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Atomic mass differences are usually determined by a variation of a technique known

as "peak matching". Two techniques have been developed and applied to the Manitoba II

spectromete¡ : visual null peak matching and computer-assisted peak matching. For the

computer matching technique, peaks may be located by using either a centroid or a least

squares method. In this work, an improved procedure is established for the least squares

method. With this new procedure the accuracy and the precision of a calculated mass dif-

ference is significantly improved.

TheManitoballmass spectrometerhas been usedto measure the spacings of 4 doublets

in the mass spectra of TlCl, and PbClr. The average precision of the new mass differences

(least squares method computer runs) surpasses that of our earlier work (centroid method

computer runs and visual runs) by a factor of about 1.3. This program of measurements was

aimed at determining the 20sPb-20sTl atomic mass difference, which is used to determine the

threshold energy of theneutrino capturereaction : v +'otTl -+ 20sPb + e-. Ithas been suggested

that this reaction may provide a good mechanism on which a solar neutrino detector may

be based (Freedman , l9l6). A new value for the 20sPb-20sTl mass diffe¡ence is calculated

by combining our new data with other precise data obtained from (n,y) reactions and B

decays. Ourvalue (51.87 +0.84keV) agrees with acceptedvalues and substantiallyimproves

the precision of this mass difference.
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1-1 The concept of mass

Mass is a property of an object which somehow describes the quantity of matter

contained in it and which is conserved when matter changes its form. It is a measure of the

inertial and gravitational properties of matter. Inertiai mass and gravitational mass have

been shown to be the same to 4 parts in 1011 (Keiser, 1981).

Newton showed that gravitational mass could be expressed in terms of the attraction

experienced as a result ofthe presence of another object according to the universal law of

gravitation :

CHAPTER 11)

INTRODUCTION

p- GMlM2

where F is the atffactive force between two bodies with masses M, and Mrseparated by a

distanceR and G is the universal gravitation constant. It has been found that G is constant

in time to within i part in 1011 lyeao- (Reasonberg,7976).

Inertial mass is defined through Newton's second law :

F = ma G-2)

where "a" is the acceleration of the body induced by the force, F, and "m" is the mass of

the body.

R2

(1-1)



The Newtonian laws of motion are valid only in inertial frames of reference. Mach

criticized Newton' s concept of motion with respect to absolute space as being unobsewable.

He replaced it by motion relative to the fîxed stars, which at his time represented the bulk

of the observed matterin the universe. Mach claimed thatthe inertial mass of a body depended

upon some interaction with the remaining mass in the universe (Clotfelter,I970).

Einstein abolished the role of preferred inenial frames of reference rhrough his prin-

ciple of equivalence. His general theory of relativity is considered to express Mach's

principle. In Einstein's special theory of relativity, each observer generates his own

coordinate system such that there is no absolute frame of reference. The theory showed that

a pafticle has a relativistic inertial mass, ¡æ, which varies with the velocity, v, according to

the relation :

where; rno is the mass of a particle at rest and c is the speed of light.

The theory concludes that mass (m) andenergy (E) are two aspects of the same fundamental

quantity. Mass can be converted into energy and vice versa. This equivalence is stated in

mo

the famous relationship :

2L =mC

(1-3)

(r-4)



L-2 Standards of mass and energy

The international unit of mass is the kilogram, kg, which was originally defined as the

mass of a cubic decimeter of water. The present standa¡d kilogram was constructed in 1889

from a platinum-iridium alloy (90/10) and is in the form of a solid cylinder with height equal

to its diameter. This primary standard is preserved by the International Bureau of V/eights

and Measures at Séwes, France. Copies of the prototype are distributed throughout the

world.

In 1860, an international conference on atomic masses officially adopted the

Dalton-Avogadro scheme for relative atomic masses. A natural unit for this scheme \pas the

mass of hydrogen, the lightest atom (this was Dalton's choice). By 1923 the basis was

changed when Aston (Aston, 1923) had already observed small divergences from the whole

number rule for a score of elements. Aston chose tuo to be the standard of atomic mass

which, in contrast to tH, forms stable and tractable compounds with most elements. However,

after the discovery of isotopy, two different atomic masses were defined : one was based

on tuo, which served as the physicists' standard of mass, and the other was based on the

natural mixture of t6O, t7O and tto, which was the basis for chemical atomic masses. The

two mass scales are related by a constant; however, natural variations in the abundance of

oxygen isotopes contribute a variation in such a conversion factor ranging from 1.000268

to 1.000278 (Nier, i950). To unify the two scales and improve the precision in the defïnition

of the chemical scale, A.O.Nier and A.Olander (Kohman, 1958) independently suggested

that a unifîed scaie be based on t2C = 12 u. This required a relatively small change in the

chemical scale (- 43 ppm) and removed the ambiguity in it. Accordingly, in a coordinated

action, both the International Union of Pure and Applied Chemistry and the International



Union of Pure and Applied Physics adopted in that year the "unified" scale of atomic mass,

with symbol a (Wichers,1962). The atomic mass unit uís L/IZof the mass of a neurral atom

of t2C. Atomic masses of other nuclides may be compared to 12C with precisions occasionally

as high as 1 parr in 10e (Smith, 1975).

The "¿/" is related to the kilogram by the following equation :

,lIu= No kg

4

Where No is the Avogadro's constant which is the number of atoms in exactly l2kg of 12C.

Avogadro's constant has been determined by Deslattes to be (6.022060+0.000009)1023

(Deslattes, 1974). The energy unit in the atomic scale is the electron volt (eV) which is

defined as the kinetic energy gained when an electron passes through a potential difference

of 1 volt. The mass-to-energy conversion factor is obtained from the fundamental constants

N¡, e and c. Thus :

¿ =:l- ev
elv A

Cohen obtained the best values of these constants from a least squares adjusnnent (Cohen,

1916). The analysis of Cohen recommends the conversion factor :

1y = (7.660 566 0 + 0.000 008 6)10-27 kg

,more recently, Cohen and Wapstra (Cohen, 1983) show that :

lu =937507.2+0.3 keV

(1-s)

which represents a precision of 0.3 ppm. This value has been used in the 1983 Atomic Mass

Evaluation (Wapstra, 1985).

(1-6)

(1-7a)

(1-7b)



1-3 The importance of atomic mass determinations

The mass of an atom M(A,Z) is less than the combined masses of its constituent, free

particles. That is :

M(A,Z) - Z(mo+ m") + (A -Z)m^- (B .8.)*,"*- (8.8.)"u",_n (1-8)

where Z is the number of protons; mp,mc andmn are the masses of the proton, electron and

neutron, respectively; (B .8.),*¡,^ ild (B .8.)","",-nrepresent the total binding energies of the

nuclear particles and of the atomic electrons, respectively. (B .8.)^"ctron may be calculated

forthelightatoms (2<Z <8)onthebasisof theFermi-Thomasmodeltobe(Foldy, 1951):

For the heavy atoms the dependence of the (B .8.)"t",,,on on Z becomes approximately Z'z/s.

