E-82 
1 ,BBBE-B3 
B , BBBE-Bl 
0, 8BflE-8 1 
8 ,BB0E-B1 
@ , @@BE-B 1 
!d , B80E-8 1 
8 ,!J@BE-B 1 
0 ,BB0E-0 1 
B , @ME-@ 1 
B ,I(rWBE-Bl 
B , lirB0E-0 1 
0, BB8E-91 
S ,BBBE-@l 
B , BflBE-rill 
B , kTBBE-lil1 
@ ,@BB€-Wl 

a 
2 ,983E-CI2 
2,635E-82 
4,310E-02 

5,387E-02 
5,141E-IZ12 
4 ,  B98E-82 
2,723E-02 
7,1876-83 
1,685E-83 
1,4336-84 
t3 .B@BE-M 1 

4 , 9 a 5 ~ - 0 2  

B , BBBE-Bl 
B , B00E-0 1 
IZI ,BBl%rE-@l 
B , 0BBE-B 1 
8 , B0BE-8 1 
B ,BBBE-B 1 
a ,@708€-81 

14 
7 ,388E-83 
5,847E-83 
8.141E-83 
7 ; 9 17E-83 
7 ,542E-83 
7 437E-83 
7,3436-03 
9 ,889E-83 
7,492E-03 
9.1 1 gjE-83 
1,515E-82 
4 ,4 17E-02 
5,237E-U2 
3,471E-82 
1 . 2 l a E - m  

3 
1 , 183E-Bl 
7,253E-82 
5,359E-82 
1 ,174E-42 
9,818E-B4 
4,928E-85 
B ,BBBE-Bl 
B , BCzIBE-8 1 
B ,BBQfE-Bl 
0 , BBQE-cir 1 
0 , BB0E-8 1 
B , 000E-0 1 
B , BBBE-8 1 
B , WBklE-8 1 
B , @@BE-8 1 
8 , BBli~E-d 1 
B , BBBE-8 1 
Qj , &ME-81 
B ,QfBgE-kr 1 

9 
2,696E-BZ 
2, S36E-82 
3 + 565E-B2 
3.932E-flZ 
4 ;374E-B2 
4,623E-82 
4,238E-82 
4 ,884E-82 
1,338E-82 
7,957E-B3 
1,434E-03 
ILr IZ@N3E-IZI 1 
B ,BBtJE-rirl 
B , BBBE-8 1 
B , BBBE-Bl 
B , WBBE-Izr 1 
8 ,BBWE-61 
B , @@BE-8 1 
@ , @@BE-81 

B ; BBBE-8 1 
0 , BEWE-8 1 
B , BBE-B 1 
B . BBBE-0 1 

18 
2,273E-iiQ 
1,977E-82 
3 ;B5BE-B2 
3,258E-82 
3,477E-02 
3,338E42 
4 ,8#WE-B2 
4,456E-82 
2,833E-Iir2 
1,957E-82 
I ,  1ZQE-82 
7 ,flBBE-B4 
B ,B@BE-Wl 
B , BBBE-8 1 
0 ,BBBE-Bl 
Gj , lirBBE-B 1 
B + BBOE-O 1 
B , CbME-B 1 
B , @@@E-@ 1 

16 
9,421E-(Z13 
6 ,66BE-IiU 
7,782E-03 
b , 2 12E--83 
5 ,  BB?E-B3 
4,273E-83 
3,743E-B3 
4,2BBE-83 
;5,475E-B3 
4,137E-03 
6,751E-83 

2 ,B77E-BZ 
i ,BWE-W 

5 
5,946E-02 
5 ,788E-Cf2 
3,384E-82 
6,586E-BZ 
3 329E-82 
9 ,653E-Ki 
1,349E-83 
1,059E-84 
B , BBBE-8 1 
!it , BliiBE-B 1 
0 ,BBBE-Bl 
B ,BBBE-B i 
0 , BBBE-0 1 
gj , @#BE-B 1 
W ,BOBE-Bl 
121 , BBBE-lir 1 
B , BBSE-B 1 
8 ,@BBE-Cj 1 
B , @!ME-8 1 

11 
1 ,360E-82 
1,593E-02 
2,422E-82 
2,622E-82 
2,724E-82 
2,916E-82 
3,251E-82 
4,054E-BZ 
3,28WE-82 
3,082E-82 

5,523E--83 
0,000E-8 1 
B , MME-8 1 
8 , WBBE-8 1 
B ,BBrirE-B 1 
8 ,B@BE-.IZrl 
8 ,BBBE-81 
0, 8rCrrCrE-Cj 1 

2 , 6 a 3 ~ - 0 2  

6 
4,625E-B2 
4 , 385E-82 
7 + 147E-02 
7,855E--82 
5,238E-82 
2 ,824E-rii2 

1,474E-83 
4,479E-05 
B , 000E-B 1 
B , 8BBE-@l 
W , W0BE-0 1 
B ,WBBE-Bl 
lir , BBBE-8 1 
0,00!4E-#l 
a +  BBBE-fij 1 
B , B88E-8 1 
B ,088E-W 1 
!a ,BB0€-01 

12 
1,358E-82 
1 ,146E-G! 
1,722E-82 
1,820E-82 
1,82BE-B2 
1,947E-82 
2,11SE-(a2 
2,717E-82 
2,438E-82 
2,842E-82 
4 ,2B5E-02 
4.966E-B2 

a , 6 7 3 ~ - 8 3  

18 

6,588E-riG 
9,624E-05 
9,732E-83 
3,841E-83 
5,374E-83 
S ,373E-83 
5,785E-QG 
4,219E-83 
4,4 15E-83 
5,336E-83 

1,2@7E-B2 
1,76lE-B2 
1,737E-82 
2,656E-B2 
9,7656-43 
1 ,B?aE-W 
2.4kME-83 

a , 3  1 SE-GG 

i , z ~ ~ E - w  
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Table A.2. Large detector photon response 

G-BIN = 
1 
2 3 
4 
5 
b 
7 
a 
9 

18 
11 
12 
13 
14 
15 
16 
17 

19 
i a  

G-BIN = 
1 

4 
5 
6 
7 
8 
9 

1B 
11 
12 13 
14 
1s 
16 
17 

19 

1 

3 
4 
5 
6 

3 
9 

-7 i -, 
Li 

l a  

G-BIN 
P. 

L 

7 

1 2) 
11 
12 
13 
14 
15 
16 
17 
i a  
19 

2 
8,203E-02 
3 , 758E-02 
1.777E-82 

0,000E-Lill 
B ,0WE-01 
B , @BBE-81 
B , 880E-0 1 
0 ,@BBE-Bl 
B , BBBE-0 1 
0 ,0PI0E-B 1 
B ,QMBE-81 
0,000E-0 1 
8 ,  BBBE-B 1 
0 , OBOE-0 1 

a 
1,781E-82 
1,553E-82 
2,3386-82 
i , d d E - 8 2  
2,447E-02 
3,161E-fl2 
3,641E-02 

6,470E-lir3 
2,558E-BS 

B ,!JlicrBE-Bl 
B , B00E-0 1 
8 ,B@@E-Bl 
8 ,  BBBE-81 
0,000E-81 
$3 ,OBBE-81 
GI ,88BE-t11 
8 ,BBBE-Bl 

0-7 

2 , 3 3 a ~ - m  

6 , 4 4 0 ~ - ~ 4  

14 
2, a7SE-gj  
2,518E-kb 
3,877E-83 
4 ,Bl6E-83 
4.187E-83 
4 ;268E-1213 
4,356E-83 

4 , 385E-83 
4,939E-$83 
8 , 875E-83 
2,11?E-@2 
2 , 87BE -iir2 

1,578E-83 
a ,  BBBE-0 1 
B , BB0E-01 
Cj , BBBE-0 1 
B ,0CME-81 

5,2B 1 E-83 

2,883E-02 

4 
4.1 15E-02 
3,734E-02 
6.587E-02 
3 ; 757E-02 
8,978E-83 
9 ,  BBBE-84 

16 
1 , l63E-83 
1,829E-83 
1,585E-B3 
l t7B5E-83 
1,754E-83 
1 , 855E--83 
1,923E-fl3 
2 , 354E-43 
1 ,965E-QE 
2,295E-03 
3,773E-83 
9,712E-CG 

1,524E-82 
1,956€-CG? 
1,694E-82 
1 , 625E-813 
5 , 36BE-84 

i , ~ ~ B E - B Z  

@ , fljJflE-.@ 1 

7 d 
7 L 

4 
5 
3 
1 
1 
GI 
0 

fl 
0 
0 
lir 
@ 
0 
0 
@ 
8 

2 
3 
B 

7 
6 
9 
1 
9 

1 
2 
4 

6 
, 555E-82 
,169E-B2 
.191E-B2 

,82iilE-@3 
667E-03 
, 96SE-gG 
,889E-B2 
,864E-83 
, Cl13E-82 
, 8BaE-02 , 28 1 E-02 
,826E-82 
, 349E-82 
,554E-82 
, 458E-B2 

, BBBE-kll 
,00BE-W1 
, BBBE-C~ 1 
,0BBE-81 
, B88E-8 1 
,B88E-81 

, a 9 2 ~ - q 3  
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Table A.3. Medium detector neutron response 

N-BIN = 
1 
2 
3 
4 
5 
6 
7 
a 
9 

1 Qj 
11 
12 
13 
14 
15 
16 
17 
18 
19 

N-BIN = 

S 
6 
7 
9 

18 
11 
12 
13 
14 
15 
16 
17 
18 
13 

a 

N-BIN = 
1 

4 
5 
b 
7 

9 

32 

a 
18 
11 
12 
13 
14 
15 
16 
17 

19 
i a  

13 
4 .73ZE43 

2 
6 , 487E-82 

1,218E-02 
4,678E-83 
0,  080E-0 1 

B88E-0 1 
8 ,(a00€-01 
rij , 000E-0 1 
0 , 000E-8 1 
!J , !408E-8 1 
0 , 08BE-0 1 
8 , 88flE-8 1 
8 , 088E-lill 
B ,888E-81 
0 , Ill00E-ll)l 
@ , 088E-8 1 
8 , @!ME-8 1 
fl ,888E-fi 1 
8 ,88BE-01 

2 , a 2 3 ~ - m  

8 
1,881E-82 
1.555E-Cl2 
2 , 399E-lil2 
2,644E-92 
2,7386-82 
2,659E-82 
2 ,191E-82 
1,604E-82 
4 , 279E-83 
4,480E-84 
0 0BgE-8 1 
B , 000E-8 1 
8 ,888E-01 
FJ , BBBE-lill 
8 ,088E-81 
riJ , 8f30E-0 1 
B ,888E-Bl 
B , 00lirE-8 1 
8 ,B88E-81 

3 , 678E-83 
2 , 939E-03 
4 , 172E-83 
4 , 132E-03 
3 , W E - 8 3  
3 , 993E-03 
4 , (lr59E-03 
4,943E-Ql3 
4 , 897E-83 
4,9BlE-83 
8 238E-03 
2,314E-82 
2 705E-0Z 
1,964E-02 
3 , 400E-84 
Cj ,B@@E-81 
8 , B08E-8 1 
8 , Ir7818E-8 1 
8 ,@88E-81 

14 

9 
1,513E-(32 
1,285E-82 
1,964E-82 
2 , 175E-82 
2,319E-82 
2.436E-02 

1c 
5 , 83 i i -83  
2 , 49ZE-ai3 
2 , 7 18E-83 
2 , 634E-93 
2.677E-kf3 
2 ; 781 E - I Z ~ ~  
2 , 883E-83 
3,488E-83 
2, , 88YE-83 
A 289E-83 
5 162%-83 
1,368E-82 
1,651E-82 
2,553E-82 
1 ,189E-82 
2 , 828E-83 
8 , BMBE-8 1 
fl 8flBE-8 1 
@ , flflQE-(c7 1 

B , iir88E-8 1 
0 088E-8 1 
B . 000E-0 1 

18 
1,354E-82 
1 , 155E-rz12 
1,716E-82 
lb31ir8E-02 
1,849E-82 1 ,.488E-82 
2 ,VI64E-82 1,550E-82 
2,139E-82 1,701E-82 
2 488E-82 2 ,123E-82 
1,568E-82 1,657E-02 
1.187E-02 1,773E-82 

1,65IdE-82 
1,500E-03 
3,000E-85 

8 ,088E-81 
B , @@@E-@ 1 
Gj ,@08E-81 
QJ , @@BE-0 1 

9 888E-8 1 
0 b 88%-8 1 

17 

0 ;000E-@l 
0 , fl00E-8 1 
8 , BBrZIE-8 1 
8 , BCJ8E-8 1 

11 
1,097E-82 
9,248E-83 
1,353E-82 
1.380E-82 

2 , 139E-B3 
3 475E-83 
9,373E-83 
1 .857E-82 
1 ; 582E-GJZ 
1,628E-82 
1 ,189E-82 
1,868E-84 
8 , 8fj8E-81 
0,@0@E-Ejl 

