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ABSTRACT

A FORTRAN IV (Level H) programme is described which locates photopeaks in
the output of a multichannel analyser scintillation spectrometer assembly. The
programme is particularly useful for processing the output of large capacily

analysers working in conjunction with a high resolution Ge(Li) detector.
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1. INTRODUCTION

In recent years there has been considerable interest in the subject of
computer coupled activation analysis. The logical result of coupling a
computer to activation analysis is seen in the present generation of analysers
where data are stored directly in a small computer rather than in a couventional
multi-channel pulse height analyser. Whilst the engineering aspects of such
assemblies are now well understcod, there is much to be done in the field of

dala processing.

Peak location by computer was used for a while by Drew et al. (1962) and
Kuykendz2ll and Wainerdi (1960), and it was discussed by Yule (1966) . Although the
trend has been to supplement peak lccation routines by wmore sophisticated
mathematical treatments, such roatines are still very useful in activatiom
analysis studies, particularly since the advent of high resolution Ge(Li)
detectors. These require the use of many channels if full advantage is to be
taken of their inherently good resolution. Such detector-analyser combinations

generate large quantities of data which take a long time to examine manually.

The work reported here is a FORTRAN IV Level H programme developed for
peak location and peak energy measurement in gamma scintillation spectrometry.
It is intended primarily for use with the output f{rom large capacity multi-
channel analyéers connected to a high-resolution detector. As its prime
purpose is peak energy measurement, it is used largely {or deciding which isotopes
are present in a sample. Subseguent reports will deal with the problems of

energy assignment, evaluation of peak areas and spectrum stripping.

2. FACILITIES AVAILABLE

The facilities available to Chemistry Division staff at the ALA.E.C. comprise
a 1024-channel Nuclear Data Pulse Height Analyser (Model FMR) and a range of
detectors consisting of NaIl (T1l) crystals and a Li(Ge) solid state detector.
Output from the detector-analyser is available either as printed lines via an
electric typewriter or as punched tape from a Nuclear Data Model Punch-Reader
unit. At present, to process data with the site computer (IBM-360) it is
necéssary to read punched tape from the analyser with the computer and produce
a set of cards or magnetic tape for subsequent use as programme input. This step,
although time-consuming, has proved quite satisfactory in practice. Punched
card data storage has so far been preferred since it permits ready insertion of
title cards and other data required for execution of the computer programme. The

programme described here is thus designed solely for card input.
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. BASIS COF PROGRAMME

The first step in processing of the input data is to sort and reproduce the
inpnt in a more readable form. This is a valuable feature of the programme since
the output from the IBM typewriter is in groups of eight channels without channel
identification. Subroutine SORT reproduces the input data arranging it with 10
channels per line, 400 channels per page with an initial channel identification

for each line.

For subsequent operations, data convolution is applied. This technique,
first applied in analytical chemistry by Savitzky and Golay (1964) and then
applied to scintillation spectrometry by Blackburn (1965), largely eliminates
statistical scatter in the data and produces a smoothed spectrum. Subroutine
SMOOTH convolutes the raw data and the choice of 5, 7 or 9 point cubic smoothing
is available corresponding to the value of NOPIS supplied by the user. The

smoothed data are printed out iu the same format as that used for the input data.

After data convolution, photopeaks are located by means of the subroutine

SEARCH. The following techniques are applied sequentially to locate photopeaks:

(1) The smoothed first derivative (D) is examined to determine at which
chanuel (n) it changes sign. Next, the spectral region either side of
this point is examined in more detail. The computer locks for groups
of channels which satisfy the folléwing criteria:

. < .
D _,>0 5 D S0 5 D, <O

(ii) The computer now examines the spectrum over the channels u-WIDTH to
n+WIDTH and counts the number (n-) of channels for which D s O between
channels n+l to n+WIDTH and the number of channels {(n+) for which D 2 0
between channels n-l to n-WIDTH. As programme input, the experimenter
provides another parameter FWIDTH. If both n- and nt are > FWIDTH, a
peak is considered to exist unear channel n and the value of n is gtored
for further processing. This test verifies that the spectrum does rise
to a maximum in the vicinity of channel n. The value of the parameter

WIDTH is supplied as input by the programme user.

(1ii) Since peaks satisfying the preceding criteris can be produced by chance,
the peak is examined to determine if it is statistically valid (Drew et
al. 1962, Kuykendall and Wainerdi 1960). The test for statistical

significance at channel n is based upon the following assumptions:

RN
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(a) The number of counts in each channel is a random sampling of a

normal distribution.

{v) There is a chance that a channel can contain more counts than

several channels on either side, and yet not actually be a peak.

(c) Comparison of the count in channel n with the count in channels
n +An and n - An will indicate the existence or non-existence of

a peak at channel n.

The comparison is made as follows. A quantity

DIFF

1

N - 1.96 VN_
n n

is first computed, where Nn is the smoothed count corresponding to channel n.
From this quantity is subtracted the average value of the counts in channels

n ~-4&nand n +An. If the result is positive, a photopeak located at or near
channel n is indicated. The theoretical basis for this procedure is given by
Lapp and Andrews (1956). The value of An varies with n because of the way in
which the peak width varies with its location in the spectrum. The programme
user must specify initial (IHWID) and final (LHWID) values for An. Intermediate

values are calculated automatically by the programme.

