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MEASUREMENTS FOR THE ENERGY CALIBRATION
OF THE TANSY NEUTRON DETECTORS

K. Drozdowicz, M. Hok, and D. Aronsson

Abstract

The report describes measurements performed for the energy calibration of the TANSY
neutron detectors (two amrays of 16 detectors each one). The calibration procedure
determines four calibration parameters for each detector. Results of the calibration
measurements are given and test measurements are presented. A relation of the neutron
detector calibration parameters to producer's data for the photomultipliers is analysed. Also
the tests necessary during normal operation of the TANSY neutron spectrometer are
elaborated (passive and active tests). A method how to quickly get the calibration

parameters for a spare detector in an array of the neutron detectors is inciuded.
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1. Introduction

This report presents measurements performed for the calibration of the TANSY neutron
detectors. It is also thought as a part of the documentation of the TANSY spectrometer and
therefore contains a number of quite detailed data.

A method for the energy calibration of the neutron detectors has been presented in
ref.[1]. The TANSY spectrometer [2] [3] contains two arrays of 16 neutron detectors each,
which are here called branches A and B. An energy calibration should give a dependence of
the amplitude of the fast output signal on incoming radiation energy. A ¥ source is used for
the calibration of the neutron detectors. Because of a different interaction mechanism in the
scintillator in the two cases, all energies are referred to the electron energy. For details see
ref.[1].

ue amplitude of the output signal, A, is given by Eq.(19a) in [1] as a function of the

incoming energy, E, and the high voltage, V, applied to the photomultiplier:
In(A) = KO +n-In{V) + ln(E/EO) , ¢}

where
EO is the energy of the calibration y source (referred to the electron energy scale,
cf Fig.11 in [1]),
F.'U is a constant (dependent opr the EO energy, the sensitivity of the detector, and a
~oefficient in amplification in the photomultiplier tube and base), ai..

n is a constant proportional to the number of dynodes in tne photomultiplier.

When .ne calibration 7y source is used, Eq.(1) gives for the ith neutron detector:

In(A) =K +n.-In(V) , (2)

th

where KOi and n, are called the calibration parameters of the i~ detector and are to be




found. In the electronic system (see Fig.2 in {1]) the lower (LL) and upper (UL) level
discriminators are used. The signal for the UL discriminator is attenuated (by a factor of
approximately two, varying between channels) and therefore the i[h neutron detector is
described by a set of four calibration parameters, KOLi’ n .. KOUi’ ;-

An important constant which is used in the calculation of the settings for the neutron
detectors (discrimination levels and high voltages) is the energy Eo, ie the energy
corresponding to the peak position of the amplitude distribution of the calibration source,

when the Compton energy, E_., of this ¥ source is defined at the half—peak position (see

Cl
Fig.11 in [1]). The energy EO for the %Co source used in the calibration procedure has

been determined experimentally.

2 ination of ibration P
2.1, Method of the Measurement

o " Ko whieo s

branches A and B of the spectrometer are measured with the method described in paragraph

The neutron detector calibration parameters, (K for
3.3 in [1]. The count rate measurement is done, ie the number of counts P as a function of
the detector high voltage V is recorded. This is done at a certain discrimination level Dj
for all 16 detectors at the same time. Peak positions VJ. in the differential distributions
dP/dV give points (Vj, Dj)i 0,15 On tne line described by Eq.(2) (in the measurement
the amplitude equal to the discrimination level, Aj = Dj , is detected). A change of the
discrimination level gives another series of the points (Vj+1’ Dj+l ;v see Fig.7 in [1].
Finally, the experimental straight lines, Eq.(2), are obtained for all detectors. A fit gives the
required calibration parameters.

A linear dependence D(V) is limited to a certain range of the amplitudes. During

elaboration of the method of the energy calibration of the neutron detectors, measurements




were performed in a wide range of discrimination levels to find a proper interval of a linear
dependence in the investigated system. A typical example is given in Fig.l, where a
saturation effect is observed. At at a very low discrimination level non-linearity appears due
to high fluctuations of the discrimination and DC levels (although only of order of
millivolts). From such measurements intervals of the discrimination levels were chosen
according to: 100 mV < D, < 1000 mV and DU < 1000 mV. Here DL and DU are
the discrimination levels of the lower and upper discriminators, respectively. One has to
remember that the input signal to the UL discriminator is attenuated about SO per cent.
During the measurements of the calibration parameters KOU and ny the UL discriminator
is used in the role of a single, lower level discriminator.

A series of computer programs has been created to control the measurements, to collect
and rearrange experimental data, to elaborate them, and to get the final result — neutron
detector calibration parameters and the required settings of discriminators and high voltages
for the detectors. The full calibration procedure using these programs is illustrated in Fig.2.
An essential part of the program [4] for remote control of the high voltage unit is included
in the program HVCAL which also controls the CAMAC scalers and sorts the data. The
sy§tém has been controlled by the CES "STARBURST" computer, RSX-11M operation

system.
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7.  Rearrange the result R APPSEL JLx R APPSEL JUx

data files
K

8.  Plot the results for plot plot

cach detector (logD, logVy), (logD. logV ).
(UNIGRAPH]) [UNIGRAPH]}

9.  Get the neutron detector R HVREG R HVREG
calibration paramaters { Koa' nil

10. Create the full complet of
the neutron detector R HVNDET
parameters [KOL, n KOU' nU}i=0...,l s

11.  Get neutron detector

settings {Vi, DUi] at
required conditions: DL’ EL’ EU

R HCx

*x

Fig.2. Scheme of the calibration procedure of the neutron detectors.

Symbols: R — run a single computer task, @ — run a series of tasks.

*E) experimenter's decision
*M) manually

*T) before the first measurement and later if necessary
*x) R HCA for branch A and R HCB for branch B, the daa files
are rigorously separated 10 avoid any serious mistake.
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2.2 he M nt.

