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ABSTRACT
ON IMPROVING GE DETECTOR ENERGY RESOLUTION AND

PEAK-TO-COMPTON RATIOS BY PULSE-SHAPE DISCRIMINATION

By

Nobuo Matsushita

The rise-time discrimination of pulses from Ge detectors can be

used to improve the spectra on two levels: First, by discriminating

against slower-rising pulses, both the energy resolution and peak-to-

Compton ratios can be improved significantly, especially for detectors

that have suffered neutron damage. Second, by adding a pulse-height

correction to compensate for effects of varying rise-time, an improved

composite spectrum can be obtained without significant loss in detec-
tor efficiency.
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CHAPTER I

INTRODUCTION

Until semiconductor detectors were introduced in nuclear science,
scintillation counters were used in nuclear spectroscopy. The use of
the scintillation counter in its various forms has made possible the
investigation of a large number of problems that would otherwise have
been extremely tedious if not impossible. As an example we may con-
sider the field of gamma (Y)-ray spectroscopy, whose present state of
development is due in large part to the use of scintillators. Prior
to about 1949, y-ray energies were generally measured either by ob-
serving the beta spectrum of associated Compton recoils or photo-
electron recoils or by interposing absorbers of various.materials
between the Y source and detector (Geiger counter). The development
of scintillation counters, especially the NaI(Tl) detector, have
provided a convenient, high-efficiency spectrometer such that mea-
surements of Y-ray spectra from radioactive nuclei have become a
fairly common laboratory technique. In the best scintillation systems
one photoelectron is produced at the photocathode for each 110 eV of
energy lost [Co71].

In the early 1960's, semiconductors were introduced in nuclear
science. Since then, almost constant effort has been expended to
improve both their energy resolution and their peak-to-Compton ratio
[Ie71] to some extent, mutually incompatible goals. For example, the
larger the detector, the better the peak-to-Compton ratio, but in

1



general, the poorer its resolution. Such panaceas as very large

volume intrinsic Ge detectors [Go74] or successful fabrication of detec-
tors from semiconductors having both a high Z and a small band gap
[Pe72], (i.e., InSb) have not yet appeared on the scene. Thus, we
often find a necessary compromise: a Ge Y-ray detector with the best
energy resolution practicable (and often of medium to small size) used
in conjunction with one of the more or less elaborate Compton-suppres-
sion spectrometers [Au67,Be77]. The latter are necessarily expensive,
cumbersome, and require elaborate coincidence electronics.

Additional concern arises when Ge detectors have been used for
in-beam y-ray experiments where they often suffer from neutron damage.
The neutrons can cause lattice defects in the Ge crystal which act as
traps for the charge carriers [Go74,Kr68 ,Ma68]. These trapping centers
not only contribute to poor resolution because of incomplete charge
collection, but also slow down the rate of charge collection [Ma68].
Often in-beam Y-ray experiments extend over periods of days. 1Imn such
cases neutron damage may be occurring continuously and the resolution
will degenerate accordingly.

One way to repair these neutron damaged detectors is to regenerate
the Ge crystal. One can attempt to regenerate the crystal by the Badder
Method [Ba74]. This method is not always successful, so the detector
is often sent back to the company.

Our original purpose was to investigate the different rise-time
signals from Ge detectors, since this information might suggest some
ways of improving the energy resolution of the detectors. Also, at the

same time, we were interested in how the relative efficiency and the
[}



peak-to-Compton ratios depended on the rise-times. In general,

the poor energy resolution is associated with pulses having slower
than normal rise-times. By discriminating against slower pulses one
should be able to improve the energy resolution of a detector, albeit
at some expense in efficiency.

The improvement in the energy resolution has been borme out by
my experiments. I found that I can improve the energy resolution of
a detector by approximately 507, the exact amount of depending on the
amount of neutron damage the detector has suffered. For a brand new,
state-of-the-art, high-resolution detector, the effect is not very
great; for a badly damaged detector, the improvement can exceed 50%.
Unexpectedly, however, I also found that I can use pulse-height
correction techniques to gain these improvements without any signi-

ficant loss in efficiency.



CHAPTER II

TWO DIMENSIONAL EXPERIMENT

1. Experimental Techniques

I have performed experiments using several Ge and Ge(Li)
detectors--from different manufacturers, of various sizes, and of both
planar and coaxial configurations. In this thesis, however, I present
results only for the two detectors studied most extemsively: a Ge
planar detector manufactured by Princeton Gamma-Tech and a Ge(L1)
true coaxial detector manufactured by ORTEC.