'i 334E-03 4 , 328E-03 
3,959E-W3 5 , 178E-83 

2 ,596E-m 3,075E-83 
2,220E-fl3 2,778E-83 
1,9036-83 2,521E-83 
2 186E-83 2,496E-83 
1,851E-03 1,646E-83 

1,651E-03 
2,458E-B3 

8 048E-03 
1 ,186E-VI2 
1 , 147E-82 
1,687E-82 
3,4 18E-83 
5,330E-lir4 
8, 080E-81 

3 , 2 4 8 ~ - 0 3  3 , a 9 6 ~ - m  

6 , aaz~-03 

6 
2,653E-42 
2,428E-82 
3.841E-82 
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Table A.4. Medium detector photon response 

G-BIN =: 
1 

1 
3 , 957E-bZ 
1.934E-83 
0,bBBE-Bl 
0 .BB0E--01 
B , BBBE-Bl 
0 , 0BBE-8 1 
B .M0dE-01 
0 , d0BE-B 1 
d ,088E-Gjl 

B , &ME-0 1 
0 , Bd0E-8 1 
0 ,000E-0 1 
B o  fl0bE-0 1 
B ,@BBE-Bl 
B . !mOE-@ 1 
0 , BBBE-8 1 
0 , BBBE--rZrl 
0 , !ijfl@E-8 1 

EI QfQjtjE-fl1 

7 

r )  
L 

4,644E-82 
2,295E-02 
4,115E-03 
0 , B00E-0 1 
B ,0!30E-01 
0,000E-81 
0 , 0PI0E-0 1 
B , BBBE-B 1 
B . r3BBE-0 1 
Ql , 000E-8 1 
0 ,00bE-01 
B ,000E-01 
B , cFB0E-01 
B . BBBE-0 1 
0 .@kr@E-81 
B ,OQIZrE-Bl 
0 , WME-0 1 
0 ,B00E-B 1 
Cf ,BB!JE-Bl 

7 4 

2,963E-02 
3 , b99E-02 
2.617E-82 

4 
2.273E-82 
1,972E-82 
3.623E-02 
2.145E-K! 
1,261E-CG 
Cj , BBbE-8 1 
B ,000E-01 
B , BB0E-0 1 
0,BiirBE-8 1 
B,B8QE-i3 1 
8 ,B08E-B1 
0. 00dE-!2 1 
B , 000E-8 1 
Irl. BBBE-8 1 
0. BBt3E-6 1 

5 
1,843E-82 
1 ,537E-B2 
2,376E-82 
3.082E-rij2 
1.736E-02 
2 + 17BE-83 
0 , 00bE-IJ 1 
lir , BBBE-W 1 
B ,888E-B 1 
B .888E-0 1 
0.00BE-8 1 
8 . BBBE-0 1 
B ,OBBE-Bl 
B .B00E-B1 
8 . BBBE-B 1 
B ,008E-8 1 
cir , @@BE-0 1 
la ,000E-01 
B . i?jBBE-Bl 

11 

5 
4 1 ;B97E-B3 

b o  @ME-01 
i!j + BBBE-LI 1 
0 .  BB@E-Bl 
B , BBBE-0 1 
0 ,BiirflE-Bl 
@ . 000E-0 1 
B .00flE-131 

5 
6 
7 
0 
9 

10 
11 
12 
13 

0;00ME-81 
0 , 0BBE-13 1 
B o  B0BE-8 1 
M ,000E-0 1 
B , BC4CiE-B 1 
0 ,BBBE-81 
B . BBBE-PIl 
B , !JBk?E-(a 1 

8,406E-03 
7 .3B6E-GU 

9 

14 
15 
16 
17 

19 
ia 

B ; WEME-O 1 
0,000E-0 1 
0 . BBfifE-B 1 
0 .0BcirE-81 

G-BIN =: 1 B 
7 ?75E-@3 
6.27 1 E-83 
9,536E-03 
9 , 787E-83 
9.8?BE-B3 

1.181E-02 
1.463E-Ln2 
1051BE-b2 
9.155E-83 
4,568E-fl4 
B , 00BE-8 1 
B ,BQME-Bl 

.BBBE-B 1 
0 , 000E-8 1 
8 , BBBE-0 1 
0 ,bB!JE-@l 
fl . 0BBE-B 1 
B .000E-01 

* -4 

1,024E-82 

16 

12 
4 , 237E-kr3 
3,561E-lir3 
5,324E-03 
5,372E-rir3 
5,218E-83 

5,256E-03 
6.37 1 E-83 
5 ,49 1 E 4 3  

1 .178E-02 
2,231E-82 
4 , 000E-BS 
B ,BOOE-8 1 
0 ,(68BE-81 
C! , 8 8 B E 4  1 
8 ,M0BE-81 
0 , 008E-Izj 1 
0.0MBE-8 1 

5 -4’E-83 
td 3 

6 , 6 a 1 ~ - ~ 3  

5,7BlE-83 
5,035E-GG 
7 , 67BE-83 
7,980E-43 

8,359E-03 
8.542E-83 
1 ,B83E-B2 
9 , 537E-b3 
1,485E-02 
1,230E-ar2 
5.80BE-kj5 
0 ,BliJWE-Bl 
0 ,cirB@E-i41 
0 ,00BE-81 
B . WBBE-rir 1 
8 , 80BE-81 
PI ,00ME-@l 
B ,BBBE-Bl 

8, B~ZE-K, 

1 
2 
3 
4 

1 .24 1 E-K? 
1 .@5!JE-82 
1,585E-02 
1.622E-rir2 

1 ;B99E-B2 
1 .136E-B2 
1 , 117E-82 
1,219E-fl2 
1,335E-82 
2 , 092E-42 
9 ,047E-83 
1 ,B45E-43 
Bo00!3E-t31 
B ,MWBE-01 
0,006E-81 
B ,008E-0 1 
0 , bB0E-8 1 
b ,OB@E-41 
0 , BBBE-8 1 
0 .BBBE-Bl 
0 . 000E-b 1 

5 
6 
7 
0 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

G-BIN = 15 
1 .BB2E-i33 
B o  884E-84 
l.358E-83 

1,446E-83 
1.497E-lir3 
1.527E-83 
1,848E-Iir3 
1,517E-83 
1,767E-lir3 
2,861E-03 
7 .538E-EG 
8,051E-03 
1.299E-02 
0 , 857E-83 
S o  BWBE-86 
0.000E-8 1 
Ci  .BBBE-Bl 
B , BbbE-6 1 

3 .429E--@3 

17 
b .5 1 BE-04 4,988E-84 
5,798E-B4 4.35?E-B4 
8,949E-ig4 6,854E-84 
9.4!2!3E--@4 7.275E-1174 
9,783E-04 7.355E-84 
1,018E-BS 
1,053E-83 
1 , 273E-83 
1.844E-03 
1 ,212E-03 
1,998E-83 
5,354E-03 
5 , 453E-03 
€3. 033E-03 
8,761E-B3 
7 , 63aE-!3 
7 .78kjE-kj5 

0 , 000E-cill 
Q! B0BE-IZi 1 

ia 
3,796E.-84 
3 , 484E-B4 
5 * 3!34E-84 
5.059E-84 
5.796E-04 

1 
2 
3 

7 ;8 1ZE-B4 
8.164E-64 
9.933E-44 
9 + 149E-Ii14 
9,524E-84 
1,556E-B3 
4.25iirE-03 
4,4186-83 
6,404E-W3 
6.287E-83 

3,682E-Qj4 
0 ,BCME-Bl 

1 ,fl38E--uZ 
2 362E-83 

6 ; 176E-B4 
6,512E-84 
7.980E-04 
6,562E-04 
7,590E-44 
1 , 258E-83 
3,432E-83 
3 , 625E-03 
4.094E-53 
4,844E-03 
7,418E-03 
3.4’75E-83 
3 , 1 ZPIE-fl3 
2,835E-04 

18 
11 
12 
13 
14 
1s 
16 
17 
18 
19 



34 

Table AS. Small detector photon response 

N-BIN = 
1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 
13 
14 
1s 
16 
17 
18 
19 

a 

1 2 3 
4,134E-02 6,B83E-02 6,677E-82 
8 , 068E-83 2,744E-B2 3 , 1 BBE-BZ 
5,279E-03 1,773E-02 2,742E-82 
1,182E-83 3,372E-03 1,113E-82 
Zt33BE-84 5,680E-04 2,749E-03 
0 ,  000E-B 1 7 ,800E-05 6 57BE-04 
0,000E-01 0.0B0E-01 1,578E-84 
0,000E-B1 4 ,000E-05 
0 PIBBE-0 1 0 , 000E-8 1 
0 ,Er@PIE-01 B , 0BBE-0 1 
0 ,  BW0E-Bl 8 , 800E-0 1 
0, 000E-81 0, 800E-8 1 
0, BCjBE-B 1 0,00BE-B 1 
0 , 088E-Bl B , Cl0BE-B 1 
B , 000E-0 1 0 , BBBE-1211 
0 ,000E-81 0 , 000E-Q 1 
0 , 080E-W 1 0, 00BE-8 1 B , tlB0E-0 1 B , BErBE-Bl 
B , WWflE-01 0 , BBflE-B 1 

4 
3,15BE-02 
2 , 65BE-02 

3,219E-82 
1,733E-82 
6,971E-83 
2,06@E-03 
4,968E-04 

2.98PIE-lir5 
0, BbBE-0 1 
lir 000E-8 1 
B , Blb0E-8 1 
ia , 00BE-B 1 
0,000E-M 1 
0 , 000E-B 1 
0,000E-01 
B , B08E-B 1 
0,000E-81 

l k r  
1 flB5E-02 
8,552E-03 
1,334E-02 
1,491E-02 
1,596E-02 
1,733E-B2 
1,845E-82 
2 23SE-BZ 

1,420E-02 
1 + 117E-02 
1,896E-B3 
1,40@E-05 
B B8L3E-B 1 
B , B00E-B 1 
B . QMBE-8 1 

4 , 0 a 4 ~ - m  

8, 5 0 0 ~ - 0 5  

1 , 63a~-m 

5 
2,641E-B2 
2,39BE-B2 
3,713E-02 
3,828E-82 
2,692E-B2 
1,416E-02 
5,88@E-03 
1.684E-03 
2,738E-04 
9,900E-85 
8 ,BBBE-Bl 
0 + 000E-0 1 
0, BBBE-6 1 
8,BBBE-Q 1 
II? ,000E-01 
0 , 000E-0 1 
0 ,000E-81 
8 ,!JBBE-Bl 
0 ,088E-81 

6 
2,143E-92 
1,78ME-Q2 
2,713E-02 
3,093E-02 
2,9SZE-02 
2,340E-02 
143ia3E-0Z 
6,118E-B3 
1,383E-M3 
3,878E-04 
1 , 1 l0E-84 
B , WBBE-01 
0,080E-81 
B , B00E-PI 1 
B ,BcirBE-Bl 
lir , B00E-0 1 
0 ,000E-01 
B , BBBE-8 1 
# + B80E-8 1 

Q h 0 0 E - B i  
0 @PIBE-0 1 
8 , W00E-0 1 
0 ,000E-Bl 
0 000E-0 1 
0 ,B08E-@l 
8 , 88BE-8 1 
8 , 1210%-0 1 
s/I ,BBBE-W 1 
B , BBBE-B 1 
8 ,B@BE-0 1 
B , B00E-0 1 

1,595E-liQ 
1 , 3 12E-02 
1,930E-Ii12 
2 054E-Id2 
2 , Z 5 E - 0 2  
2.352E-1212 

8 I'd-BIN = 7 
1,731E-82 
1,444E-02 
2,219E-82 
2,555E-02 
2 , 737E-02 
2 t 585E-02 
2 ,Bl8E-B2 
1,258E-fdZ 
4,254E-Ii13 
1,632E-03 
4 + 45BE-04 
3 , GMQjE-05 
0 000E-8 1 
0 ,600E-Bl 
B + B00E-0 1 
Cj . tijOBE-0 1 

0 .0BBE-01 
0 , BBBE-0 1 
0,088E-81 
0 ,BBBE-01 
0 ,00BE-Ol 

9 
1,027E-02 
8 + 99BE-03 
1 425E-02 
1,657E-02 

1,944E-02 
2 , 046E-02 
2 , 324E-82 
1,497E-BZ 
1,013E-02 
6,009E-83 
4,918E-84 
0 , B@8E-8 1 
0 ,B8BE-01 
B , BBBE-01 
0, 000E-0 1 
0 000E-0 1 
lil , 000E-6 1 
0,000E-81 