The count rate integral distribution measurements were performed for both the branches,

A and B, at the following discrimination levels:

LL: DL = 100, 150, 250, 400, 600, 900 mV
UL: DU = 300, 400, 500, 650, 800, 1000 mV (attenuated input signal) .

The curves were differentiated and the peak positions V. were found. A typical result is

Pi
shown in Fig.3 (branch A, D, =150 mV).

The results of the (Dj, VPJ.)i measurements for all detectors are plotted in Figs 4-7. Four
detectors are presented in each plot. The scale is kept the same all the time to make a visual
comparison feasible. There are plotted lines connecting points and not fit—lines for a better
presentation in some cases of almost overlapping points. Very big differences in sensitivity
of the detectors are observed as significant shifts of the plotted lines but they are almost
parallel. (The slope is given by n ., which is a constant proportional to the number of

dynodes of the photomultiplier and it should be the same for each detector in the ideal case

of full reproducibility manufacturing the photomultipliers).

11
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The calibration parameters Ko "L and KOUi’ ny; Wwere found for each detector
from the linear fit, Eq.(2). The K, values are different, as expected, and n, are close to
each other. Average values, EL and HU’ of the LL and UL slopes were calculated and
compared. A small difference was found. The experimental points obtained for the LL
discrimination D, = 100 mV for most detectors seem to deviate slightly from a straight
line. Fits without these point were also done and then the values n, and EU gave an
excellent agreement. Such a behaviour was observed for the detector arrays in both the

branches A and B. The comparison is presented in Table 1.

Table 1. Average values of the calibration parameter n for the TANSY neutron detectors

Branch A Branch B
n ny n ny

o(n,_) : a(ny)) o(n, ) o(n;))

o(ng ) olng) o(n) o(n;)
1) () (1) (2)
14.10 13.78 13.83 14.03 13.77 13.76
0.05 0.05 0.06 0.09 0.10 0.16
0.21 0.21 0.24 0.36 0.41 0.65

(1) when all points are used for the fit

(2) when the points for DL = 100 mV are rejected

29




Finally, that variant of the fit when n = '_'U (ie without the data from D, = 100 mV)
has been chosen and the TANSY neutron detector calibration parameters obtained in that
case are listed in Tables 2 and 3. The inidividual values n; and n,; are always used in
any calculation for the detector settings because they give a much better accuracy than using
the mean value (the high voltage V. = 1400 is raised to the power n, = 14).

The selection of the the data means that the obtained parameters describe well the
behaviour of the TANSY neutron detectors for the lower discrimination level not less than
150 mV, and lower settings should not be used. One can expect non—linear effects at lower

discriminarion.
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Table 2. The TANSY neutron detector calibration parameters.
Branch A, Version 0 (06-FEB-90).
Neutron detector parameters: VERSION O of 06-FEB-90
det#A LL KO LL n UL KO UL n
00 (*%)-95.52179 13.9199 (%)-95.86216 13.8552
01 -92.98448 13.6583 -97.03045 14.1008
02 -92.67700 13.6140 -94.83014 13.7963
03 -94.71216 13.8067 -96.51661 14.0441
04 -94.02595 13.7617 -94.33855 - 13.6972
05 -94.15124 13.7548 -93.86630 13.6082
06 -95.71883 13.9254 -83.99732 13.5837
07 -95.37336 13.8737 -97.10278 14.0017
08 -89.64796 13.3720 -92.16994 13.6088
09 -94.05767 13.8962 -92.76257 13.60638
10 -92.60953 13.6415 -92.782899 13.5531
11 ~-93.63454 13.7802 -94.57716 13.7974
12 -94.35622 13.8518 -87.09632 14.1143
13 -95.02723 14.0444 -85.59081 14.0087
14 (%)-96.57235 14.1437 (%)-98.66975 14.3156
15 -90.92054 13.3984 -92.85490 13.5530

Source: %Co (I-:0 = 781 keV), placed in the geometrical centre of the spectrometer at
1 m distance to each neutron detector.
Units: the parameters correspond to using millivolts for the discrimination levels and

volts for the high voltages in Eq.(2).

%
) values which are changed later. See paragraph 5 and tables 13 and 14.
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Table 3. The TANSY neutron detector calibration parameters.

Branch B, Version 0 (16-MAR-90).

Neutron detector parameters: VERSION ( of 16-MAR-90
det#B LL RO LL n OL RO OL n
00 -94.32612 13.7845 -97.53858 14.1077
01 -94.69771 13.8778 -96.95764 14.0739
02 -95.20302 14.0554 -93.84972 13.7565
03 -91.35313 13.5781 -94.32944 13.8779
04 -93.16808 13.8366 -94.18201 13.8629
05 -93.91614 13.7961 -96.26985 14.0069
06 -85.90939 12.9904 -85.23893 12.7811
07 -92.92239 13.6960 -892.48105 13.5235
08 -85.10455 12.9348 -80.74310 12.2098
09 -96.38091 14.1114 -97.91914 14.2092
10 -93.43744 13.8585 -91.37764 13.4656
11 (*)-101.83293 14.6917 (*)-106.93212 15.2696
12 -94.26544 13.9245 -94.83786 13.8927
13 -93.53030 13.8722 -93.36443 13.7377
14 -92.13696 13.7060 -93.20802 13.7402
15 -92.13000 13.5939 -94.02959 13,7413

Source: %0Co (EO = 781 keV), placed in the geometrical centre of the spectrometer at
1 m distance to each neutron detector.
Units: the parameters cotrespond to using millivolts for the discrimination levels and

volts for the high voltages in Eq.(2).