The value of (B .E.)",",,,,n just approaches 1 MeV for the heaviest elements while (B .8)n*u*

is on the order of 8 MeV per nucleon (Evans, 1955) corresponding to about 2 GeV for the

heaviest nuclides. Inasmuch as (B .E .)",",,,on iS small relative to (B .8)*bn", the variation of

average nuclea¡ stability with nuclear size may be expressed in terms of the binding energy

per nucleon , B .E.lnucleon =ry ,

@ .8.),,"",,on = 15.J327t3 eV

B .E.lnucleon =

This quantity increases quickly from 1.1 MeV for'H to - 6.5 MeV ar A=10 and increases

thereafter to a maximum value of 8.793 MeV for s6Fe; from this value it declines to 7.6 MeV

in u¡anium. In some cases, @ .8.)crcc,on cannot be neglected with respect to (B .8.),*r,^. As

an example, in Fig. 6-1, the binding energy of a K-level electron determines the direction

of the 20sTl81+ decay channel (B decay), which is opposite to that of 20sTl0 (e capture).

Z (mo * m") + (A - Z)m, - M (A,Z)

(1-e)

(1-10)



In an approach to describe B .E.lnucleon, Aston defined the packing fractionf(A,Z) in

terrns of the atomic mass M(AZ,) and the mass number A :

r(A,z) =

The greatest stability is associated with those atoms whose packing fractions are the smallest.

Combining (1-10) and (1-11) :

M(A,Z)-A

B .E.lnucleon =

Thus, the maximum in the B.E./nucleon curve occurs at roughly the same A as does the

minimum in the packing fraction curye. Accordingly, gtreatest stability is associated with

those atoms whose packing fractions are the smallest.

Although Aston obtained masses for some of the isotopes of chromium, krypton and

xenon (Aston, 1942), most of the pioneer work involving the masses of heavier atoms was

done by Dempster during the period 1936-1938. This led to his well-known version of the

packing fraction curve (Dempster, 1938) which superseded Aston's earlier version.

An important result of Dempster's packing fraction work was his discovery that the

slope of the packing fraction curve in the region 90 < A < 104 was twice its value in the

region 180 < A < 208. This could be construed as evidence either for a modest improvement

in nuclear stability near A=180 orfor a ratherviolent deterioration in itnea¡ A=90 (Dempster,

1938; Feenberg, 1941). This question was subsequently investigated and the latter inter-

pretation found to be correct (Duckworth, 1950). An explanation of this sudden and rather

unexpected change in slope at A-90 was conveniently provided by the concept of nuclear

she11s, which was first proposed by Maria Mayer in the "Shell Model" (Mayer, 1950). The

Z(mo+m")+(A -Z)m"
-lr+f(A,Z)l

(1-1 1)

(r-12)



main feature of this model is the prediction that certain values of N or Zleadto great stability

of the nucleus; this has been confi¡med experimentally for the so-called "magic numbers"

2,8,20,28,50,82,126, which repre sent shell clo s ure s.

Evidence of the enhanced stability associated with closed nuclear shells may be seen

in the finedetail of the variation of B.E./nucleon.Itmay be seenmore clearly in acomparison,

among isotopes of a given element, of the systematic changes in the energy required to

remove the last pair of neutrons, ^Sr. Abrupt and dramatic decreases in this energy are seen

as the "magic numbers" (N = 28,50,82,126) are exceeded. In a similar way, it can be

demonstrated that the same magic numbers of protons are also configurations of enhanced

stability. In the region near the magic number 82,the values of S, for N-90 that would be

expected on the basis of the behaviour for N<88 lie much below the measured values

(Meredith, 1972). This feature was noted earlier by others (Barber, 1964 a,b; Duckworth,

1964; Macdougail, 1966) who drew attention to a major discontinuity in slope at N=88.

This behaviour has been attributed to the onset of nuclear deformation that occurs in this

region.

Atomic mass determinations as well as the energies available for cr and B decay studies

are of great interest in nuclea¡ physics. The masses of stable nuclides provide a data base

from which the best values for the semi-empirical atomic mass formula constants may be

derived. This formula may be used for determination of atomic masses of unstable nuclides,

which have obvious consequences in many nuclea¡ processes of astrophysical interest, e.g.,

in the r-process of nucleosynthesis. Comparison between the predictions of the atomic mass

formula and experimental masses is of interest for nuclear structure studies.



1-4 Methods of atomic mass determination

l-4-L Alpha decay

Alpha decay is represented by :

tx-L1rv*cr+Q
where oX, o*Y are parent

The mass difference between )X ana )1V maV be determined by measuring the kinetic

energy of the cr particle and accounting for its rest energy and the recoil energy of flV. fhis

technique has provided most of the mass information for nuclei heavier than Bi since these

a¡e all unstable to some extent with respect to cr, emission. Usually, measurements of the

highest precision are performed using a magnetic analyzer which must fîrst be calibrated

by an cr of known energy. Such ènergy standa-rds have been determined with standard errors

as low as 0.05 keV (Rytz, 1972), although typicai uncertainties lie in the range 1 to 6 keV

(Hagberg, 1979). For atomic mass differences, these measurements must be corrected for

the total binding energies of the atomic electrons.

(1-13)

and daughter nuclei respectively, and Q is the energy refeased.



1-4-2 Beta decay

The beta decay of a nucleus NX may occur in three different ways :

A. Electron emission :

ïI-i.Y+e-+i+Qn
B. Positron emission :

F-î-y+e*+YiQþ*
C. Electron capture :

lx + e- -;l +v + Q",

Because the total available energy Q is shared between the beta particles, the neutrino v and

recoil of the daughter nucleus Y, the beta particles are emitted with a continuous energy

spectrum up to a maximum, or end point, value which determines the mass difference. If

themassdifferencebetweentheatomsof thenuclides iXanalyisinthe range 0to2m,c2

only electron capture will take place (0 < Q"" 32m,c2). Electron capture does not usually

provideusefulmass differenceresults because theenergyof the neutrinocannotbe measured

directly.

The typical precision of beta decay energy data is in the range 1 to 13 keV (Decker,

1981). However, in specific cases the beta decay energy was measured to a high precision

of 13 eV using a toroidal beta spectrometer (Lubimov, 1980) and 7 eV using a Si(Li) detecror

(Simpson, 1985).