1 , a 4 ~ ~ - 0 2  

11 

6,990E-03 
1,114E-82 
1,253E-02 
1,316E-02 
1,416E-02 

l t 8 4 1 E - 8 2  
1,51BE-B2 
1.674E-02 

a , 2 1 2 ~ - 8 3  

i , 4 a i ~ - 8 2  

12 
6,674E-03 
5,564E-B3 
8,353E-B3 
8,952E-83 
9 , 409E-83 
1,003E-B2 
1 ,B52E-@2 
1,296E-02 
1,877E-82 
1,251E-02 
1 ,99 1 E-02 
3 '95E-02 
4 ,'&5E-03 
0 B00E-d 1 
0.0BBE-Bl 
B ,lirBBE-IZIl 
0, NME-EIl 
0 BBBE-0 1 
0,0B0€-81 

2 ,-232E-BZ 
1,995E-02 
8 87BE-83 
5 ,W5BE-03 
1,988E-03 
1,420E-04 
B , Bfl0E-01 
0 *BiaBE-g 1 

li 
11 
12 
13 
14 
15 
16 
17 
18 
19 

1 ,383~-02 
9,823E-03 
1,01PIE-84 
B ,000E-81 
B t-BBBE-fl 1 
B , BBBE-0 1 
8 ,BBBE-Wl 
0,000E-01 
0*000€-R11 

0 ,'0BBE-01 
0 ,0@8E-01 
rii , B00E-rzI 1 

B ,.B0BE-a 1 
0 ,BBBE-81 
B , 000E-8 1 

N-BIN = 13 
3,963E-03 
3,429E-03 
5,352E-83 
5,888E-!iK5 
6 , 132E-63 
6,465E-B3 
6,696E-83 
8 165E-83 
6.7 17E-83 
7 , 8 Z E - 0 3  
1,297E-82 
3,599E-02 
2,478E-82 
4 , 4!47E-83 
0 ,BBBE-8 1 
B , BB8E-01 
0 flWBE-8 1 
@ ,!38BE-01 
B ,rZ!BBE-81 

14 
2,951ilE-03 
2,452E-03 
3,713E-83 
3 887E-83 
3,950E-B3 
4 , 138E-1213 
4,211E-B3 
5,183E-03 
4 + 187E-83 
4,831E-03 
7 899E-83 
2 142E-02 
2,326E-82 
2,213E-02 
3,675E-83 
6 , 310E-85 
Q 000E-0 1 
B ,000E-01 
B ,0BBE-81 

15 
2,873E-03 
2 221 E-83 
3 158E-03 
3 82 1 E-03 
2,735E-83 
2,829E-43 
2 , 8966-83 
3 391 E-lir3 
2,811E-83 
3,229E-B3 

1,330E-02 
1 , 406E-82 
2 , B07E-82 
le507E-B2 

1,450E-84 
Q , 8B8E-S 1 
B ,000E-81 

5 , 2 0 a ~ - 0 3  

4 , i 82~-03 

16 
2 , 887E-83 
2 + 24WE-83 
3 , Z Z ~ E - B ~  
3 19ZE-PI3 
2 * 855E-83 
2, 6B9E-03 
2 406E-83 
2 + 590E-03 
1,9646-83 
2,233E-03 
3,533E-03 
9,150E-03 
9,401E-fl3 
1,329E-02 
1,267E-BZ 
1,266E-82 
1,8806-03 
3 , 450E-B4 
d 00BE-@ 1 

17 
4,268E-83 
3 + 122E-1213 
4,270E-03 
3,939E-83 
3,075E-Ki 
2,762E-rir3 2 ,528E -83 
2,888E-03 
2.816E-03 

18 
2,693E-83 
2,212E-83 
3,415E-ri13 

3 , 87BE-B3 
3 , a i 6 ~ - ~ 3  

3 , 698E-!J3 
3 ~ 227E-83 
3 27 1 E-83 
2,16BE-83 
2 , z7a~-m 
2 a 9 x - 0 3  

7 , a 8 6 ~ - 0 3  

6,786E-03 
6,017E-83 
8 , 898E-83 

1,065E-02 
4 , 158E-83 
5,734E-83 
2.05 2E-03 

1 
2 
T 
\-I 

4 
5 
4 
7 

9 
1 GI 
11 
12 
13 
14 
15 

a 

2 ; w5aE-03 
2,954E-B3 
6,965E-03 
7.874E-03 
9 ; 689E-83 

1,261E-02 

3 ,!WE-83 
9,760E-84 

9 , 4 a 2 ~ - 0 3  

3 ,a13~-83 
16 
17 

19 
i a  
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Table A.6. Small detector photon response 

C-BIN = 
1 
2 
3 
4 
5 
6 
7 

9 
1 Gi 
11 
12 
13 
14 
15 
16 
17 

19 

a 

i a  

2 
4 .390E-82  
1 .930E-02  
9.8BBE-83 
8.000E-tZr4 
B ,BQ0E-B1 
0 .00BE-B1 
B ,BB0E-01 
fir + BBBE-8 1 
0. @@BE-Bl 
B o  BfME-Bl 
B ,6!JBE-81 
B , OBBE-8 1 
B o  BBBE-8 1 
B . BBaE-B 1 
0 .080E-0  1 
0 , 0 0 0 E - 0 1  
B o  B 0 K - 0 1  
, BBBE-0 1 

B . BBBE-61 

(:-BIN = 7 a 9 18 11 12 
1 1.42i3E-lirZ 1 .170E-02  8 . 9 6 8 E - 0 3  7 .450E-B3 6 . 2 1 0 E - 8 3  4 , 1 2 7 E - 8 3  

1 .lblirE-02 9 , 59BE-83 7.5 1 BE-03 6.38BE-rir3 5 .25rirE-03 3.349E-1213 
3 1.64!JE-B2 l O 3 8 B E - B 2  1 .13l3E-B? 9 .B9kTE-03 7 , 8 7 0 E - 0 3  "19B4E-83 
4 1,62121E-82 1 , 3 2 8 E - 0 2  1.15BE-02 9 ,69BE-@3 8 ,B30E-03 4 . 8 4 4 E - 0 3  
5 1 .750E-02  1,32BE-B2 1 ,18lE-(aZ 9 , 7 7 0 E - 8 3  8.03QE-83 4 , 6 9 1 E - 0 3  
b 1 ,788E-02  1 , 4 9 8 E - 8 2  1029rirE-B2 1 0 0 5 0 E - B 2  8 , 4 0 0 E - 8 3  4 .921E-83  
7 1 , B5eE-B2 1 .488E-02 1 , 388E-Q? 1 .129E-(J2 8 . 9 4 8 E - 8 3  5 . 2 6 7 E - 8 3  a 4 , 40k!E-B3 1 ,!J38E-M2 1 ,688E-rZ12 1 , 4 0 7 E 4 2  1 ,134E-02 6 ,720E-QG 
9 8 . 4 0 0 E - 0 4  3 . 2 5 0 E - 0 3  5 .070E-B3 l . lbk3E-02 9 , 5 8 8 E - 8 3  5 . 8 1 0 E - 8 3  
1B 9 , LllillilE-kT5 I , 2 1 BE-B3 4 .69WE-!X 8 .428E-83  1 . 1 4 1 E-02 7 , 045E-B3 
11 B ,BflIBE-Bl 1 ,98BE-04  1 . 2 8 8 E - 0 3  4 .840E-03  1 . 1 5 4 E - m  1 , 2 2 7 E - 8 2  
12 61 .@@0E--!J1 0 ,00BE-81  B ,000E-81 3.000E-B4 1044EIE-B2 2 ,1B4E-82  
13 BtBOOE-Ol 0 , 0 0 0 E - 0 1  0,BBBE-81 0 .80BE-Bl  0.0WBE-Bl 1,8716-83 
14 B o  @ME-rii 1 B , BB0E-0 1 0, 00BE-B 1 B o  B00E-0 1 M , B00E-0 1 B , lird0E-0 1 
15 B,BBrlrE-Bl B00B0E-Ml 0.B0BE-01 0.0BBE-01 8 ,088E- f l l  0,00rr3E-81 
16 fi.CWME-01 B ,BBBE-Bl B ,B0BE-81 B +BBCjE-!Jl 0 ,BBBE-01 B ,BBBE-IZIl 
17 B ,BIBBE-81 B ,BBBE-kJl B .WBBE-Bl 0 .BBt4E-B1 0 .BBBE-81 PI ,0@0E-01 i a  @ , BQME-01 B . BBBE-8 1 B , B.IBQ!E-B 1 , 0BBE-0 1 B ,B0CaE-8 1 B .BQbYE-B 1 
19 ,BBBE-Bl 0 ,000E-01 B ,B@BE-@l B ,008E-Bl  8 ,BBBE-f3l 0 ,ilBlBE-81 

c) 
L 

C-B I N = 
1 
9 
L 

3 
4 
5 
I 
7 

9 
a 

1 ar 
11 
12 
13 
14 
1s 
16 
117 
18 
19 

15 
1 .138E-B3 

17 
5 . 185E-84 
4 , 6 2 4 E - 0 4  
7.184E-B4 
7,791irE-04 a . ~ 4 4 ~ - ~ 4  a . 5 4 4 ~ - ~ 4  
E, , a5a~-m 
10B96E-B3 
9.893€-84 
1 .B6!X-B3 
1 ,769E-i?3 
4 , 7 7 2 E - 0 3  
5 . 0 3 3 E - 0 3  
7 .31BE-03 

5 .3?'3E--B3 
9 ,  M E - 8 4  
1 .lir78E-@3 
1 , 170E-84 

7 Q142E-43 

16 
4 . 8 7 5 E - 0 4  
3.6B6E-84 
5 ,652E-B4  
6 +1 00E-04 
6 .359E-04  
6 .794E-64  
7 .080E-84  

'7 , 3  16E-84 
0,526E-44 
1 , 4 1 2 E - 8 3  

4 .183E-03  
5 , 8BSE-03 
5 , 936E-63  
b + B 1 7 E - - E  

1 ,217E-83  
6,81BE-B4 

a ,72i~-cw 

3 , 8 7 3 E - 6 3  

1 , 9 5 9 E - 8 3  
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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 cautious with these devices even in the presence of very modest ( - I O p 3  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 1 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 
For neutrons normal to the surface of this shield (to first order), the neutron of Appendix A. 

attenuation is given by 

where c is the total Fe + n cross section and ranges between about 2.6 X cm2 and about 4 X 
cm2, p(Fe) = 7.86 g/cm3, A = Avogadro’s number = 6.023 X the number 56 is the mass, 

in grams of the major isotope of elemental Fe, and t = 1 cm. Then N/No is the fraction of non- 
attenuated neutrons. Thus, this fraction varies between about 0.8 and 0.7 for the a,,,(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 “modeled” 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 three 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.l 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.l the calculated neutron energy distributions are given, and in Table B.2 
the resulting photon energy distributions are given. 

Table B.l. Neutron energy distributions of 2.5-MeV neutrons for the model 
corresponding to the medium detector: three different configurations. 

Units are in 9% of incident neutron flux. 

Energy Full No 
bin (MeV) model iron 

No 
detector 

2.36 - 2.72 
2.31 - 2.36 
2.23 - 2.31 
1.65 - 2.23 
1.35 - 1.65 
0.86 - 1.35 
0.82 - 0.86 
0.74 - 0.82 
0.61 - 0.74 
0.00 - 0.61 

44.87 
0.95 
0.70 
3.35 
2.65 
1.44 
0.1 1 
0.2 1 
0.4 1 
2.49 

50.8 3 
0.23 
0.27 
2.17 
0.59 
0.93 
0.08 
0.16 
0.27 
1.80 

50.64 
0.86 
0.54 
1.53 
2.4 1 
0.47 
0.03 
0.04 
0.13 
0.46 

Total 57.18 57.33 57.1 I 

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 9% of incident neutron flux. 

Energy Full 
bin (MeV) model 

No 
iron 

No 
detector 

>2.0 0.04 0.00 
1.5 - 2.0 0.13 0.00 
1.0 - 1.5 0.42 0.00 
0.6 - 1.0 4.21 0.00 
0.2 - 0.6 2.19 0.00 
0.1 - 0.2 0.88 0.00 

0.04 
0.13 
0.44 
4.42 
2.12 
0.83 

Total 7.87 0.00 7.98 
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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 assumed 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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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 f one- 
standard-deviation error. 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. We do not here give derivations; these are 
provided in the report by Larson’ which also documents the 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 third family, the oldest process, is essentially peak stripping. 

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.c2 

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’ 
methodology 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.l. 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 “FOROO1.DAT” which should 
be printed for archival reasons if no other. 

