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Inrroductiott 
ear physics - derection of nucrear radiarion-uuarysis of gamna ra! spectrum

This paper 
. 
outlines a computer and recordecJ with a high-pure germaniumprogram, which has been deveroped as an aid derecror, rip1c.lin Erbir[2].in analyzing of a natural y_ray spectrum thatrecorded with Hp(Ce) j.,;r;;;:"

prosram is designed il r"",* ",d.,,#i ';ff #ff:':{:::i:,:,,rneasuremenrs 
are,

all the significarit ;naiuiauuif""[, ,ra ,r,.i, ,"r1".i..r.r, expressed as rhe number ofregions in rhe read_in spectruin. iiir'ririn., ;;;".d.0".,1]n,r. These counrs indicate that
to include Marquardt method tor-nning tt.n ;ffij;; i]J. ir,.roctetj with rhe dere*ordetermining accurarery tt'r pru* roffi1* .ro 

-o-i,-.. 
a purses that has been

for computingy-rayenergies 
and intensitres. sraristically recorded.Lvery spectrum anatysii by hand or with-a "'?ii "oi.,iJ,lr, 

and srarisricat phenornenacomputer program may produce peak shape determinirig the response 
, 
of thefr;i;irl'Jt,*:Tf' 

- 
iesurts ,ri'*!i' ,r,. ffiffi;or derecror ro a monoenergeric

y.ray spe* ru m are :i_ili :::tI yi'j.( [,*L fr 
; 

i"4,ffiJ:. 
"iT.#.d.# T:?ssu,,o1,,,n that a peak.shipe t,,"nr.*i,11a ,h: ;;;-;;. lf rp..tr* analysis is rhen

by a Gaussian distribution- 
-rn-.P;i.ti.., 

quite difficurt t3]. For tt is 
,..uson 

and
however the peaks usuarly por'.r, 

'^un 
o..ur." ,r,. !.ur ,nup. is sensitive to smarlelement of asymmetry and'rnry-airpf"y, variation in theta.iling [l]. r srJvrq/J 
li:lu:1on,,n 

the experimentar paramerers, ir is

i[ffi::,f , ;i ii?i:'i;, ;Ixt1,ffi t i.]?]3;l,,,"J" 0,,i.1i7'1ffi 
' 
;il';['#iT i

obtained with multichannel-pulsentnn;'' A rvide variery peak-fitring and differentspectrolneters' The utilized data we"re taken representation of peak shape have beeufrom radioactive naturar sampres proposed in the past. However, there is ncr
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Lntiversally accepted 7-ray peak-fitting and
representations that can claim to be reliable
and applicable in all cases [4]. The rnajoritl,
ol peak The efttct of the tailing can be
dcscribedby a lLrrrher gaussian ivhich has tlie
of peak repre sentations are Caussian
fit:rctions ridding on a continuum
backsround. -l'hc separation of the data into
photo-peaks antl backgroLrnd is of paramotrnt
il good estilnating of intensities are to be
obtaineci. as tbllorved by ret.[5]. Since ntLrcir
of the backqrouncJ arises from Compton
el't'ects in thc de tcctors, thus. the backgr.ound
iu r.rrr1' ltrcal re giorr is rclated to tlrc cnergics
anti intcn.:itics ol plrotopeaks [6]. Another
saLrssian lirnction is proposed to deflne
tailins e t'iccr in rhe peak Llotrndaries.

,\ tlpieal 7-ra5, lirll cncrsy peak having a

verl' lolv backgrcurLd rvas carelully studied
for dctermining an analy,tical expression that
ivould vc11, closell/ reprL-sent its shapc [7].'fhe peak cau lrc.rlcscribed by Gaussiun
f Lrnctions and the background lnay be
approxinratcd by iirrear function soLlrces
lvithiu tlrc' peak inrcrval. T'hus, in suoh an
interval thc nunrbel of counts as continuos
firnction o{'the channel number (x) is giverr
by:-

(.r -.r ) .| .r = lt., -'-- "-) +rr+b.r......l.l
)

i'lic llrst tcrru in thc cqLi.ition is a gaussian of,
hciglrt (h), centroid (xc) and standard

tlcviariun (o). While the second term is a

lincar background that joins the main
gaussian and thc contbiucd function with its

r',rti\rr ut I i l, rr rr , sltorvn in the

Iiig.( I ): i\ lincar blck!,fr)unJ undcrll ing
thu UJntnrlt-t'a\ nh()t{r r.('ltk.