") values which are changed later. See paragraph S and tables 13 and 14.
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3. Determination of En for 60&

The %Co energy E() has been defined as the peak position of the amplitude distribution
when the Compton edge enei gy EC has been chosen t the half—peak position (c¢f Fig.11 in

[1] and see for related problems in [5]). 6OCo emits Y quanta of two energies, Eyl = 1173

keV and EYZ = 1332 keV, which give the corresponding Compton energies ECl = 963

keV and ECZ = 1118 keV. These energies are not resolv=d due to limited resol*on ¢ the
scintillator and appear in a measurement as if there was only one energy. One can use a
weighted value E

¥
keV. But the peak position of the amplitude distribution in such a situation depends on the

= 1253 keV (cf [5]) which gives the Compton edge energy EC = 1041

type of the scintillator used and on the source to detector distance. The relation between
peak EO and half-peak EC positions is not given directly. Therefore we measured

experimentally E0 for the Co source.

207 137

We used a common energy calibration procedure . The 22Na, Bi, and "~ 'Cs sources
were used. The Compton edge energies EC were assumed to be at the half—peak positions
to get the energy scale. Then the 0¢o energies E0 and EC were determined from the
amplitude distribution measurement. The energies EO of other sources were also obtained
for comparison.

While repeating such a measurement for another detector we found the determined
energy E0 for %¥Co 1o be significantly different in spite of a very good linearity of the
energy scaling and reproducibility of other results in both the cases. Therefore the amplitude
distribution measurements were done for several detectors at different high voltages to
determine the energy E0 with high accuracy. The choice of the neutron detcctors was as
follows: one of an average sensitivity (12B), one of a high sensitivity (08B) and cne of a
low sensitivity (00B). The choice gave one detector in the middle of the array and two

detectors to the left side, ¢f Fig.8. Then a fourth detector on the right side (07B) was

included in the measurements.
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Fig.8. Scheme of the positions of the TANSY ncuuui: detectors as seen from the centre of

the spectrometer (for both branches A and B).

Each detector was used with two different high voliages (one corresponding to an
approximated value of the operation voltage and the second one with voltage decreased to
give an amplification of 0.8 ). The energies Eo and EC were found in each case and mean

values were calculated. The results of individual measurements for the 6OCo source are

given in Table 4.

Table 4. Individual results of the measurement of ®Co energies EO and Ec.

Measurement  Detector Experim. EC EO
code (keV) (keV)
1 12B H318 1029 776
2 H321 1011 780
3 00B H319 1040 752
4 H322 1037 732
5 08B H320 1045 793
6 H323 1057 805
7 07B H325 1055 803
8 H326 1060 807
34



Examples of the positions of the two energies against channels are shown in Figs 9 and 10

for the two cases of being the closest and the most distant from the means. The obtained

mean energies for all sources used are listed in Table 5.

Table 5. Results of the measurements of the energies EO.

Calculated Measured
Source EY EC ECm EO AC
OE.,) O
keV)  (keV)  (keV)  (keV) (%)
22N, 1274.5 1062 1060 814 02
3 25
511.0 341 342 253 03
2 6
137
Cs 661.6 477 417 365 0.0
2 11
207g; 1063.6 858 862 658 0.5
4 16
569.7 393 391 292 05
1 7
60co 125300 1041 1042 781 —_—
16 27

)

weighted mean energy [5]
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A relative deviation AC of the "measured” energy ECm (ie mean of the individual values
obtained from the fits) from the true Compton edge energy, EC, (calculated from E’Y ) for

the used reference sources was defined:

A = Cm C ) 3)

Eq.(3) is a measure of the precision of the determination of the 60Co energy EQ . A very
good agreement of the EC and mean ECm values for all sources was obtained (cf Table 5)
although divergencies in individual cases could be observed to be greater (the highest one
for 22Na 1062 keV was ~7 keV). The standard deviations for the obtained mean EO
energies are greater, which is partly due to a more inaccurate determination of the amplitude
peak position than of its half-height. The measured Compton edge energy for the
Oco source, ECm = 1042 keV is in full agreement with the theoretical value EC
calculated from the weighted energy E’Y (¢f Table 5). The standard deviation o(EC),
greater than for other sources, reflects greater differences in the individual results EC for
6OCo (cf Table 4). The above analysis of the results allows us to accept the measured 6OCo
energy EO = 781 keV (energy distribution peak) as a calibration constant EO which is used
in calculation of settings for the TANSY neutron detectors. However, because the individual
results E0 differ significantly (cf Table 4), one can expect for some detectors small
deviations from true (unknown) settings.
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4. Test measurements
4.1. Check of th. Obtained Calibration Parameters

A check of the neutron detector parameters obtained from the calibration procedure (as
shown in paragraph 2) seems to be desirable to detect any mistake in handling numerous
data in consecutive steps of the method. Such a check is very easy to perform. One can
assume a discrimination level D and run a count rate distribution measurement as for the
calibration (the same source, the same geometry). The peak positions in the differentiated
distributions, (me)i , are found. For the same discrimination level the peak positions can

be calculated from Eq.(2):

In(V,,). = —:— [InD)- K, ] , @)
1

where KOi and n, are the obtained parameters for the ith detector. The calculated and
measured values should agree. The parameters are confirmed if the differences fulfil the

condition:
| (Vp); = Vp), | <AV, . (&)

The limit value has been fixed to AVP = 5V from an experience achieved during the
elaboration of the method. There are several reasons for this value of AVP. The high
voltage step is 5V (the digital control of the high voltage limit allows a precision of 1V and
the accuracy of the unit is ca 1.5V). Statistical differencies between two measurements
immediately following each other give about 2V deviations. Fluctuations of the
discrimination and DC levels increase the deviations to 3 or 4 volts. Finally, the peak

position is defined within an interval of ca 5V.
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4.2 Test by Amplitude Distribution Measurements