The planar detector had an active area of 1000 mm?, giving it
an active volume of 13 cm3, or an efficiency of 2.5% relative to a
7.6 x 7.6-cm NaI(Tl) detector (for the $0Co 1332.5-keV peak, with a
source-to-detector distance of 25 cm). The operational bias was 2500 V,
and the original energy resolution (again, for the ©0Co 1332.5-keV)
was 1.7 keV full width at half maximum (FWHM), although the resolution
had deteriorated slightly to 1.84 keV FWHM at the time these measure-
ments were performed.

The true coaxial detector was 44.4 mm long, 49.6 mm in diameter,
and with a drift depth of 19.3 mm, resulting in an active volume of
78.3 cm3, or an efficiency of 16%. 1Its operational bias was 4800 V,
and its original warranteed resolution was 2.0 keV FWHM. This detec-
tor, however, had been used extemsively for in-beam experiments and
had suffered extensive neutron damage, resulting in a poorer energy

resolution of 4.92 keV.



Standard 60Co, 137cs, 152pu sources were used for my measurements.

In order to perform our rise-time experiments, I used a fast-
slow "megachannel" [Gi71] circuit with branched signals from the single
detector under investigation for the coincidence inputs. A block
diagram of the experimental set-up is shown in fig. 2-1. The ORTEC
Model 473 Constant Fraction Timing Discriminators (CFTD), together
with associated Model 425 Delays, were used to start and stop the
Model 467 Time-to-Amplitude Converter (TAC), whose output was recorded
on magnetic tape along with the pulse-height information.

Although the rise-time distributions vary from detector to detec-
tor, 40 nsec on the external delays for the CFID's was determined to
be an appropriate setting for these experiments (one has to be wary,
in particular, of using much shorter delays--these can sometimes cause
the CFTD's to act somewhat as lower-level discriminators for the
slower-rise pulses, thus artificially eliminating some of the lower-
energy events for slow rise times). The 0.1 fraction CFTD was used to
start the TAC; the 0.5 fraction CFTD, to stop the TAC. Thus the rise-
time is the time difference between the output of 0.1 and 0.5 fraction
CFTD. All data were recorded event by event on magnetic tape and
later sorted, using the II-Event [Au72] data taking and II-Event

Recovery [Au75] programs on the MSU NSCL Sigma-7 computer.

2. Results and Discussion

Examples of 60Co + 152Eu gpectra taken with the Ge planar detector
are shown in fig. 2-2, and the output of the TAC for these spectra is
shown in fig. 2-3. The "all-event" spectrum shown at the bottom of

fig. 2-2 in A) was obtained by integrating over all the TAC signals.
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Nine separate gates were taken, covering a 45-nsec range. 1In B) a
fast rise-time spectrum is shown (Gate 1), while in C) a considerably
slower one is shown (Gate 6). Finally, at the top of fig. 2-2, in D),
I show an "all-events" spectrum that has been pulse-height corrected
in the manner described below.

In fig. 2-4 I show a summary of my analysis of the nine TAC-gated
spectra: The energy resolution versus TAC channel is shown in the
middle. The resolution (for the 50Co 1332.5-keV peak) has been
improved by approximately 107 in the faster rise-time slices. Corres-
pondingly, the peak-to-Compton ratio is shown as a function of rise-
time, where it can be seen there is a ten-fold improvement between
the poorest (Gate 9) and the best (Gate 1). At the bottom of the
figure I show the fraction of total events occurring in each slice.

As anticipated, better energy resolution and peak-to-Compton
ratios can be obtained by discriminating against pulses having slower
rise-times, as demonstrated in fig. 2-4. Somewhat more surprising,
however, is the fact that, for most of the slices, the individual
energy resolution and peak-to-Compton ratios are better than in the
raw "all-events" spectrum. Encouraged by this result, I made a more
elaborate investigation of each peak shape and centroid position.

The lattice defects contribute to degraded resolution because
they can act as traps for the charge carriers, leading to incomplete
charge collection. At the same time they slow down the rate of the
charge collection. It would not matter if all the charge were not
collected, provided a constant percentage of the charge were collected

for every event. This would change the normalization, but, in
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principle, one could obtain quite good resolution in such a system
even without complete charge collection. If there is a direct
correlation between the rise-time of a pulse and the percent of charge
collected, one has a means with which to work on the problem.