9 (t)13L!rY.rLt n;t,;t cL!:UoU_l

paranletcrs high (hr), centroid (x.r) and
standard dcviation (or). So it can be
represented br,:

. (-t--.-.,.)'
J t(.r) = /r, erp(- -,_=) ....,.2.2

that is not fitted; but it will be added
autonraticallv to eq.(2. I ) if needed, ro
reulo\ e as\ nllnr.trl, of the peak.

Nlrrthentirtics aud ogltions in the progranl
Prog r u nt's d e :: c r i pl i o n

'l'ire 
l)r'est:nt stuciy reports a contpilter

progrant, nlrrned CURFIT, whicn ibll.r* s

Nlarquaerlt nrethod in the fitting technique

t8] and developed to deterrnine requires
quantities lbr 7-ray spectrurn anal,vsis. Tlie
progranr u,as coded to analvze the spectrum
autonratically, provided that the tbllorvirrrl
in1;ut quantitics are stored in the open illes or
as direcl inptrts:-
l-Entire spectrulTt includes the peak counts
in channel ranges (l-4095).
2-Hnergies tl'orn the library of isoiope
descriptions are read in that are arranged in a

list to distingtrish the peaks of the spccrrum.
3-Calibration constants of energ) and
etlic iencl .

4-The paralreter step sizes that are required
in the litting process.
The subroutines SMOOTH, FOURIRi,
REALFI', CSER and GCF and subproerams
(ERF, GAMN{P and CAMMLN) were
developed in the program [9]. While the
routines CURFIT, FDERIV and MATINV)
and pro_eranrs FUNCTN were modified by
B*'ington ! 0] to the equivalent one.
r\ short description of the main progranr and
tire i,uriotrs srrbroutines and functiors is

given belorv:-
N1.\lN I'}ROCRAIv4: After reading arrd

in1-rrrllins, tlre leqLrired quantities. S\.lO()-l-l I

routinc is callcd und the individuai regions irr

tltc spce lrtrnl nrlv be distinguishcd. tire-n the
routine [rlND is callecl.

Gaussian function
Background line

2.6
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trn the program the following subroutines and il:.
subprograms are called: I d Realspectrum

SMoorH: It is called in the main program ", lH smoothed spectrurn-
,. --Lnl : jto define the smooth data, that is calls 

.

routines REAI-FT and FOURIERI to do xrc:
discrete Fourier transformations with input 

I

spectrum. t,

FIND: Its called from the main program, for *.
searching the peaks then finding the channel
boundaries and the initial values of '* i i: ,

pararuret*i"s in the d:stir,guished smonthed i il I

reglor,. s'; l:;ijl ,l
Ct,rfi.FIT: Its catleC frt nr iIND routine for 11t11'ut:
fiitirrg the pe:L uata iry usi*; nlarquardr . - -_-l::1ja-'='ffirnethoci after ir:itlalizin;; parameters. ru' 11o .':i' rs m 1il ffi 1m

FDERIV: This rJutine calcutrares first I" i

dqrivatives ..rf tire gaussian function with Fig'(2): A, paft of Hp(Ge) spi:ctrtrrn with its

. .t :^-^*^,^-^ / .^^ti. , us.uciateJ smoothe,l spectrum among the r-'hannel'rsspcct to the paramerers (,rmplirude. ,.r,".r'ilooo_r*ulIcentroid and width). it is called by CURFIT. 
ror'srJ 

'uwv-
FUNC.IN: It is the program that is used from Since any y-ray photo peak is superimposed
CURI-IT routine for calrulating tlie value of on a fluctuation background, another
the fitting function fl;; the peaks at each important role of data smoothing is to avoid
point *f the speciium. the spuricrus (noise peaksi due to statistical
INVI: [t deterrnines ihe inverse of the flLrctuations il3].
curv&tLlre matrix lHessian matrix), it is called The autornatic identificarions of peaks is
fiom CURFIT. usually based on the behavior of the first
ERF: It is called from subroutine FIND to differences [14].
use (IAMMP (that is also uses GCF and The process of peak finding is done by
GAfuli-{LN) for calculaling error functions to calling SLrbroutine (FIND}, so it
evaluate fhe taiiing contritrutions. searches for peaks by locating adjacent

channels such that the derivative (the

Smoothing and peak sefrrching diffbrences) in the left-hand number (left
The peak-search routiile uses srnoothed side of the peak) of the pair of channels is

spectrumobtainedsothattheprocessofdata positive, i.e., when the peak begins to rise

smoothing based on the inspection of the from tlie bottom up to the top of the peak and

ireqnencies in the Fouriers transflormed the successive counts satisfu condition (yiryi-
spectrum [1 I.12j. 1), (i and i-l are successive channetrs] but; in