(1-14)

(1-1s)

(1-16)



1-4-3 Nuclear reactions

A nuclea¡ reaction may be expressed in the general form :

0+X-+Y+b+8
where a is the bombarding parricle, å is the emitted particle, p is the net energy released,

andX, I are the initial and final nuclei in their ground states, respectively. The p-value may

be obtained by measuring the kinetic energies of a, b and Y. Thus, from equation ( 1- 17) one

may derive the mass difference X-1. The particles a and b may be charged particles, such

as proton (p), deutron (d), tritium (t) and cL, or neutrons or photons. The most accurate results

of charged-particle reactions are found by deflecting the particles in magnetic or electric

fields of known strength. Some nuclea¡ reactions, like (p,t), (p,d) and (d,t) reactions, have

precisions in the range of 1 to 10 keV (Berrier-Ronsin, 1978).

In particular, the (n, y) reactions involving the capture of thermal neutrons provide the

most precise mass differences between even-A and odd-A isotopes, with typical precisions

of 0.5 keV or less (Table 5-2). y-ray energies below 1 MeV may be determined with a

curved-crystal spectrometer, while at higher energies Ge(Li) detectors are used.

i0

(t-r7)



1-4-4 Mass spectroscopy

Mass spectrometers are grouped into two main classes :

(I) Dynamic mass spectrometers :

In these instruments the time (frequency) properties of ionic motion in the electro-

magnetic fields are of fundamental significance. In this group of machines the mass analysis

depends on :

(1) the velocity and the time of flight of the ion (Time of flight insrruments),

(2) the cyclotron frequency of the ion (Cyclotron resonance instruments), or

(3) the stability of the ion path within radio frequency electric fîelds (Quadrupole field

instruments).

(II) Deflection-type instruments :

In such instruments the mass analysis is accomplished by static electromagnetic fields.

Ions of a specific charge-to-mass ratio are separated in the deflection-type instruments by

combinations of electric and magnetic fields.

Deflection-type and cyclotronresonance instruments have been used forprecise atomic

mass determination. The mass spectroscopic values are usually obtained by studying a pait

of mass spectral peaks produced by two species of ions whose charge-to-mass ratios are

approximately equal. Such a pair is called a doublet.

11



Mass spectroscopic data are of two types :

a) Absolute mass data

Mass differences like :

LlvI =oM*-oX*

are used to determine the absolute mass of the element X which has the same mass number

A as a hydrocarbon molecule of well known mass M. The atomic masses of H, D, t'C, toN,

'scl and 3tcl were determined to precisions of 5, 10, 10, ll,29 and 56 nu, respectively

(Smith, 7971: Smith, I975) by measuring the spacings of the doublets :

cn Hro - c1s H3, c, D,, - cu Du, cH - 13c, cD - 14N, c, H,o -ttcrr, Q D, -t Cl H, and

using C as the standard of atomic masses (C = 
12C = 12u). These nuclides may be used as

secondary standards for atomic mass determinations (Table 5-3). The precision of the

absolute mass determination is typically i part in 108, the typical values of the uncertainties

a¡e in the range 1 to 5 keV (Hall, 1984).

b) Mass difference data

T2

LM = (o*2X 3scl)* - lAY 
3tcl¡*

By measuring the doublet spacing Ll+4 andcombining the result with the well known

mass difference "Ci - "C1, the mass difference between the elements o*2X and AY may be

obtained. The precision of this type of data can be as high as 2 parts in 10e, which represents

an uncertainty of about 0.5 keV, as demons[ated in this wo¡k (Table 5-i).

Most of the mass spectroscopic atomic mass determinations have been made by means

of deflection instruments; however, the most precise measurements (precision as low as 5

eV) were obtained by L.G.Smith using his last version of the rf mass spectrometer at

Princeton (Smith, I91 l).

(1-18)

(1-1e)



1-5 Atomic mass evaluations

Each measured mass difference can be expressed in the form of a linear equation

involving two or more atomic masses as parameters. The number of possible equations

generally exceeds the number of parameters and so the solution is overdetermined.

Therefore, the method of ieast squares is appropriate to the calculation of the best values

for the atomic masses (Mattauch, 1960; Bearden, 1957;TayIor, 1970). This method allows

important consistency checks to be made on the deduced masses and clearly identifies areas

where mistakes have been made in the earlier determinations (sec. 5-2,5-3).

Such a major evaluation of all the atomic mass data has been undertaken with the

encouragement of the Intemational Union of Pure and Applied Physics SUNAMCO

Commission. Compilations of such data have been made by Wapstra & Bose (Wapstra,

1971) and Wapstra & Audi (Wapstra, 1985).

13
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MASS SPECTROSCOPY

2-1 The development of mass spectroscooy

Mass spectroscopy made its start in the early 1900's when J.J.Thomson employed his

first parabola apparatus. He made use of the discovery by Goldstein in 1886 that positive

rays are obtained in an electrical discharge and the subsequent discovery by Wien in 1898

that these rays could be deflected by a magnetic field. Thomson observed that, in addition

to the intense line for neon at atomic weight 20, there was a much fainter line that accom-

panied it at mass 22 (Thoms on,1912). This was the first indication that isotopes exist among

the stable elements.

Thomson's apparatus was improved upon by Aston. He devised an instrument in 19i9

(Aston, 7919), which he termed the mass spectrograph.In such an instrument, ions with the

same values of (m/e) a¡e focused at one point regardless of their velocity spread. This

property is known as "velocity focusing". With this instrument, Aston achieved a resolution

T (Y ='W/l\4, where M is the atomic mass of the nuclide considered and W is the full width

of the peak in mass units) of about 1 part in 130, which represented an improvement by a

factor of 10 over Thomson's apparatus. Aston determined the isotopic composition of neon,

chlorine, mercury, nitrogen and the noble gases. The second version of his mass spectrograph

was completed in 1925, possessing a resolution of 1 part in 600 and its accuacy of mass

determination approached 1 part in 10,000 (Aston, Ig27).
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At about the same time a different type of mass specEograph had been constructed by

Dempster (Dempster, 19i8). Here, ions were accelerated aftertheirformation anddeflected

through 180o in a uniform magnetic field. Such a fieldpossesses direction focusing; that is,

a beam of ions diverging from a point at the entrance boundary of the magnetic field is

focused after completing the semicircle. The resolution of this instrument was 1 part in 100.

In the early 1930's the stage was setformodern mass spectroscopy. Vacuum techniques

were steadily improving, the vacuum tube electrometer replaced the quadrant electrometer

and electroscope for measuring small currents, and the magnetically collimated electron

beam for producing ions was introduced.