In our experimental setup it is impossible to get an amplitude distribution of the fast
signal (A) used in the system, which could be the best check of the calibration, because
the signal is too fast (ns) for an Analog to Digital Converter (ADC). One can use another
output signal from the PM-base, a linear signal (B) which should have an amplitude
proportional to the signal A. Then it is possible to register by the ADC the amplitude
distribution of the signal B while the discriminated signal A triggers a gate for the ADC.
The method has been described and illustrated in Figs 13 and 14 in [1]. A typical result of
such measurements is shown in Fig.11 where in the distribution of signal B the cut lines
coming from several different discrimination levels of signal A are observed. When the
amplitude distribution B was earlier scaled to energy (the procedure with 22Na, 137Cs,
207g; sources) the energy corresponding to the discrimination levels was found. However,
there are some problems. The discrimination line is not sharp (not vertical in the plot) but
has a slope which gives an interval in channels, ie in energy. The intervals in the examipi¢ in
Fig.11 correspond to such large values as 45 keV at lower discrimination levei
DL =150 mV or 91 keV at DL = 500 mV, and for the upper level they are even larger.
We decided to use the half-height position ( which is always well defined) as the point
corresponding to the discrimination level. The second question is whether the signals A
and B are really strictly proportional. Examples of the results of the measurement:
discrimination line position in the amplitude distribution B versus discrimination level for
signal A are given in Fig.12 (LL discriminator) and Fig.13 (UL discriminator). One can
notice that the dependence is perfectly linear but the zero discrimination level is observed in
non-zero channel. That means that proportionality between the signals A and B is
disturbed for some reasons. One reason we know of is the uncertainty of the position of the
discrimination cut-line. Also a non—linearity of the amplitude signal at low energies can be

observed as offset values which are different for the two signals because they are shaped in

different electronic circuits in the PM-base).
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The dependence is described by the linear function

c=a-D+ a, > (6)
where
c is the position (channel) of the discrimination line observed in the distribution B,
D is the discrimination level of signal A, and
a, a, are constants.

0 N

One can fit the line Eq.(6) to experimental data and get the correction a, which should be
introduced in adjustment of the discrimination level to the channel position. This procedure
was performed for all the detectors chosen for the amplitude distribution indirect
measurements. The results are given in Table 6. Then the energies (in the distribution B)
corresponding to the discrimination levels of signal A were found. The results obtained for
the same detectors and high voltages as listed in Table 6 are presented in Figs 14-18.
Values for particular discrimination levels are given in Table 7. The calculated and
"measured energies” seem not to coincide well. But if one refers the results for detectors
12B (two high voltages) and 00B to the corresponding plots (Figs 14-16) only a certain
shift between the calculated and "measured” dependences A(E) is observed. We use here a
quotation mark because the "measured” values are indirect and as it has been shown above
(Figs 12, 13, and Table 6) they can be biased by a systematic error. This, of course, may
also be the case of the values calculated from the determined calibration parameters. A little
worse situation is observed for detector 06B where the calculated and measured lines A(E)
are not parallel (Fig.17) although the difference at DL = 100 mV is similar as for other

detectors. For that detector we performed an additional measurement using the UL

discriminator. Agreement of calculated and measured dependence A(E) is much better in

this case (Fig.18).




Table 6. Corrections a, for the discrimination line posiiion in the amplitude distributions

of signal B.

High Discr. Paramctcrs.) Experim.

Detector voltage a a, code

V) (chan/mV) (chan)

00B 1565 LL 3.789 116 H330

06B 1283 LL 4.408 102 H342

UL 8.899 466 H342

12B 1447 LL 3.985 123 H329

1425 LL 4.066 125 H336

) a and a, are defined by Eq.(6)

Table 7. Comparison of the calculated and "measured” energies corresponding to chosen

discrimination levels for several detectors.

High Discr. Energy Exp.
Detector voltage calculated  "measured” code
V) (mV) (keV) (keV)
00B 1565 150" 100 116 H330A
06B 1283 150" 100 119 H342
700V 1072 1039 H342F
12B 1447 150" 100 117 H329A
1425 150" 124 137 H336G

L — LL discriminator
U — UL discriminator
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A conclusion from the test is that the determined calibration parameters of the neutron
detectors can be influenced by a systematic error but the "measured” indirect values may as
well. And the accuracy of these data is insufficient to be a base for any correction.
Deviatitns of energies at DL = 150 mV are smaller than the uncertainty of the
discrimination line position observed in the energy distribution of signal B.

4.3. Test by Reference to a Source of Another Energy.

The calibration parameters of the TANSY neutron detectors were obtained from the
measurements with the °Co source. We can check the parameters by calculating some
values for another energy and compare them to measurement results at this energy. The
check is done by doing the count rate distribution measurement for a certain discrimination
level D using another 7y source of a different energy. As usual, the peak position VPm of
the differential distribution is found. Then it is compared to the calculated value VP(

(based on Eq.(1) ) for the ith detector:

In(Vp,) = —- [ In(D) = In( B/ ) =Ky, 1, ©)
1

where

Eo is the 60Co energy ,

E(') is the energy of the used source, and

KOi , 0, are the calibration parameters of the ith detector .