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

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

PACKAGE 

EST I MATE 
ZERO ORDER 
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Fig. C.l. 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 then computes 
the (linear) calibration coefficients for (pulse-height) light units vs channel. (Note that a neutron 
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, most likely, a fractional value 
of channel number. The difference in summed-data values for the lower and upper pulse-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 
chosen 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(Ek) ,  for Eq. (2). Function DERIV provides the partial derivative of this deduced bin 
yield with respect to a particular Ek 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 detector, are tabulated in 
function RESPON(I,J,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.l. 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 nl (Ek) .  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 OUTV prepare the output and transmit 
to it unit 1, resulting in a file labelled FOROOl.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 packagec2 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 

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. l )  where our input arrays are EN - A and DUM - B. The solution vector C of 
Eq. (C. 1 ) is returned as vector B at the exit of DPPSL. 

c1. 

c2 .  

SUPPLEMENTARY REFERENCES 

B. W. Rust, D. T. Ingersoll and W. R. Burrus, A User’s Manual for  the FERDO and FERD 
Unfolding 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). 

J. J. Dongarra, C. B. Moler, J. R. Bunch, and G. W. Stewart, LINPACK User’s Guide, SIAM 
( 1979). 
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12 F I LE UNFOLD , FTN ' 
1:: UNFOLD NE-213 DETECTOR DATR OF 1984-1985 .-. 

BYTE 
DIMENSION IDRT(258)  SDAT( i9  
COMMON /BLOWER/ MIN~IN,TXX 
COMMON /RESP/ MM 
COMMON / JKD/ UNC: I 19 1 
COMMON /NORM/ ANORM 
COMMON i RESULT/ EM ( 18 
DATA AN/@,B6, 8+86, 

SUM I D  ( 6 4  ) 
, DDRT ' I  191, 

FOR LARGE DETECTOR, NEUTRON ' 
F6R LRRGE DETECTOR GAMMA' 
FOF: MONITOR DETECT!E:IR, NEUTRON ' 
FOR MONITOR DETECTOR i;AMI.tA ' 

'::.:I:. f ) 

79 TYPE 
a21 FORMAT!//, '  TYPE N-:I 

1 / , '  TYPE N=2 
9 L / + f  TYPE N-3 

/, ' TYPE N=4 3 
4 i , '$  ENTEF; bi 

RERD(5,al)MM 

MO=MM/Z 

I F  (MP,EQ,l) WRITEi i .94)  
I F  (MP,EQ+B! WRITE(1,?5) 

a i  FORMAT < I 2  ! c: 
MP=MM-2*MC) 

94 FORMAT / 2  1 H NElrTRON IINFGLD I NG i 
95 FORMAT ( I 19H GAMMFI UNFOLD1 NG 1 

1: 
5. GET APPROPRIATE NORMALIZATION FOR RESULTS I N  -FER CM**Z - 
5: 
I: GET D6TR NOW 
I:: 

CiiLL RAWDAT I MM , I DAT , NSiOT , SUM I D 1 
1 ~ ~ = 2 5 ~ 1  

5: 
C NOW, INPUT PULSE-HEIGHT CF1L I BHFIT I ON 

IXLL CAL I BR 
I-: 
C NOW BIN  THE PULSE-HEIGHT DRTA INTO ARRAYS 'SDAT' ' AND 'DDAT' 

CALL BINSUMIIMX,IDAT,SDAT,DDAT,NBINS) 
1: 
C: THERE WILL BE 'NBINS' VALI,IES OF ?SDfiT' RND :DDAT? 
1: FOR THIS PFP i  VERSION NBINS = 19 ,, + ,  2 /4 /65  

ANORM=AN(MM! 

\RETURN THE SLOT NUMBER 

C: DDRT ARE THE UNCERTAINTIES FCiR SDAT 

,-. 
I. 
C: 

1 

1 

I:: 
C: NEXT STEP, UNFOLDING 

1: 
CALL IINF6LD ( NE INS , SDAT , DDAT NP i 

I F  (MF+ECl,i) WRITE ( 6 ' 9 4 )  
I F  (MP+EQ,B) WHITE (6,951 

r-. 

OI!TPCIT THE RESULTS 
128) 

_ _ . .  . .  

WRITE (,!I , 
WRITE{ 1 12B) 
FORMAT I BINNED UATA 
ECt 1@ J=i,NBINS 
IINC ( J 1 =DDAT ( J ) 
WRITE(b,148) J,SDFIT!J), 
WRITE( 1 i4Cj) J,SDAT! J )  , 
CON1 I NUE 
FORMAT( f 7 , c m ~ i i  , I )  

DDFIT 
DDRT 

!Jf 
i J) 

c. 
C: 'EM' NEUTRON ENERGY 
I: GEM' NEIJTHON ENERGY B I N  WIDTH 
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1:: ' R R '  YIELDLCMSU 
C 'DAR' UNCERTRINTY ON RR 
c 

DC) 28 I=MINBIN NP 
EL=EM( I )-B.S*DfMI I) 

SUBROUT I NE UNFOLD I N  , DRTR , UNC NP 1 
PURPOSE IS TO SET UP TO f UNFOLD t  HE t DATA RRRRY CONTR IN INC 

TO THE 'DATA' + THE 'NF' DRTUM WILL RETURN WITH THE NlJMBER OF 
FINRL VALUES OF THE UNFOLD DRTR, WHICH WILL BE FOUND I N  THE 

' N ' ELEMENTS, THE ' UNC ' RRRRY CONTRI NS THE UNCERTR I NT I ES REL 

'FIR' AND 'DAA' ARRRYS OF THE /RESULT/ COMMON 
COMMON /NUMBER/ NDRT NPRR + ITER I TMRX C:ONVER 
IZOMMON /DRT/Dl I19 j  ,D$( 19) ,DRT( i 9 )  ,VAfiDRT( l?@) ,D3( 19@i  ,D4 

DIMENSIvN DRTA( 1) ,UNCI 1) ,DRTiX)VilS 19) 
EQUIVALENCE ( DRTC:W I 1 , 1  f , VRRDAT ( 1 ) \ 

X D5( 15)) ,D6( 19) 

C CALL ROUTINE PUTDRT TO WRITE DRTR INTO F I L E  ' NEPLOT +DAT' , 
1:: RND THEN INVOEE THE PLOTTING ROUTINE 

CALL PUTDRT (MINBIN, NP, MM, NSLOT, SUMID i 
CALL EXIT 
END 

CC 
I:: c: 
I:: I= 

1: 
ATED 

(19)  , 

C. UE PUT I N  ii SMRLL OFF-DIHGONRL COVFIRIRNCE TERM TO 
c: HC:I:OUNT FifR A Mi3DEST ERROR I N  THE l::ALIBRRTION 
1: HMOUNT CHGSEN TO BE 4% ERSED ON EMPIRICRL T R I h  .-. 

L 

.". CALL PEHYES 
C 
C SUBROUTINE I N  F'BRYES WILL. 
C ( 11 + MAEE RN ESTIMATE OF THE UNFOLDED SPECTRUM 
I: ( 2 )  + DO ONE ITERATION I ONE ONLY) TC) GET THE FINRL RESULTS 

US I NG THE BAYES THEOREM I N THE MATHEMAT I CAL PRCiBLEM SET-VP .-. L 
I-. c. 

NP=NPHR 
RETURN 
END 
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SUBROUTINE PBRYES 
C THIS I S  NMLRRSON'S CBRYES, STRIPPED DOWN FOR THIS RPPLICRTION 
1:: 

COMMON/NUMBER NDHT + NPRR , ITER + ITMRX , CONVER 
1- L. 

ITMHX=2 
CClNVER=(il ,GliJ5 

18 CRLL SETPRH 
CRLL OIITPRR 

ZCj CALL SETDRT ( KGO ) 
I F  ( KGO ,GE , I TMRX 1 RETURN 

C LFtST RDDED 1/2/85 TC) RETURN CONTHCjL TO MRIN PROGRRM 
I-: 

CRLL FIXV 
I TER=B 

38 CRLL THEORY 
CRLL i:)UTTH 
1::RLL NEWPRR 

i': OUTP?rT FROM THIS R(:!VTINE RRE THE RDJUSTED PRRRMETER VRLUES 
c. 
1 4  

I F  (ITER,LT,ITMRX) CRLL OUTP1 
I F ( I TER , EQ , I TMRX 1 IXLL OUTP2 
I TER= I TER+ 1 
IF ( ITER .LE I TMAX w r o  38 . .  
GOTO 2# 

END 
C 

c: c: 
l:l: 

1, 
C PUHF'OSE--- RERRRRNGE DRTCOV TO BE VRRDRT, I E  , + KEEP ONLY LOWER 
C TR I ANGULRR PORT I ON OF DATR l::OVRR! RNCE MRTR I X 

SLJEROUT INE F I X V  

C:OMMON /NUMBER/ NDRT NF'FtR, ITER ITMHX CONVER 
!::OMMON /DRT/ E(  19) E?( 19) ,DRTRh9! ,VhRDRT( 198)  ,EN( 1 9 8 ) ,  

D I MENS I ON DRTCW t 19 '19 1 
EWJ I V8LENC:E ( DRTCOV ! 1 1 1 , VRRDRT ( 1 1 1 
1 L:=Qj 
DO 2e I=l,NDRT 
DO l k j  L = l , I  

1 THi 19)  ,DUM! 19) S' IG(  19) 

IL= IL+ l  ' 

VARDRT( IL)=DRTCOV!I,L! 
CONT I NClE 

SVEROUT INE THEORY 
k 

C FCIRPOSE--- GENERRTE TH i EORY j CRLCVLRT I ON FtT ERCH POINT RND THE 
1: DERIVRTIVE MRTRIX G(DHTR,PRRAMETERI 
1: 

COMMON /NUMBER/ NDRT NPFtR, ITER, ITMRX , CONVER 
COMMi:,N /DRT/ E! 19) ,E2( 19)  ,DRTR( 19) ,VARDAT( 198) ,EN( 190) ,TH(19) ,  

COMMON /EdTH/ G i  19,18), EMC( 19,181 

DO 58 I=1. NDRT 

X DUM(19) S IG(19)  

C 

KDFIT=I DAT ' 
TH ( I DHT 1 =THE0 i KDRT 1 
Di:) 12; I=1,  NPRR 
I I = I  
i'; iKDRT, I I )=DERIV(KDRT, I 1) 

R ETCl RN 

18 CONTINUE 
58 il:i.SNT I NUE 

END 
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SUBROUTINE NEWPFIR c 
C PURPOSE TO SET UP FIND SOLVE BflYES' EQURTIONS 
C 

COMMON /NUMBER/ NDRT NPRR , ITER , ITMFIX * CONVEH 
COMMON /PAR/ POLD( l 8 f  PFIRM( 18) ,PDUM( 18) ,VFIRPFIR( 171), 

COMMON /DRT/ t ( i 9 )  ,€2(19) , D ~ T A ( ~ 9 ) , V A H D ~ T ( 1 9 ~ ) , E N ( ~ 9 ~ )  ,TH(19), 

COMMON /BOTH/ Gi19,18), EMG(19.18) 

1 VFIHNEW( 171 1 IDlJMi 18) 

1 DUM(19),SIG(19! 

DO l rc l  1=1 NDFIT 

CONI I NVE 
TH( I )=DFITA( I )-TH( I 1 

POLD ( IPAR 1 FFIRM 

CONTINUE 
CRLL MlJL 
CRLL MUL2 
CRLL SCflLEIEN,SIG,NDAT IFDIFIG) 
I F  ( IFDAIG ,EQ ,8) bOTO 120 
I I I I I =B 
CALL-DF'PCO ( EN + NDFIT , RCOND * DUM I I I I I 1 
I F  ( 1 trir tRC:OND ,EQ , 1 ,la 1 GOTO 3&I 
CONTINUE 
DO 13B 1=1 NDAT 
DUM( I )=TH( 2: )*SIC( I) 
IXNT I NClE 
IF( IFDIFIG+EQ, l )  CRLL DPPSL(EN,NDFIT,DUM 
DO 148 I=l,NDRT 
DUM( I )=DUM( I f*SIG( I) 
CONTINUE 

CONTINUE 
ICONV=0 

I) 
, 8 )  GOT 

GC) TO 20@ 
1 
*PDN) ICONV=ICONVtl 

CONT i NCJE 
I F (  ICONV,EQ,NFAR 1 ITER=ITMFIX 
I F  ( ITER ,NE + ITMRX 1 GOTO 29!J 
I J=8 
DCi 238 I=l,NPHR 
DO 228 J=l,I  
I J = I J t l  
VftHNEW I J 1 =VRHPFIR I I J 1 
IXNT I NlJE 
CONTINUE 

IPAR))  
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248 

258 

1: 
99 

I::C 
1: c: 