In fig. 2-5 I have plotted the centroid of four different Yy-ray
peaks versus the TAC channel: The peaks shift linearly as a function
of the rise-time, and the slopes for the lines are energy dependent,
being greater for the higher-energy peaks. The slope of the line for

each peak can be fitted to relation
A = oFE (1)

Here a is a constant and E is the energy. This indicates that
the amount of charge trapped in the damaged portions of a detector is
proportional to the energy.

This linear dependence makes it easy to develop computer software
to shift each pulse-height value by an amount determined by the rise-

time and the pulse-height. The amount of each shift is given by

Eshift = AT (2)

After this correction, the "all-events" resolution for the
1332.5-keV 60Co peak improved from 1.84 keV to 1.77 keV FWHM. This
is not a remarkable improvement; however, this detector originally had
quite good resolution. Had it suffered more extreme neutron damage,

I assume that the improvement would have been greater. 1In principle,
the use of more and narrower rise-time slices should make a further

improvement up to the theoretical limit of time resolution.
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The same method was applied for the coaxial Ge(Li) detector which
had indeed suffered considerable neutron damage. Fig. 2-6 shows the
correlation between the rise-time versus the 1332,5-keV y-ray line
shape. This figure shows that with increasing rise-time (i.e.,
increasing the gate number), the beaks get broader and split into a
doublet. This splitting phenomenon has also been seen in a previous
study [Kr68].

The pulse-height correction method is only suitable if there is
some relation between the pulse-height and the rise-time. The indi-
vidual energy resolution of the gated spectra must be better than the
raw data energy resolution. Thus, for the coaxial detector case, even
if we could correct for the pulse-height, it would not be expected to
improve the energy resolution. With 57 efficiency, by choosing the
rise-time gate, I.could get 2.31 keV FWHM (vs 4.92 keV for the raw
data), or an energy resolution improvement of 53%. The "all-events"
and fast rise-time spectra (corresponding approximately to Gates 1-2
in fig. 2-3) are shown in fig. 2-7. An expanded comparison of these
two spectra is given in fig. 2-8, where the spectra have been normal-

ized to the height of the 1173.2-keV peak.
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CHAPTER III

THREE DIMENSIONAL EXPERIMENT

In general, the pulse shape of a coaxial Ge(Li) detector is
determined by the electric field as a function of the position inside
the detector's sensitive region. The following equation gives the

integrated voltage (V) for a coaxial detector as shown in fig. 3-1.

t

L2 1 2 2_y2 - 2
V=g Tog (57a) [(log(Xo + (b xo)Tion) log Xo)
2 2 2_2y_t .
+(logX° - log(X° - (Xo-a )T )] (3)
el
(t < Tel and/or Tion)

Here, Tion and T, are collection time for ion and electron respec-
tively. Q is the charge, and C is the capacitance. The other terms
are referred to in fig. 3-1. The pulses have different rise-times,
from 60 nsec to 150 nsec, depending on the interacting positioms.
This creates a much more complicated relation between the pulse-height
and the rise-time. For example, consider the two pulses A and B:
A is a slow rise-time pulse, the slow rise-time resulting from neutron
damage, and B is a naturally slow rise-time pulse without neutron
damage. These pulses, A and B, arrive at the same time at the 0.5
fraction level. Since A is the neutron damaged pulse, its pulse-
height is smaller than that of B.

However this complication may be solved by adding another CFTD.
Fig. 3-2 shows the expected correlation of the time difference

17
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between the 0.1-0.5 fraction and the 0.1-0.7 fraction. The solid

line indicates the calculated correlation of the output pulse from the
timing filter amplifier with a shaping time constant of 50 nsec [Ka80].
For ideal conditions, we expect all events to be distributed on the
line in fig. 3-2. For neutron damaged cases, I expect those linear
distributions to become area distributions because it takes more time

to collect pulses.

1. Experimental Techniques and Data Processing

The block diagram for the triple coincidence experimental elec-
tronics is shown in fig. 3-3. This diagram is similar to that used
previously, except that- there is another CFTD and TAQ. The detector
was the 167 Ge(Li) detector previously used, and I used the same
radiation sources.