At this stage the computer will have identified the location of photopeaks
as being in a particular channel n. The true position for the photopeak is now
found more accurately by fitting a Gaussian distribution to the spectrum in the
region of channel n. Boekelheide (1960) first proposed respresenting photopeaks
by a Gaussian function but his procedure requires knowledge of the area under
the Gaussian curve. As this is not readily available with the required accuracy,

the procedure suggested by Zimmerman (1961) was used. This method requires that

the quantity

Na-1
Q(n) = == = exp[ 2(n—no)/62]

n+l

=

be computed where Nn-l’ Nn+l are the counts in channels n-1 and n+l respectively

and ny is the true centre of the Gaussian. The value of o is readily obtained
since

nQ = 2(n-no)/62 ,

and the plot of #nQ versus n is zero forn = e A least mean squares method

is then applied by the computer using the subroutine GAUFIT.



E—y
e ak

)
d
EN
]
|
1
H
1
i
§ .
§
L
&
}:z

This procedure, vathier than the simpler aliernative of locating the centure
ol “he photopeak at the channel containing the maximum count, is Jjustified by tihe
excellent time stability and linearity (see below) of the spectrometer. Table 1
shows the photopeak positions for four photopeaks determined at approximately
hourly intervals throughout one day. The spectral drift is usually less than

bt 3/lOths of a channel throughout the course of a day.

Calibration data are treated somewhat differently. Calibration data are
identified at the input stage and searched for photopeaks. The number of photopeaks
located is then compared for correspondence with the number expected {provided as
further input after the deck or cards containing the calibration data have been
processed). Next the photon energies are read. If correspondence beiween the
pumbers of photopeaks has been achieved, the photon energies are arranged in
ascending order and a least mean squares fit performed to evaluate the coefficients

bo’ bl in the eguation

where EY is the gamma ray energy corresponding to channel n. Values of bo and bl

obtained previously may also be read in directly.

If values cof bO and b, have teen calculated or read in, the programme

1
recognises data not used for spectrometer calibration and will evaluate the energy
corresponding to the located photopeak. A linear energy calibration is used
rather than a more complicated fit (such as polynomial) as the spectrometer is

linear to betier than 0.1 per cent.

One other feature is provided in the programme. Relative peak heights are ‘
calculated. These indicate relative importance and enable the programme user to i
concentrate attention on major rather than minor peaks when attempting photopeak
assignments. Peak heights are evaluated by averaging the ccowats in channels
n - &n and n + An and subtracting this average from the count in channel n. The
peak heights are then examined to find the maximum and relative peak heights

calculated as fractions of this maximum. 1

The complete output from a set of cards consisting of calibration data and :

analytical data comprises: §
(i) The location of the calibration photopeaks.
(ii) The number of calibration photopeaks detected. :

(iii) The values of bO and bl'

R e g f T Lo

(iv) The original experimental data sorted out with initial channel

identification.

(v) The smoothed experimental data sorted and printed with initial channel

identification.

(iv) The number of phctopeaks detected, their position, relative height and

corresponding gamma photon energy.

4. SEXPERIMENTAL VERIFICATION

In order to run the programme, the user must provide the following parameters:

WIDTH -  the number of channels to the right and left of a suspected
photopeak it is desired to examine in more detail.

FWIDTH -  the number of values for D >0 and D <0 to be exceeded between
channels n to n-WIDTH and n to n+WIDTH respectively.

IHWID - the initial value for the half-width of the photopeak.

LHWID -

the final value for the half-width of the photopeak.

As a result of test runs on many nuclides and their mixtures the following

values were fqQund to be very satisfactory using 1024 channels and 7-point cubic
smoothing:

WIDTH = 4, FWIDTH = 2, IHWID = 4, LHWID = 6,
With these values no peaks were missed and very few extraneous peaks detected.

Table 2 shows the results of six different examinations of a specimen of
supposedly pure radium-226. For this work, the gain of the analyser was set so
as to exclude low energy gamma photons. Figures 1 to 5 show a typical spectrum
drawn so as to reveal the existence of the photopeaks. The value of the computer
programme in locating small peaks in the presence of very large ones is clearly

demonstrated by these diagrams,and the output from one analysis is given in Table 5.

_Several cther points emerge from the data in Table 2. A total of 32 photon
energies was indicated and Table 3 shows the frequency with which the photon

energies occur. When the sample was counted for longer periods (800 minutes) all
of these peaks were clearly visible.

The reproducibility of the energy measurements is particulary good, being
typically # 1 keV. In Table 4 an attempt has been made to assign the most common

gamma ray energies to the known members of the radium-226 decay chain (Figure 6).
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Complete assignment on the basis of the available data is not possible.