I J=@ 
DO 288 1=1 ,NPFIR 
DO 248 J = l , N D F t T  
D U M ( J ) = E M G ( J , I ) * S I G ( J )  
CONT INLJE 
IF  ( I F D I A G , E Q , l )  C A L L  D P P S L ( E N , N D R T , D V M )  
DO 258 I D F I T = l  ,NDAT 
D~JM~ID~I)=D~JM(IDAT)*SIG(IDFtT) 
CONTINVt 
DO 270 J = l . I  
I J = I J C  1 
DO 26@ H=1 ,NDRT 
VFtRNEW ( I J )  AVARNEW ( I J 1 -EMG( K , J ! *DUM 
C O N T I N U E  
CONT I NllE 
C O N T I N U E  
RETURN 

F O R M F I T { / , '  
END 

***** ERROR I N  NEWPFIR, R C O N D = ' , i P E 1 2 , 5 )  

SUBROUT I N E  S C A L E  { A, SI G + N , I F D I  FIG ) 

D I M E N S I O N  A (  1) , S I G I N )  
I L = 8  
DO 2B I = l , N  
I L = I L +  I 
S I = R ( I L )  
I F (  SI ,LE,kT,lcT! GOTO l@ 
S I C (  I != l  , B / S Q R T I S I !  
GOTO 2r7J 
S I C (  I l= l  , B / S W R T ( - S I  1 
I X N T  I N U E  

I F D  I RG-B 
I L=@ 
DO 48 I = i , N  
S I = S I C (  I )  
DCI 38 K= 1 , I 
IL=ILt  1 
I F  ( I  , N E , L , R N D , R ( I L )  , N E , B , ! J )  I F D I F I G = i  
R ( I L ) = ~ ( I L ) * S I * S I G ( L )  
CONT I NllE 
C O N T I N U E  
RETURN 
END 
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SVBROUT INE MllL 
COMMON /NUMBER/ NDRT , NPRR, ITER, ITMRX CONVER 
COMMON /PflR/ POLD( 18) PRRM( 18) ,PDUM( is) ,VRRPflR( 171 1, 

COMMON /BOTH/ G( 19, la), EMG( 19, 18) 
1 VRRNEW( 171 1, IDlJM( 18) 

28 
38 

4 B 
58 
68 

RE TURN 
END 

1: 1: 
c:c: 
I-. I, -. -. 

3s 
4B 
58 

T 0 
12 

SUBHOCITINE MlJL2 

COMMON /NUMBER/ NDRT NPRR, ITER ITMAX CONVER 

COMMQN /BOTH/ G( 19,181 EMG( 19,181 

i:OMMON /DAT/ E( 19) ,El!( 19) ,DRTRh9) ,VARDAT( 198) ,EN( 19D) ,THI 19), 
1 DUM(19),SIG(19) 

IL=NDAT+(NDRTtl) 
I L = I L / 2  
DO 28 1=1 I L  

C:ONT I NllE 
EN( I )=VRF&T( 11 

DG 58 J=1 ,NPf?R 
I L=8 
D<) 4@ 1=1 , NDRT 
Do 38 L= l ,  I 
I L = I L + l  
EN(IL)=G(I,J)*EMG(L,J)tEN(IL) 
C:ONT I NllE 
CONT I NUE 
CCNTINlJE 
RETllRN 
END 
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I:: F I L E  'DATSET ,FTN' 
7. L. 

SCIBROUT I NE SETDAT < KBAH 1 

DATPI \<BIB/  
C: THIS (EFFECTIVELY) I S  A DLlMMY ROUTINE 

KB=KB+ 1 
WRITE (1 .1 )  KB 
i(Ef?R=KB 
RETURN 
END 

1 FQRMAT(/1@(4H* 1 ,  'N-TIME THRU SETDAT = ' I 2 / )  

CC .-. .-. 
L.L. 

FUNCT I ON THEO < I<DAT 
C GENERATE CALCULATED VFILUE OF THE YIELD FOF: THE DAT'FI POINT ' k!Di?T ' 
C: AND THE FFIRRMETERS 'PARAM' AND THE GIVEN RESPONSES 

*-. 

I-. I-. 
FUNCT I CiN DER I V ( KDAT , I(F'RR j 

C i;ENERATE PART I AL DER I VFIT I VES DEL ( IiATA ( NDAT j i i DEL ( PARAM i KPAH 1 
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SUBROUT I NE SETPAR c t t  
C GET GOOD I N I T I A L  GUESS FOR PULSE HEIGHT B I N  MFSGNITUDES 
G FOR 'PHRYES' TO ITERRTE ON 
G++ 

1 

1 

I:: 

i: THIS 
C 
1:: 
C c 
i: 
1:: 
C 

4 

c 
C: FILL 

5 
b 

C LHST 
7 

C 

1 
1: 

? 
c 

11 
1: 

COMMON /NUMBER/ NDRT . NPRR , I TER , I TMRX 
COMMON /PAR/ FOLD ( i a , PARM ( 18 , PDUM ( f 
COMMON /DAT/ k l (19)  ,E22( 19) ,DFSTA( 191, 

COMMON /BLOWER/ MIN~IN.TMBX 

VflRNEWil71) IDLJM(1B) 

DUM4( 19) ,DUM5( 19) DUM6( 19) 

CONVER 
B),VFSRPAR(171), 

V R H D F S T i 1 9 8 ) , D U M 3 ( 1 9 ~ j ) ,  

(19) ,DR( 1 

1 , VFSRPFIR ( 
) , VRRDAT 
, i /  

NPfiR=NDAT-l 
I S  DEFINITION OF ' NPRR ' FOR THE TFTR UNFOLDING PRCKAGE 
THAT I S  -- THE NUMBER OF 'UNFOLDED' DRTA I S  ALWAYS 
ONE LESS THRN THE NVMBER OF RRW DRTA BINS, THIS 
ALLOWS FOR THE FACT THAT THE DETECTOR RESPONSE 
RPPERRS TO INCLUDE F I N  I TE VALUES FOR PULSE-HE I GHT 
BINS THAT SCRLE OUT TO NEUTRON (OR PHOTON) ENERGIES 
GREflTER THAN THE ENERGY OF THE DETECTED NEUTRON (OR PHO 

SSM=O + B 
DO 4, J=l ,NDAT 
D(J)=DATA(J)  
SSM=SSM+D(Ji 
WRITEi6,95) SSM 
WRITEI1,95) SSM 
I N  'HOLES' , I F  POSSIBLE 
K=NDAT 

K=NP AR 
&NDiiT,=a,a 
Dt?( NDAT =B ,rZ! 
CALL QUIC:&(MZ,D,AT,V) 
DO 1 1=1 NPAR 
fi( I)=FIT( f 1 

SSM=l3 +El 
DSIJMM=# , cl 
DO ? J=MINBIN,NDRT 
SSM=SSMtDATfl(J) 
DSUMM=DSUMM+D I J 1 

RINC=l ,!J t DSlJMMiSSM 
WRITE(6+92i  RINC 
WRITE(1,92) RINC 
DO 11 1=1 NPAR 
A (  I )=RINCfi.RI I) 

ITON i 
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.... 14  DATCOV i I , I ) =AR*AR 

C NOW WE SHOULD HAVE SUITRELE FIRST GLJESS PRRAMETERS 
I: RND UNCERTA INT I ES 

WRITE ! 6 9 9 )  
ASUM=rir , kj 
DO 35 I-1,NPAR 
 WRITE^^ 9 8 )  I A ( I ) , D f i ( r i  

35 ASVM=ASbMtA ( I f 
WRITE I b ,  97!  ASUM 

DO 38 I=1 .NPAR 
c 

DO 36 J=1, NPAR 
PARCOV ( I , J 1 =B ,B 
PRRM(I)=R(I )  
PARCOVi I, I) =DA( I )*OR! I) 

36 

38 CONTINUE .-. L. 
C NOW PUT SOMETHING I N  OFF-DIRGONAL COVARIANCE ELEMENTS OF 
I:: THE FIRST (NESS PAHaMETERS, THE IMPORTANT POINT I S  THAT IF 
C SOME 'FRRM( N) ' INCRERSES THEN ' PARMi N-1 1 ' HAS TO HAVE A 
C RELAT I VE DECREASE T i l  COMPENSRTE , 

D<! 42 1-3,NPRR 

PARCO11 ( I , I - 1 )=PEAR 
PEaR = -Q~;~~*DR(I )*DRII - I )  

42 PARCOV(I- l~I)=PBAR 
c 

DC! 44 1-3 NPRR 

PARCOV I ,I-2 1 =PEAR 
PARCOV i 1-2, I 1 =PEAR 

PmR=-rij, ~ * D A  ( I 1 *DA i I -2 j 

44 
8- 
L 

c: 
C NOW 

55 
68 c 

92 
75 
97 
98 
99 

1 

PBAR=-rir, 4*DA NPRR 1 *DR (NPAR-1) 
PHRi3ijV i NPAR, NPRR- 1 1 =FBF\R 
PARCOV ( NPRR-1, NPRR 1 =PEAR 

WE REARRRNGE COVARIANI3E TO STORE I N  VARPAR AS A 

IL=GI 
DO 68 1=1 ,NPAR 
FOLD I ) =PrlRM ( I 1 
DC! 55 L-1,1 
I L = I L +  1 
VARPAR( IL)=PBRCOVIL, 1) 
CONT I NU€ 
RETURN 
FORMRT(/4X,12HR-INCREASE =,IPE12,4/) 
FCiRMAT ( 8H TOTRL= fYPF 1 8, 1 1 
FORMAT i BPFIb, 1. ,23k = SUM OF FIRST GUESSES ) 
FORMAT i 14, BP2FI2,l 1 
FORMRT( / /2aH FIRST PRSS RESULTS/5X, 
25HFIRST-GUESS UNCERTAINTY 1 

VECTOR 

END 
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SUBROUTINE QUICK(M D T,V) 
COMMON /NUMBER/ 

DIMENSION D ( l ) , T ( l )  DDt19) V ( 1 )  

NdRt NPRR , ITER , I TMFIX , CONVER 
COMMON /BLOWER/ MINBI~ TX 

c: s I MPLE ~ ~ S T R  I PP I NG" ROUT !I NE FRO~I H I GH-ENERGY END TO 
*-. 

MM=M 
K=NPAR 
DO 1Qj I=i,NPRR 
L = K t l  
I F  (L,GT,NDRT) L=NDRT 
S=RESPON ( K , L , MM ) 
I F  (S,GT,@,@) GOTO 3 

2 

L=L- l  
GOTO 2 

LL-L- 1 
I F  (LL,LT,MINBIN) GOTO 6 
DO 1 J=MINEIN,LL 
J l = J  

6 FRW=!J, 8 + B ,6@54*FLORT! I( 1 
C: 
1: EMPIRICALLY, BY TRIRL RND ERROR 

COEFF I C: I ENTS I N  LRST STATEMENT DETERMINED MORE OR LESS 

AK=FRRC*RK 

LT,@,B) RK=Gj,B 
V(K)=Q 
DO 8 J-l.L 

D( J)=D1 J)-DSLJE 
DD( J)=DD( J) +5,D-1 * IDSUE+ESI!B) 

c: LRST I S  R COMPROMISE, NOT Ft TRUE ERROR PROPRCATION 
3 1l:ONT I NUE 
18 K = K - 1  

MB=MI NBI N-i 
I F  (ME,LE,B) GOTO 14 
DO 12 I=I,MB 

VNM=B,Ol*f( 1-1) 
I F  (V(I),LE,VNM) VII)=VNM 

12 T( I )=B,B 
14 DO 15 I=2 NPHR 

- 1 5 CONT I NU€ ..  

OW-ENERG' END, 

. 

c. 
RETURN 
END 
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. 

FUNCTION ETOL ( N , A 1 
C F!JNCTION TO GET A NEilTRON ENERGY (MEV) FQR fl <PROTON) LIGHT-UNIT 
C VALUE QF ' A '  I F  N= l  
C 
C ' R f ,  I F  N=2 
C OR, PHOTON ENERGY FOR !? LIGHT-UNIT VALUE OF A, I F  N=3 
C OR, LIGHT-UNIT VFiLUE FOR A PHOTON ENERGY OF R !MEV) , I F  N=4 
c 

OR, GET R (PkOTON) LIGHT-UNIT VFiLllE FOR A NEUTRON ENERGY VALGE i iF 

c: 
. .  

c. 