The test measurements were performed using the 2078; source which gives two energy
peaks of values E(') = 658 + 16 keV and E(')' = 292 + 7 keV (cf Table 5). Unfortunately,
the source is much weaker than the used ®Co source and it has to be placed closer to a

detector (as in amplitude distribution measurements at 12.5 cm). Thus the count rate is

sufficient to give reasonable statistics only for detectors in the neighbourhood of the chosen




one. We used detector 12B for the measurement (see Fig.8) and we got also quite good data
from eight others. The differential count rate distributions are plotted in Fig.19, and the

calculated, V and measured, vai , peak positions are compared in Table 8. The

P’
average deviations are: m =423V and VP“u_:V;; = —3.4V . They show
that the values calculated from the determined calibration parameters and the ones measured
in the test are in a very good statistical agreement. However, deviations of . ca 10V are
observed occasionally. Generally, in this experiment one can expect the deviations to be
greater than 5V because now also the uncertainty in the determination of the energies EO is
included. For ®'Co the () is 27 keV and for *Bi O(E]) is 16 keV. In the
measurement the uncertainty O(EO) = 10 keV makes the calculated peak position uncertain

about 3V (it depends on the discrimination level, peak position, and values EO). Our

conclusion is that the obtained calibration parameters have been well confirmed.

Table 8. Calculated and measured peak positions in the differential count rate distributions

for 27Bi source (E; = 658 keV, E; = 292 keV) at discrimination level D =200 mV.

v Vo Vi, Vi
Detector calculated measured calculated measured
V) V) V) V)

03B 1250 1248 1327 1330
04B 1247 1250 1323 1326
05B 1345 1339 1426 1424
06B 1135 1137 1208 1216
10B 1257 1258 1333 = 1342
11B 1457 1446 1539 1544
12B 1290 1288 1368 = 1373
13B 1257 1247 1333 1327

14B 1238 1242 1314 1320
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5. Long Time Stability of the Calibration

5.1. Verification of the Calibration Parameters

Small fluctuations in the discrimination and DC levels and in the voltages are all the time
observed in the system. They cause fluctuations of the peak positions of the differential
count rate distribations within 5V interval. But after some time has passed the amplification
of the signal can change and then the calibration parameters do not fit the real situation. An
experiment can be done to check such a long—time stability of the system. The experiment
is precisely the same as done for the check of the calibration parameters immediately after
the values are determined. Also now the calculated and measured peak positions in the
differential count rate distribution are compared. If any differences are observed the
calibration parameters should be corrected.

The experiments were done for all detectors in both branches A and B. Deviations
greater than allowed by condition (S) were noticed only for two detectors in branch A and
for one in branch B. Detector 11B was changed just before the calibration while others in
branch B have been in function for a long time. This is probably a reason of the quite big
shift of the present position of the peak. Therefore we did the measurement for branch B
also at another discrimination level to check if the slope of the calibration line is preserved.
The results are presented in Fig.20 (some detectors from branch A ) and in Fig.2l

(branch B ).
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The experiment for branch A was performed two times for the LL discriminators
D, =150 mV:

i} when the UL discriminators were connected to the system as during the normal

operation of the spectrometer, and

ii) when they were not used in the system, ie as it is during the normal calibration

procedure.

The calculated peak positions , V. , and the measured peak positions in the two cases,

Pti
V}(,:n: and V}(,r?lz , are compared in Table 9. The measurement with the connected UL
discriminators seems not to be fully correct. Detectors 01A and OSA show deviations for
case i) but not for case ii), while detector 14A does not deviate for i) but does so for ii).
This is because the presence of the UL discrimination disturbes the integral count rate
distribution. It is no longer fully integral because from a certain high voltage a subtraction
of the pulses which start to overcome the UL discrimination happens. (During normal
operation the system works in anticoincidences L-U , where the logic signal L
corresponds to A > DL and the signal U to A > DU ). This has been observed in the
present experiment even for the low discrimination level DL = 150 mV. Therefore the
experiment has to be performed under the "calibration conditions” and not under the
"operation conditions” when one really wishes to verify the calibration parameters, and

perhaps to change them.

The results of the experiment for branch B at the LL discrimination DL = 300 mV

(while the UL discriminators were disconnected) are presented in Table 10.




Table 9. Results of the test of the calibration parameters after a long time (branch A,

DL =150 mV).
Detector Peak position (V)
calculated measured
vPl V}(>r]n) Vl(:'l'(!)l)

0oA 1370. 1378 .4 1377.0 (%)
01A 1305. 1311.0 1307.4

024 1307. 1310.3 1307.0

03A 1301. 1303.0 1301.5

N4A 1335, 1336.8 1332.9

05A 1352, 1357.5 1354.2

064 1385, 1336.0 1382.4

074 1388. 1392.1 1391.2

084 1187, 1187.8 1187.4

NgA 1248, 1247 .7 1246.6

104 1282. 1283.7 1282.4

11A 1285. 1286.9 1285.5

124 1304. 1303.1 1301.4

13A 1240, 1242 .4 1241.7

14A 1316. 1319.7 1322.6 (*)

154 1287. 1287.9 1286.0

(1) with the UL discriminators in the system
(0) with no UL discrimination
(*) deviation greater than 5V
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Table 10. Results of the test of the calibration parameters after a long time (branch B,
DL==3001nV)
Detector Peak position (V)
calculated measured
VP[ Vég)
00B 1418. 1415.5
(1B 1387. 1385.6
0ZB 1312. 1308.1
03B 272. 1270. 4
04B 1269. 1267.0
05B 1368. 1366.6
06B 1156, 1153.2
07B 1341 1341.1
08B 1119 1116.4
08B 1386 1385.5
10B 1278. 1277.1
11B. 1510, 1480.0 (*)
12B 1312. 1311.2
13B 1279, 1274.0
14B 1260. 1260.7
15B 1335. 1333.6

(0) with no UL discrimination
(*) deviation greater than 5V




S.2. Method to Update the Calibration Parameters.

During a long time of elaboration of the calibration method we noticed that the
parameters n, are stable. The behaviour was also confirmed in the last measurement, even
in the case of such a big change as for detector 12B, ¢f Fig.21. This offers us a very simple

method of updating the calibration parameters. For each detector we have the following

data:
KOLi P KOUi G — old calibration parameters
DL — LL discrimination at which the count rate distribution has just been measured
vai — measured peak position
qu — peak position calculated from the old parameters.

