AD=A0S57 433 AIR FORCE INST OF TECH WRIGHT=-PATTERSON AFB OHIO SCH==ETC F/G 14/2
A COMPUTER CODE TO ANALYZE ALPHA SPECTRA.(U)
MAR 78 R S HARTLEY

UNCLASSIFIED AFIT/GNE/PH/T78M=5

Jor |

20

574 33




ADAC57433

AD No.——
DOC FILE coPY

his document has been approved
1 for public relcase and sale; its
" distribution is unlimited,

UNITED STATES AIR FQ
AIR UNIVERSITY

AIR FORCE INSTITUTE OF TECHNOLOGY
Wright-Patterson Air Force Base,Ohio

78 06 15 070




ADA0S57433

AD No,_____
DDC Fie copy; ®

: \ : X :
(* A COMPUTER CODE TO ANALYZE |

! e

~ | ALPHA SPECTRA.

" s N M
A\t oo s

7 OIA
@IT/GNE/PH/?BM-B\ Richard

‘ Approved for public release; distribution unlimited.

?8 06 15 970
gLy Sk




A COMPUTER CODE TO ANALYZE

ALPHA SPECTRA

THESIS

Presented to the Faculty of the School of Engineering

Air Force Institute of Technology
. Air University
in Partial Fulfillment of the
Requirements for the Degree of

Master of Science

By

Richard S. Hartley'
2nd Lt USAF

Graduate Nuclear Engineering

March 1978

Approved for public release; distribution unlimited.

L A R R S

R T R SRS R

A v BRI i SR




Preface

This thesis is concerned with the development of a computer
code to analyze alpha particle spectra. The reference peak used

in the program, obtained from a P021°

source, was expressed as
a table of values specifying the peak shape channel by channel.
The results of the analysis were not within the limits desired
but this is thought to be a result of different source thick-
nesses used.

I would like to extend .y sincere gratitude to Dr. George
John and Dr. Richard Hagee, my thesis advisors, and to Phil
Poirier from whom the original program AUTOFIT was obtained.
I would also like to thank Dr. Harold Kirby who enlightened me
as to the depth of the problem which was to be undertaken, and
Capt Jerome Clifford of the McClellan Laboratory for his interest
in the project.

Finally, I would like to thank my wife Cathy, who typed
this thesis and whose affection and understanding saw me through

this project.
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Abstract

An existing computer code, written to analyze pulse-height
spectra from charged particles measured with a mass spectro-

graph, was modified to analyze pulse~height spectra detected

by semiconductor detectors. The program fits the spectra with
a reference peak which is expressed as a table of values speci-
fying the peak shape, channel by channel. The modification
involved increasing the size of the reference peak to 2048
charnels to allow analysis of pulse-height spectra from alpha
particles with energies between 4 and 6 MeV. The results of

the analysis were strongly dependent upon the reference peak
chosen; hence, reference peak selection became the main emphasis

of this report. The three reference peaks used were obtained

from (1) an empirical function, (2) a single alpha peak obtained

from P021O

, and (3) an entire spectrum of an isotope to be {
analyzed. It was desired that the error resulting in determining |
the area be within three standard deviations of the actual area.

The error resulting in each analysis was greater than the pre-

scribed value and was suspected to have occurred because of mis-

calculation of the reference peak.
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A COMPUTER CODE TO ANALYZE ALPHA SPECTRA

I. Introduction

This report presents the results of an investigation of
methods for the analysis of pulse-height spectra produced by
alpha particles detected by semiconductor detectors. Several
goals explored activities of radionuclides, resolution of spectra,
the effects of parameters such as source thickness and width
of pulse-height interval in obteining the pulse-height spectra,
and various types of algorithms to analyze pulse-height spectra.
Major emphasis was placed on obtaining a peak shape represe:-
tative of a single alpha peak and using this as a reference peak

along with existing algorithms to fit alpha spectra.

Background

The general technique of pulse-height analysis consists of
determining the area under each peak in the pulse-height spec-
trum. The area is frequently determined by obtaining an analyt-
ical expression which will reproduce the peak shape. The ex-
pression is fit to the data by the method of least squares; then
numerically integrated to obtain the area. The area represents
the total number of particles, with a certain energy, detected
by the equipment.

The method of pulse-height enalysis has been applied to
gamma-ray spectra for quite some time. In gamma-ray spectra,
the photopeaks are approxinated by Gaussian functions, which

can be numerically integrated without difficulty to provide
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precise determination of the areas under the photopeaks.

Alpha particles unlike gamma-rays lose energy in small
decrements as they collide with the atoms in the detector. As
a result of the possibility of small energy losses, the peaks
in the pulse-height spectrum are no longer characterized by a
pure Gaussian function, but rather by a Gaussian shaped leading
edge and an exponential shaped trailing edge. It is difficult
to obtain an analytical expression for the resulting peak Shape.

Currently, a crude alpha pulse-height analysis technique
is being used to analyze alpha spectra obtained from sources,

239 and Puauo. The transition energies of the alpha

such as Pu
particles emitted by these isotopes differ by only a few keV;
therefore, semiconductor detectors are not able to resolve the
peaks resulting from each isotope. However, the contribution
from each isotope can be determired by using the sum of the
counts from both isotopes along with the known relative amounts
of each isotope obtained by mass spectrometry. The limiting

factor in this procedure is the determination of the absolute

sum of the counts from both isotopes. A summation region ap-

proach is currently being used to determine the sum of the counts.

This method consists of determining the area under the peak by |
summing the counts per channel for all channels within a spec-
ified region containing the peak. A serious drawback in this
d : method results from information lost in the teils of the peaks.
' This occurs because of the necessity to specify a region into-

which the peak must fall. The regions chosen are mutually ex-

clusive; hence, counts found in the long tail extending beyond




the specified region are lost. Greater precision could be ob-
tained if the alpha spectra could be analyzed using a peak shape

which would closely approximate the actual alpha peak shape.

Problem Statement

The object of this thesis was to modify an existing com-
puter code and to obtain a peak shape representative of a single
alpha peak. This peak shape was then used as a reference peak

by the program to analyze the alpha spectra.

Scope

The study was restricted to the use of an existing computer
code which was modified to allow analysis of alpha spectra. A
reference peak representative of the peasks to be analyzed was
required by the program to perform the analysis; hence, a large
amount of effort was devoted to obtain a répresentative alpha

peak.

'General Approach

The program used in this study was obtained from a program
called AUTOFIT, written by J. R. Comfort of Argonne National
Laboratory. The major modification was to increase the allowed
number of channels in the reference peak from 4O channels to
2048 channels. After modification, the program was renamed
ALPHAFIT and was tested to determine its peak fitting capability.

An analytical function was used to generate emulated pulse-
height spectra. For simplicity, a Gaussian pulse-height dis-

tribution was used. Studies were made of the capabilities of

-
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the computer program to resolve two peaks whose relative ampli-
tudes and positions were varied. Other variables studied were
the effects of resolution and magnitude of pulse-height inter-
val used to generate the simulated spectra.- Two series of tests

were performed. Statistical fluctuations of the individual

points in the simulated spectra were included in the second
series of tests, but not in the first series of tests.