During the 1930's and 1940's, there was strong interest in determining atomic masses

precisely. The instruments described above, having a single focusing (velocity or direction

focusing) property, would not suffice. Several studies of the focusing properties of electric

and magnetic fields culminated in 1934 in the definitive work of Herzog and Mattauch

(Herzog & Mattauch ,1934; Herzog 1934) in which general focusing equations were derived

for radial electric and/or homogeneous magnetic fields. This made possible the design of

high-resolution, double-focusing, mass spectrographs which accommodated ions beams

possessing both angle and velocity spread. These instruments were used for the precise

determination of atomic masses. In one of these, the Mattauch-Herzog mass specÍograph,

ions pass through a 31.8o cylindrical condenser followed by a 90o magnet. In the first

insrrument, the resolution achieved was 1 part in 5600. This double focusing arrangement

has served as the basis for several other mass comparison instruments. Both Mattauch and

Ewald constructed instn¡ments in which a resolution of -i part in 100,000 was obtained

(Mattauch, 1954; Everling et aI,1957). This type of instrument was particularly appropriate

for experiments where velocity focusing is desired and where the simultaneous collection
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of more than one mass is required. A later version, approximately eight times as large as

the original, was constructed at Harva¡d University (Collins, 1957 Bainbridge, 1960). A

resolution of up to 1/250,000 full width at half maximum was atained with electrical

detection. Another commonly used double-focusing geometry, the Nier-Johnson, employs

a 90o electrical analyzer followed by a 60o magnetic analyzer (Nier, 1951; Johnson, 1953).

Using a collector slit with an electrical detector placed at the position of double focus, the

full width at half maximum (FWHM) of the peaks corresponded to a resolution of l/14,000.

A second, enlarged version of this instrument was built at the University of Minnesota

(Quisenberry, 1956). A resolution of U'|5,000 has been obtained. Atomic mass d.ifferences

have been determined with this instrument to aprecision of up to2110e of the mass at which

the doublet occurs (Kayser, 1976).

In the 1950's, some instruments were constructed by Duckworth at McMaster Uni-

versity (Duckworth, 1951) and by Ogata in Japan (Ogata, 1957) and resolutions in excess

of 1/100,000 were achieved. Nier & Roberts (Nier, 1951) and Johnson & Nier (Johnson,

1953) desc¡ibed a double-focusing combination possessing, at a given point, direction

focusing to second o¡der together with velocity focusing to first order. Similarly, several

other inslruments which attain the partial second-order double focusing were constructed

by Hintenberger and Mattauch at Mainz (Everling et aJ, 7957), Nier ar Minnesota (Nier,

1957),Bainbridge at Harvard (Collins, 1957) andby Stevens at ArgonneNational Laboratory

(Stevens, 1960). Direction focusing and velocity focusing have been obtained to second

order in inslruments which were built by Matsuda at Osaka (Matsuda, 1966) and by Ba¡ber

at the University of Manitoba (Barber, 197I) (see sec. Z-Z-4).

In addition to the deflection-type mass spectrometers, cyclotron resonance instruments

(sec. l-4-4) have also been used for atomic mass determination. In these latter mass spec-
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trometers the ions describe circularpaths in a homogeneous magnetic field. The mass of an

ion is determined by measuring the cyclotron frequency, sometimes in terms of a high

harmonic with rf fields, such as in the rf mass synchrometer developed by L.G.Smith (Smith,

1951 a, b). With a later version of this instrument, utilizing higher frequencies and fîelds,

he achieved a resolution, full width at half maximum in the range 2.5 - 5.0 x 10{. In another

type, ions are formed in a Penning trap placed in a high uniform magnetic field. Ion cyclotron

motion is excited by an electric field between two plates which are connected to an oscillator.

The oscillator frequency is adjusted such that the power absorption at the resonance fre-

quency is observed. This type of instruments is called an ion cyclotron resonance (ICR)

mass spectrometer. A high resolution of 1/108 has been achieved and a mass difference was

measuredtoahighprecision ol2eY (Lippmaa, 1985)withthistypeof instrumenrs.

20

2-2 Positive ion optics

In deflection-type mass spectrometers, the ion orbit is determined by the Lorentz force

equation:

f = q1Ë +í xî¡ Q-r)

where q and.ü are the charge and velocity of the ion which moves under the influence of

elecrromagnetic fields ã and ã'. rnr magnetic and electric fields possess ion-focusing

properties. These properties may be appreciated by examining the results of a general

first-order analysis presented by Herzog (Herzog, 1934).



2-2-l Direction focusing in uniform magnetic fields

When an ion traverses a magnetic fieldã, of constant magnitude and direction, at right

angles, the ion is constrained to follow a circular path of radius dn :

mv
o^= 

nt

Thus, a uniform magnetic field discriminates between ions according to their momentum-

to-charge ratio.

In Fig. 2- 1, suppose that a goup of ions of mass Moandvelocity vo with a half angular

spread Cr(ct << 1) emerge from an object point O iocated at a distanc e l^' from the entrance

boundary of the magnetic field. The ions following the optic axis or cenrral parh enter the

magnetic field normally, proceed along a circular path of radius a,n through an angle 0. and

emerge normal to the exit boundary. The ion beam which diverges from the object point O

converges to the image point I located a distance l^" fÍom the exit boundary, such that the

object O, the center of curvature C and the image I lie on a straight line (Barber's rule)

(Barber, 1933).

Herzog likened this arrangement to the optical combination of a prism plus a cylindrical

lens, and showed that its focal length is given by :

2l

^am+ --"-rinq*

Also, the object and image distances, I^' and I^", aÍe related by :

(2-2)

(l^'-g^)(l^"-g)=f^
where:

(2-3)

(2-4)



is the distance from the boundary of the field to the principar focus.

g^= f*cos Q,

Herzog (Herzog, 1934) investigated the effect on the displacement of the image b^"

resulting from a displacement of the object b^',achange of the ionic mass to M = MoQ +y)

from Mo and of the ionic velocity to v =vo(l+p) from vo, where both y and p are small

quantities

22

For the original group (Mo,vo), where y= Þ = 0, the magnification is :

b^" f^
b^' (l^'- g^)

which has the value unity for symmetrical arrangements (l^' = l^").

For the special case of an object slit of width So=2b^'with a monoenergetic ion beam

(y+2þ = 0 to first order) and symmetrical a¡rangements, the mass resolution is given by :

so (2-8)
,- o^

V/hen electrical detection is used an image slit of width S, is placed at point I and the

resolution is reduced to :

(2-s\

(S, +S,)

am

The dispersion D is found from eqn. (2-6) by computing the displacement of the image

corresponding to a IVo mass change. For a monoenergetic ion beam and symmetrical

arrangements, the dispersion is :

(2-6)

(2-7)

(2-e)



D=a*
100

for a lvo mass difference, measured in the plane normal to the central beam.

2-2-2

The radial electrostatic field is the field which exists berween the plates of a cylindrical

condenser. This field may be established by applying a potential difference, V, berween a

pair of concentric cylindrical electrodes of rad.ii a" - k and a"+ ft (Fig. 2-2), such that the

separation between the electrodes is 2k.

For ions travelling through the optic axis :

23

Thus, a radial electric field acts as a kinetic energy analyzer, dispersing ions according to

their energy-to-charge ratio.