If the difference between the calculated and measured peak position exceeds the permissable
level AVP (¢f condition (5) ) the updated values of the calibration parameters should be

. X X X X .
found: KOLi R KOUi Ny - The n, parameters are not changed:

M=o (7a)
x —
Ny =Ny - (7b)

From Eq.(2) the updated parameter Kg . can be calculated
x —4 — 0
Kopi = In@) =0y ;- In(Vp) ®

where the new measured position of the peak mei is utilized.
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The new value of the parameter KSUi can be found as follows. Generally, the parameter
KO is related to a coefficient C0 proportional to an amplification (not including the

PM-—tube gain) in the following way:

A=C,- v, 9)
K, = In(C) (10)

(cf Egs (4), (6), (8) in [1]) . Input signal for the UL discriminator is in fact the same signal
as for the LL but it has been attenuated in the system. That means that the relation between

the amplification coefficients for the LL and UL discriminators is constant:

ct C..
(:U. - i (an
OL1 OLi

which with Eq.(10) gives the new calibration coefficient for the upper level:

KX

oui = Kou K

t (K (12)

X

oLi ~ RoLi )
The change of the parameters is based on a result of only one measurement. Therefore all

the conditions have to be checked carefully before running that experiment. The DC levels

of the output signals from the PM-bases have to be set to zero, the discrimination levels

DL have to be set very accurately, and the UL discriminators have to be disconnected from

the system.




6. Correlation Between the Neutron Detector Calibration Parameters and_the Producer’s
Data for the Photomultipliers.

The producer*) of the photomultipliers gives some parameters of each PM—tube. For
example, a monochromatic sensitivity is given and a voltage corresponding to a certain
fixed gain cf the tube. The parameters are measured in factory standard test conditions. In
our operation conditions the amplitude of the signal is analysed and not the PM—tube
current, and also the PM—base was included, which influences the output signal. However,
we tried to investigate a dependence between the producer's data and our calibration
parameters.

The output pulse amplitude A can be written as:

A~S§,-5,-8;°§, (13)

where

S1 is the coefficient of the quality of the optical coupling ,

52 is the light sensitivity of the PM ,

S3 is the gain of the PM, and
5 4 is the amplification in the PM—base .

We may assume the same value of the coefficient S1 for all detectors in our two arrays

S“=S1 = const , (14)

because they were prepared in the same manner and under the same conditions.

*) Philips, Electronic Components and Materials
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The light sensitivity, S2 , should be proportional to the parameter SM given by the

producer:

S,~S,, ., (15)
where SM is the monochromatic sensitivity for the 401 nm wavelength, expressed by the
PM current per unit power of the light source.

The PM gain was given by Eq.(2) in [1]:

S.=k-V" . (16)

The producer reports the high voltage value VPH at which the photomultiplier reaches a

standard gain S3 = SS 3 107 in this case of the PM type XP2041). Thus we have:

S = k-V'P‘,H (16a)
and
S;= ss-v" /v;‘,H (16b)

Finally, the amplitude A is described, using Eqs (14), (15) and (16b), by the dependence:
n n
A~S4oSM-V /VPH . amn

The same amplitude is given by Eq.(9). The comparison yields

-— . n
Co=5,Sy/Vpy - (18)




The coefficient S " which characterizes the PM—base, is unknown. It is not exactly the
same for various bases and can change for one base depending on some adjustments
(focusing procedure). That means that for one particular detector we still have the

proportionality:

C

O~SM/V (19)

n
PH °

but generally for all detectors together the dependence (19) can be fulfilled only in

statistical sense

A i .
COi ~ SMi / (VPHi) i=0,.,1 (20)

if we assume not very differing PM—bases:
S, =S, . (21)

From Eq.(20) we get a direct dependence between the calibration parameters and the

producer’s data:

A
KOi ~ In( SOi ) + const (22)
where
_ n,
SOi = SMi / (VPH) i (23)

The combined parameter S0 was calculated for each detector (with one exception: we do

not have producer's data for detector 06B). The producer's values of SM and Vou for

selected detectors are listed in Table 11 to show some average and extreme data.




Table 11. Producer’s data for selected PM—tubes.

Detector PM No. SM VPH
(mA/W) V)

11B 13180 E9A 69 2180
15A 12912 E7H 73 2060
04A 12953 E7) 82 2140
05B 12997 ETK 83" 2080
08B 13013 E7K 86 1790
03A 12952 E7L 92 2090
10B 13015 E7K 95 1810

*) Average value

The parameters KO and n are taken from the final results (after verification) of the
calibration for LL discriminators, see Tables 13 and 14. The pairs ( K_ , ln(SO) )i are
plotted in Fig.22 for detectors of branch A, and in Fig.23 for detectors of branch B. The
linear regression gave high correlation and practically the same straight line in both cases.

The results are shown in Table 12, and all the data (branches A and B together) are plotted

in Fig.24.
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Table 12.  Correiation between the calibration parameters and producer's data:

K. = m-ln(SO) +m

0 0°
Detectors of branch
A B A+B
m 0.9811 1.0203 0.9962
m, -5.0436 —8.9882 —6.5711
p(KO, In SO) 0.9901 0.9897 0.9929

The conclusion is that there is a very high correlation between the producer's data and the
measured calibration parameters for the neutron detectors. However, the dependence is
statistical (because of some unkncwn factors) and does not allow us to calculate exact

values of the parameters for the calibration in an individual case. The precision of the VPH

data (ca 10V) seems also to be insufficient.