Several methods were used to obtain a reference peak which
would be representative of the alpha peaks to be analyzed. The
first method, developed by P. De Regge (Ref 2:271-272), allowed
a single alpha peak to be extracted from a complex alpha shec=-
trum such as that obtained from Am2u1.

The second method involved using a single alpha peak ob=-

tained from P021O

directly as a reference peak.

The last method was based on using an entire spectrum as
a reference peak. Since the types of isotopes in the spectra
are known, a reference peak composed of an entire spectrum of
each isotope in the spectra can be used as a reference peak

for that isotope. The resulting analysis should be more precise

and less time-consuming than using single alpha peaks.




II. Theory

Before becoming involved in the techniques used to deter-
mine the area under the peaks in a pulse-height spectrum, it
is important to know the cause and meaning of the pulse-height
distributions. The information presented in this section de-
scribes the source of alpha particles and the way they interact
with the detector to produce the pulse-height distributions.
A method on how to relate the area under the pulse-height spec-
trum to the activity of the source is described followed by a
description of the algorithm used by the program to minimize

the error between the reference peak and the actual spectrum.

Alpha Decay Process

The motivation behind the development of a computer code
to analyze alpha spectra was the need to analyze alpha spectra
produced by mixtures of low-activity sources, such as plutonium,
americium, and curium. However, during the development of the
program, it was necessary to use sources of sufficient activity
to reduce counting times and to increase counting statistiecs.
The two main sources used in the developmental stage were-Am2h1
and P021o. These isotopes decay by alpha particle emission
either to the ground states or the excited states of their
daughter nuclei. Figure 1 shows the simplified alpha decay

scheme, describing the major branchings (Ref i:435,403).
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Figure 1. Decay Schemes for Am2h1 and P0210

Alpha Particle Interaction

When alpha particles pass through matter, they lose en-
ergy by excitation and ionization of the atoms of that matter.
The mechanism responsible for this energy loss is the inter-
action of the Coulomb fields of the particle with those of the
bound electrons in the material. Deflection of the incoming
alpha particles is negligible because of the large mass of the
alpha particle relative to the mass of the electrons.

As an alpha particle passes through a médium, the energy

dE transferred to that medium by ionization and excitation

o
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along a differential path length dx is given by the following
theoretical expression (Ref 5:3-4):

-dE/dx = Lmel‘zems/mv2 (1)

where B is defined as the atomic stopping number and is given

by
B = Z[1n(2mv2/I) - 1n(1-g°) - g%] (2)
with

e = electronic charge

m = electron rest mass

kinetic energy of primary particle

ze = charge of primary particle

v = velocity of primary particle

N = number of absorber atoms per cm3

Z = atomic number of absorber

B = v/c, where ¢ = velocity of light in

a vacuum
I = geometric-mean ionization and excitation
potential of absorbing atoms; cannot be
calculated accurately and generally
regarded as a constant for each element.
The value of I must be experimentally
determined for each element.
In the nonrelativistic energy range, the rate of energy
loss -dE/dx depends on the velocity of the alpha particle
through the 1/v2 term in Eq(1). The increase in the rate of

energy loss with decrease in velocity is to be expected. At




2 o Sy

e

lower velocity the alpha particle spends more time in the
vicinity of bound absorber electrons, thereby increasing the
probability of ionization and excitation.

In the relativistic energy range, the rate of energy
loss -dE/dx passes through a minimum which is followed by a
slow increase with increasing particle energy.

The ranges of alpha particles, which are initially mono-
energetic, are not precisely the same. This variation, or
straggling, is due to the statistical nature of the energy-
loss process. The energy losses which bring the alpha particles
to rest consist of a large number of individual energy-transfer
events of varying magnitudes. Most of the energy transfers
are relatively small. The statistical nature of the energy-
loss process allows variations in the number of events oc-
curring per unit path length and variations in the amount of
energy transferred per event., Few events involve large amounts
of energy transfer.

The absorption of alpha particles is usually studied
experimentally by measuring the number of ion pairs produced
Per unit path length of travel. This.quantity is commonly
referred to as the specific ionization. The rate of energy
loss is related to the specific ionization through a quanéity
w, which is the ratio of the energy lost by a charged particle
to the total ionization produced by that charged barticle.
Values of w depend upon the material and the state of the
material with which interaction occurs, and the type and the

energy of the incident particle.




Alpha Pulse Height Distributions

Alpha particles incident on solid state detectors deposit
energy within the charge-depletion region of the detectors.
The energy deposited by the alpha particles produces a number
of charge carriers (electron-hole pairs) proportional to the
energy deposited. These free charge carriers which are swept
from the depletion region produce a pulse height which is
proportional to the number of electron-hole pairs collected,
and therefore proportional to the energy deposited by the
incident radiation. The pulse height out of the detector can

be expressed by the following equation:
ph = [(Edep/w) xex y]x1/C (volts) (3)
with

Ede = energy deposited by the alpha
P particle (eV)

w average energy required for the

production of an electron-hole
pair (eV/e-h pair)

e = electron charge (coulombs)

y = charge collection efficiency.
This is essentially 41 in detectors
made of high quality single crystals

3 . N = Edep/w = number of electron-hole
pairs produced

d e q = Ney = total charge collected (coulombs)

capacitance of the deiector (picofearads)




‘oscilloscope with the pulse-height intervals plotted on the

Eq (3) can be rewritten as i

ph = q/C (volts) (4)

The pulse-height at the output of the linear amplifier is

given by
PH=qxG  (volts) : (5)
with

q = total charge collected
(coulombs)

(2]
n

gain of linear amplifier
(volts/coulomb)

A multichannel analyzer is used to count the number of
times pulses with amplitudes between h and h + Ah occur during

the acquisition time. This information is displayed on =n 4

abscissa and the number of times each pulse-height is observed
on the ordinafe. Since the energy-loss process is statistical
in nature, the resulting pulse-heights will form a pulse-height
distribution. The energy of the alpha particles are associated
with the location of the maximum in the pulse-height distri-
bution. The distribution of pulse-heights does not reflect a
distribution of energy lost by the alpha particles because each
particle loses an energy E, in the detector. The tailing effect
on the low energy side of the pulse-=height distribution occurs

when the energy of the alpha particles is degraded by passage

through material in the source and the dead layer of the detector.
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The length of the path and thus the loss in energy by each alpha
particle depends on the angle at which it is emitted from the
source and the extent to which it deviates from normal incidence
when it passes through the dead layer of the detector. The
effects of various path lengths of alpha particles through gold

can be seen in Figure 2.

i

ﬁc
B \ -
E =T 3:// |

(2] El & &< £ EY - ‘

Channel number ] ) T

Figure 2. The a-pagggcle Energy Distribution for a
Thin Source of Pu After Transmissicn Through
Various Thicknesses of Gold (Ref 6:108)

Electronic noise in the detection system will further in-
crease the spread of the peak in the pulse-height sbectrum.
.Electronic noise can be determined by measuring the spread in
the pulse-height spectrum from a pulser signal which is equal

to the average pulse-height produced at the input to the




preamplifier by the source. The peak spreading caused by elec-
tronic noise can be neglected in spectrum analysis if the same
equipment is used to obtain both the reference peak and the data

to be analyzed.