To perform an automatic analysis of y-ray the right-hand number (right side of the

peaks one must provide the program with an peaki is negative at zelra, i.e., where the peak

algorithm like d*a smoothing that attempt5 begins to go down f,rom top to the bottom of
to define the ranges of channels (it divides the peak and the successive counts satisft
the spectrum into man_v regionsi in the (y,.yi-r) il5J" As a result of the searching

spectrum which lie significalrtly above the process, the boundaries for each Wak
hackgrourrd to simplifo the process of peak (starting channel and final channel) with

fitting, see Fig.{2). their corresponding counts are determined.
To neglect the weak peaks (noise peaks)

through the peak searching, peak-to-
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background ratio (PB) is proposed such that
(PB>:r) Ir6l.

Paramet e r in iti alizotio n
Any routine for automatic identification

of peaks in a y-ray spectrum mud have the
ability to provide reliable initial parameters
before starting the fitting. This will assLrre

convergence of the direction and will save

computer time.
Tlle parameters needed initially are the
gaussian parameters (peak position, peak
amplitude and standard deviation) and the
background parameters.
An approximation position for each peak is
evaluated from three values ofclosest counts
yi to the peak position.

!1,t*!1,-r
P= i.+--- ......3.3.1

2R
where j. is the peak position and (R) takes

the values:

ft= ! i" - !,,*,tf ! 1,.*r > ! t,.-r .'.,"..'3'3'2

ft= / i" - ! 1,uf !i,-, ! ! 1"rr .."'.'..3'3'3

Peak position detennined in this way differ
from the exact values by less than 0.15

channels in most cases.

Depending on eq.(2.1), starting value of the

standard deviation (o) can be evaluated from
the following formula [7]:

o=

lr,i!ti;ri"(: fi) r"eprr:senl the channcl numbers (.
is the centroid channel) and the value of (r) is
calculated by the equation:-

, _ .f'(i\ = ?'(i - i.) - . ... .. 3.3.5' -f"(i)- o2-U-i,)'
and f(i) and f'O are the first and second

derivatives respectively, which are

determined numerically by using the

differences. The background parameters (a)

and (b) in eq.(2.1) are found from the slope of

the background line for first and the last
channel [8], or

yiU,-i1)-x,(1,-lr)
u-

U,- "it)
and

. (v -v,)
(i,- i /)

such that (;, and jr) are symbolized to the
first and the last channels, while; ]; and yi
are their respective counts for each peak.

Peuk jitting
In this analysis it is assumed that the

data points in any portion of the
experimental spectrum (peak) can be

represented by a function y(i,pj) which
depends on a set parameters (pp). Then the
Marquardt method, which combines the best

feature of the gradient search method and

linearization [8], is followed to fit the data.

The purpose of the fit is to find the values of
the parameters, which minimize the sum of
the squares (reduced chi-squares) of the data

from the fitted function, that is for n-data
points which are given by:

. lg,' = lI w,(/,- y(i,p))'vl 3.4.1

Where (v) is symbolized to degree of
freedom that is the difference between
number of data points (n) and the number of
Gaussian parameters (m=5) and y.; are the
experimental data pints (observed points or
counts). While; w; are the weights associated
with y1 that can be evaluated from:

I
wi- -!,
But yO are symbolized to the estimated

data points calculated from the function used

to represent the data that is approximated to
a Gaussian ridding on a linear background,
or eq.(2.1) is rewritten as:

(v - p"l'
y(j)= p,expt:#+ p++ prj..3.4.3

zp;
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Since yfi) is a function which is nonlinearly
dependent of the parameters, (pr, p and p3)
for the Gaussian and (pa and p5) for the
background, it makes (*') a nonlinear
function also. Therefore, to apply linear least
square tn eq.(3.4.1), y(i) in eq.(3.4"3) nrust
be linearized by taking its linear expansion
(Taylor series) for number of pararneters
(m:5), i.e., by neglecting all terms above the
first derivative so it becomes:

t'(.j)= t,Ltj+f,%urr ."......3"4.4
T opt

that fhe function yfi) beconres a linearized in
the parameter increments and the metirod of,
linear least squared is used in the fitting,
such that eq.(3.4.1) is changed to:

" "q s-iT"ap,r'...3.4.5-r'' = Lrvt(y, - yc( j
; "u,)Po

In order that the parameters take the best
values x'2 (r.vhich is a scale ai difference
between the observed data ;:.nd estimated
data) nrust have local minimum ,ralues [18].
Fixing the starting values for the fitting
procedure required some experience, because
as a whole, several relative rninarna of the
reduc$d chi-square exist besides the absolute
minirnum Qq. Thus, a necessary and
sufficient condition for xhe chi-square in the
above equation to be a local minimum (as a
function of p1), is

dx'2_=(,
d$P,

hold sirnultaneously for
k, then it requires:-

3.4.6

all values of

n m ev^ err^
s = -TZwjIr; - rsti)- .2.?tpnl ^t ..1.+.1

k=l dp1 ^ Apt

To get a new sfep length in pararneters (8p),
one nrust solve a system af rn-sirnultafieous
equations that arranged as below:

fi, =|,&rao

9-e- =LyoU, 
po + &p) - yr(i, pr - Lp)l 

,.opr ZMn
4.10

by taking into account that Apyare the step sizes
in the local minimum point that taketlw values
(1, 0.1 and 0.01) tor the Gaussian parameters
(heighq centroid and width) respectively and
(0.05 and 0.01) for background parameters for (a
and b) respectively, see eq.(2.1).
Following Marquardt method in fitring, it
requires to increase the diagonal elements of
curvature matrix (o) by a factar 7" which
controls the interpolation of the algorithm
between the two extremes (local minimum
points). Thus eq.(3.4.8) becomes:

f, =fdpua'* ..... " 3.4.11
k-l

where the new curvature matrix (cr') is given
by:

3.4.q

t0 be

for k =l
.. 3.4.t2

Jb, k*l

DP*=

Gkt =

The
calcul

r ,-
, ldu,{+ n)

d.*t = 7

ld,

E=l

rvhere the matrix elememts Sr and c&r

(curvafure matrix) are calculated fiom:-

The solution of the parameter increments
(step length, Ep) is calculate from:

fu, =Lfr^d',r' ""....3.4.13

Thus, fon ke iteration the new values of the
parameters are determined fro,rn:

t+l k c &.Pr =Pt +Qt' 3.4.14

and the error estimation in the pararneters
(o'p1) are evaluated frorn the inverse of the
diagonal elements of cr' [9i, or

3.4.8 otqu) = a-i 3.4.t5
Finatrly, the step recipes of the coded
Marquardt method can be abbreviated as:
Compute x2(p),

Start initially with i,:0.001.

29
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Compute 6p and x2(p+6p) with this choice of
x.
If x21p+6pp x21p;, deuease fu by a factor of
(10) then repeat step (3).
If x21p+6p;< x'1p;, decrease fu by a factor of
(10), consider (p':p+6p) to be a new starting
point, then return to step (3) substituting p'
for p.

Pesk unslysis
After fitting process to estimate best

values of the parameters and their
uncertainties, for peak analysis, these steps
are followed:
A) By subtracting underlying background
function from the curve of eq.(2.1), the net
Gaussian is formed, for which the peak area
(A) can be computed by the following
analytical method using the Gaussian
parameters, height (h) and standard deviation
(o) [e]:
A = .,lrrho ...... 4.1

and determining its uncertainty o'(A) from:

./, +, \ SB6l/4)= 165x "''1'
A

......4.2

where (SB) is the summation of the count on
the background.
B) By transforming peak position to the energy
from energy caiibration constants, then by
transforming the peak energy to the efficiency
from efficiency calibration constants, the peak

enerry (E) and efficiency (Ei) can be evaluated
respectively:-

E:w; +w:Xx+wl+xl ......4.3
,; ,,,,i**rlainti o(E) is fiv.n Sy'-

o(LJ: (w2 *2xw'X 1; ......4.4
where wl, w2 and w3 are energy calibration
constants, while;
Es: zlEa

where \ and z2 are efficiency calibration
oonstants.