Herzog developed the general focusing equations for radial electrostatic f,relds, which

take the same form as those given for a homogeneous magnetic fields. The object and image

a, = (mv2l2q)4klv

distances l"' and 1"" arerelated through :

(1"'-g)(1""-g)=Ê
where :

ta"rc 
^/7sin^/70,

and :

g" = f,cos./7q"

b," = o"(þ4)i R # e)]- r: f e\ ¿.

(2-10)

(2-11)

(2_12)

(2-13)

(2-r4)

(2-ts)



In the case of a monoenergetic ion beam, for which þ = -Ï, all ions, regardless of their mass,

are focused at the same point. Thus, the radial electrostatic analyzer is an energy selector,

and has been frequently used as such to determine the energies of charged par"ticles invoived

in nuclear reactions.

2-2-3 Double focusing

24

The term involving B in eqns. (2-6) and (2-15) gives the velocity dispersion associated

with the electric and magnetic fields. It can be envisaged that a compound system including

both an electrostatic and a magnetic fieid could be designed such that the velocity dispersion

produced in one will be counter balanced by that produced in the other while leaving a

non-zero mass dispersion. Thus, the final image position will be independent of both velocity

and di¡ection spread. This combination is said to be double focusing.

Themost commonlyemployeddouble-focusing arrangementis onein which theimage

formed by a radial elect¡ostatic field serves as the object for a following magnetic field.

Combining eqns. (2-6) and (2-15) yields arelationship between the final image displacement

b^", and the initial object displacementb"' :

b^" =a^(þ+ì['.#r] -#^þ,(u.;ï' .#^l-,;¿*l (2-16)

Velocity focusing will occur when the coefficient of B vanishes in eqn. (2-16). This occurs

when:

"^l'P*'] =""1'-.¿ãl

Equation (2-17) represenrs the condirion for first-order doubre focusing.

(2-r7)



2-2-4 Second-order double focusins

Hintenberger and König (Hintenberger,Ig5T) extended Herzog's theory to include

second-order terrns in cr and p. In their calculations they assumed that the electric fields are

radial, the magnetic fields are uniform, and that all the fïeld boundaries are abrupt. The

displacement,Yp, of the ion path from the optic axis is given by :

25

The coefficients Br, Br, Brr, B,,z and B, a¡e functions of eight geometrical instrument

parameters 1 Q^, È' , E" , þ",i,|,'iand f (a is the distance between the electric and magnetic

fields while e' and e" represent the angles of inclination of the entrance and exit boundaries,

respectively, of the magnetic field with respect to a di¡ection perpendicula¡ to the optic axis).

Hintenberger and König selected values for th¡ee of the parameters and obtained. unique

solutions for the remaining five by solving the five simultaneous equations

Y, = a 
^(B ra + B rþ + B rrú + B rruþ + B ,þI + hi ghe r or der terms

Eqn. (2-19) represents the condition for a complete second-order double focus. Hintenberger

and König presented a number of geometrical arrangements which provide a complete

second-order focus. One of these arrangements is the basis for a mass spectrometer which

has been constructed at the University of Manitoba (Barber, 197l).The Manitoba instrument

(referred to as "Manitoba II") is the instrument used for all the new mass determinations

reported in this thesis.

The effects of the fringe fields for homogeneous magnetic fields and cylindrical

electrostatic fields have been studied to second order flVollnik, 1965,1967b; Enge, 1964,

1967). The general case of the fringe field of an homogeneous magnetic field has been

described to thi¡d order (Matsuda, 1970a, b). Similarly, the general case of the fringe field

Br= Bz= Btt= Brr= Brr=0

(2-18)

(2-|e)



of a toroidal electrostatic analyzer has been described to third order by Matsuda (Matsuda,

I97I). Higher order focusing properties, includ.ing fringe effects, have been examined by

Fujita & Matsuda (Fujita, r975) and by Matsuda & wollnik (Matsuda, 1972).

Matsuo, Matsuda, Fujita & Wollnik (Matsuo, 1975) have developed a compurer

programforthfud orderion optics called "T2O" forthecalculation of iontrajectories through

any combination of drift spaces, cylindrical or toroidal electric sector fields, homogeneous

or inhomogeneous magnetic sector fields, and magnetic or electrostatic quadrupole lenses.

The effect of the fringe fields is included and the calculation is carried our to third order for

the radial direction and to second order for the axiar di¡ection.
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2-3 Mass spectroscopic atomic mass determinations

The mass width, W, of a mass spectral peak is given by :

W ="lM

where yis the resolution and M is the ionic mass. If the position of a peak can be located to

some fraction/of its width w,theresulting uncertainty ôM will be:

For mass spectrographs, in which photographic detection is used,/is typically 1/50 of a line

width; here the resolution is limited by the grain size of the photographic plate (-l}acm).

This limit became a practical one in the work of Martauch and his collaborarors (Everling,

1957) who secured, with careful adjustrnent, a resolution of 1 part in 10,000. For mass

spectrometers, the introduction of electrical detection leads ro :

õM =fW =fyM

(2-20)

(2-21)



(1) A deterioration in the resolution by a factor of 2 (i.e. yincreases by a factor of 2) when

the collector slit has the same width as the image, and

(2) a reduction of the factor f to about 1/i000.

Thus, a significant overall improvement in precision is achieved. For mass spectrometers,

the mass difference is usually determined by some variation of the peak matching technique.

2-3-l Peak matching
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The technique of peak matching originated with Smith (Smith, 1.953,1956) and was

first applied to deflection instruments by the group at the University of Minnesota (Giese,

1954; Quisenberry, i956).

This technique depends on a general theorem by Swann (Swann, 1931) and Bleakney

(Bleakney, 1936). Suppose that an ion of mass M,iniuùly at rest, traverses a particular path

through the mass spectrometer. Then an ion of mass M', also initially at rest at the same

point, will traverse exactly the same path through the instrument provided that all magnetic

fields remain constant and all electric fields, E , are changed in magnitu de to E' , such that :

Accordingly, if a potential V" is applied to the electrodes of the electrostati c analyzer shown

ME =M,8,

in Figure 2-2,it must be changed toV"', so that:

MV" = M'V"'

This equation may be rewritten in the convenient form :

(2-22)

(2-23)



LIII LV 
"M, V.

where Alul = M' - M and ÂV, =V" -V"'

Thus, at the matched condition, the ratio of * is measured and the mass difference AM is

calculated. Two techniques have been applied to the Manitoba II spectrometer for the precise

determination of the matched condition (sec.4-1,4.Z).
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2-3'2 S.vstematic errors

Systematic errors may occur when a small unswitchedvoltage gives rise to an electric

field in the instrument. This would displace the trajectories of M and M'by amounts which

differ in proportion to Al4. Such errors have been invesrigated in detail for Manitoba II by

Southon (Southon, I973,1977). It is believed that the dominant mechanism for producing

these potentials is the collection of charges on insulating films that are formed on the

electrostaticanalyzerplates. Thephenomenon of surface charges accumulating onrelatively

clean metal plates has been investigated by Petit-Cierc and Carette (Petit-Clerc, 1968, 1g7O)

who found that it was possible for potentials of up to 0.5 V to develop and persist for several

hours when the plates were subjected to electron or ion bombardment.