5. THE COMPUTER PROGRAMME

The programme is in Level H FORTRAN IV and is listed as an appendix. The
first data input is a title card. The second entry specifies the number of data
points per set, the number of points used for smoothing and a code number (CAL)

which identifies the type of data.
0 corresponds to data to be processed for photopeaks.
1 corresponds to data to be processed in order to calibrate the spectrometer.

3 indicates that calibration data already exist on cards and are to be read

in directly for subsequent use.

The third card specifies the initial channel around which smoothing is to
occur. This number must be at least one greater than the number of points used
for counveluticn. Proper selection of this point enables the experimenter to

reject the low energy region of the spectrum if necessary.

The fourth card specifies the other input parameters WIDTH, FWIDTH, IHWID,

and LHWID required to process a spectrum.

A typical time for computaticn, including printed output for a set of

calibration and unknown data, is 60 seconds.

Photopeaks which occur close to the last channel may be missed if the

position of the photopeaks (channel n) is such that
n + NOFTS > the number of channels.

Insufficient data will, in this case, cause the programme to miss such peaks

(as in Figure 5).
6. CONCLUSIONS

A FORTRAN IV (Level H) programme has been developed for processing the output

of high resolution multichannel scintillation spectromers. The programme evaluates

the location of photopeaks, peak energy and relative intensity. It is particularly

useful for qualitative radiochemical studies.
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APPENDIX

Programme Listing

//
//L0CATE Jai ! » 7287, A R.PALMER
// [N FORTACLG
//FORT.3YS! | Ji *
C LACATD - 3aMey RAY PEAK LG HITKON
S e PRECIIION SHCA, 01
SOt S0 (15358),01001852)
TN (LS K200, Y282y, TITLE(22)Y,89,B1,AVX, VAR, VARR1,VARBY
€l Lal),vy23CAL , reCAL .dlCAL.AvYCAL'CHAN(ZDZ).ENVAL(ZEG)
CAlin, Va2
uuﬂﬁ“H JiSLL 'Sy, JhE 4L e™?)
[NTE0E s ‘HUH,,;.~[,Tﬂ;*~IulH.CAL
COM4IiN JM{2324),C0(1253) ,wIJdTH,FWIDTH,CAL
COMM™I RO, IS ,NOMAX, I'" IDILHNID)NEHHAX;\JODTS;NUHBER:NUM;NPEAKS
CAL[s=¢
C REAZ 1 TITLE
1 REAS(L.,>1,END299)TITLE
C REAT [% WUXAER OF DATa PGINTS (NO) AMD NUMSER OF POINTS USED FOR
C SHATITAING (NOPTS) ANT & CONSTANT (CAL) WHICH DEFINES THE KIND
C AF 34072 76 FIOLLOY
C Call=" JIRRISPQONGS TO ANALYTICAL JATA TO BE PROCESSED, CAL=1
C CORR~ 3P 33T 70 OATA "SEQ TN CALI3RATE THE SPECTROMETER. CAL=3
C THIICATES THaT CALIiS®ATION PARAMETERS ARE AVAILABLE AND ARE TO
C SE RTAG [N NIXT
2 REAC(L1.,52) ,Q.NQPTS, CAL
FACaL,. 2N, 300 T @
C READ I INITIAL 3ATA POINT. IC IS THE FIRST DATA POINT AROUND
c AHEC- SHATTHING NDCCUSS aAnD MUST 3E AT LEAST ONE UNIT GREATER
C THAN THZ NUMAIER OF B7INTS USED FOR DATA SMOOTHING
3 READ(L,33)13
QEAG(L, 59 DTH,FAIOTH, [HAID,LHAID
Cc ReAD I NATA, €O [S THE COUNT [N A PARTICULAR CHANNEL

6 REAJ(L,3E)(Ca(]

Y, I=1,N0)

PF{CaL.E92.2)60 T 7

Cal.l SMONTH
CALL 52430~
CALL SPECAL
GO 7T 1

7 CALL SORT
CTALL SHIGTs
Cacl Szarg#
GO 771

9 REAG(L,57)=2,81
Cat ==zl
G 17 L

51 Fom-si(2742)




52 FORMAT(14,5%,11,9%X,11)
53 FORMaAT(I[3)
55 FORMAT(2(9X,11),2(8X,12))
56 FORMAT(iX,1217)
57 FORMAT(F5,3,4X,F12.6)
99 STOP
END