Relating Observed Counts To Activity

The pulse-height spectra obtained from alpha particles

emitted by isotopes of the actinide series are expected to be

a composite of peaks described above. In order to analyze these
alpha spectra, it is necessary to determine the area under each
peak in the spectra. After the area has been determined, it

is necessary to determine the activity of the contributing iso-
topes. The area, which is the total number of counts observed
for each isotope, can be related to the activity of the sample

by the following equation:
Nt/tc =AxGxf xf xg§xf x fa (6)
with

Nt = total number of counts = the total
area for each isotope

t
[}

counting time (sec)

A = activity of source in nuclear
transformations per second (ntps)

G = solid angle subtended by the sensitive

region of the detector relative to the
source :

res = scatter of radiation from surroundings

12
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f = absorption by air, detector window,
and dead layer

§ = intrinsic efficiency of detector =
fraction of particles which enter
sensitive volume and produce a pulse,
assuming no dead time (#cnts/#a's)

correction for dead time

oy
i

f = number of alpha particles observed for
each nuclear transformation (#a's/nt)

If it is assumed that equipment is not changed, scattering
does not occur, and dead time do=s not exist, Eq (6) can be |

simplified and can be solved for the activity as follows:

A= (N/t,) x (1/£) x (1/6) x (1/8) (7)

. Therefore, if the area of each peak in the spectrum can
be calculated, then the activity of an unknown sample giving

rise to those peaks can be determined.

Program ALPHAFIT

Program AUTOFIT was written to analyze charged particle
spectra from a mass spectrograph. The modifications on AUTOFIT
included (1) increasing the size of the reference peak from
4O channels to 2048 channels, (2) disposing of the peak search
routine and Q-value options, and (3) decreasing the number of
peaks to be analyzed from 200 peaks to 20 peaks. The peak fit-
ting algorithms were not modified. After the above modific#tions
were performed,.the name of the program was changed to ALPHAFIT
to avoid confusion. A detailed description of the peak analysis
is listed below.

13




Detailed Peak Analysis. A complex spectrum can be repre-

sented by an array (E] which is formed from the sum of a set
of resolved components Z(x). Each element of the array can be

expressed as

E = 121 alzi(xl) (8)
where Zi(xl) designates the number of counts in the ith channel
of an unnormalized reference peak located at an abscissa Xq1s and
a, is a normalization factor. The sum extends over L individual
components in the complex spectrum. The quantity Zi(xl) is de-
fined as zero if tﬂe reference peak located at X does not ex-
tend to the ith channel. The quantities X, and a, are varied
until the array [E] is closely matched to the array of ordinates
[¥] of the data. This is quantitatively accomplished by forming
a chi-squared function

(¥;-E; )%/ (61;)2 (9)

summed over all the channels of the data. The function F is

then minimized with respect to 8y and Xq. During minimization,
the weights &Y; are taken to be {Y,+10 , where Y, is the ordi-
nate of the ith data point. Since Poisson Statistics apply in

counting experiments, this weighting factor is approximately

. equal to the square root of the variance. The addition of 10

to Yi slightly increases the relative weighting of the data near

the tops of the peaks and prevents division by zero.

1




The chi-squared function represents the ratic of the ob-
served spread between the data and the reference peak to the
expected spread between the data and the reference peak. By
minimizing the chi-squared function, the best approximation to
the real data is obtained.

Program ALPHAFIT separates the minimization of F with
respect to the al's and the xl's. If the xl's are known from
the initial estimates of peak positions, the al's can be ob-
tained by setting the partial derivative of F with respe:t to
a, equal to zero. The set of linear equations, which need to

be solved in order to find the correct value of a, and which

1
will allow minimization of F, is set up in Subroutine FCN.

o

Standard matrix-inversion techniques are then used to solve
these equations.

The position of the peaks are established by a variable
metric minimization procedure (Ref 7:ANL-5990) coded in a set
pf subroutines. As the xl's are varied by Subroutine SHIFT,
the function F is recalculated (each time with a best set of

al's) and inspected. If the change in F between successive ]

complete iterations is less than a convergence criterion, the
procedure is terminated. A final best set of al's is calculated,

and the results are transmitted to the calling program.

15




III. Experimental Equipment and Procedures

;ntroduction

In order to test Program ALPHAFIT, it was necessary to
obtain selected alpha spectra with certain parameters fixed.
For this reason experiments were performed on site with existing

alpha sources such as Am2u1, P0210, and Puzho.

Equipment

The alpha spectroscopy was performed using a semiconductor
detector in an evacuated chamber to maximize the resolution
capabilities of the system.

Vacuum Chamber. The vacuum chamber was a two-piece, cylin-

drical steel canister. The top of the canister was fastened to
a wood support which held the chamber assembly approximately
one foot above the table top. Three openings were located in
the top of the canister, two of which were an inlet and an out-
let for the vacuum pump. The remaining opening allowed the
direct connection of the preamplifier to the detector by two
BNC connectors. The detector was mounted to the top of the can-
ister and was facing downward toward the moveable source plat-
form. The bottom portion of the canister was removeable to
allow the changing of sources and was held in place by the vacuum
creﬁted by the roughing pump.

Detectors. A high resolution detector with an active area

of 25 mm2 was used for data acquisition. The small surface of

this detector required a necessary increase in the counting




times and required the reduction of the source to detector
distance. The resolution obtained by this detector was 18 keV
FWHM for the 5.486 MeV peak of Am2u1 with a source to detector
distance of 1 ecm. The resolution was not appreciably affected
by variations in source to detector distances between 1 to 3 cm;
however, the counting times for the sources used were much too
long for distances above 1 cm.

Amplifiers. An ORTEC, Model 142-B, preamplifier was used
in conjunction with a linear amplifier and a biased amplifier
to obtain the desired alpha spectra. The linear amplifier was
a Tennelec, Model TC203 BLR, and tiie biased amplifier used was

a Tennelec, Model TC250A.

Experimental

Throughout the entire set of experiments, the maximum

|
l
l

amount of separation between the peaks of the spectra was de-
sired. This required using a biased amplifier which would cut
out signals of low energy and expand the remaining signals to
allow the maximum peak spread possible.

Energy Calibration. All energy calibrations were performed

using the 5.486 MeV and the 5.443 MeV peaks of Am2u1. The energy

calibration obtained from AmZLM was used when sources, such as

5210 240

P (which has only one peak) and Pu (which had low sctivity),

were used. It was assumed that the energy calibration obtained

2l

~ from Am could be used with other sources as long as the linear

amplifier and the biased amplifier remained at the same settings.
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Sources and Source Preparation. During the course of

this study, six different sources were used. Three of the
sources had been prepared at an earlier date. These sources

were Am2h1 with an activity of 0.1 pCi and two plutonium sam-

2440 240

pPles labeled Pu - 1 and Pu - 2 with activities of

2.583 x 10S a's/min + 1.5% and 2.598 x 10“ a's/min % 2%,
respectively.
Two polonium sources were made during the course of this

study. The first polonium source, labeled Po210

210

- 1, was made
by the electrochemical displacement of Po onto a silver disk
from a RaDEF solution. The plating occurred because of the
following reaction:

Borit . 3hg = Po * 3Ag+

This disposition occurs without the application of external
current when the RaDEF is dissolved in nitric acid (Ref 6:100).
The activity of this polonium source was roughly approximated
to be of the order of 0.03 uCi.