C) Since the intensity of the y-ray lines is
characterized by the corresponding peak
area, then the intensity of a particular line is
the ratio of the peak area to the efficiency
Ir 8]:

.4.6t=!
D

and

o(A\olll- -----EI

o(R,\ = 
o(I)
El

, ',,,, 4.7

The relative intensity (R1), where intensities
are normalized to (100), can be written as:-

R,=IxlO0 ......4.8, I,
where (1.) represents intensity of the standard
line. Then its uncertainfy is:

...... 4.9

Results and discussion
After data smoothing, the process of peak

identification and fitting were perfonned
sr-rccessfully for each singlet y-ray line to
determine a group of parameters that give the
lines the best Gaussian shapes (of rninimum
chi-squared). In the fitting technique, getting
the best Gaussian parameters is depended on
the chi-squares (differences between the
estimated and observed data points), if the
statistics of the measured spectrum (weights)
is not considerable. Arrival to those best
parameters is depended on whenever their
starting values may be chosen, such that for
the quickly degree of this anival, number of
iterations (IT) is indicated (i.e., small IT
means quickly arrival and large IT for slowly
arrival), as observed in Table (l).

4.5
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"s|le (1): Some.of the calcqlated results taken from tlte outout of,lhp run
;
Z

Energy (Q) in
keV

Caussian parameters
Peak area + Va

error TP PB CH ITHeight (h position (x") Width (o)
238.58+ .004 17 475.21140.0 329.4L .006 75+ .696 32674.8r I.4 0.00 r 6.1 15.04 9

2 258-83+ .052 717 .2+ 59 .6 358.0+.074 .78+ .078 1404.5+ 18.9 0.004 1.3 5.19 7
J 295"20* .004 1968A.2*131.6 409.5+ .005 .82+ .005 40615.1+ 1.1 l r 0.3 0.23 84 138.31r.013 3160.6i 64.5 470.5+ .018 .85+ .926 3707.3+ 4.0 ).002 J ).71
5 351.92L .003 309t0.4+156.4 189.8* .004 .86+ .00i 66328.6+ 0.8 0 24.7 3.47 6

454.69+ .158 214.7r 58.6 535.2+ .223 1.22+ .321 656.& 23.8 0.05 Lt 0.02 il
| 1JU.:. t.;'= .!\-t ) l

i 1o09.-16r.003 I

t T-,rr.i'tr ..r,r I_-+._-.---_-J
ti: i')t)4.04+ ill I

I igl1 09= .0lr I.,._---l
2 ll4rU.84..C i0 ,

-+._. ----Jl il3QiElgr_I
a 11i2e"56: L3(, '.+-_._1
s 11764 6,3+.0i5 I

olrr.o5=Jlt-i

lj-r.(i:t !. r i
--^-- " l

!t:.1-'.5111r.- i

ii2-r.n.1 1:-"-=--:---*--J

lrIll-"?g[qi"4!*lq-
9;5.7a .1q6

1,01i.4Ct+
97t .0{f'1

I i,'i .2S3

355.11= 37 .4 1.0r 8 1.3 13
45366.2* .9 0 56.7 r0.4 )
422.4+ 33.9 0.01 8 1.4 432 8

L,O.ti at.l I----:-----:------+ tt / t..t* .114 |*-' ..' .'- --.-_-..-.; 82+ .2r8 i9.:11 44.1 0.002 1.4 0.22 10

;zij*s+ +t "i*-
zbt.li.t)16 .u li {)I n3.6L 2.9 l 9.8 2

2459.5+ .014 1.29+ .012 4397.4+ I 8 27 _9 4.28 l2r!.(,if 6,u__*
40.1r 14.0

53&4+ 26t-
92+ I1.6 -

265./*.29 1.48*.356 62.8+ 38.7 0 1.8 ).76 7

w!n1
248).7+
3124.7*

.tJ52

.021

.613

1.34,t .049 1143.7+ 6.7 0 l0.l t.44 5
1.43L .022 5602.4+ 2.3 1.00r Jl., 6.41 z4
1.65+ .206 79.5+ 35.3 0.429 1.7 l-58 l0