B e e e m e e [ . N R i . 3
. PREERING

SUBROUTINE SORT
DOUSLE PRECISION SHMGO,D1
COoMMOnN SHCO(1853),D1(1052)
COMMON A(10858),X(2088),Y(282),TITLE(28),B23,B1,AVX,VAR,VARB1,VARBY
coMMON ENC123),VARCAL,BGCAL,B1CAL,AVXCAL,CHAN(2Y2) .ENVAL(20D)
COMMON CALIB,VAL(288)
COMMON JYS(1220) . JNEW(1048)
INTEGER CNUM,CO,WIDTH,FWIDTH,CAL
COMMON CHNUM(208),C0(1853) . WIOTH,FWIDTH,CAL
COMMON NO, [C,NOMAX, [HWIO . LHWIO,NEWMAX,NOPTS, NUMBER, NUM, NPEAKS
291 WRITE(3,282)
WRITE(3,2083)TITLE
WRITE(3,284)
WRITE(3,295)
NUM=1
K=9
L=1
206 M=NUM
N=pM+9
LL=L#48¢3
KK=K+52
IFINO.LT.NIGO TO 211
WRITE(3,227 )NUM, (COC[),[=M,N)
NUM=N
IF(NUML,ER.LLIGO TO 210
IF(NUMLEQ.KK)GO TO 228
NUM=NUM+1 w
GO TO 206 ’
208 WRITE(3,2€9)
K=KK
NUM=NUM+1
GO 70 246
21¢ WRITE(3,222)
WRITE(I,2Q3)TITLE
WRITE(3,234)
WRITE(3,225)
K=KK
L=L+1
NUMzMUM+1
GO T0O 296
211 WRITE(3,287)NUM, (CO(1),1=M,NO)
202 FORMAT(1H1)
283 FORMAT(1HZ,20A4,/)
204 FORMAT(1H ,12H [INITIAL ,48X,10H RECORDED )
205 FORMAT(1H ,10H CHANNEL L42X,10H COUNT » /)
237 FORMAT(1KH ,2X,14,4X,12(4X16))
289 FORMAT(1H )
299 RETURN
END



P M

Pt Bt

RO Lo BB et £ b v

aoQaaa

R i e =TI

SUSRAUTINE SMOOTH

SMOOTH CONVOLUTES THE ORIGINAL DATA BY MEANS OF A CUBIC LAW.

7 DR 9 POINTS MAY BE USED FOR THE CONVOLUTION PROCESS., NOPTS
SET EDUAL TO 5,7 OR 9 RESULTS IN 5,7 OR 9 POINT SMOOTHING
RESPECTIVELY, NOPTS SET EQUAL TO @ WILL RESULT IN DELETION OF
ALL SUBSEQUENT SUBROUTINES.

DOUBLE PRECISION SMCO,D1

COMMON SMCO0(10650).,01(1350)
COMMON A(1350),X(202),Y(208),TITLE(28),B3,B1,AVX,VA?,VARBL,VARBO

COMMON EN(188),VARCAL,B@CAL,B1CAL,AVXCAL,CHAN(288),ENVAL(200)
COMMON CALIB,VAL(2080)
COMMON JYS(1858), JNEW(180)
INTEGER CNUM,CO,WIDTH,FWIDTH,CAL
COMMON CNUM(208%),C0(1850) ,WIDTH,FHIDTH,CaL
COMMON NO, IC,NOMAX, IHNID,LHWID,NEWMAX,MGP TS, NUMBER, NUM, NPEAKS
IF(NOPTS.EQ.#)GO TO 399
IF(NOPTS.EQ.5)G0 TG 385
IF(NOPTS.EQ.7)G0O TO 387
IF(NOPTS.EQ.9)G0 TN 399
INITIALISATION SEGMENT
LC EGUALS LAST DATA POINT ARQUND WHICH SHMOOTHING OCCURS
385 LC=NO-3
C8=17.008
C1=12.000
C2=-3.006
C3=2.902
C4=9.202
CNORM=35,002
GO TN 319
387 LC=ND-4
C0=7.4D3
C1=6.4d08
C2=3.¢00
C3=-2.208
C4=p.008
CNORM=21.804
GO TO 318
329 LC=ND-5
C@=59.202
C1=54.¢00
€2=39.90%2
C3=14.20¢
C4=-21.200
CNORM=231.00D0
310 DO 311 K=IC,LC
SMCO(K)=CB=CO(K)+C1#(CO(K+1)+CO(K=1))+C2#(CO(K+2)+CO(K=2))
SMCO(K)=SMCO(K)+C35(CO(K+3)+CO(K=3))+C4#(CO(K+4)+CO(K-4))
SMCO(K)=SMCO(K)/CNORM
ACK)=SMCO(K)
311 JYS(K)=A(K)
IF(CAL.GT.B8)GO TO 399
WRITE(3,350)
WRITE(3,351)TITLE
WRITE(3,352)NOPTS

b o Bk bt et a3 4T L el g i spthe T

WRITE(3,353)
WRITE(3,354)
NUM=|C
K=aNUM
L=1
312 M=NUM ]
N=M+g
LL=L=488+(1C-1)
KK=K+49
&E;LC.LT.N)GO TO 315
TE(3,355 ’ =
NUmiE INUM, (JYS(1), [=M,N)
IF(NUM.EQ.LL)GO To 314
IFINUM.EQ.KK)GD TQ 313
NUM=NUM+1
GO To 312
313 HWRITE(3,356)
K=KK
NUM=MNUM+1
GO TOo 312
314 WRITE(3,350)
HRITE(3,351)TITLE
HRITE(3,352)NOPTS
WRITE(3,353)
WRITE(3,354)
L=L+1
K=KK
NUM=NUM+1
515 GO To 312
15 WRITE(3,355)NUM, =
350 FORMAT(1H1) e TSED L e Lo
;;; EOSMAT(1H0,20A4,/)
ORMAT(1H ,35X21H DATA SMOOTHED uSIA
ggi EORMAT(lH +10H INITIAL ,4@X,19H Séngééé'%zH POINT custe. /)
54 ORMAT(1H ,18H CHANNEL ,48X,10H COUNT
355 FORMAT(1H +2X,14,4X%X,18(4X]16)) ‘ a
356 FORMAT(1M
399 RETURN
END