The second polonium source was prepared using a method
described by H. W. Kirby (Ref 3:2043-2047). A half inch plat-
inum square was rinsed in water; then fired to a red heat for
ten to twenty seconds. After cooling, the square was sprayed
with Krylon with the center of the square masked by a brass rod
approximately 7 mm in diameter. The RaDEF solution which was
in 0.8N HNO3 was dried unaer a heat lamp; then redissolved with
1.5N HCL. The solution was placed in the center of the platinum

18




square which was then placed on a hot plate until the solution

was completely evaporated. Then, 3N acetic acid was added to
the center of the square and allowed to dry. The source was

rinsed with water and then acetone to remove the Krylon. The

activity was calculated to be approximately 1 uCi.
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IV, Data Reduction

Three series of tests were performed on Program ALPHAFIT
to determine its peak fitting capability.

Test Series I involved spectra composed of two Gaussian
shaped peaks with statistical fluctuations which were generated
to emulate spectra obtained by experimental methods. The pur-
pose of this series of tests was to determine the error in-
volved in determining the areas under the peaks when parameters
such as peak amplitude, peak separation, and magnitudes of
pulse-height intervals were varied.

Test Series II involved actual experimental spectra. The
emphasis in this series of tests was to extract a single alpha
peak shape from a complex alpha spectra by a method developed
by P. De Regge (Ref 2:269-280).

Test Series III involved experimental spectra snd emphasis
was again placed on obtaining a single alpha peak shape. How-
ever, in this test series, the single alpha peak was obtained

210

from Po » & single alpha emitter.

Test Series I

In this test series, a Gaussian pulse-height spectrum with
statistical fluctuations was used to generate emulated pulse-
height spectra. Studies were made of the capabilities of the
computer program to resolve two peaks whose relati?e positions
and amplitudes were varied along with variation in the magni-

tude of the pulse-height interval used to generate the simulated
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spectra. The error involved in each study was reported in terms

of relative percent error in peak area (RPEA).

RPEA = | (computed area - actual area)/actual area| x 100 (10)

If it is assumed that the statistical fluctuations in counts
are described by a Poisson distribution, then the standard de-
viation in the number of counts is equal to the square root of
the average total count or the square root of the area under the
peak. In this report the criterion that the area comput2d should
be within three standard deviations of the actual area was used
in order for the results of the analysis to be valid. The sat-
isfaction of this criterion would allow the user to state, with
99.7% confidence, that the limiting factor in the analysis is
not the program but the counting statistics. This criterion can
be expressed in terms of relative percent error in peak area due

to statistical fluctuations (RPEVFZ_)'

RPEVFI- = (3y actual area/actual area) x 100 (11)

The résults of the tests described above are plotted in
Figures 4 and 5. 1In Figure 4 the relative percent error in peak
area is plotted versus the separation of the peaks in units of
full width at half maximum, whereas in Figure 5 the relative
percent error in peak area is plotted versus the magnitude of
the pulse-height interval in units oflo/channel where ¢ is the
standard deviation of the ‘Gaussian distribution. In each figure

the error resulting in the determination of Peak 2 is being
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plotted, Peak 2 (P2) being to the left of Peak 1 (P1) in the
pulse-height spectrum. The two heavy dashed lines running hor-
izontally across each graph signifies the relative percent error
in peak area for one and three standard deviations. It is assumed
that the results shown in Figures 4 and 5 are applicable to other
complex alpha spectra obtained by experimental methods. The user
must make certain that the spectrum to be analyzed has a peak
separation and pulse-height interval which will allow the areas
of the peaks to be determined within three standard deviations.
This will not guarantee that the areas of the peaks in the ex-
perimental spectrum will be determined within three standard
deviations, but affords the best possible chance of it occurring.
The program appears to operate more efficiently as the peak
separation is decreased and as the pulse-height interval is in-
creased. This unrealistic result which occurs for peaks of un-
equal amplitude is suspected to result from the minimization
algorithm used by the program (see page 15). The exact cause
was not investigated in this report; therefore, the results

plotted in Figures L4 and 5§ will be used.
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Test Series II

After Program ALPHAFIT's peak fitting capability was de-
termined using peaks of known areas, analysis of actual alpha
spectra began.

The first alpha spectra were obtained from Am2k1. The

21 had a separation greater than 1 FWHM.

peaks resulting from Am
If it is valid to apply the results obtained in the 1limit of
precision test on the ideal peaks to actual alpha spectra, the
area under the peaks should be able to be calculated within
three standard deviations if the correct reference peak is used.
The problem which resulted was how to obtain the proper reference
peak. All available sources of sufficient activities emitted at
least three different energy alpha particles. Each alpha par-
ticle creates a peak with a long exponential tail. When more
than one peak exists in the spectrum, confusion exists as to
exactly how much each peak contributes to the tail.

Since it was impossible to obtain a reference peak directly

from the Am2h1

, a method developed by P. De Regge was applied
(Ref 2:269-280). De Regge based his empirical relation on ob=-
servations made on a single alpha peak. It was suspected that
the single alpha peak was obtained from P0210. The empirical
relation was derived from an alpha peak plotted in 2048 channels
on semilog paper (schematically shown in Figure 6). The low
energy side of the peak was divided into three regions. The
first region ranges from O to 3 MeV below the peak energy and

can be represented by a constant flat line (a-b).
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Figure 6. Schematic of De Regge's Alpha Peak

The second region can se best represented by a straight line (b-c)
with a slope S. The third region can best be represented by s
straight line (d-e) with a slope R, which is much greater than
slope S. Considering the spectrum to the left of the peak value,

the following equation was proposed:

F(i)

ci+1 = Ce (12)

where

Ci = content of channel i

F(i) = a function of the channel
nunber i
S for the region (b-c)
R for the region (d-e)
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The transition region (c-d) between the two straight line sec-

F tions can be represented by

c(i) = oJF(1)ai (13)

where the function F(i) is best fit by a hyperbolic tangent |

E function of the form
i‘ F(i) = (R+S/2) + [(R-5/2)tanha(i-k)] €1l)

where a is a coefficient to accomodate various transitions from
the tail to the peak regions. Negative as well as positive
values are required for the argument of the hyperbolic tangent;
E. ) therefore, the origin of the i-axis is shifted by an amount k

to coincide with the bending point of the hyperbolic tangent.

Integration of Eq(14) and substitution into Eq(13) yields
(i) = 21/z K[ezR(i-k) % ezS(1-k)]1-/z (15)
with K being the constant of integration and

z = 2a/(R-S)

The tail region (b-c) is characterized by channel numbers

i<<k. The channel contents in this region yield a straight line

with slope S on a semilog plot.
4 B InC(i) = 1nK - 1/z1n2 + S(i-k) (16)

The straight line with slope R, fitting the logarithm of

the channel contents in the region (d-e), is given by
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F *

1nC(i) = 1nK - 1/z1n2 + R(i-k) {17)

The intersection point of these straight lines is located at
channel number k.