1 

1 
2 

4 
-r a 

5 

D I MENS1 ON RLLJ I 35 1 
DATA N N i 3 5 i  
DRTA FILII/ ,!W1 , 

B ,81465 
B ,0578 + 

L,d1, 
E, 5725 , 

18,8, 

+ ALG (35) 

, a;929 'B 
, IZf , lSc;k,  8 

4,55, s 
28.5, 24 

1,842, 1 

I: L I  

1 

1 
2 
3 
4 
5 

T 
3 

4 

END 

3,15 ' 
1(iI ,73: 
33,5/ 

CONTIN~JE ' 

J= I 
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F!INC:T I ON KESPClN ( I . J , ii ) 

(THE 

ONLY 
C) U T 
EQU I 

EWJ IVRLENCE 
EQlJI VRLENCE 
EQU I VALENCE 
EQU I VRLENCE 
EQlJ I VRLENCE 
EQUIVRLENCE 
ECtU I VRiENCE 

EOUI VALENCE 
EQl l I  VRLENCE 
EQUI VRLENCE 
EQUIVALENCE 
E W I  VRLENCE 
ECtIJI VALENCE 
EQVIVRLENCE 
EQCl I VALENCE 
EOU I VRLENCE 
EQU IVRLENCE 

EQUIVALENCE 

EQCI I VALENC:E i HE 1 ( 13 1 i , RE22 ( 1 ) 1 
c: 
C I =INDEX C:S1HRESF'ONDI NG 10 NElJTRON ( GAMMR-RAY 1 ENERGY 
!I: 
11: !<=INDEX TELLING WHICH HESPvNSE TO USE 

J= i NDEX CORRESPCiND I NG TO Pl!LSE-HE I GHT B I N OF RESPONSE 

F IRST ARRRYS CONTAIN THE LRRGE DETECTOR NEVTRON RESPONSE 

, 

i2r ,8845 

0 ,04831, B , B2635 

0 , w2273, 

0 , !it85843 , 



. 

.
.
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I... 

~ 

DHTH H E W  
f3 
B c: 
D 
E 
F 

L 
N 
0 
P 
Q 
H 
S 
T 
I! 
V 
W 

ri 

NEXT 1 S NE!ITF:QN F:ESPCtNSE (IF MEDI LIM DETECTUH 

8 ,8465 
B , B 1354 

B .848. 
rz! , fi!rcr479$, 
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. 
SUBROUT I NE Cf lL  IER 
1:OMMON /CRLIB/ XZERO,SLOPE 
DIMENSION C(2) ,Pi21 
WR I TE ( 5 ,,Bi;J ) 

.-. 8QI FORMRl < r' ENTER CRL I BRRT I ON DhTQ ' 9i 1 
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C THIS IS F I L E  BINSUM,FTN 

c t t  
C PURPOSE I S  TO B I N  ( O R  CRUNCH) THE RFIW DATA INTO YIELDS- 
C PER-PREDETERMINED PULSE-HEIGHT BINS, THE BINNED DFITA ARE 
C RETURNED I N  'SDAT' WITH UNCERTAINTIES I N  'DDAT', THERE ARE 
C ' JB '  SUCH ELEMENTS I N  'SDAT' c t t  

SUBROUTI NE B INSUM ( I MAX , I DAT , SDRT , DDAT , JB ) 

DIMENSION IDATi1),SDAT(1),DDAT(l),BLIMS(2~),DSlJM~25~~ 
COMMON /DAT/' ELOWi 19) EHIGH( 14)  ,DM1 19) ,DM2( 19m ,DM3( i9!J) 

DM4( 191 ,DM5( 13) DM61191 
COMMON /BLOWER/ MiNBIN,TX 

DATA JBINS/ l? /  
DATfi BLIMS/,897, ,132 ,164 ,215, ,272 ,333, ,4 ,4725 

DIMENSION PH ( 25Cj 1 

1 

COMMON /CRL I B/ X ZERO, SLOPE 
COMMON /RESP/ MS 

565, 
.-. X ,645, ,742, '91 1 , i  ,424,2 ,d, 3 ,at,, 4,1$, 5 ,a, 6 ,$ 7,7,d ,'5/ 
I-. 

. 

C FIRST STEP I S  TO DETERMINE PH<:LOWER:> AND PH(HIGHER> OF THE < HISTvGRRM CHANNELS, AND TO GET A RlJNNING SCJM (:IF THE DFITA 
I .  

DSUM 1 ) =-FLOAT ( IDFIT 1 1 ) 
IF(DSUM(1) ,LT,B,B) DSUM(l)=DSUM11)+65536,8 
PH 1 ) =X ZERO-8 , 5*SLi:)F'E 
Di:) 4 I=2,IMAX 
FIDAT=FLUFIT(IDRT(I)) 
IF(F1DAT ,LT ,O ,B) FIDAT=FIDAT+65536 ,B 
DSUMi I )=DSUM( 1-1 + FIDAT 
PH( I )=PHI 1-1 1 t SLOPE 

LOOP F!:)LLLC)WS 
SUMLOW=FIA i BL I MS I 1 1 , PH DSUM , I MAX i 
J J J= JB I NS i. 1 
DO 7 J=2 JJJ 
BHI=BLIM& J )  
SlJMH I =HA i BHI + PH, DSVM , IMFIX 1 
SDFiT ( J- 1 1 =SUMHI -SUMLOW 
DD~TiJ-l)=SQRT(SDATiJ-l)) 
I F  iDDfiTiJ-1) ,GT,Lj,&l) GO TO 6 
DDfiTI J-i )=l ,@ 
I F  iBHI  ,LT,PH( 1 ) )  DGiiT( J-1 )=B,BB@l 
I F  (BHI  ,GT,PH(IMAX) 1 DDRT(J-l)=@,OBBl 

LAST 2 CASES OUTSIDE OF RANGE OF RAW DATA 
6 SUMLOW=SUMH I 
7 CONTINlJE 

L. 
C GET NEUTRON OR PHOTCiN ENERGIES AT B I N  L IMITS 

MP=MS/2 

I F  (MU,EQ,W) MQ=3 
ELOW I 1 1 =ETOL (MQ, B L I  
EHIGH(lI=ETOL(Mu,BL 
DO 28 J'=2,JEINS 
ELOW( J)=EHIGH( J-1) 
EHIGH (J)  -ETOL ( MCi ,  BL 
CONTINCJE 

MQzMS-~+MP 

11: 
I: I T S  INDEX WILL BE THE VARIABLE 'MINEIN' 
I: ITS  YIELD WILL BE THE VRRIABLE ' T X '  
I:: 

FIND B I N  WITH LRRGEST YIELD PER BIN-WIDTH 

DE=EHIGH( 1 )-ELC)W( 1 )  
T=SDAT(l)/DE 
.T= i 
60-25 I=2 ,  JBINS 
DE=EHIGH( 1 )-ELOW( I )  
TB=SDATII)/DE 
I F  !TB,LT',T ,RND, I,EQ,2) GO TO 25  
I F  iTE,GT,T) G(1 TO 23 
I F  ( I ,ZT,Z)  GO TO 27 
J=I 
T=TH 
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C 
C NOW WE TEST FOR POSSIBLY HIGHEST ENERGY BINS 
c HRVI NG ENERGIES CORRESPOND I NG TO CHRNNELS 

JB=0 
DO 3B J=l ,JBINS 
I F  (BLIMSI J) ,GT,PH( I M R X )  1 GOTQ 58 

C I F  SO WE REDUCE THE NUMBER OF FiCTIVE BINS I N  
38 JB=JE!+l 

c: THE CFILCULRT ION 
JB= JB INS 

END 
58 RETURN 

I:: c: 
cc: 
CC 

I:: t t 
C: L INEFiR INTERF!:,Lf?T ION 
i : + i  

FUNCTION RA (Fit E!, C: N 1 

DIMENSION B I  1 i j C : !  1.1 
AA=CI 1) 
IF!R,LE,B( l )  j RET!.JRN 
AR=C i N j 
NM=N- 1 
DO 1 I=2+NM 
IF( f7,LT, E ( I t 1 ) )  GOTO 7 

1 WNTINUE 
RE TURN 

7 R = ~ ~ - ~ ~ I ) ) / { ~ ( I t l ) - B ( I ) ~  

8 
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SUBROUT I NE RAWDRT ( M , I DAT NSLOT , PLOT I D  ) 
ctt 
C 
C M=l FOR LfiRGE DETECTOR, NEUTRON 
C M=2 FOR LRRGE DETECTOR, GRMMR 
C M=3 FOR MONITOR DETECTUR, NEUTRON 
C M=4 FOR MONITOR DETECTOR, GRMMA 
C IDAT IS THE RRRRY TO RETURN DATR 
Ctt 

I-: 

L: 

I: 
C RSK FOR SLOT NVMBER 
5 WRITE (5,9121) 
9r(r FORMAT( ’$ ENTER DRTR SLOT NUMBER 1-5 >> ’ ) 

READ ( 5 + 91 B ) NSLOT 
91B FORMRT( 12) 

120 F0RMRTiS ERROR??? SLOT 1 TO 5 ONLY, THY RGRIN‘) 

THIS PROGRAM HERDS NE-213 RAW DRTR AND RETURNS I T  TO THE CRLLER 

INCLUDE ’ NECOM , FTN ’ 
(SEE RPPENDIX ’D’ FOR F I L E  ’NECOM,FTN’) 

INTEGER IDRTl1)  
BYTE PLOTID( 1) 

I F  ( NSLOT ,LT , 1 ,OH ,NSLOT ,GT ,5 1 THEN 
WRITE(S 928) 

GOTO 5 
ENDIF 

REgD F I L E  +NESUM,DAT’ FOR THE RRW DATfi 
OPEN ( UN I T=4 F I LE= ’ NESUM , DRT ’ STRTUS= ’ OLD ’ , REFIDONLY , 

1 FORM= ’ UNFOkMRTTED + BUFFERCObNT=l, ACCESS=’ D IRECT ’ + 
2 RECORDTYPE=’FIXED’,RECL=512) 

REfiD(UNIT=4,REC=NSL6T) NEREC 
CLOS E (UNIT=4 1 

USER ’ S RAW DRTA , 
IS LARGE DETECTOR, ~EUTRON 
I S  MONITOR DETECTOR NEUTRON 

I S  LARGE DETECTOR, GAMMR 
I S  MONITOR DETECTOR, GRMMFI 
IlC~,28.3@,4@) M \GET DIFFERENT DRTA 

DO 35, I=1,24Gl 
IDRT( I )=RDI: : l (  I )  
CONT INVE 
GOT0 58 

DO 45 1=1 248 

CilNT I NUE 
I D A T ~ = ~ ~ D E ~ ( I I  

RETlJRN THE RECORD DESCRIPTION 
DO Mi. I=1.64 

. 

f3RRAY 
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8 

- SUBROUTINE PUTDBT(MINBIN,NP,MM,NSLOT,SUMID) 
ctt 
C 
C TFISK ’NEPLOT‘ TO DO THE PLOTTING rt+ 

THIS ROUTINE PUTS DFITFI INTO F I L E  ’NEPLOT,DFIT’, THE INVOKES 

- -  - 

COMMON /RESULT/ EM(18) ,DEM(lB) ,FIF1(18) ,DFIFI(18) 
BYTE SVMID(64) 

DATR NEPLOT/6RNEPLOT/ 
INTEGER IBUF( 13) 

REFIL NEPLOT 

OPEN F I L E  ’NEPLOT,DFIT’ 
OPEN(UNIT=4 FILE=’NEPLOT ,DFIT’ STRTUS=’OLD’ 

1 FORM= UNFOkMFITTED , BUFFERCOUhT=Z, RECORDTYbE= F I  XED ’ , 
2 RECL=90,FICCESS=’DIRECT’) 

C 
C CET RECORD NUMBER FROM THE SLOT NUMBER FIND DETECTOR SELECTED 

RECNO=(NSLOT-l)*4+MM \EACH SLOT HRS 4 GRRPHICS DBTFISET 
WRITE ( UNIT=4 , REC=RECNO 
CLOSE i UN I T=4 

EM, DEM, FIR, D f M ,  SUMID, NIMBIN, NF, MM + NSLOT 

C 

HE TURN 
END 

. 
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C THIS I S  F I L E  SHOWG,FTN 
C RDRPTED FROM N M LARSON VERSION 
C 

SUBROUT I NE OVTPRK 
COMMON /NUMBER/ NDRT NPRR ITER, ITMRX 1::ONVER 
COMMON /PRR/ POLD I 18\ , PARI? ( 18 1 , PDUM I 1 b , VAHPRR 

X VARNEW(171) ,IDUM!18! 
n L. 

1 B 

WRITE (1,991 
I 1  = iir 

TO 14 

14 WHITE (1,97) I,ZPRRM,ZPDVM 
15 CONT I NCJE 

RETURN 
CRLL OUTV ( VRRPAR , PDlJM , I DUM, NF'RR 1 

c t 
99 Fi:)RMRT ! i 2 9 H  ******INPUT PRRAMETER VRLUES) 
98 FORMAT I34H PARRMETER UNCERTA I NTY i 
?7 FORMRT! I 5  1PZE14,5) 
95  FORMAT( i5,5X,3HCl,fl,8X 1PE14,5) 
? 4 
33 FCjRMATl IS, lPh4 ,5 ,aX,3HB,kr j  

F ORMRT ( I 5 , A X  3HB , Qj4 1 4 k ,3HB , ii1 1 

END 
1:: 
C 
1: 

SUBROVTINE WTTH 
COMMON /'BLOWER/ MIN TDlJM 
COMMON /NUMBER/ NDAf , NPRR , ITER , I TMRX CONVER 
COMMON /PAR/ POLD! 18) FARM( 18) ,PDCIM( f8) , 
C:OMMON /DRT/ E(  143 ,E2! 19)  ,DATA! 19)  ,VARDRT( 19B) 

X VARFFIR! 171 ,VRRNEW( 191 1 , IDUM! 18) 

X TH( 19) ,DUM! 19) S I b ( l 9 i  
i::iI)MM<:)N / JKD; l.JNi: ( 19 ) 
i1:iiMMc:iN /HESF/ Mt\ii; 

r 

(1711, 

. 