Systematic errors may also a¡ise when the two members of the doublet are formed in

the ion source with different energy distributions. Such a situation may occur if dissociation

energies differ or if the two species are ionized at different locations in the ion source. Even

though the beams might coincide at the beginning and end, in general, they follow different

paths, experiencing different fields, etc.

(2-24)



The magnitude of the systematic eror, E, is determined by measuring the spacing

between two widely spaced mass spectral peaks whose separation is well known :

î (AM - LM **) (2-25)
Llt'I

where M 
^"^ 

is the measured mass difference and, LÌ14 is the well known value of the mass

difference. Then, if Ll¡4' is the mass difference determined for a narrow doublet, the corrected

value, AM , is given by :

AM =Llt4'(l+E)

29

For Manitoba II, E is typically 150 ppm.

(2-26)



Aston, F. W. (1919). Phiiosophical Magazine, g, 709.

Aston, F. W. (1927). Proceedings of the Royal Society A, ll5, 497 .

Bainbridge, K.T., Moreland, P. E. (1960). Proc.Int. Conf. Nuclidic Masses edited by H.E.

Duckworth p.460, (University of Toronto press, Toronto).

Barber, N. F. (1933). Proceedings of the Leeds Philosophical and Literary Society 2,427.

Barber, R. c., Bishop, R. L. , Duckworth, H. E., Meredith, J. o., southon , F. c. G., van

Rookhuyzen, P. & Williams, p. (1971). Rev. of Sci. Instr., 42,1.

Bleakney, Vi. (1936). American Physics Teacher, 4, L2.

Collins, T. L' & Bainbridge, K. T. (1957).Nuclear Masses and Their Determination, ed. by

H. Hintenberger, p.253. (pergman press, New york, London, paris).

Dempster, A. J. (1918). Phys. Rev., 11, 316.

Duckworth, H. E., Kerr, J. T. & Bainbridge, G. R. (lgs7). Nuclea¡ Masses and rheir

Derermination, ed. by H. Hintenberger,p.2lg. (pergman press, London).

Enge, H. A. (1964). Rev. of Sci. Insrr., 32,859.

Enge,H. A. (1967). Focusingof ChargedPa¡ticles, vol.2,ed. A. Septier, p.203.(Academic

Press, New York and London).

Everling, F., Hintenberger, H., König, L. 4., Mattauch, J., Muller-warmuth, w. & wende,

H. (1957). Nuclear Masses and Their Determination, ed. by H. Hinrenberg er,p.2ZI.

(Pergamon Press, London).

Everling, F. (i957). Nuclear Masses and Their Determination, ed. by H. Hintenberger, p.

253. (Pergman Press, New york, London, paris).

Fujita, Y. & Matsuda, H. (1975). Nucl. Instr. Meth., 123,495.

References for chapter (2ì

30



Giese, C. F. & Collins, T. L. (1954). Phys. Rev., S, 823.

Herzog, R. & Mattauch, J. H. E. (1934). Annalen der physik,Leipng,19,345.

Herzog, R. (1934). Zeitschrift für Physik, 89,447.

Hintenberger, H. & König, L. A. (i957). Z.Naturforschg, 12a,773.

Johnson, E. G. & Nier, A. O. (1953). Phys. Rev., g!, 10.

Kayser, D. C., Halvorson, J. & Johnson, Vy'. H. Jr. (1976). Atomic Mases and Fundamental

constants, 5, ed. by J. H. sande¡s and A. H. wapstra, p.178. (plenum press, New york,

London).

Lippmaa,8., Pikver, R., Suurmaa, E., Past, J., Koppel,I. & Tammik, A. (1985). phys. Rev.

Lett.,54,285.

Matsuda, H., Fukumoto, S. & Kuroda, Y. (1966). Z.Naturforschg,2la,25.

Matsuda, H. & Wollnik, H. (1970a). Nucl. Instr. Meth.,n_,40.

Marsuda, H. & Wollnik, H. (1970b). Nucl. Insrr. Merh., U,293.
Matsuda, H. (1971). Nuc1. Insrr. Meth.,97,637.

Marsuda, H. & Wollnik, H. (I9i2). Nucl. Instr. Meth., 103, 117.

Matsuo, T., Matsuda, H., Fujita, Y. & wollnik, H. (1975). Mass spectroscopy (Japan),24,

19.

Mattauch, J. H. E. & Bieri, R. (1954). Zeitschrift für Naturforschung, 9a,303.

Nier, A. O. & Roberts, T. R. (1951). Phys. Rev., 8i, 507.

Nier, A. o., Quisenberry, K. S. & Scolman, T. T. (1957). Nuclear Masses and rheir

Determination, ed. by H. Hintenberger,p. g. (pergamon press, London).

Ogata, K. & Matsuda, H. (1957). Nuclear Masses and Their Determination, ed. by H.

Hinten berg er, p.202. (Pergamon Press, London).

Petit-Clerc, Y. & Carette, J. D. (1968). Vacuum, 18,7.

31



Petit-clerc, Y. & Careffe, J. D. (1970). Abst. of æ rh ACFAS Congress, euebec, Canada.

Quisenberry, K. S., Scolman, T. T. & Nier, A. O. (1956). phys. Rev., 102, I07I.

Smith, L. G. (1951a). Phys. Rev., g!,295.

Smith, L. G. (1951b). Rev. of Sci. Insrr., 22,115.

Smith, L. G. & Damm, C. C. (1953). Phys. Rev., S, 324.

Smith, L. G. & Damm, C. C. (1956). Rev. of Sci. Insrr., n 639.

Southon, F. C. G. (1973). PhD. Thesis, University of Manitoba.

southon, F. c. G., Meredith, J. o., Barber, R. c. & Duckworrh, H. E. (1977). can. J. phys.,

55, 383.

stevens, c. M., Terandy, J., Lobell, G., vy'olfe, J., Beyer, N. & Lewis, R. (1960). proc. Int.

Conf. Nuclidic Masses edited by H .E. Duckworth p. 403, (University of Toronto

Press, Toronto).

Swann, W. F. G. (i931). Journal of Franklin Insrirute, ZlZ, 439.

Thomson, J. J. (1912). Philosophical Magazine, VI, 24,209,668.

Wollnik, H. & Ewald, H. (1965). Nucl. Instr. Merh.,36,93.

Wollnik, H. (L967). Nucl. Insrr. Merh., 52,250.