Eq(15) is fit to the data by obtaining Cor the tail height
between a and b, and determining the slope R from a least squares
fit of Eq(17) to the logarithm of the contents of the channels
between d and e. The slope S was found to be constant in sev-
eral spectra and had a value of 0.004. The point b where the
tail region changes from a constant value to a gently increasing
curve was chosen as channel number (k-700) according to obser-
vations made on several alpha spectra. Substitution of the above

into Eq(16) yields

InC, = 1nK - 1/z1ln2 - 2.8 (18)

which, when substituted into Eq(17), yields

InC(i) = 1nC, + 2.8 + R(i-k) (19)

which allows the calculation of the location of point k on the
abscissa. The value of z is determined only by the ratio «/R
since the value of S is much smaller than R. The ratio /R is
expected to be independent of the resolution and of the shape of
the alpha peaks, because both g and R increase with better reso-
lution. Values for 2a/R have been found to be nearly constant
and equal to 0.59 for typical resolutions between 20 and 80 keV.
The value of K is caiculated by replacing C(i) in Eq(15)

with the real contents of a few undisturbed channels near the




top of the peak and by solving the equation for K. The mean
value of K is then substituted back into Eq(15) to calculate
the channel contents in the region (b-e). The high energy
edge of the peak is assumed undisturbed and is simply inte-
grated.

An attempt was made to apply the method described above

21

to obtain a reference peak from an Am spectrum. This was

done to determine whether the method developed by De Regge was
applicable to alpha spectra other than P021o. However, unlike
De Regge, only 512 channels were used to store the spectrum.
This was done to allow for easier manipulation of data. The

amal?

spectrum was obtained in 512 channels with the aid of a
biased amplifier which eliminated the low energy end of the
spectrum and expanded the remaining spectrum. This allowed the
prominent alpha peaks to be well separated.but at the cost of
losing the constant part of the tail (Region (a-b), Figure 6).
It was impossible to determine the value of k using the method
.De Regge described above; therefore, a simpler method was de-
vised.

An assumption was made from the outset that the addition
of a biased amplifier would not change the values of the con-
stants obtained by De Regge. A simplified method was then
developed using this assumption and using the fact that the
point k is located at the intersection of the lines drawn from
(b=c) and (e-d) (see Figuge 6). The line (e-~d) and slope R
were easily obtained by applying the method of least squares

to the contents of a few channels near the top of the 5.486 MeV
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peak of the Ama)"'1 spectrum. However, line (b-c) was not so

easily obtained, and a few more assumptions had to be made.

The assumptions made in obtaining line (b-c) were

a) each tail could be approximated by an
exponential,

b) the slope of each tail is the same,

¢) the total tail is composed of a linear
combination of the contribution from
each peak,

d) each peak contributed an amount to the
tail proportional to the area under its
peak, and 1

e) the tail contributions above the 5.486 MeV
peak are negligible.

The total tail resulting from the three main alpha peaks can
be represented by

Ny = c1e-S(x‘”-xi) + cge'S(xPZ'xi) + C3e'S(xP3'xi)

with

Ni = counts in the total tail in channel i

S

slope of tail as was defined by De Regge

X i X .y X = channel number of peak 1, peak 2,
P pe P3 peak 3, respectively

C1, 02, 03 = relative abundance of peak 1, peak 2,
I : peak 3, respectively

% x; = channel number of interest
Peak 1 = 5.486 MeV peak of Am2t!
Peak 2 = 5.443 MeV peak of AmZt!
Peak 3 = 5.389 MeV peak of An“t
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The slope S was calculated by using a least squares fit
241

on the tail of the Am spectrum. The peak locations were

known and the constants C1 and 02 could be written in terms of
03. The constant 03 could be calculated after substituting a

known value for Ni’ along with the corresponding channel num-

ber, into Eq(20). With C3 known, the tail resulting only from
the 5.486 MeV peak could be calculated. The point k was visu-
ally obtained by extending the line formed by this tail until

it intersected line (d-e).

Having obtained the slopes S and R and the value of the
point k, the next step was to determine the value of the inte-
gration constant K in Eq(15). The value of K was calculated
by substituting a few values of C(i) in Eq(15) with the real
content of a few undisturbed channels near the top of the
S.486 MeV peak. The mean value of K was substituted back into
Eq(15) to determine the intermediate channel contents between
the tail and the top of the peak.

The values resulting from Eq(15) were checked against one
important criterion. Since the actual data was being used to
determine a reference peak shape, it would be necessary to re-
quire that the contents in every channel calculated by Eq(15)
be less than or equal to the contents in the corresponding
channel of the real spectrum. If the calculated peak violated

this criterion, the peak would be considered invalid. Several

" different Amz’)"’1 alpha spectra were analyzed using a reference

peak obtained from Eq(15). The results of one such analysis

are listed in Table I. The results from this analysis are not
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directly comparable to those obtained by De Regge because his
results represent an average of 13 separate measurements. Only
a few of the many analyzes performed using the simplified method
were able to satisfy the above criterion and so this method was

not used.

Table I

Am2u1 Analyzed Using Reference Feak Obtained by
Eq(15) and Simplified De Regge Method

Alpha I Alpha II  Alphs III
L Peak energy 5.486 Mev S.4l43 MeV 5.389 MeV 1
" Peak area 24,0799 37749 5187
Branching factor = 86.0% 12.7% 1.3%
Computed branching 8L 4% 13.2% 1.8%
factor
De Regge's computed 81.8% 14.5% 3.7%

branching factor

#(From Ref L:435)

Test Series I1I

This series of tests involved using the ability of Program
ALPHAFIT to accept as reference peak as a table of values spec-
ifying the peak shape channel by channel. The tests series

y) . evolved around the single alpha emitter, P021o. There were

several desired objectives in using P021°. These objectives
included reproducing De Régge's work, with hopes of obtaining

new constants, which would allow more reliable reproduction of

the reference peak in different spectra and evaluating the change




of the resulting peak shape with source thickness. However,
before any of these steps were begun, a series of tests were

performed in which an actual P021o

spectrum was used as a
reference peak. The empirical expression, developed by De
Regge, was an approximation to a single alpha peak such as
obtained from P0210. The best fit that could be obtained
would result when the mathematical expression exactly described

the single alpha peak. De Regge states that alpha peaks have

the same shape independent of their energy when thin sources

are used (Ref 2:271). If this assumption is viable, then the
limit of precision of the procedure developed by De Regge can
be quickly determined by using the single alphs peak (such as

210

obtained from Po ) as the reference peak in the analysis.