,EN( 1 9 W ,  

I F  (MIN,LE,Ci) MIN=1 
il:H 1 SQ=@ , QI 

WRITE ( 1  99) 
I F  ( M N G , h , l  ,OR, PlNG,EQ,3) WRITE i 
I F  (MNG,EQ,2 ,OF:, MNG,EU,4) WRITE i 

DO 1 I=l,NDAT 
CHI=(DATAII)-THII))/lJN~~Ii 
I F  i I ,GE ,MINI C:HISQ=C:HISQci::HI*C:HI 
ZDATA=DfiTA(Ii 
ZTH=THI; I i 
EDELTA=E2i I ) -E( I )  
ZDDl-ZDATAiEDELTH 
ZDD2=ZTH/EDELTR 
Z CH 1 =!IH 1 
IF ( I ,LT ,MIN)  WRITE~1,95~I,E~I~,EZO,ZDATA,ZTH,~CHI,ZDDl,~DD~ 
I F ( 1  ,GE,MIN) WRITE! l ,P?) I ,E( I )  ;EZ!I) ,ZDRTFI,ZTH,Zi::HI,ZDDl ,ZDD2 

1 CCiNTINlJE 
I F  (MIN,EQ,l) WRITEI1,96) CHISQ 

I F  !MIN,EG1,2) WHITEi l ,93)  CHISQ 
MINNZMIN-1 

I F  !MIN,GT,2) WRITE(l,?4) CHISQ,MINN 
RET I1 KN 

4 
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.. 
n L. 

99 FORMRT ( /38H ***** THEORET I CRL CALcULAT I ON, 36X 5HDA A /  , 
S 6X 7HTHEORY/ 1 
X ZHNC 2X 2(4X,9HbIN-WIDTH) 1 

98 FORMRf (55H E-NEUTRON E I N  DRTR THEORY (EXP-TH)/U 

97 
96 FORMRT(48X 6 H C H I h =  l b E l l . 4 )  
95 
9 4  FORMAT(48XfI!HISQ=f iPE l l , 4 ,8H  EXCEPT , I2,21H DRTR HRViNG ** IDENT 

FORMfiT(IS,BbF6,2 ZH - F6,2 ZF12,1,1FE14,4,4X,2El3,5 
FORMAT ( 15 rzIPF6,2 2H - , F6,2+2F12+1 , 1PE14+4,4H** , 1  P2E13+5 

X / )  
93 FOHMAT(4BX’CHISQ=’lPEl1,4,31H EXCEPT 1 DATlIM HAVING ** IDENT/ 1 
92 FOHMRTiBX,46HE-GAMMR B I N  DATR THEORY (EXP-TH ) / 

X 3HUNC: , i X  , 2  i 4X , 9HBI N-WIDTH) ) 
END 

SLiEROUT INE O?liP1 
COMMON /NUMBER/ NDRT , NPAR ITER , 
C:OMMCiN /PAR/ PGLD I 1 t3 , PRRh ( 13 1 ,  

i::(SMMON /DRT/ k i 1 9 I A E Z 1 1 9 j  ,DfiTFi! 

C:i:)MMON /BLOWER/ MINE I N  ,TX X 

X VARNEW( 171) IDllM! 18) 

X TH( 19; DUM( 19) ,bIG! 17) 

1 B 

ZOLDT=ZOLDT+ ZFOLD 
I F  (I .GE ,MINEIN) 
ZD=E2(I);E(II - -- 

WRITE( 1,97) I ZPOLD 
I F  ( I ,ECt + MINkIN-11 
iXNT I NllE 
WEITEI1,41I ZOLDT,Z 
RETURN 

LL-ZPAFiMc LD 

ZN€WT= 

1 ZPARM 
WRITE 

:NEWT 

ZPARM 

(1711, 
,EN( 1981, 

99 FQRMAT ( /27H ***** INTERMEDIATE EESULTS i 
38 FQRMRT ( 49H OLD PARAM NEW PRRAM NEW /E I N  1 
97 FORMAT 17, BP3F 14 ,Z 
91 FORMFIT( ’ fOTALS=’FiJ,2,F14,2,24H FOR DATR EELGW THE LINE) 
98 FORMAT (3X, 2 4  (ZH- 1 i 

END 
1:. 
c 

WRITE 11,99) 

I I = @  
DO 18 I=I,NPAR 
I I = I I t I  
PDLlM I 1 =SQRT ( VARNEW i I i 1 

1: 

ljzr Cr:,NTINCIE 

ITMRX,CONVER 
PDClMi 18 )  ,VfiHPFIR( 171 
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C 

14 

15 
1: 

I-' 

W f  I I T E (  1,98) 
DO 15 1=1 NPAH 

DEMED(I)=DE 
EMEDI I )=E( I ) t8 ,5 *  
X=PFIRM(I)*RNORM 
Y=PDUM ( I 1 *ANOHM 
PMED ( I ) =X 
DPMED(I)=Y 
Z1=1 ,@DM 
22=1 ,tjDtB 
I F  iDE,LE,B,B) GO 
Zl=X/DE 
Z2=Y/DE 
ZL=Z1-Z2 

DE=E~(I)-~(I) 

.DE 

TO 

zu=z 1 t z;t 
x zu tL I WRITE(1 97) I ,E( I ) ,E2!<1 

C h T i  Nllk 

C:FILL OUTV I VARNEW, PDllM, IDLJM , NF'FIR ) 
RETURN 

I. 

99 
98 FORMFIT (bX 13HE-NEUTRON BIN, 5X 4HPOLD 7X l8HPNEW UNCERTAINTY 

7X. BH-NORMED-, 12X, 9H-PER MEb- , 1 1 X !!iHUbF'ER, 6X ,5HLOWER ) 

F6RMFIT /34H ******* NEW VALUES FOR PRRRMETERS) 

FORMATI 15,F6,2,ZH -.Fb,2,1P9Ell  ,3,I!i) 
END 

T 

SUEROlIT I NE OUTV ( V , S, I C :  , N 1 
DIMENSION V i  1) ,S iN) ,  I C ( N )  

W I T E  C1,99) 

SHORTENED VERSION OF N,M,L, ORIGINAL SINCE WE KNOW N .< 2' 
NN-N 
JRITE (1.98) ( I , I = l , N N )  
MAX=@ . . . . . . ._ 
DO 3$I I= l ,NN 
MIN=MFIX + 1 
MFIX=MFIX + I 
JMh'X=I 
S I  = S(I) 
I L=M I N- 1 
DO 10 L=l  

I L = I L t l  
D=V( I L ) *  
I F  (D,GT 
I F  (D,LT 
I 1:: ( L 1 =: D 

CORT I NUE 
WHITE11,97 

RE TURN 

, JMFIX 

) I ,SI  t ( ICIL)  ,L= 1, JMRX 1 

FOHMRT I 32H *** STD , DEV , COHRELFIT I ON 1 
FOHMFIT i 18X, 251 4 1 
FC)RMFIT( 15, lPE13,6,2514) 
END 
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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-ps 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 lOMb 
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 MOVE 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 ( t o )  and it is stopped 
at 5 seconds after to,  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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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-2 13 Detector Diagnostics User’s Guide” which provide 
detailed step-by-step illustrations of how to use the software utility programs. 



72 

" 



73  

PROGRRM NEMAIN 
I-. c. 
C THIS PROGRRM SERVES THE NE-213 DETECTORS, THE flRMINC I S  
C RT 1 SECOND BEFORE T ZERO, DATR COLLECTION I S  STOPPED AT 
1: 5 SECONDS RFTER T ZERCi. 
C 

I:: 

C 
C READ 
C ERCH 

1 
7 L 

,-. 

IMPLICIT INTEGER i f l - Z )  
REAL SECNDS,NERFT 
DRTR NERPTibRNERPT / ?6NL I NE REPORT TRSN 
INTEGER I BliF i 13 1 \USED FOR SDHC: CRLL TO FRSS DRTh 

I NCLUDE ' NECOM .FIN 

F I LE NE I D o  DAT ' FOR THE 16 CHARRCT'ERS DESCR I PT I ON FGF; 
DETEC:TilR S I  CNAi 
OPEN!VNIT=A FILEZ'NEID ,DRT? ,REF.DBNLY STRTUS='OLD', 

HERD i VN I T= 1 1 RDC 1 I D , R D C 2  I D  , A D ! X  I E, ADC:4 I D 
FORM= ' VNFc!dMATTED , BUFFEHC:OUNT=2, HEEL= 1 &, 
RECORDTYFE='FI XED ' 1 

S:L!:)SE ! [JN 1 T=: 1 1 

C PROGRRM THE ADC? S T6 START THE DRTR ACQ?!ISITION , F lb)R!@ 1 
CALL TRRNO ( CRRTE , NRDI:: 1 , i3 , 1 b , !? , ' !i!bBB X , f3, I EF;R 1 \OFFSET Q 
MLL TRRN!:! I IXRTE , NRDIGZ, l3 . 16,a , ' ClbE 1 ' X , @, IERR 1 \OFFSET 256 
C:RLL TRRNO IXATE, NRD15;, 0, I & ,  i3 , ' 86PE ' X , lr7, I ERR ! \OFFSET 5 I 2  
CRLL TRANO CRATE, NRDL:~, B , 16. a ,  W83 X , ~ 1 ,  IERR 1 \OFFSET 756 

I_. 

/-. 
L. 
C WAIT'  FOR THE EVENT FLAG FROM THE MASTER CON'THOL TASK 
10 
1: 
C it SHOl I S  COMING, , ,GET THE INSTRVMENT READY 
1:: 

1: 
rl: CLEflR THE H I  STOGRFlMMEf?, F i ? R (Cj 

c 
!:: E"! THE SH!:!T NUMEER 

C:RLL WA I TEF: < 64, IDS 

D ISHBLE THE EXTERNAL PGRT OF THE H ISTOGRRMMER , F I 19 ) R I B 1 
CALL TRANO i CRRTE. N5588, @, i?, E, 5, ( 3 ,  IERR ! 

CALL TRAN I ! IXRTE, N35bE + B , 9 ,  C! + I ERR ! 

CALL GTSHOT (HSHOT 1 .-. 
Id I:: RECORD THE DATE AND TIME FOF: THIS SHOT 

CALL RC:DATE ( HDRTE ! 

LENi;TH=5, B \,DRTi7 i:r:)LLEC:T ION DVRATICrN 
CHLL R C T I M E I S E C N D S I ~ ~ , ~ ) , H T I M E )  

3-. 
L 
I:: WAIT FOR 1B SEC:ONDS, TARGETING RT T MINLIS 1 

i: 
CALL WA I T i 6CM, B i 

C: I T  I S  TIME TO REM THE INSTRUMENT, RESET L A M  AND ENRBLE THE EXTERNAL 
IC PORT, F i  l B i R i B !  TG RESET LAM , F! 11 i A ( B )  TO ENRBLE PORT 

C8LL TRANI ( 1::RA'TE + N3588, Q, 1 B , $ I +  I ERR 1 
CALL TRRN I ( IXRTE , w m a ,  li; , I  I , $3, I ERR 1 

'\.DO NOT NEED THIS 

FOR 6 SECONDS, WH I L E  I NSTHUMENT I S il:i:,LLEf:T I NG DATA 
CALL WRIT 1 3 $ O t 8 !  