The 0.1 fraction level of the CFTD was used to start both TAC's;
the 0.5 fraction and the 0.7 fraction levels were used to stop them.
Therefore, for one ADC the input signal is proportional to the rise-
time differences between the 0.1 and 0.7 fraction levels of the CFID,
and for the other ADC the input is the time difference between the
0.1 and the 0.5 fraction levels. All data were recorded event by
event on magnetic tapé using II-event program as before and sorted
off-line.

In order to see the centroid movement for short calculation time,
it was necessary to develop a new sorting program: Event Rec. This
program allows me to accumulate the three dimensional (20 x 25 x 200
channels) energy spectrum. I used 200 channels for an energy spectrum,

25 channels for the 0.5 TAC, and 20 channels for the 0.7 TAC. Then,
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after data were sorted by Event Rec, the centroid of all 500 TAC
gated spectra were obtained by a program called Auto Cen. This

program outline is as follows:

l. Find the highest count channel.

2. Find the channels of the beginning and
the end of the peak.

3. Calculate the centroid. The background
is determined by averaging the number of
counts per channel found in the five
channels immediately preceeding the peak
and five channels immediately following
the peak. This is subtracted from the
area under the peak.

4, Assume that peaks are a Gaussian dis-
tribution. Thus, FWHM = 2.3540

After completely analyzing the data, it was necessary to develop
another sorting program which allows me to gate in two dimensions:

2D GATE. These three new programs are listed in the appendix.

2. Results and Discussion

Figs. 3-4 and 3-5 show the correlation between the centroid of
the 1332.5-keV y-ray peak and two TAC's: the 0.7 and 0.5 fractionms.
On the 0.5 fraction axis the interval between each line is about 1.5
nsec. On the 0.7 fraction axis, it is 3.3 .nsec. The centroid axis is
39 channels from the bottom to the top (on a log scale). Fig. 3-5
was obtained by rotating fig. 3-4 by 90° clockwise about the centroid
axis. The relative yield for each 1332.5-keV peak versus the two
TAC settings is shown in figs. 3-6 and 3-7. Again, Fig. 3-7 was
obtained by a similar rotation of fig. 3-6.

As can be seen in figs. 3-6 and 3-7, the observed events are not
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distributed on a line, but rather in a broad area. The centroid
versus the rise-time, figs. 3-4 and 3-5, show that the higher yield
areas of figs. 3-6 and 3-7 also have higher centroids. This result
agrees with my predictions: These lower yield and centroid regions
result from the neutron-damaged pulses and the higher yield and
centroid regions, from undamaged pulses.

The energy resolution in the non-neutron damaged area is about
2.59 keV FWHM and in the neutron damaged area about 3 keV. After
accumulating events from the non-neutron area (A in fig. 3-8) by
2D GATE program, we are able to improve the energy resolution to
2.61 keV (at 1332.5 keV) with 107 efficiency, corresponding to a 46%
improvement in energy resolution. With 287 efficiency in the gated
area A and B in fig. 3-8, we get 2.96 keV energy resolution, 40%
improvement in energy resolution. The spectrum resulting from area
A in fig. 3-8 is shown in fig. 3-9 with the original spectrum for
comparison, and I have blown up a portion of fig. 3-9 in fig. 3-10.
Since each individual gated energy resolution is much better than the
raw data, in principle it is possible to make the pulse-height correc-
tion for a coaxial detector by finding a pulse-height function which

is a function of both the rise-time 0.1-0.5 and 0.1-0.7 fractioms.



28

*qIVO dz 103 suor3aa pailed ayl Bujdejdsyp sjojd jeuofsuswyp om3l ayj

(dasu)

06

JV.L uoidoi4 2°0-10

o8

g-¢ 2an3ry

(02

09

(0,

ov

o¢c

Pasu)