The results of this analysis are listed in Table II. Using

Po210

directly as a reference peak did not seem to give better
results than those obtained by De Regge's method. The larger
error in branching ratios could have resulted from the effects
of varying source thicknesses. The resulting error could mesn
that the sources are of different thicknesses and do not qualify
as a thin source; hence, the sources aré not expected to be fit

using P021o. The variations in source thicknesses are clearly

evident in the analysis of Po.210 - 2 using P021O

- 1 as a ref-
erence peak. The residual is very large and is due to a dif-
ferent source thickness and a different level of source contam-
- ination. A much improved analysis is expected to result when

the sources are nearly the same thickness.
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Table II

210

Isotopes Analyzed Using Po~ =~ = 1 Directly

as the Reference Peak

210

Po<19 - 4 Alpha I
Energy (MeV) 5.305

Computed Peak Area = 302894
Actual Peak Area = 302946

Residual = 52 RPEA = 0.02%
EAVAN = 1651 RPE,z = 0.55%
ant Alpha I  Alpha II  Alpha III
Energy (MeV) 5.436 S.4k3 5.389
Computed Peak Area 811711 80328 1178 i
Branching Factor 86% 12.7% 1.3% %
Computed Branching 90.9% 8.9% 0.13% |
Factor
Computed Total Area = 893217
Actual Total Aresa = 898127
Residual = -4910 '~ RPE, = 0.55%
WA = 2843 RPE,z = 0.32%
P20 Alpha I  Alpha II  Alpha III  Alpha IV
Energy (MeV) 5.499 5.456 5.168 ~ 5.123
~ Computed Peak Area 21939 8928 702697 493291
Branching Factor 0.1224% 0.0476% 0. 75% 23.6%
gzzgg:ed Branching 1.8% 0.73% 57.3% 40.2%
33
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Table II (cont.)

Pu - 1 (cont.)

Computed Total Area = 1229505

Actual Total Area = 1226633

Resgidual = 2872 RPEA = 0.23%
3WA = 3323 RPE,z = 0.27%

T Alpha I  Alpha Alpha III  Alpha IV
Energy (MeV) 5.499 S5.45 5.168 5.123
Computed Peak Area 2501 Sl 90664 30760
Branching Factor 0.1224% 0.0476% ™4 .75% 23.6%
Computed Branching 2% 0.41% 72.9% 24.7%
Factor

Computed Total Area = 127271

Actuel Total Area = 125341

Residual = 1930 f{PEA = 1.54%

3V A = 1062 RPEVK = 0.85%
2?10 - 2 Alphs I

Energy (MeV) 5.305

Computed Peak Area = 8745688

Actual Peak Area = 8761782

Residual = =16094 RPEA = 0.18%
3VA = 8880 RPE,z = 0.10%

AL s b e i
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Table II (cont.)

Composite Spectrum (Po

-t

Energy (MeV)
Computed Peak Area
Branching Factor

Computed Branching
Factor

Computed Total Area
Actual Total Area

Residual

210

Alpha I
5.486

853899
86%

91.

3%

935151
898127

37024

- 2, amd4?, py2lo

Alpha II

Composite Spectrum (cont.)

Alpha I
5.499

pullt0 _ >

Energy (MeV)
Computed Peak Area
Branching Factor

Computed Branching
Factor

Computed Total Area
Actual Total Area

Residual

0

0.1224%

0%

2
Alpha IIT

5.389

96

1.3%

0.1%

RPE, = L.12%

RPEVT = 0.32%

Alpha III  Alpha IV
5.168 5.123
60259 15170
T4.75% 23.6%
79.9% 20.1%
RPE, = 39.82%
RPE\E = 0.85%

e ———— .._....“....a.j
N
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Table II (cont.)

--------------- - e T . e e D e T e e D D aD A D D an e

Composite Spectrum (cont.)
05210 _

P 2 Alpha I
Energy (MeV) 5.305

Computed Peak Area = 1499604

Actual Peak Area = 1810354
Residual = -310750
WA = 4036

RPE
RPE

VA

17.17%
1.30%
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The last set of tests in Test Series III involved using
an entire spectrum of an isotope as a reference peak. The

composite spectrum to be analyzed is known to contain certain

240

isotopes (Pu - 2, P021o - 2, Am2u1). Several experiments

were performed in which the spectrum from each isotope was
obtained. The three spectra were then added together to simu-
late a composite spectrum containing the three isotopes. During
the analysis, the spectrum from each isotope was used as the
reference peak for that isotope. The results of this analysis

are listed in Table III. 5
Table III |

Composite Spectrum Analyzed Using Respective Spectrum

from each Isotope as the Reference Peak ]

Composite Spectrum (Po210 -2, Am2u1, PuZhO - 2)

Computed Actual

_ Area Area Residual 3V A
Al 2712695 898127 1814568 2843
Pt .5 2578378 125341 2453037 1062
potY . 2 1995679 1810354 185325 4036

The residuals resulting from this analysis are well above the de-

r sired limit. This error is suspected to have resulted from not
|
utilizing the program's full capability. The analysis was per-

formed as follows:

37
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a) Spectrum to be analyzed reed into program

b) Reference peak (entire spectrum of one
isotope) read into program

¢) Reference peak fit to the data and results
printed out

E

:

f . d) Program cleared

E e) Spectrum to be analyzed read back into
program

f) Next reference peak read into program

g) Reference peak fit to the data and results
printed out

h) etc.

A better analysis would result if after the spectrum to
be analyzed has been read into the program all three reference
peaks were read into the program simultaneously. The program,
working up to its full potential, could then vary the relative
positions and amplitudes of the reference peaks to obtain the
best fit possible.
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Ve Conclusions and Recommendations

Throughout this thesis, reference was made to the "proper
reference peak". The "proper reference peak" is one which best
represents the parent population. The "proper reference peak"
was used in Test Series 1. The spectra in these tests were the
parent populations, statistically varied to simulate actual ex-
perimental spectra. However, this was done with the qualifica-
tion that both the reference peak and the spectra were from the
same type of source, having the same thickness and backing ma-

terial.

The ability of Program ALPHAFIT to fit unknown alpha spec-
tra depends upon the ability of the user to find the "proper
reference peak". 1In order to find the "proper reference peak",
one needs to study a single undisturbed alpha peak. This was

210

done in the past using Po (Re:s 2:269-28C). Even after using

the single alpha peak, De Regge had to try to find some empir-

ical function which would allow him to approximate part of the
peak. This approach gives good results, but errors result due
to the assumptions made by De Regge. Most of the error arose
from the empirical function used to represent the peak. Some
error could have arisen from the assumption that a complex
alpha spectrum is composed of individual alpha peaks which do
not interfere with each other, but only add linearly to one
another. With the aid of Program ALPHAFIT, the approximations
used in trying to find an analjtical function to describe the

alpha peak are'circumvented. Instead, the single alpha peak
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210 can be directly used by the program to analyze com-

from Po
Plex alpha spectrum. However, the assumption that complex
spectra can be linearly composed of single alpha peaks must :
still be used. If this is true and if it can be assumed for %
the moment that for sufficiently thin sources (Ref 2:269-280)
the alpha peaks will look the same, then ALPHAFIT should give

210 alpha

the most precise results obtainable assuming the Po
peak is obtained by the same detector.

The last series of tests performed were bassu on the use
of an entire spectrum as a reference peak. This would allow
circumvention of both approximations made by De Regge. No
empirical function would be needed, nor would there be a need
for the assumption of linear addition of single alpha peaks.
This should allow the most precise analysis possible. The fact
that large errors resulted in the first attempt to apply this
method should not hinder its further development. Perhaps a
spectrum stripping approach would be advisable in this case.