32



Uniform sector
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magnetic analyzer

FIGURE 2-2

Radial sector electric analyzer
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3-l Instrument seometrv

The geometry of the Manitoba II mass spectrometer (Fig. 3-1) is one of many

instrument configurations proposed by Hintenberger and König (Hintenberger, 1959) which

produce complete second-order double focusing with small (negligible) third-order effects.

The advantages in choosing this particular geometry, are :

(1) An intermediate direction focus is obtained between the electrostatic and magnetic

analyzers. This focus allows the use of an energy defining slit .Sp to control the range

of ion energies transmitted, and also aids in the focusing and operation of the instru-

ment.

(2) A compact design in which the individuai ion path lengths I"', 1,",1^'and l^" are
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relatively short. This compactness minimizes problems associated with mechanical

vibrations and stray magnetic fields.

The total ion path (4.59 m) is short compared to the mean radius of curvature in the

electrostatic analyzer (a" = |m). The short path length reduces effects resulting from

the scattering of ions by residual gases in the vacuum, while the large radii of curvature,

a, and a*,provtde good energy and momentum dispersion.

An overall magnification of 0.5, which allows less stringentrequirements on the object

slit quality. The object slit,S, experiences more intense ion bombardment than the

collector slit 
^S" 

and, consequently, deteriorates more rapidly.

(3)

(4)



(5) The magnetic field boundaries are straight rather than curved and thereby simplifies,

considerably, the construction, assembly and the alignment of the magnet.

The scale of the instrument was determined by choosing the mean radius of curvature

of the electrostatic analyzer a" tobe equal to 1m. The dispersion of the instrument is 5.3

mm for a IVo mass difference. For a resolution of 1/200,000 at the base of the peaks and

with the width of S" equal to the image width, S"is2.7 ¡.trzwide.
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3-2 Ion source geometr.v

The ion source shown in Fig. 3-2is an electron bombardment type. It is a variation of

the Finkelstein source (von Ardenne, 1962). This type of source has been described by

Bishop (Bishop, 1969) and Barber (Barber, I97I).Ions are produced by electron bom-

bardment in the vicinity of a small hole in the oven (B) which contains the sample vapour.

The sampie is contained in a copper tube located outside the ion source body and may be

heated by passing a current through a nichrome ribbon wrapped around the tube. The sample

vapour ente s the oven through a gas inlet tube (A) which is electrically isolated from the

source casing.

The elecrons are emitted from a rhenium filament (C) which is held at a potential of

approximately -150 V with respect to the oven. The source case is held approximately

-400 V with respect to the oven and, thus, acts both as an electron repeller and a positive

ion extractor. The elecrromagnet is excited by a coil (D), so that there is a magnetic field of

about 1 kG in the central region of the oven, directed paraliel to the axis of the source. Thus,

the emitted elecrrons are constrained to follow helical paths along the axis of the source,

passing through the hole in the back of the oven and then oscillating back and forth.



The ion accelerating potential, Vo, of about 20 kV is applied directly to the oven and,

thus, defines the energy of the ions produced. This potential is provided by a commercial

power supply (Universal Voltronics Corp., Model BRE 30-2, 30 kV, 2 mA) which has a

short-term stability of about 0.5 V. The accelerating voltage is switched according to eqn.

(2-23) by adding to it a voltage, ÂVo, derived from a Kepco model ABC 425,425 V

programmable power supply. The total ion current extracted from the source is usually 1

to 5 ¡tA.

The ions are extracted from the plasma through the front aperture of the oven by a

grounded electrode iocated just outside the source. The ion beam emerging from the source

can be steered horizontally or vertically by separate pairs of electrostatic deflection plates.

Subsequently, the ions are focused on the principal, or object, slit by an eiectrostatic

quadrupole lens pair. The potentials applied to the quadrupoles and deflection plares are

derived from a pair of Kepco ABC power supplies. These potentials are also switched

according to eqn. (2-23). The steering and focusing system is described in detail by Southon

(Southon, 1913).

The principal slit is variable in width and in orientation about the optic axis. The

position of the object slit relative to the electrostatic analyzer may be adjusted by means of

iathe slides. A rotary table is availabie to adjust the angle of entry of the ion beam into the

electrostati c analy zer.

The ion source region is evacuated by two 100l/s diffusion pumps. The pressure in

this region is approximately 1 x 10{ Torr.

36



3-3 Electrostatic analyzer region

The electrostatic ana)yzer is a cylindrical condenser of mean radius of curvature

a" = lm and sector angle Q" =94.65o. The analyzer plates, which are made of gold-plated

Armco iton, are separated by a gap of 2 cm. The electric field is terminated at the physical

boundaries of the plates by grounded blocks positioned according to Herzog's theory

(Herzog, 1935). A variable slit, S* located at the analyzer entrance is usually set to limit

the half-angular divergence, cx, of the accepted ion beam to - * 2 x I0-3 radians. Another

variable siit, SB, piaced at the intermediate di¡ection focus is used to limit the velocity dis-

persion, Ê, to -+8 x 10{. The position of the object slit , So, relative to the electrostatic

analyzer can be adjusted by a rotary table mounted on the I-beam support which is bolted

to the analyzer base. Lathe slides are placed directly beneath the intermediate direction focus

to adjust the position of the electrostatic analyzer relative to the magnetic analyzer. The

elecrrostatic analyzer is enclosed in a vacuum vessel having i2.5 mm thick stainless steel

walls and metal gaskets. The entire chamber is evacuated by means of a Leybold Turbotronik

150I/s turbomolecular pump which is backed by a mechanical roughing pump.

The potential supply for the electrostatic analyzer is shown in Fig. 3-3. The potenrial

difference, V, across the plates is about 780 V and is provided by eight 97 .2 Y mercury

batteries. Two power supplies are available to supply the switchedvoltage, ÂV, one of which

is used for wide calibration doublets and the other for narrow doublets. Both ÂV supplies

a¡e described in detail by Southon (Southon, 1973). A mechanical chopper is used to switch

ÂV on and off according to Bleakney's theorem (eqn.2-23). A precision potentiometer

described by Bishop and Barber (Bishop, 1970) is used to measure both V and AV in units

called "micro Bishop" (1 pBishop = 4 FV). The power supply for this potsnriomerer is
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referenced to a97.2 V mercury battery which is identical to the others. All nine mercury

batteries, together with the potentiometer and associated power supply, are located in the

same temperature-controlled box.

3-4 Magnetic analyzer region

The magnetic analyzer has a sector angle, Q,,, of 90o and mean radius of a,^ = 62.7 4cm .