JV1 uoidDi4 G°0-10



29

*(do3l) eijep mea syl yitm paredwod (wo3lloq) FILVO dZ 243 YITM wniioadg

" 6-¢ 2an814

H3GWIN "13INNVHO

0008 000/ 0008 000S 000+ 000E 000c 0001

|

[

i

319 a2 buisn wnidadg

wnJdads moJ ay |

1TINNVHI 434 SLINMO0J



30

6-€ 813 30 uoyrzaod e jo dn moTg

0T-Z 2an3t4

d3GWIMN TINNVHJ

31Vv9 ‘g2 busn wnydadg

wnJyd3ds MoJ 3y

TANNVHI d3d S1INMOJ



CHAPTER IV

CONCLUSIONS

It is evident from these results that neutron damage changes the
normal pulse-heights, and these different pulse-height signals result
in lower overall energy resolution. It is also possible to correct
for this effect and improve the overall energy resolution. When the
energy resolution of individual rise-time gated spectrum slices is
better than the composite "all-events' spectrum, one can significantly
improve the resolution of overall spectrum by either employing the
pulse-height correction method or collecting data only from non-
neutron damaged areas. By using the pulse-height correction method,
the improvement in energy resolution can be obtained without an
appreciable loss in efficiency. In other words, one can salvage the
"degraded" spectrum parts, slice by slice, by shifting them to their
undegraded equivalent and then adding them up to obtain an improved
spectrum.

For a coaxial detector, it is necessary to use two different
rise-time discriminators because of its more complicated structure.
Also, it may be possible to apply the pulse-height correction to this

type of detector by finding the function,
Chshift = Bf(t,,t,) (4)

Here B is energy dependent constant, and f(t,,t,) is a function of

the two rise-times. The energy dependent constant can be obtained by
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investigating the peak centroids versus the energy relationship as
described in chapter 2.

Finally, this phenomenon should be studied using gaseous
proportional counters, where conditions can be controlled more readily.
We may ultimately discover that the sequence of events for collection
of charge carriers within the detector producing a pulse, particularly
a photopeak pulse, from a Ge(Li) detector are considerably more complex
than we had realized. In the meantime, using fast pulse rise-~time
discrimination technique can be a practical way for significantly

improving the quality of y-ray spectra.
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APPENDIX

A. Event Rec

DIMENSION IDATA1(208,25,10), IDATA2(280,2%5,108),1IDI1(528080),ISEQ(4)
+,1D]12(5S088B), ITITLE(28), IARRY(4),JTITLE(20)
EQUIUVALENCE(IDATA1(1,1,1),1IDI1(1))
EQUIVALENCE (IDATA2(1,1,1),1IDI2(1))
READ(18S,10)ITC1,MAX1, ICF1
READ(185,1@8)1TC2, MAX2, ICF2
READ(105,10)IENG, MAX3, ICF3
READ(105,1S)MTSTOP

READ(18S,188)JTITLE

FORMAT (31)

FORMAT (11)

READ(185,208)ITYPE, NUM

FORMAT (21)

ISEQ(1):=0

I1ISEQ(2)=1

ISEQ(3):=3

WRITE(108,25)1ITC1,MAX1, ICF1
WRITE(108,25)ITC2,MAX2, ICF2
WRITE(188,26)IENG,MAX3, ICF3

FORMAT(1HB®, *TAC’, 1S, 8%, "MAX’, 1S,SX, *ICF’,IS)
OUTPUT ITYPE,NUM, ISEQ

FORMAT (1H@, ENG’, IS,SX, "MAX’,I1S,85X,"ICF’,1%)
DO 17 J=1,58000

IDI2(J) =0

IDI1(J)=0@

CALL EVUSET(110,ITYPE,NUM,ITITLE.,M, ISEQ)
IF(M.EQ.B8)GO TO

IF(M.EQ.1)GO TO 458

IF(M.EQ.2)G0 TO 451

IF(M.EQ.3)G0 TO 4352

WRITE(108,150)
GO TO 999

GO

GO

rORHRTééHB-'ThPE READ ERROR’)

70 9
WRITE(108,151)
FORMAT (1HO, 'PARAMETER ERROR’)
70 999

WRITE(108,152)

FORMAT (1MH@, "ILLEGL REQUEST AT SET")
GO T0 999
WRITE(1088,5@0)ITITLE
T(1H@, 'TITLE ", SX, 20A4)

FORMA
ICOIN1
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OO0OZDIOZD: * ** DDDD D~

GO

STOP.LE.2)GO TO 310
ENT.EQ.MTSTOP) GO TO 480
T=IEVENT+1

UGET (IARRY,N)

Q.8)G0 TO 200

.-1)G0_TO 800

.1)GO TO 260

.2)G0 T0 410

.3)GO TO 4206
RY(1).LT.ITC1.0R.IARRY(1).GT.MAX1)GO TO 381
Y(3).LT.ITC2.0R.IARRY(3).GT.MAX2)GO TO 301
Y(2).LT.IENG.OR.IARRY(2).GT.MAX3) GO TO 301
Y(1)-ITC1)/ICF1+1}