'q

RS



AP o - e i, ke <t e 3 s B A g i AN i e 18 et -

SUBROUTINE SEARCH
c SEARCH APPLIES TESTS T0O THE SMOOTHED DATA TO LOCATE PHOTOPEAKS

EXTERNAL GAUFIT,EVAL

DOUBLE PRECISION SMCO0.D01

COMMON SMCO(1250),01(1050)
COMMON A(lZSﬂ).X(ZBG).Y(Zﬂﬂ).T[TLE(ZZ)»BG.Bl.AVX.VAR.VARBl.VARBﬂ

COMMON EN(1ZG).VARCAL'BBCAL,81CAL,AVXCAL.CHAN(ZU@),ENVAL(ZDE)

COMMON CALIB.VAL(282}
. COMMON JYS(1ﬂ5@).JNEH(1@G)
INTEGER CNUM,CO,WIDTH,FWIDTH,CAL
COMMON CNUH(ZZQ).CO(105Z).HIDTH.FHIDTH.CAL
COMMON NO.IC,NOHAX.IHNID.LHNID.NEHHAX.NOPTS,NUHBER.NUM.NPEAKS
IF(NOPTS.EQ.2)GO TO 499
[F(NOPTS.EQ.51G0 TO 405
IF(NOPTS.EQ.7)GO TG 407
IF(NOPTS.EQ.9)GO TO 489
c INITIALISATION SEGMENT
485 LC=NO-3
C11=8.000
c12=-1.208
C13=0.9200
C14=0.9200
C1NORM=12.000
GO TO 418
437 LC=NO-4
C11=58.000
c12=67.808
C13=-22.8D8
C14=0.9200
C1NORM=252.08D0
GO TO 418
499 LC=NO-5
C11=129.009
C12=193.08D8
£13=142.0803
C14=-86.008
C1NORM=1188.009
419 DO 415 K=IC,LC
Dl(K)=C11'(C0(K01)-CO(K-1))*C12'(CO(K*2)-CO(K-2))
D1(K)=D1(K)+C13#(CO(K+3)-CO(K=-3))
Dl(K)=Dl(K)*C14-(Cﬂ(Kbd)—CO(K-d)1
415 D1(K)=D1(K)/C1MORM
C INITIALISATION SEGMENT
420 J=1C+WIDTH
LJ=LC-WIDTH
NOMAX=9
1=¢
421 JL=J-WIDTH
JU=J+WIDTH
IF(D1(J).LE.Q.G0B)GO TO 430
IF(J.EQ.LJIGO TO 478
J=J+1
GO TQ 421
430 IF(Ol(J—l).GT.G.GDG.AND.Dl(J+l).LT.Z.@DG)GO TO 440

o S NI e N L ia
B - .

IF(J.EQ,LJI)GO TO 478
J=J+1
GO TO 421
440 NNEG=0
L=J+1
441 [F(D1(L),LE.®.3DB)CO TO 445
IF(L.EQ.JUYGO TO 145@
L=L+1
GO TO 441
445 NNEG=NNEG+1
IF(L.EQ.JUIGO TO 1458 .
L=L+1
GO TO 441
1459 NPOS=0
L=J-1
1451 IF(D1(L).GE.2.9D0)G0 TO 1455
IF(L.EQ.JL)GO TO 4608
L=L~-1
GO 70 1451
1455 NPOS=NPQS+1
IF(L.EQ.JL)GQ TO 468
L=L~-1
0 GO TO0 1451
@ IF(NPOS.GT.FWIDTH.AND.N .
T (NPOS.CT.FHIDTH. AN NEG.GT.FHIDTHIGO TO 465
J=J+1
GO To 421
465 [=1+1
NOMAX=NOMAX+1
CNUM(I) =y
IF(J.EQ.LJIGO TO 4782
J=J+1
GO To 421
478 IF(NOMAX.EQ.@)GO TO 485
WRITE(3,452)
WRITE(3,451)TITLE
N=1
I=1
NEWMAX=2
475 J=CNUM(])
K= (IHWID+J*LHWID/NO) /2
IL=J-K ’
[U=J+K
IFCIL.LT.IC)GO TO 482
IFCIU.GT,LC)GO TO 482
DOUBLE PRECISION DIFF
DIFF=P.08D0
DIFF=SMCO(J)-1.968008+SQRT(S
DlFF:DIFF-ﬁ.S@D@»(SHCO(1L>ogﬁgéf;6))
IF(DIFF.GT.0.8DB)G0O TO 482
IF(1.EQ.NOMAX)GO TO 487
I=1+1
GO TO 475
480 JINEW(N)=J