7._Conclusions

7.1. _General Conclusions

The elaborated method described in this report and in [1] seems to be relevant to make a
calibration of the TANSY neutron detectors. The method offers the user the simplest way to
simultaneously determine the calibration parameters for all the detectors in an array. The
experiment, although it may be laborious, needs much less measurements then any
calibration done by classic amplitude distributions for each detector. An important
advantage of the method is that the same equipment is used for this calibration as for
normal operation of the spectrometer. Therefore, later tests are easy to perform.

The test measurements performed to check the method and the values of the calibration
parameters show very good internal consistency of the method. The calibration parameters
have also been confirned by (statistical) relation to the producer's data for the
photomultipliers. However, a small systematic error cannot be excluded (eg due to a
non-linearity at very low energies which were not possible to investigate). We noticed a
discrepancy between the energy dependences calculated for the detectors, based on the
obtained calibration parameters, and energies measured by the indirect amplitude
distribution for several detectors. Due to a significant uncertainty of the data from these
distributions we may only state that there may be a difference between the results of the two
methods. We are even not sure of the existence of that difference because it is less than the
uncertainty of the energy values (cf paragraph 4.2). Furthermore there is no indication which
of the two experiments that is the better one. The final conclusion is that the determined
calibration parameters should give an energy deviation not larger than ca 15 keV (electron
energy) at the LL discrimination DL = 150 mV. A deviation in the UL discrimination is
generally of less importance and even if the deviation is about twice as large it corresponds
to only about 2%. Therefore the obtained calibration parameters can be used for calculation

of the settings for the TANSY neutron detectors.
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1.2. Settings for the TANSY Neutron Detectors.

The settings for the detectors include the operation high voltages and the LL and UL
discriminations. They should correspond to the lower and upper energy levels required by
the user.

A method to obtain the settings has been shown in Fig.12 in [1]. The procedure is as
follows:

1) assume the LL discrimination, DL’ for all detectors ,
2) assume the LL energy, EL, for all detectors ,
3) calculate the individual operation high voltages, Vi, from Eq.(1) using the input data:

E,=E*Co), E=E, A=D_, n=n_, K =K .,

4) assume the UL energy, EU, for all detectors , and
5) calculate the individual UL discriminations, DUi = A, from Eq.(1) using the input data:

E,=E(¥Co), E=E, V=V, n=n,, K =K. .

The following requirements are presumed for the TANSY neutron detectors:
DL =150 mV, EL = 100 keV, EU = 1400 keV (electron energies). The reference to the
neutron energy has been given in [1] according to {6]. The corresponding settings are listed
in Table 13 (branch A) and Table 14 (branch B) together with the final values of the
neutron detector calibration parameters which were obtained when the verification tests

were done.
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Table 13. Final values of the calibration parameters and settings for the TANSY neutron

detectors, branch A (09-MAY-90).

SETTINGS for energy-celibrated NEUTKRON DETECTORS - branch A.

Input date:
LL Energy
UL Energy

100.0 [keV]) LL Diecrim. = 150.0 (mV]
1400.0 [keV]

(11

Calibration parameters:

E0O = 781.0 [keV] - Co-60 Energy
Neutron detector parameters: VERSION 1 of 09-MAY-90
dettA LL LN(C} LL n UL LN(C) UL n
00 ~-95.5977¢C 13.9199 -95.93807 13.8552
01 ~-92.9844¢ 13.6583 -97.03045 14.1008
02 -92.67700 13.6140 -94.83014 13.7963
03 ~-94.71216 13.9067 -96.51661 14.0441
04 ~94.02598%5 13.7617 -94.33855 13.6872
05 ~94.15124 13.7548 -93.86630 13.6082
06 -95.71883 13.9254 -93.99732 13.5837
07 -95.37336 13.8737 -97.10278 14.0017
08 -89.64796 13.3720 -92.16994 13.6088
09 -94.05767 13.8962 -92.76257 13.603¢8
10 -92.609853 13.6415 -92.78299 13.5531
11 -93.63454 13.7802 -94.57716 13.7874
12 -94.35622 13.8519 -97.09632 14.1143
13 -95.02723 14.0444 -95.59081 14.0087
14 -96.64515 14.1437 ~-98.74255 14.3156
15 -80.92054 13.3984 -82.85490 13.5530

SETTINGS FOR NEUTRON DETECTORS - BRANCH A.

i - o - = = = e P = ae = = e - -

dett#A LL discr. UL discr. BV
[oV] [mV] {v)
00 150, g927. 1596.
01 150, 932. 1517,
02 150. 927, 1520,
03 150. 945, 1508,
04 150. 957. 1550,
05 150. 949. 1570.
06 150. 943, 1605.
07 150. 959, 1610.
08 150. 935. 1384.
09 150. 913. 1447.
10 150. 925, 1490,
11 150. 928. 1492.
12 150. 926, 1513.
13 150. 922. 1436.
14 150. 909. 1529.
15 150, 940 . 1500.

73




Table 14. Final values of the calibration parameters and settings for the TANSY neutron

detectors, branch B (27-APR-901.

SETTINGZ for energv-calibrazted NEUTHRON LETETTORS - branch B.