- The application of either method requires known samples
of high activity to obtain good statistics in the tail region.
If the same isotope is to be used to obtain this high activity
source, it will require either more area or a thicker source.
This is expected to reduce the effectiveness of the reference

peak, because the peak shape will change. The change in peak

shape should be relatively unchanged if thin sources are used
(Ref 3:2043-2047). The exact error incurred would require
further tests using varying source thicknesses.

At this time, there appear to be three different methods

Lo




which would allow a possible solution to the alpha fitting
problem:
I. Reproduce De Regge's work to determine the
change in peak shape with source thickness.
II. Investigate further the possibiliéyoof using
a single alpha emitter such as Po as a
reference peak.

III. Investigate further the possibility of using
each respective spectrum in the composite
spectrum as a reference peak.

It would be advantageous to include a correction factor
for source thickness in each of these methods. This could be
accomplished with a library of reference peaks for sources of
various thicknesses. An example of such a library could be
taken from data such as is found in Figure 2. Knowing a few
parameters, such as the shape of the high energy edge of the

peak or the full width at half maximum, would allow the user

to enter the library and pick the appropriate reference peak.

-If a sufficient number of reference peaks are catalogued, lin-

ear interpolation could be assumed between reference peaks.

This would provide an unlimited number of possible reference

peaks for a variety of source thicknesses.
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APPENDIX A

Program ALPHAFIT

Main Program. The main program controls the reading of

the input cards, initializes variables, checks for error
? conditions, and prepares the data for analysis.
All of the data is read in the main program except for’
‘ the spectrum data set, which is obteined from Subroutine SPCTRM.
A subroutine, named ARYODR, is called to rearrange background
points and peak positions into asc¢nding order of abscissas.

As the data is prepared for analysis, the main program
establishes the logic for selecting a reference peak, estimating
peak positions, and removing background. Two subroutines, named
BGRND and REFPEK, are called for establishing the background and
the reference peak shape, respectively. Afterwards, a new spec-
trum with background subtracted is computed with the requirement ;

that none of the computed ordinates be less than zero.

Before analysis of the peaks beging, a final check is made
to determine whether the estimated peak locations are in the
range of the spectrum. Peaks outside the range are deleted from
further processing.

Subroutine RESLTS. Subroutine RESLTS is then called to

d . process the data. Subroutine RESLTS transmits the spectrum to
" a subroutine, called PREPAR, which establishes the initial error

matrix, the weights for the data points, and the convergence
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criterion. On returning from Subroutine PREPAR, the normalized

fitted peaks are summed to obtain the areas. A printout of the

channel number, the raw data, the background, the normalized
individual peaks (with background included), and the composite
spectrum of the fitted peaks can be obtained by the user upon
request. 1
A final summary page lists the information characterizing

the spectrum and tabulates:

a) peak position (channel number),

b) error in peak position (channels),

¢) number of counts in the peak,

d) statistical error in the number of counts

computed by the program during analysis
procedures,

e) sum of the background underneath the peak,
and :

f) estimated error in the number of counts
(this is the square root of the sum of
the counts and the background).

Subroutine REFPEK. The one characteristic that made this

program look promising was the ability to input any peak shape.
This reference peak is not obtained from an analytical function
but is expressed as a table of values specifying the peak shape,
channel by channel, with linear interpolation assumed between
channels.

The reference peak is read into the computer in the main
program, and then evaluated by Subroutine REFPEK. This sub-

routine uses parameters, such as peak width and shape, to

'
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characterize the reference peak. The parameters used are the
total width in channels and the distances DELTA1 and DELTAZ

shown schematically in Figure 3.

counts

le———DELTA2 — DELTAl channel #

Figure 3. Reference Peak Shape

Subroutine BGRND. Three options are availaeble for re-

moving backgrounds from the spectrum. One option is completely
automatic; the other two require information from the user.
Background option I allows the user to specifyy coordinates
of a set of background points throughout the spectrum. Sub-
routine BGRND then calculates a continucus line that passes
through all of these points. The regions between the points
are calculated using Lagrange's three-point interpolation for-
mula. Three successive points are used to calculate a curve
between the first two points. The first point is then dropped,
and the next three successive points are used to calculate the
next section. This resulté in a final curve which is a patch-

work of parabolas. The computed background line is continuous,
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but its derivative may be discontinuous at each background
point. The background is never allowed to be less than zero.

with background option II, the spectrum can be divided
into sections with a constant background value in each section.
The limits of the sections and the background value of those
sections are supplied by the user. This option is useful when
the user desires to have a constant background for the entire
spectrum.

Background option III, the automatic background option,
requires that the estimated locations of the peaks be supplied.
Subroutine BGRND examines the regions between such peaks and
excludes the channels that contain the tails of the peaks. If
such a region is longer than ten channels, it is divided into
subregions of about ten channels each. The abscissa of a back-
ground point is taken to be the midpoint of the sabscissas of
the subregion, and the ordinate of a background point is taken
to be the average of the ordinates of the data points in the
subregion. Since most physical spectra have backgrounds that
decrease as the channel number increases, a constraint is im-
posed on the background points. The ordinate of each new back-

ground point Y is compared with the ordinate of the last

b,i
background point Yb,i-1‘ If the new background point exceeds

the value Y ; .+ ZVFY;:;::—} the point is rejected. After at
most fifty background points have been selected, a subroutine,
named LSQPOL, applies the method of least squares to compute a

polynomial of order less than four through the background points.
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APPENDIX B

INPUT CARDS FOR PROGRAM ALPHAFIT

Variable : Value Usage

CARD 1.

1-80
NOTE:

I CARD 2a.

Title Card

TITLE (1), I =1, 8

FORMAT (8410)

TITLE = Any alphanumeric string.

If columns 1-4 are blank, the program terminates. The
program also terminates on an end-of-file card.

Option Control Card

NBACK, NPKRD, NREF, NSSW1, NSSW2, MAXREF

FORMAT (I4, L4I2, I4)

NBACK = 0 Background determined auto-
matically by program.
= +n Background option I. The X
and Y coordinates for n back-
ground points will be read
in; program calculates a
curve passing through all
points.
= -n Background option II. n
background intervals will
be read in (background is
a constant between the limits
of each interval).
n < 50. If n > 50, the program will

truncate it to 50.

n > 3 for background option I (positive sign). But
also see Note 2 for card 3.

NPKRD > +1 Initial peak positions to be
read, as values of channel
number.




7-8

10

12

13-16

CARD 2b.

u
o

NREF

Reference peak to be se~
lected from spectrum.
(This option is generally
not recommended.)

(/]
]
-

Reference peak values to
be read from separate cards.

NSSW1 = 0 Suppress printed output
from variasble-metric-mini-
mization routines.
(Standard!)

- 1 Print the v.m.m. calculations.
NSSwe = 0 Suppress printed output of
raw data, resolved peaks,
and composite spectra.
= 1 Print the above.

The maximum number of channels
in the reference peak.

MAXREF

Option Control Card
KEPREF, KEPDAT
FORMAT (I4, 3x, I1)

KEPREF = 0 New reference peak used for
each spectrum analyzed.

= 1 Allows the reference peak
to be kept for next analysis.
KEPDAT = 0] New-data spectrum to be
analyzed.
= 1 Allows the data spectrum to

be kept for next analysis.