TIME TO STOP HISTOGRRMMER AND REitD DRTR F i  14 ) R I B )  TO 
THE H I  ST0i;RAMMER , D I S8BLE I TS EXTERNAL PORT 
iXLL TRRNO i CRATE , N356& , $,19,0 , #, B , 1  ERR 1 

\is? ADC 
\?NE fiDC 
?3RD RDC 
?4TH ADC 
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c 
1: 
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1: 
C 

c 
C 
1: 

1: 

r; c 

1: 
c 
c 
C 

WRITE DRTR RECORD INTO NE213 DRTR BRSE, 
FIRST OPEN INDEX F ILE  ’NE213,IDX’, FIND OUT THE LRST RECORD NO, 

OPEN !l!NIT=ltF1LE=’NE213,IDX’ RCCESS=’DIRECT’, 

2 RECORDTYPE= ’ F I XED ’ RECL=3 ) 
RERD (UNIT=l ,  REC=1 f IDXREC 

RECNO=IDXREC( 1 1 t 1 \BUMP THE POINTER 

IDXREC(2)=HDRTE(4) \DAY -OF-THE-YERR 
IDXREC(3)=HTIMEt4) \ T  ICKS-OF-THE-DRY 
I XSHOT=HSHOT \SHOT NUMBER 

1 FORM= , UNFORMRTTED t , BUFFERCOU~T=~, STFIT~JS= t OLD t , 
\FIRST RECORD THERE POINTS 
\THE LRST RECORD NUMBER USE 

IDXREC(l)=RECNO \RECORD NUMBER 

WRITE TO INDEX FILE,  RPPEND TO THE LRST RECORP 

WRITE TO THE FIRST RECORD, (THE FIRST RECORD POINTS TO THE MOST 
RECENT DRTR RECORD 1 

WR I TE ( VN I T= 1 , REC=RECNO ) I DXREC 

WRITE ( l JN IT= l ,  REC=1) IDXREC 

CLOSE INDEX F I L E  
CLOSE [: VN I T= 1 1 

WEN F I L E  ’NE213 ,DRT’ I N  DIRECT MODE, WRITE DATR RECORD INTO 
THE SLOT POINTED BY RECNO 

OPEN(UNIT=1,FILE=’NE21~+DAT’t~CCESS=’DIRECT’, 
1 FORM= ’ UNFORMRTTED , EVFFERCOUNT=2, STATUS- OLD ’ , 
2 RECORDTYPE=’FIXED’,HECL=5121 

WR I TE ( I JN I  T’= 1 REC=RECNO 1 NEREC 
CLOSE ( ?IN I T =  1 1 

SEND A REGNEST FOR THE ONLINE DISPLRY TASK 
I BVF t 1 =RECNO \PASS THE RECORD NO I AS R GIFT 
CALL SDRC ( NERPT I BClF ) 

RESET THE EVENT FLAG 

GOTO STARTING POINT, WAIT FOR NEXT ROUND 

CRLL CLREF < 64, IDS 1 

GOTO 18 
END 

T 0 
D, 
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SVBROIIT I NE RDDRTR( STADDR C:OUNT, ARRAY, SUM ) .-. 'e THIS ROUTINE RERDS DRTR FROM THE LECROY 3588 HISTOGRAMMER 
C STRDDR I S  THE STRRTING RDDRESS I N  THE HISTOGRRMMER, C:OVNT 
C I S  THE NUMBER OF WORDS TC) BE READ, ARRRY I S  THE PLRCE THRT 
I: DATA GOES, SUM I S  THE SUMMRTION OF THE DRTF! , 
c:t 

IMPLICIT INTEGER (R-Z) 
I NCLUDE 
INTEGER ARRRY(1) ?DUMMY RRRAY TO RETURN 
INTEGER*4 SUM 

' NECOM , FTN ' 
c 

DATR 

L 
C: ENABLE ADDRESS fi?,TC) INCREMENT MODE, F ( 25 1 R i 3 

C R L t  THAN1 CRRVE, N3588, ril 2 5 ,  !if , IERF: 1 .-. L 
c: LOflD MEMORY RDDEESS REG WITH STARTING RUDRESS F ( 1&3)R! 1 1 

IXLL TRRN(:) (CRRTE , N3588,1? 18, B , STRDDR, Q + I i R R  1 

L. 
SVEROUTI NE GTSHOT < SHOTNO j 
IMPLICIT INTEGER ( f l - Z i  
INCLUDE ' NECOM ,FTN ' 
I NTEGER*4 SHOTNO 

C 
C GET LIIW 4 DICIT'S, F(8jR;EI) 

[.ALL C.RM I ! NSHOT , Izj 8. DRTFILO ? DUMMY I Q , I ERR ) .-. 

.-. 
C C(:)NVERT THE HIGH 2 DIGITS INTO INTEGER*4 VRRIABLE, THEN I: PRi:)C:EED TO GET THE RESULT , 

SHOTNCFBCDB I N ! DATAH I 1 
SHOTNO= 1 BBBB*SHOTNO tBI::DB I N  DATALO 1 

RET!rRN 
END 

INTEGER F!JNC;TIi:,N BCDBIN(DF3TR 
IMF'LIC I T INTEGER ( R-Z ) 
TEMP= B 

TEMP=l@*TEMP+I IAND( 'BBBF!X i I IRND( 'FBBB'X,DATA)/4896) 

CONTINUE 
BCDBI N=TEMP 

DO l f 3 , I ~ l  ,4 \4 DIGITS TO CONVERT 

DFITR=IISHFT(DfiTA,4) ~ S ~ I F T  BY 4 

c 
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C 
C NE-213 DETECTOR SYSTEM 
C 

NECOM,FTN DEFINES THE DRTR RECORD FOR THE FRST NEUTRON 

\CRATE NUMBER 
\1ST RDC SLOT 
\2ND RDC SLOT 

( CRRIE=2 ) 
(NRDC1=11) 
I NRDIX= 13 ) 
(NRDC3=15) 
iNRDC4=17) 
IN3588=19) 
iNHIWRY=17) 
( NSHOT=4 1 

INTEGER NEHEC 1 GI24 
INTEGER HDATE ( 5 1 , H 
I NTEGEW4 HSHOT 
INTECERw4 TOTCNT ( 4 
INTEGER RDC 1 ! 248 ) 
I NTEGER RDC2 ( 248 ) 
INTEGER RDCS I24lJ > 
INTEGER RDC4 ( 248 i 
RERL LENGTH TH, I N  SEC:ONDS 

BYTE FIDCiID( 16) \16 CHRRRCTER ID,  
BYTE RDC:2ID( 16) 
BYTE RDCZIDI l h )  
BYTE ADC4I D ( 16 1 
BYTE SVMID(64) \64  CHF1RRCTER FOR SClMMRT I ON REC:C)F:D 

( t m a =  1 cf 1 

1:. 

1:. 

?THE SRtlE SPRCE 
\ FOR ID 'S  

\3RD RDC SLOT 
\4TH RDC SLOT 
\ H I  STOiXRMMER SLOT NO, 
\HIGHWRY DRIVER SLOT 
\SHOT COLJN'T SLOT NUMBER 
'..288 FIFC FOR THE GRRPHICS 

1 
TIME(4 

1 

I NEREC: 1 1 , HDflTE 1 ) 
INEREC(61,HTIMEIl) 
I NEREI: i 1 gf 1 . HSHOT i 
INEREC(12);TOTCNTi 
(NEREC!28) ,SUMID! 1 
[NEREI: I 28) . RDC1 I D  ( 

11) 
) 1  
1 ) )  
1) 1 
1 ) )  
11) 

c 
C SOME SPRRE WGRDS RESERVED HERE, , , NEREC! 54 1 TO NEREC 63) '-' 
I. 

ECt?rIVRLENCE { NEHEC: i 64 1 17DCli 1 ) 
EQUI VRLENCE ( NEREC ( 384 5 ,  RDC2 I 1 ) 1 
EQU I VRLEbKE I NEREC ( 544 1 , RDCJ i 1 1 1 
EQl i I  VRLENCE ( NEREC i 784 1 + RDC4 1 j 1 

e-. 
1, 

C9MMON /NEliRT/ NEREC \PUT EVERYTHING INTO COMMON 

C DECLRRE THE INDEX F I L E  REC:ORDS NEXT 
INTEGER IDXFIEC(6) 
INTEGEW4 IXSHOT 
EQUIVRLENCE (IDXRECi41, INSHOT) 

C IDXRECi l )  REC:ORD NUMBER 
C ILiXRECi21 DRY-OF-YEAR INTEGER 

COMMCtN /IDXDRT/ IDXREC: 
C 
1: END OF THE DECLRRHTION 
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. 

PROGRRM NESCJM 
C++ 
C THIS PROGRRM SUMS UP SEVERRL NE-213 DRTR RECORDS I N  
C ORDER TO GET A BETTER RNRLYSIS DRTA SET, 
C t t  

IMPLICIT INTEGER(R-ZI 
INCLUDE ’ NECOM , FTN ’ 
INTEGER*4 FSTSH’T LSTSHT 
I NTEGER*4 TOTRL ( 4 ) 
I NTEGER ADCl S ( 24fl) , RDCZS ( 248  ) , RDC3S 248 ) 
INTEGER ~DC4S(248),RSDATE!5),ASTIMEi4) 
CHRRRCTER* 1 YESNO 

C 
C RSK FOR STRRT SHOT NUMBER 

WRITE (5,91211213 
9 m  FORMFIT ( ’$ ENTER STFIRT SHOT NUMBER :.:.- ’ 1 

RERD ( 5  911211 FSTSHT 
9 1 B FOHMf?T( 
1: c 
92Cl FORMAT( ’ 4  ENTER THE LFIST SHOT NUMBER > 3  ’ 1 

ASH FOR LAST SHOT NUMBER 
WRITE (5,921.1) 

REFID ( 5,9 18 1 LSTSHT 
2- 
I. 
C SERRCH FOR THE FIRST RECCbHD 

OPEN (UNIT-1 FILE=’NE213,IDX’ ,REilDONLY, 
1 FORM- ’ uNFOR~FITTED BUFFERCOUNT=2. STRTUS ’ OLi) ’ . 

1: IS THE SHOT NLIMEER OUT i:)F RflNGE ? 

938 FORMRT ( ’ STFIRT SHi?T NO ’ . I?. ’ OC!T OF HFINGE’ 1 

I F  !FSTSHT,GT,IXSHOT) THEN 
UR I TE i 5,938 1 FSTSHT 

I-. 

CALL EXIT 
ENDIF 

I_. 

1fl REFil) ! UN 1 T= 1 ) I DXREC \READ RECORD BY RECORD 

IT: 
2 (3 

I F  I FSTSHT ,LE , I XSHQT 1 (;OTO 28 
GCi TO I #  

RECNO=IDXREC: i 1 1 
CLOSE ( VN I T= 1 1 

\KEEP THE HECORD NUMBER 

48 
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C 

58 
C 
C WRITE 

968 

DO 58+1=1+4 
TOTRL( I )=TOTf?L( I )+TOTCNT( I )  

OUT THE C:URRENT RUNNING TOTRL 
WRITE (5 ,968)  TOTRL 
FORMRT ( ’ ******** RUNNING TOTRL ********’ . T4Ct A 

1 4 (  17) 1 
END I F  

i: 
C I S  I T  THE LRST RECORD? 

C 
C ASI< FOR SLOT NLJMEER 1-5, ENTER !J I F  DO NOT WRNT I T  
6ril WRITE (5,970) 
97l3 FORMRT( / /  ’ ENTER SLOT NClMEER ( 1 TO 5 1 TO SRUE THE DRTFI’ , 

9aw FORMRT 12) 
i 

I F  (LSTSHT , GT ,HSHOT ) GOT(:, 38 
CLOSE (UNIT-1) \CLOSE F I LE ’ NE2 13, DFIT ’ 

1 / ’3 ENTER B I F  YOU DC! NOT WRNT TO SFIVE I T  > >  ’ 1 
REF?D (5,baa) NSLOT 

I F  (NSLOT,EQ,CI) CALL EXIT 
I F ( NSLOT , LT + B , c:)R , NSLOT , GT ,5 1 THEN 

WRITE t5,398) 

GOTO 6B 
998 FORMRT( ERROR??? VRLID SLOT I S  FROM 1 TO 5, TRY FIGRIN‘ 

1: 
C: HOW REGUT THE RECORD DESCRIPTION? 
7ki WRITE (5, lflflfl) SUMID 

END I F  

lflggj FORMHI(’ REC, I D  >::. ’,64Rl 
I / ’$ DO YOU WRNT TO CHRNGE THIS? Y;N >:. ’ 1  

RERD ( 5,452) 1 YESNO 
I F  (YESNO +NE + ’N’ THEN 

RERD ( 5, i m  i SVMID 

WRITE(5, irirl!J) 
1 $1 1 GI FORMF1T(/,‘ ENTER NEW REC:(:iRli I D  ON THE NEXT LINE, 64 CHFIR MRX’ ,  

102cr FORMAT ( 64Rl) 

END I F  
c: 

1 / ’$  ENTER >.>.+ 1 

CO TO ?e$ 

C: WRITE THE DHT9 INTO RECORD 
DO aw ~ = i  248 
ADC:1( 1 1 =AbC:lS i I 1 
RDC2 ( I 1 =ADC2S ( I 1 
RDC3(I)=RDC3S(I) 
RDC4 ( I =FIDC4S ( I 1 
CONT I NVE 

HSHOT=F S TS HT \RECORD THE FIRST SHOT 
CRLL DRTE(HDHTE1 
CALL T I  ME < HT I ME i \RECORD DFITE RND TIME 
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