Input data:
160 .0 [keV] LL Diecrim. = 150.0 [®V]
1400.0 [keV]

LL Enerey
UL Energy

Calitraticn parametere:

EGC = 781.0 [ReV] - Co-6( Energy
Neutron detector parametere: VEFSION 1 of 27-APR-890
detsB LL LNC) LL n UL LN(C) UL n
0c -94 .22612 13.784% -97.53858 14.1077
01 -94.6977) 13.8778 -96.95764 14.0739
02 -95.20302 14.0554 -93.84972 13.7565
03 -91.35313 13.5781 -94.32944 13.8779
04 -93.16808 13.8366 -94.18201 13.8629
0% -93.91614 13.7961 -96.2698% 14.0068
08 -85.90939 12.8904 -85.23893 12.7811
a7 -92.9223¢ 13.6960 -92.48105 13.5235
08 -85.104%% 12.9348 -80.74310 12.2098
09 -96.38091 14.1114 -897.91914 14.2092
10 -93.43744 13.85¢F -91.37764 13.465¢6
11 -101.54268 14 €817 -106.64184 15.2696
12 -94 26544 13.8924¢ -94.83786 13.8927
13 -83.53030 13.87Z¢Z -93.36443 13.7377
14 -92.13€8¢ 13.70€0 -93.20802 13.7402
1% -92.13000 13.593% ~984.02959 13.7413

SETTINGS FOR NEUTRON DETECTORS - BRANCH B.

det#B LL discr. UL discr. HV

(oV] {mV] (vl
00 150. 811, 1565
01 150, 923. 1530.
02 150, 923. 1445
03 150. 941, 1406.
04 160, 922. 1400.
05 150, 934. 1510,
06 150. 918. 1283.
07 150. 927. 1481 .
08 150, 939, 1244 .
(] 150. 924. 1527.
10 150. 947 . 1410,
11 150, 918. 1624.
12 150, 940, 1447,
13 160 935. 1410.
14 150, 922. 1391.

15 150. 921. 1476.




1.3._Tests of the TANSY Neutron Detectors Settings During Operation of the Spectrometer.

Two types of tests are proposed. The first one is a background test to be run eg every
week. It should detect any change of the settings which gives a significant deviation of the
pulse amplitude window. At the same time it should allow the usual observed fluctuations in
the system. The test is called "passive test".

The second test, "active test”, should be run when the results of the passive test are
unsatisfactory. It should indicate if the calibration parameters are to be updated and should
give the new values if necessary.

Both the tests are based on the count rate distribution measurement.

7.3.1. Passive Test

The test is thought to be possible with the smallest effort and smallest changes (if any) in
the operating system. The count rate distribution measurement is performed at the usual LL
discrimination, DL = 150 mV, (no adjustment) and the UL discriminators remain connected
to the electronic system. The count rate divider has to be preset to 1. The 0co source (the
same as during the calibration) is used. It is recommended to place the source in the centre
of the foil-position in the vacuum vessel. An outside position is permitted but it can
introduce a small shift in peak positions and should be avoided if possible.

The peak positions vai of the differential count rate distributions are determined and
compared to the calculated ones, VPli , ¢f paragraph 4.1.

The test gives a positive result if all the detectors fulfil condition (5) with AVP =7V.
The allowed difference AVP is increased here because an additional shift is included by

the presence of the UL discriminators.
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A negative result of the test means that either the fluctuations of the DC and/or
discrimination levels deviate from preset values or that the neutron detector calibration

parameters have changed in time. In this case the active test has to be run.

7.3.2. Active Test (Updating the Calibration Parameters)

The active test is also reduced to only one single count rate distribution measurement but
performed in conditions preseived very rigorously. The order of the items given below
should be strictly followed.

i) Adjust the DC levels of the output fast signal from all PM-bases to 0.0 + 0.4 mV
(measured with a 50Q termination on the secor.d output while the first one has to be
connected to the LL discriminator).

if) Preset all the L1 discriminators to the same value DL +1mV (DL = 150 mV is
recommended, but 150 mV < DL <300 mV can be used) .

iii) The UL discriminators have to be disconnected from the input to the coincidence
unit, still obeying the condition L-U .

iv) The 80Co source has to be placed in the centre of the vacuum vessel.

v) Run the count rate distribution measurement.

An analysis of the experiment gives the answer whether the peak positions fulfil
condition (5) with AVP = 5V . It can occur in spite of a bad result of the passive test
because all the adjustments have been improved and the reason for any deviations could
have disappeared. If the peak positions deviate more than 5V then the status of the
electronic system has changed. A change in the amplification of the signal chain, including
the PM—tubes, is most probable. The procedure of updating the neutron detector calibration
parameters has to be done as shown in paragraph 5.2. Then a new file of the calibration

parameters is created which is used by those computer programs which are related to the

energy calibration of the TANSY neutron detectors.




7.4. A Method to Apply a Spare Neutron Detector in the Array.

The calibration procedure should be performed for any new detector which is to be used
in the neutron detector array. However, it is quite laborious anu time consuming and special
conditions have to be fulfilled. Therefore it is convenient to have a method which allows the
user to quickly apply a new detector with approximate values of the parameters. Such a
method is based on the observation that the calibration lines are almost parallel for all the

detectors. One can assume that for a new detector n the calibration parameter n is:

D0 = ML(aB) (24a)
Dy = nU( AB) (24b)
where the means M (AB) and Nyap) &€ calculated from an average of the values in

branches A and B. Then the count rate distribution is measured at the LL discrimination
DL = 150 mV in the same rigorous conditions as in the active test (paragraph 7.3.2.). When
the peak position VPn of the differential distribution is found the K0 parameter is

calculated from:

KOLn = ln(DL) - nLn-ln(VPn) (25)

(¢fEq.(8) ). The parameter KO for the UL discriminator can be found from the relation:

Kotn = Koui + (K (26)

0Un  H0U OLn “Kou) ’

where KOLi and KOUi are the parameters of the detector which is now substituted by the
new detector. Eq.(26) was obtais.2d similarly as Eq.(12).
The method gives good parameters as a base for calculating the detector settings

( DL’ EL, Vn, ]:U, DUn) at the discriinination level at which the count rate distribution
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was measured. However, if for some reason significantly different values of the LL
discrimination and/or the values of the lower and upper discrimination energies are wanted,
Ln® Mun KOLn and KOUn , may lead to
unacceptable (and unknown) errors. In this case one should perform the full calibration

then the approximated calibration parameters, n

procedure (as described in paragraph 2) for the new detector to get the true calibration

parameters as quickly as possible.
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