482

485

487

488

1452

1453

1420

1421

459
451
452
453
454
455
1412
1413
1414
1415
1416
489

490

DN T b o S et w7 e

NEWMAX=NEWMAX+1
VAL(N)=SMCO(J)=8.5+(SMCO(IL)+SMCOLIU))
NaN+1

IF(I.EQ.NOMAX)GO TO 487

I=1+1

60 TO 475

WRITE(3,1413)J

1F(1,EQ.NOMAX)GO TO 487

1=1+1

GO TO 475

WRITE(3,458)

WRITE(3,451) :
WRITE(3,1412) .
GO TO 490 :
IF (NEHMAX .EQ.2160 TQ 489

NUMBER =NEWMAX .
00 488 K=1,NUMBER
CNUM(K) = JNEW(K) .
CALL GAUFIT '
IF(CAL.ED.1)G0 To 1421

=1 ;
TEMP=VAL (1) :
DO 1452 J=2,NEWMAX :
IF(TEMP.GT.VAL(J})GO TO 1452
TEMP=VAL(J)

CONTINUE

DO 1453 1=1,NEWMAX
VAL(I)=VAL(I)#1088./TEMP
IF(CALIB.GT.@)CALL EVAL
IF(CALIB.GT.B)GO TO 1428
WRITE(3,454)
HRITE(3,455) (CHANC]),
WRITE(3,1414)NEWMAX
GO TO 498
WRITE(3,1415)
WRITE(3,1416) (CHANCI),VAL(I),ENVALCD),
WRITE(3,1414)NEWHAX

GO TD 498

WRITE(3,452)
WRITE(3,453)(CHAN(I),]=1,NUMBER)
WRITE(3,1414)NEWMAX

GO To 490

FORMAT(1H1)

FORMAT(1H®,204A4,7)

FORMAT(1H ,' PHOTOPEAKS LOCATED AT CHANNELS
FORMAT(1H ,2XF8.2)

FORMAT(1HG, 'PEAK POSITION',5X, 'RELATIVE HEIGHT',/)

FORMAT(1H ,T3,F8.2,T22,F7,2)

FORMAT(1H ,* NO PHOTOPEAKS DETECTABLE ')

FORMAT(IH ,* PEAK AT CHANNEL ',14,' NOT CHECKEO FOR STATISTICS
FORMAT(1HB,' NUMBER OF PHOTOPEAKS DETECTED IS ',13,/)
FORMAT(1H@, *PEAK POSITION',5X, 'RELATIVE HEIGHT',5X, 'ENERGY',/)
FORMAT(1H ,T3,F8.2,T22,F7,2,T39,F6.3)

WRITE(3,1412)

VAL(I), I=1,NUMBER)

I=1,NUMBER)

/)

'/)

s Fowa Te Bt et o e A e - .

RETURN
END
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51¢

529
1584
1585
1588
15389

599

602

SUBROUTINE SPECAL

DOUBLE PRECISION SMCO,D1

COMMON SMCO(1050),01(1353)

COMMON A(1352),%X(200),Y(202),TITLE(22),B2,B1,AvX.VAR,VARB1,VARBO
ZOMMON EN(128),VARCAL,BOCAL,B1CAL,AYXCAL,CHAN(222),ENVAL(222)
COMMON CALIB.,VAL(208)

COMMON JYS(1858),JNEW(1E2D)

INTEGER CNUM,CO,WIDTH,FWIDTH.CAL

COMMON CNUM(280),C0(1050),WIDTH,FWIDTH,CAL

COMMON NO,»IC,NOMAX, [hniD,LHNID,NEWMAX,NOPTS,NUMBER, NUM, NPLAKS
EXTERNAL ORDER,LSG,GAUFIT

CaLIB=1

READ(1,1524)NPEAKS

NFEAKS IS THE EXPECTED NUMBER OF PHOTOPEAKS CONTAINED IN THE
CALIBRATION DATA

IF{NPEAKS.EQ.NUMBER)GO TO 535

WRITE(3,1585)

CAL1B=0

READ(1,15€8) (ENCI) . [=1,NPEAKS)

IF(CALIR.EQ.@)GO TO 599

DO 518 1=1,NUMBER

ACIY=ENCT)

NUM=NUMBER

THE INPUT DATA IS ARRANGED IN ASCENDING ORDER OF ENERGY

CALL ORDER

00 515 1=1,NUMBER

ENCIY=ACD)

YCI)=ENCT)

XCI)=CHANCID)

CALL LS@

VARCAL=VAR

BECAL=BD

81CAL=8B1

AVXCAL=AVX

WRITE(3,1599)88CAL,B1CAL

FORMAT([2)

FORMAT(1H ,' NUMBER OF PEAKS FOUND DIFFERS FROM THAT EXPECTEDC '/
FORMAT(F6.3)

FORMAT(1H ,* ENERGY = *,F6,3,' *+ ', F9,6," X CHANNEL NO ',/)
RETURN

END

SUBROUTINE ORDER

DOUBLE PRECISION SMCO.D1

COMMON SMCO(185@),D1(1850)