Y(3)-1ITC2)/7ICF2+1

Y(2)-IENG)/7ICF3+1

.20) GO 70 301

.25) GO 70 301

.288)G0 T0 301

.11) GO TO 2S@

1,J,K)=IDATAL1(I,J,.K)+1

ICOIN1+1

e1

1,J,K)=IDATAR2(I1,J,K)+1

ICOINZ2+1

e1

REO+1

81

JADCE+1
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ILEG:ILEG+1
GO T0 3@1
WRITE(200.,1
WRITE(201,1
OUTPUT 1CO01

m

WRITE(2084,1
WRITE(20S,1
WRITE(206,1
WRITE (207, 1

FORMAT (20
CALL
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IXTXIX
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CALL CPUNC

WRITE (108,
FORMAT(1H
WRITE(108,
FORMAT(1H
OUTPUT IEV
STOP

END

Zo O QA AR AmRAA~ADO0000ZO
gwm;wuuawnn e b B b B a L L

MON®ONIX

GROUP ERROR’,2X,18)

681),1400. 8, NERR, 0, 207)
ON READ OPERATION’.,2X,18)
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Autoc Cen

DIMENSION ITIT(16), IFNAM(1@),IDT(16384),Y(16384),ATIT(20)

INTEGER Y

READ(10S5,50) ATIT

FORMAT (28A4)

READ(10S5,21,END=900), (IFNAM(1),1:2,10)
DO S 1:=1,16384

IDT(I)=0

Y(I1):=e

CONTINUE

FORMAT (9A4)
READ(18S,2S)ISTART, ISTOP, KCHAN
FORMAT(3I)

READ(105,26) INTER

FORMAT(1I)

WRITE(108,500), (IFNAM(I), 1:2,10)
FORMAT(1HO, 16A4

IFNAM(1):=28

CALL UNLOAD(110)

CALL ASSIGN(118,1, IFNAM.B8)
READ(118,38,END=1S)ITIT

FORMAT (16X, 16A4)

FORMAT(1H@, ‘START CHIS ’,IS,18X,’STOP CH IS ’,1S,18X,’THIS IS A PE
+AK STARTING AT THE ’,1IS)

CALL CREAD(IDT, NCHA ;NRUN;NREE NSTQRT.!ID)
WRITE(108,5S8S)ISTART, ISTOP, KCHAN

WRITE(188,27) INTER
FORMAT(1HO, INTERVAL IS
IF(NREE.NE.B) GO _TO

’» IS)

ese
CALL SHOOTH(Y'IDT»ISTQRT.ISTOP)

WRITE(186,S0)AT
CAaLL CPUNCH(Y'ISZDOvOOI

FIND PEAK

IK=INTER

In:z2088

1B=@

ISTART= ISTART+48

DO 18@ I=ISTART, ISTOP

ICHAN=Q

IHICOUNT=-1

DO 110 J=ISTART.IA
IFC(IHICOUNT.GT.Y(J)) GO
IHICOUNT=Y(J)

ICHAN:

CONTINUE
IF(IHICOUNT.LT.i) GO TO
Kz ICHA

IPL:K-IK

IPRz=K+IK

SLBz(IDT(K=-IK=1)+IDT(K~

+S.
SRB=z (IDT(K+IK+1)+IDT(K+

+S

FIND CENTROID

saacx-o.
REA=Q

ECET=°'

FK: (SRB-SLB)/ (SR-SL)

no sa II-1IPL, IPR

BﬁCKG SLB+FK® (FLOAT(N))
=IDT(II)=-BACKG

AREH AREhoh

CENzAxII+CEN

SBACK: SBACK#BACKG

CONT INUE

ERR:=SQRT (2.%SBACK+AREA)

CEN:=CEN-/ARER

DO 170 JK=IPL, IPR

+NERR, 0, 106)

TO 110

i1Se

IK=2)+IDT(K-IK=3)+IDT(K-IK~4)+IDT(K-IK-5))/
IK+2)+IDT(K+IK+3) +IDT(K+IK+4)+IDT(K+IK+S) )/

DCEN=DCEN+(FLOAT(JK)=CEN)=xx2%x(IDT(JK)+BACKG)
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DCEN=SQRT(DCEN)-/AREA
FIND RESULTION FWHM