Background Data Cards (Not used for NBACK = 0.)
DB(I), BACK(I), I =1, NBACK '

FORMAT (16F5.0)

DB(I). = For NBACK > O (option I):
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11-15, etc. DB(I) is the channel
number at which a background
value is to be specified.

6-10

NOTE 1:

NOTE 2:

CARD ga.

For NBACK < O (option II):

DB(I) is the channel
number at the lower end of
the Ith interval for which
a background value is to be
specified. DB(1) is supplied
by the program and may be
left blank.

BACK(I) The value of the background
for the Ith background posi-
tion (NBACK > 0), or for the
Ith background interval

TNBACK <0).

The pairs DB(I), BACK(I) may be given in any order.
The program will rearrange them in increasing order
of DB(I).

For NBACK > O, the program requires backgrounds for
the first and last channels of data. If not given
explicitly, the program will use BACK (1) for the
first channel, and BACK (NBACK) for the last channel.

These program-supplied values may be counted for
meeting the minimum requirement of 3 background points.

Reference Peak Values Card (Use only for NREF < -1.)
N

FORMAT (I4)

N = The number of channels in
the reference peak.

DUMCHN, (STOREF(J+K), K = 1, 10)
FORMAT (F6.0/10(F6.0, 2x))

DUMCHN = Every tenth channel number
of the reference peak. These
values are not needed in the
reference peak and so are not
stored. This allows cards
punched from MCA to be read
without conversion.
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9-14

etc.

CARD 4b.

1-10
11-20
21-30

31-40

NOTE:

”“'““""'“"’"'“““"""“"“'"""""""""'"‘“"’“!QI‘

STOREF(J+K) = The number of counts in the
(J+K)th channel of the ref-
erence peak, reading from
the back edge to the front
edge.

Reference Peak Parameter Card (Use.onlx if NREF = 0.)
STOIPR, DELTA1, DELTA2, DELTA3
FORMAT (4F10.5) . ;

STOIPR = The channel number of the

maximum count in the ref-

erence peak. i
DELTA1 Channels from the front
(high-energy) edge of the
reference peak to the
"third-height" position
on the front edge.

DELTA2 = Channels from the back .
(low-energy) edge of the 4
reference peak to the third- :
height position.

DELTA3 Channels from STOIPR to

the third-height position.
For MCA operation, the "third-height" position is de-
fined as STOIPR and hence the program sets DELTA3=0.0.
Standard Spectrum Data Set
D1, (¥Y(I), I =1, 10)
FORMAT (F6.0/10(F6.0, 2x))

D1, D = Every tenth channel of the
spectrum.
Y(I) = The number of counts in the

ith channel of the spectrum.




Peak Position Cards (Use with NPKRD > +1.)

PEKPOS(I), IFIXPK(I)

10

NOTE:

FORMAT (F9.4, I1)

PEKPOS(I) = The estimated third-height
location of the Ith peak to
be considered by the program,
specified in channel number.

IFIXPK(I) = 0 or blank The program will adjust
PEKPOS(I) for the best fit
to the data. (Standard
option.)

> 1 PEKPOS(I) will be held fixed
by the progranm.

The cards may be in any order. The program will rear-
range them into ascending order of PEKPOS(I).

Peak Position Termination Card

PEKPOS(I) < -1.0 This will terminate peak locations

and the program will process a new set of datsa,
beginning with Card 1.




APPENDIX C

RECOMMENDATIONS FOR INPUT

The following suggestions are intended to aid the user in

setting up the input card decks to ALPHAFIT.

Backgrounds

The automatic background option is sometimes capable of
providing a reasonable estimate of the background, but it can
also produce very unrealistic results. The use of the automatic
option is not recommended if high-quality results are desired.
Background option I (NBACK > 0) gives the user the maximum con-
trol over the background curve. If enough points are specified,
the'background can be tailored to any specification.

With background option II (NBACK = =1) constant backgrounds
can be entered into the program. Option I can also be uscd with
NBACK = +1 if DB(1) specifies any abscissa in the middle of the

spectrum and BACK(1) specifies the background value.

Peak Selection

The option that requests the program to hold positions of
peaks fixed while obtaining their areas is not generally recom-
mended. It is useful if the program has troubles in separating
closely-spaced peaks whose positions are known in advance. How-
ever, the positions of peaks are almost never known a priofi.
Even if their energy values are precisely known, experimental

uncertainties and insufficient yields may make their positions

in a spectrum poorly known.




Printout Options

The input NSWW1 = 1 produces messages from the variable-
metric-minimization package. This is useful for error tracing
or debugging. Otherwise, set NSSW1 = O.

The input NSSW2 = 1 produces a printout of the channel
numbers, raw data, and individual peaks fit to the raw data.

It is sometimes useful if the user wishes to make minor correc-

tions to the final results from ALPHAFIT by manually summing
the counts in a peak.
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APPENDIX D

INTERPRETING THE OUTPUT

Special Messages

Most of the printed output is self-explanatory. 1In
addition to the error messages indicating improper data (listed i
in the descriptions of the utility subroutines), a few other
messages can be produced under special conditions.

nn Peaks Deleted. Some of the peak positions that were

read in are not in the range of abscissa values.

Epsilon Too Small--Cannot Converge For Peaks At xxx, jyyy.

Twenty-five complete iterations have been made by the variable-
metric package in an attempt to minimize the function F for the
peaks located at the positions listed. Convergence was not
achieved snd the results of the last iteration are returned to
the calling programs. Normally, these are sufficiently accurate.
However, this message is sometimes produced if the spectrum is
very complex and either too many or too few peaks are specified.

One should revise the estimates of the peak positions and rerun

the program.

Results of the Peak-Fitting Analysis

The final printed summary of results should be examined
for signs that the calculated fits to the data may not be re-
4 ; liable. If necessary, the input deck can be revised and another
pass made.

Errors. One can roughly estimate the errors expected for

Sh
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the final positions and areas of the peaks and compare these
with the calculated errors. Large discrepancies require atten-
tion. The expected error in the area (NUMB, COUNTS) A is VF-.
The expected error in the peak position is roughly FWHM/(2.5y &),
where FWHM is the full-width at half maximum of the peak.

Normally, the positions and areas of the peaks will be
determined much more precisely than the listed errors would
indicate. A large discrepancy between estimated and listed
error is thus only a sign that the program experienced diffi-
culties in the analysis, not that the answers are necessarily
unreliable.

Negative Peaks. The program sometimes produces peaks with

negative areas. This is usually a sign that ALPHAFIT has been
asked to place too many peaks in a small region. Some should
be eliminated and the data should be reanalyzed. If the user
intends to have all the peaks he requested, a revised set of
estimated peak positions canAsometimes eliminate negative peaks.

Pegks with Zero Areas and Errors. The printout may show

that some peaks have areas and errors which are exactly zero.
This results from a spurious condition. During the variable-
metric analysis, these peaks have been moved outside the range
of the spectrum in the work area (not outside the total spec-
trum) and therefore have zero amplitudes. The errors are arbi-
trarily set to zero. The cause is usually the same as for.neg-

ative peaks and should be treated accordingly.
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