COMMON A(lﬂsﬂ)-X(ZBZ).Y(ZGG).TITLE(Z@),BZ.BI:AVX.VAR.VARBl.VARBE

COMMON EN(1@8),VARCAL,BQ@CAL,B1CAL,AVXCAL,CH
COMMON CALIB VAL (o505 ’ +CHAN(200),ENVAL(208)

COMMON JYS(105@), JNEW(108)
INTEGER CNUM,CO,WIDTH,FWIDTH,CAL
gg::g: SSU?éZBB).CO(105Z),HIDTH,FHlDTH,CAL
h ’ »NOMAX, IHWID,LHWID, W ’ ’ ’ »
MY ’ ID,NEWMAX,NOPTS, NUMBER, NUM, NPEAKS
DO 682 [=1,NUNUM
Kzl+t
DO 6082 J=K,NUM
TEMP=AC(])
[FCACD)LLTLACUIGO TO 682
ACL)=A(D)
ACJ)=TEMP
CONTINUE
RETURN
END

‘0T
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ROUTINE LSQ
BLE PRECISION SMCO,D1

COMMON SMCO(125@),01(125@)
COMMON A(10858),X(208),Y(280),TITLE(22),B0,B1,AVX,VAR,VARB1,VARBQ

COMMON EN(13@),VARCAL,BECAL,B1CAL,AVXCAL,CHAN(20@),ENVAL(2008)
COMMON CALIB,vAL(228)

COMMON JYS(1858), JINEW(123)

INTEGER CMUM,CO,WIDTH,FWIBTH,CAL

COMMON CNUM(228),C0(1258),WIDTH,FWIDTH,CAL

COMMON NO, [C,NOMAX, [HWID,LHWID,NEWMAX,NOPTS, NUMBER, NUM, NPEAKS
SUMX=8.000

SuMY=3.802

SUMXY=08.8082

SUMXSQ=9.0082

SuMYSQ=¢2.003d

Do

785 1=1,NUM

SUMX=SUMX+X(])
SUMY=SUMY+Y (1)
SUMXY=SUMXY+X([)=#Y ()
SUMYSQ=SUMYSQ+Y(T[)=Y(])
785 SUMXSO=SUMXSO+X([)=X{1)
D=NUM=SUMXSQ-SUMX*SUMX
31=(NUM#SUMXY-SUMX=SUMY)}/D
B2=(SUMXSQ*SUMY~-SUMX2SUMXY)/D
VAR=(SUMYSQ-((SUMY#SUMY)/NUM)=((312D0+B81)/NUM))/(NUM-2)

AVX=SUMX/MNUM

VARB1=VAR#NUM/D
VARB@=(VAR/NUM)#(1+(AVX=AVX*#NUMaNUM/D))

*21

RETURN
END

At et S

810

820

825

838

835

840

849
850

890
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SUBROUTINE GAUFIT
EXTERNAL LSQ

DOUBLE PRECISION SMCO,D1

COMMON SMCO(1852),D1(1858)

COMMON A(1258),X(22808),Y(288),TITLE(28),B82,B1,AVX, VAR, VARB1,VARB2
COMMON EN(1003),VARCAL,BBCAL,BLCAL,AVXCAL,CHAN(208),ENVAL(298)
COMMON CALIB.VAL(229Q)

COMMON JYS(105@), JNEW(100)

INTEGER CNUM,CO,WIDTH,FWIDTH,CAL

COMMON CNUM(209),C0(1858),WIDTH,FWIDTH,CAL

COMMON NO,IC,NOMAX, [HWID,LHWID,NEWMAX,NOPTS, NUMBER, NUM, NPEAKS
DO 898 LL=1,NUMBER

J=CNUMCLL)

L=0

Nzl

CA=CD(J-N)

€B=C0(J)

TEMP=CA/CB

IF(TEMP.GT,.0.30)G0 TO 820

GO TO B25

L=L+1

IF(L,E0.3)G0 ToO 825

N=N+1

GO TO 818

Mz=D

N=1

CA=CO(J+N) o
CB=CO(J) “
TEMP=CA/CB

IF(TEMP.GT.8.36)G0 TO 835

GO TO B4D

M=M+1

IF{(M.EQ.3)G0 TO 842

N=N+1

GO TO 8308

N=M+L+1

NUM=N

JL=J~L

JU=zJ+M

D0 850 K=1,N

00 849 JJ=JL,Ju

[1=JJ-JL+1

AA=CO(JJ-1)

AB=CO(JJ+1)

ACIL)=AAZAB

ACIT)Y=ALOGCACLETD))

X(I1)=Jy

Y(K)=zA(K)