FE=Q
DO 280 MMz IPL, IPR

BQCK SLBOFK:(FLOQT(N))

AS=IDT(MM)-BACK

AA= ( (MM-CEN)x%2) xAS

BB:= ( (MM-CEN+DCEN) xx2)%AS

SUMA = SUMA+AA

SUMB:=SUMB+BB

CONT INUE

OUTPUT SUMA, SUMB, AREA

SA:z2.354xSQRT (SUMA/ (AREA-1))

SB:2.354%xSQRT(SUMB/ (AREA-1))

FEzSB-SA

SCHAN:=KCHAN+ (CEN-1B%200)

YCHAN=KCHAN+ ( (CEN-DCEN)-1B%x280)

ZCHAN=KCHAN+ ( (CEN+DCEN) -1B%200)

WRITE(108,605)

FORMAT(1H@,3X, "PL’,6X, PR’ ,6X, "SLB’,6X, "SRB’,6X, "AREA’, 6X, "ERR ", 6X
:’ggagﬁéhgx.’CEN':SX"DCEN':SX»'FHHH’;GX.’DFH’»SX;'CHRN':SX.'LCNGN’
*ega;s<éea »618)IPL, IPR,SLB,SLR,AREA, ERR, SBACK,»CEN, DCEN,SA,FE, SCHAN,

FORHAT(:HO.X'ISuZX 1S,2X,FS5.2,2X%X,FS.2,3X,F108.3,3X,F5.4,3%X,F10. 3, 3X
+,F10.4,1X,F7.4,2X,F7.3,2X,F6.4,2X,F8.3,2X,F9.4,2X,F9.4)

ISTART: IB*200
Iﬂ.ISTﬂRT#ZGB
ISTART:zISTART+S@
éS(I§TAET GE ISTOP) GO TO 1S
HRITE (108, SSO)NREE
FORMAT(1HO, I2)
GO TO 900

TOP
END

SUBROUTINE SMOOTH(Y, IDT, ISTART, ISTOP)
DIHENSION Y1), IDT(1)

DT(ISTQRT)
STOP-1

ISIﬁRToISTOP
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DIMENSION IGMI1(10824),1IGMI2(1024), IGMI3(10824), IGMX1(10824), ISEQ(3).
OIGHXZ(1824)’XGHX3(102‘);10&7&1(9192)-IDQTGZ(B!SZ)DID“TAS(BISE);IQR
+RY(3),ITITLE(20),JTITLE(

REAL IDXHIN;IDYH.IDHX.IDXHINE’!DYHZ»IDHXZ.IDXH!N3.IDYH3 IDMX3

DO SO 1:=1,1024

IGMX1(I)>=0 .

IGMX2(I)=0

IGMX3(1):=0

IGMI1(1)=1000

IGMI2(1)=-1000

IGMI3(I)=-1000

DO SS I:-1.8192

IDATAL1(I)=0

IDATA2(I):=0

IDATAR3(I1):=0

EAD(18S,1@8S)JTITLE
WRITE(108,106)JTITLE
FORMAT (1HO, 20R4)

EAD (105, 1S)MTSTOP

FORMAT(11I)

READ(105,.20)ITC1, IMAX1, ITC2, IMAX2, ITC3, IMAX3

FORMAT(EI)

WRITE(1068,16)ITC1,IMAX1,ITC2, IMAX2, ITC3, IMAX3

FORMAT(1HB, TAC1’,IS5,5X,"TAC MAX1’,14,9%, 'TRC2’,I5,5X, TAC MAX2’.,
+IS5,9%, *TAC3’, IS5, 5%, TAC MAX3’, IS)

READ (10S., ZG)IXI.an.lx3.1x4.IY1.Ix21 I1X22, IX23, IX24,1Y2, IX31,IX32,
+IX33, 1X34,1Y3

FORMAT(1SI)

WRITE(108,25)IX1,IX2,IX3, IX4, IVl

FORMAT(1HO, 1ST GﬂYE“' »’XL==", 14, 3%, *K2==", 14,3X, *X3-=",14,3%, X4
+-=’,14,3X%X,’'Y1=--",14) .