iir determining of :"ele.rive ); ..iisit:es, the
processions are genr:.3.:ly lir;Lited by the
ability to dellre aild computr co,tsistent peak
areas" Accorciing to the listed values of the
areas and peak-to- background ratio (pB) in
Table (l), rhe peak area evaluation concerns
stron!.ty rvith the base Iine (background)
heighi and the percentage error in the peak
art'a gi',es up as (PB) decreases because the
staiistical flucruations are more poorer.
Consequently, the detection clf the weak
peaks (smal! PB) in rhe specrrum is
cornplieated because of the appearance of
f,raudulent peaks which are nearly noise and
the fifting of those peaks are very sensitive to
the height of the background under the line
as a result of the great area contribution of
the background in the piroto peak. The
asymmetry of the peaks was removed by
adding a tailing function to one of the peak
sides (especially for the lo,,v energy side)
such that the percenta{r &r*, contribr_rtion of
the tailing function (TP) inus.r be restricted so
ttrat situates between (0-:;i:';! of the total peak
area, Table i1).

It is clear fiom ti:e anai;,,sis that the

whole spectrum, as shown in Fig.(3),
includes about (56) singlet 1-ray lines for
(seven) radionuclides with energy ranges
between U28-2614 keV) as shown in Table
(2).

The emission rates (relative intensities),
that obtained from the present work, are
compared with the resultr of Nucle-rr data
sheets (N.D.S.X2 1,22,23,24,25j.
The comparison in Table (2) shows that the
present results (relative intensities and their
corresponding uncertainties) are in
agreement with those of (N.D.S.), specially
for the strong lines, because the results of
(N"D.S.) are obtained for the spectra of
radionuclide sources not samples. In the
spectrum^the line with energy (1460.34 keV)
from Kao nuclide is clearly observed and
assigned qualitatively due to its non-serious
radioactive origin.
t is worth mentioning that in the spectrum
o attention was paid to peaks below (100
keV) since these were Iikely to correspond to

X ray or y-X interference, and because- of
the low (PB) ratio of these lines.
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In addition; and through the spectrum,

about (nine) common y-ray lines were
identified by
the program without resolving their
components, but instead, their detection was
done by comparing their relative intensities
with the ones of (N.D.S.), so they had a great

relative intensities in comparison with ones
of (N.D,S.) because they have more than one

nuclide contribution, as shown in Table (3).

Table(3):Unresolved common lines in
the used
spectrum that are detected by
comparing their
relative intensities with those of (N.D.S.)Fig.(3):The anulyzed whole spectrum in the

present study in the channel

Conclusion
Throughout this study, it is assumed

that every peak is distributed about a pulse

height location corresponding to the energy

of the primary y-ray according to the nonnal
probability (gaussian distribution). A
computer program was designed to search

for peaks automatically by locating adjacent
channels such that the derivative in the left
side of the peak is positive and negative for
the right side of the peak" Then Marquardt
method was followed by the program to fit
the data point for getting most probable
gaussian pararneters.

Finally, the used spectrum was resolved to
it's components about (56) lines and the
present results were in conformity with those

of (N.D.S.).

N
o.

P!

=

\F

M.S r
S-xq,
.\ F1 -\<t!!

Relative intensities (I )
in comoarison

Present work N,D.S.

I
2rETh 1s4.02 4.83+ 0.019 2.77

2
,,,Th 185.92 100+ 0.002 100

J '*Bi 241.89 21.3 r 0.03 20.13

4 "Th 210.06 32.68 + 0.1 12.9

5
2uEPb

s 10.87 30.61 l= 0.032 22.8

6
,roTh 727.43 23.35 +.0.126 2.4

7
,,oPo 786.03 3.43 *0.216 0.68

8
,roTh 839.45 12.69 t0.281 3.53

9
,,*Po 964.63 3.65 *0.273 0.83
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Table (2): A comparison between the present results antl those obtained by

I lt{ll

-_1 __=--t 805-t:il

Relative intensities (,) in

0r , i tl.J

l62l-!(t0

9--.r*- lffi

(JZS) Journal of zankoy sulaimuni,April 20_0:!!!W A'.te 1t2ts,e ry.r {1.<j dt4l- ,.Ex) <rta{

1.22

{5J{r I b . Jl.{7- il{l

1,.:{'j B I JJt.-.lr.illl
ll

ll9.ti?J .s5t

15{.69:-.158

I'---llro e

I 
. 

I 
r'rj.jrr.0ill

;- t-l-.-uls-D -

I 18.((* .072

l2l5-lll2

* A: -'Th, B: ''"8i, D: "'Po, Er "'B' F '''Pb, C:
.....: indicates those nuclides that th.ir relit;ve inicnsities htve not found
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