CALL LSQ

CHAN(LL)=-83/81

RETURN

END




TABLE 1

VARIATION OF PHOTOPEAK POSITION WITH TIME
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TABLE 2

PHOTON ENERGIES (MeV) DETECTED IN SAMPLE OF RADIUM-226

Day of Experiment

277 (a.m.) | 277 (p.m.) | 283 (a.m.) 283 (p.m.)| 284 (a.m.)| 284 (p.m.) Occiséegges
0.147 0.147 0.147 - 0.147 0.147 5
0.185 0.185 0.184 0.185 0.185 O.léS 6
0.240 0.241 0.241 0.241 0.241 0.240 5
0.255 - 0.256 - 0.256 - 3

- - 0.271 - - - 1
0.294 0.294 0.294 0.294 0.294 0.294 6
0.349 0.351 0.350 0.350 0.351 0.350 6

- 0.509 - - - - 1
0.608 0.608 0.608 0.608 0.608 0.608 6
0.665 0.665 0.664 0.664 0.664 0.664 6
0.704 - - - - 0.703 2

- - - 0.722 - - 1
0.742 0.742 0.741 0.742 0.742 0.742 6
0.768 0.768 0.767 0.768 0.768 0.768 6
0.785 0.786 0.785 0.785 0.786 0.786 6
0.807 0.806 0.806 0.805 0.806 0.806 6
0.934 0.934 0.934 0.934 0.934 0.934 6
1.121 1.1z22 1.120 1l.121 1.121 1.121 6
1.156 1.155 1.156 1.155 1.155 1.155 6
1.183 1.183 1.181 1.182 1.183 1.183 6
1.240 1.240 1.239 1.238 1.239 1.239 6
1.282 1.284 1.281 l.282 1.282 1.282 6
1.381 1.381 1.379 1.380 1.380 1.380 6
1.408 1.409 1.407 1.408 1.409 1.407 6
1.428 1.429 1.428 1.428 1.427 1.429 6
1.512 1.512 1.510 1.511 1.511 1.511 6
1.537 1.537 - - - - 2

- - - 1.588 - 1.587 2
1.666 1.664 1.663 1.665 1.664 1.664 B8

- - 1.696 - - - 1
1.734 1.735 1.732 1.733 1.733 1.734 6
1.769 1.769 1.767 1.768 1.768 1.768 6

Number of photopeaks reported Mean
27 26 27 25 25 26 26

e e eyt

EXAMINATION OF SAMFLE OF RADIUM-226

TABLE 3

Numbe S N AT ey Ty . ~ X
mber cf Fhoton Energies Report

ted in Range 0.047 to 1.769 MeV 32

Ihaber occurring in 6 cut of 6 spectra | 23

Number occurring in 5 out of & spectra 1

Number ocecurring in 3 out of 6 spectra 1

Humber occurring in 2 out of 6 Spectra 3

B Number occurring io 1 out of & spectra 4

TABLE 4

EXAMINATION OF RADIUM-226

Photou Energy

(MeV) Assignment Phot?ﬁeg?ergy Assignment
0.147 - 0.934 Bj214
0.185 Ra2%6 1.121 Bi214
0.240 PpEte 1.156 -
0.255 Ppaie 1.183 -
0.271 - 1.240 -
0.254 Pp=ie 1.282 -
0.349 pp2i4 1.381 pi2l4
0.509 - 1.408 -
0.608 Bi®i4 1.428 -
0.665 - 1.512 Bi214
0.704 - 1.537 -
0.722 - 1.588 -
0.742 - 1.666 i
0.768 BiZ1* 1.696 -
0.785 - 1.734 -
0.807 - 1.769 Bi2l4




SPECTROMETER CALIBRATION GE(LI)

TABLE 5

TYPICAL PROGRAMME OUTHUT

1024 CHANNELS

PHOT'OPRAKS LOCATED AT CHANNELS

138.

153

183.

198
269

640.
£96.

729

77
.97
30
.50
.46
04
70
.19

NUMBER OF FHOTOFEAKS DETECTED IS 8

ENERGY

0.0z26

RADIUM 226 GE(LI)

PEAK POSITION

+ 0.001793 X CHANNEL NO

1024 CHANNELS FOR CHECK

RELATIVE HEIGHT

67

88.
119.
148.
180.
324.
356.
377,
398.
413,
423,
435,
5086.
610.
629.
645.
676.
700.
785.
770
782.
8z8.,
870.
913
952,
971

.50

71
70
56
91
46
(04
84
15
79
69
23
4z
53
77
09
70
41
11

.26

29
29
37

.53

23

.32

4.
29.
.99
.49

37
65

100.

47,
.15
.28
.04
91
.70
.98
.22
.66
.39
.29
.98
.27
.08
.72
.61
.76
.46
.92
.36
.00

OHOOHFHOHFWKHFWHHPWOHONDE W

NUMBER OF PHOTOPEAKS DETECTED IS 26

71
17

00
42

8 PEAKS

ENERGY

0.147
0.185
0.240
0.294
0.350
0.608
0.664
0.703
0.742
0.768
0.786
0.806
0.934
1.121
1.155
1.183
1.239
1.282
1.380
1.407
1.429
1.511
1.587
1.664
1.734
1.768
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FIGURE ©

DECAY CHAIN CF RADIUM-Z26

T GAMMA RAY
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