uRITE(:OS.:?)IXZ!.Ixzzolxzs.IXZC.IYz

FORMAT(1HB, 2N E 1==",14,3%X, *X2~=",14,3%X, *X3-~",14,3%X, "’
*==’,14,3%,°Y "' I

WRITE (108, ZB)IX31 IX32-IX33»IX3‘;IY3

FOR"ﬁT(IHﬂ»'aRD GATE=="’, "X1-==",14,3X, ’X2~=",14,3X, 'X3~-=-",14,3X,"’

*==’,14,3X Yi-=’,14)
IDXNIN:IXI-IXZ
IDYM=ITC1-IMAX]
IDMX=IX3~-IX4
SLOPMI=IDYM/IDXMIN
SLOPMX=IDYM/IDMX
OUTPUT SLOPMI., SLOPHX

2 X1
=1/SLOPMX~IY1/SLOPMX+IX3
=1/SLOPMI-~1IYi/SLOPMI+IX1
éXEl-IXZZ

IX
SLOPMI2: IDYHZ/IDXHINZ
SLOPMX2= IDYM2/IDMX2
OUTPUT SLOPMIZ, SLOPHXZ
DO 101 J=ITC2, X2
IGMX2(J) = J/SLOPHXZ-IYE/SLOPHX2+IXZ3
IGH 2 J)z=J/SLOPMI2-1Y2/SLOPMI2+IX21
IDXMIN3=IX31-1X32
IDYH3 ITC3~IHAX3
IDMX3:IX33-1X
SLOPMI3: IDYH3/IDXHIN3
SLOPMX3=IDYM3/IDMX3
QUTPUT SLOPMI3, SLOPMX3

DO 182 K=ITC3, IMAX3
IGMX3(K)=K/SLOPMX3-IY3/SLOPMX3+1IX33
IGMI3(K) ‘K/SLOPHI3-IY3/SLOPHIBOIX31
WRITE(188,6008) IGMX

WRITE(108, SBO)IGNII
WRITE(108,600)I1G6MX2
WRITE(188,600)1GMI2
WRITE (108, 600) IGMX3
WRITE(1908,600)IGMI3
FORMAT(1HO,201S)

NUM=3

ISEQ(1)=0

ISEQ(2)=1

ISEQ(3):=3

CALL EVUSET(118,ITYPE,NUM, ITITLE,M, ISEQ)
IF(M.EQ.8)G0O TO S1

IF(M.EQ.1)G0 TO 4S80
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IF(M.EQ.2)G0 TO 451
IF(M.EQ.3)GO_TO 452
WRITE(108,150)

GO 70 999

FORMAT (1HD, *TAPE READ ERROR’)
GO _TO 999

WRITE(188,151)
FORMAT (1HB, *PARAMETER ERROR’)
0o TO 999

WRITE(108,152)
FORMAT (1HO, ’ ILLEGL REQUEST AT SET’)
GO _TO 999

WRITE(198,50@)ITITLE
FORMAT(1H@, 'TITLE’, SX, 20A4)

G

ICOIN1:=8

ICOIN2=0

ICOIN3:=08

IEVENT=0

JREO:=0

JADCE:=@

ILEG:=0

IF(MTSTOP.LE.@)GO TO 310

IF(IEVENT.EQ.MTSTOP) GO TO 400

.EQ.2)G0 TO 410
Q.3)GO0 TO 420

~
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H
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]

orooro

X~<O0X -0

Mo =M
WHOAN O n R

N3:zICOI
0 TO
JREO=JREO+1

GO TO 3e1
JADCE=JADCE+1

GO 7O 301
ILEG=ILEG+1

GO 7O 301

CALL CPUNCH(ID 92, 1,NERR, 8,201)
CALL CPUNCH(IDATAZ2,B8192,2,NERR,8,202)
CALL CPUNCH(IDATA3,8192,3,NERR,2,203)
WRITE(108,700) JREO
FORMAT (1HO, 'ERROR ON READ OPERATION’,2X,18)
WRITE(108,701) JADCE
FORMAT (1HB, "ADC GROUP ERROR’,2X,I8)
QUTPUT IEUVENT
ggggUT ICOIN1, ICOIN2, ICOIN3

END

CH?.GT.IGMX1(ICHS))GO TO 350

I
b
}CH?.GT.IGHXZ(ICHS))GO TO0 351
{CH?.GT.IG"X3(ICHS))GO T0 301