The pole pieces are single blocks of Armco iron. Below and above the pole pieces, a small

shimming gap has been introduced to improve the homogeneity of the fîeld. Recent

improvements to the magnetic analyzer include :

(1) The old, low-current, high-voltage coils have been replaced by a t\pelve new coils,

each consisting of sixty turns. These coils a¡e arranged in pairs on three C-shaped

yokes. The three pairs are connected in parallel electrically.

(2) Use of a new magnet power supply, (BRUKER type B-MNI5|200) has been added

which is a low-voltage (15 v), high-currenr (200 A) power supply with a power

consumption of about 4.9 kV/. The short-term stability of the magnet current suppty

is better than 3 ppm over one minute. Remote control of the power supply is available

through a personal computer. The control unit is equipped with a standard IEEE-488

interface.

(3) A closed-loop cooling system is shown in Fig. 3-4 in which a mechanical pump

circulates water through the magnet coils and the magnet power supply to the heat

exchanger. The cooling water required for this supply has a temperature range of 15

to 30o c. The water consumption at 3 bar is 72llmin. The circulated water has an

electrical resistance, R, connected in parallel with the resistance of the coils, R. (= 1Ç)¡.

'Water impurities change the value of R* and, thus, the magnet current stability is
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governed by two factors : rhe shorr-rerm stability of the power supply (3 ppm) andR..

Deionized water with R. = l\MÇUcm has been used to limit short term instabilities

in the cument to a few ppm.

3-5 Ion collection region

The image, or collector, slit, .S", is similar in construction to the object, or principal,

slit, ,S,. The position of the collector slit may be adjusted by using two screw d¡ives.

The ion beam is swept across the collector slit by a sawtooth magnetic field generated

by a pair of Helmhoitz coils located between the magnet and the collector slit. These coils

are driven by the output current of a bipolar operational power supply (Kepco model 36-5M)

which is used as a voltage-to-curent converter. The input signal to this power supply is a

linear-ramp voltage signal which passes symmetrically through groundpotential. This signal

is constructed by adding a constant bias voltage to the sweep voltage of the display oscil-

ioscope. The resultant magnetic field, which has zero value at the center of the sweep,

provides the following advantages :

(1) If the observed peak is centered on the oscilloscope screen, its position will be

independent of the sweep amplitude.

(2) The magnetic field need not be adjusted to keep the mass peak at rhe center of the

oscilloscope screen when the sweep direction is reversed.

The ions passing through the collector slit are detected by a Galileo model 4830 channel

elecrron multiplier (CEM) which is connected to an Amptek model A-101 preamplif,rer.
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This model provides a positive 5 V output pulse (width of 220 ns, 6 ns rise time and 20 ns

fall time). The A-101 preamplifier is senstive to an input negative charge pulse of at least

1.6x10-10 coulomb. This threshold is equivalent to 106 electrons.

3-6 Focusing procedure

This section describes the procedure and tests for both direction and velocity focus,

which were defined previously in section 2-1.

Initially, the distances /"'and l^' are set at their theoretical values (Fig. 3-1). V/ith the

electrostatic analyzer thus set up, the angle of entry of the ion beam into the magnetic field,

€', is varied in order to bring, in turn, the direction and velocity foci to the collector.

Velocity focus is checked by changing the ion accelerating poten tial, Vo, by about

10 V on alternate sweeps of the oscilloscope. The lack of a velocity focus is characterized

by a peak being displaced with respect to its unperturbed position on alternate sweeps.

The direction focus is then moved to this position by adjustin g I"'. Thedirection focus

is cha¡acterized by a very marked increase in the sharpness of the peaks.
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3-7 Control circuitrv

The cont¡ol circuitry is shown in Fig. 3-5. The master trigger signal is derived from a

mechanical chopper which switches the voltage AV" applied to the electrostatic analyzer

and supplies the start signal fo¡ the sweep of the display oscilloscope and the signal averager.

The sawtooth voltage from the oscilloscope is amplified in order to drive the Helmholtz

coils which modulate the beam position across the collector slit. The differentiated sawtooth

triggers a flip-flop circuit which :

(1) switches the detector information rhrough gain A or gain B,

(2) switches the voltage ÂV" added to the ion acceleration potential V,, and

(3) switches the voltages applied ro the steering and quadrupole lens sysrem.

Two timing signals A and B are also generated by the chopper. The relationship

between these timing signals and the changes in the potentials applied to Manitoba II a¡e

shown in Fig. 3-6 a, b. As shown in these figures, a triggerpulse is generated approximately

500 ¡ts after A or B changes. Thus, a period of greater than 500 ¡rs is allowed for the applied

voltages to settle before the spectrum is recorded.

Detailed descriptions of this control system including the modifications necessary for

computer-assisted peak matching may be found in Meredith (Meredith, l9l1) and Sharma

(Sharma, I9l9).
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Manitoba II mass spectrometer

FIGURE 3-1
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l// 300 series stainless steel (non-rnagnetic)
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A Sample vapour inlet

B Oven (stainless steel)

C Re filament

D Cu windings for electromagnet

E 5cm

FIGURE 3-2
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Potential supply for electrostatic analyzer

FIGURE 3-3
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Cooling system for magnetic analyzer

FiGURE 3-4
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Schematic diagram for rhe control circuitry

FIGURE 3-5
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Timing signals for visual null peak matching method

FIGURE 3-6a
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Timing signals for computer-assisted peak matching method

FIGURE 3-6b
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4-1 Visual null peak matching

The visual null peak matching technique was fust introduced by Benson and Johnson

(Benson, i966) and was quickly adopted by others (Macdougall, 1966; Stevens, 1967;

Barber, 1961).It may still be used on Manitoba II (Dyck, 1990) for the precise determination

of atomic mass differences.

In the currentversion of this technique, the ion beam corresponding to mass M is swept

across the collector slit with the potentials applied to the instrument at values Vr. For the

next sweep, all potentials a¡e changed to values Vi and the next mass peak M'is detected.

Approximate value for the change in the electrostatic analyzer potentiai, LV" =V"-V"',ís

caiculated from the available information of the masses corresponding to the doublet

members (eqn.2-24). Similarly, a rough value for the change in accelerating potential , LV 
"

-Vo-Vo',isobtainedfrom: LI4IM'=LVJV".Thedeterminationofthematchedcondition

is carried out with the aid of a Nicolet model 535 multichannel analyzer (MCA), operating

in the signal averaging mode. The primary advantage of signal averaging is that the
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signal-to-noise ratio improves ur W where N is the number of sweeps accumulated. The

sweeps of the MCA are synchronized to the sweeps of the Helmholtz coils ( Fig. 3-6a). The

detected ion current is digitized point by point and accumulated in the signal averager's

memory. On alternate sweeps, the signal corresponding to the other member of the doublet

is subtracted from the memory. The two signals may be matched in amplitude by routing

them rhrough separate adjustable gain controls (gain A and gain B in Fig. 3-5). The contents

of the signal averager memory, representing the accumulated difference between the two



normalized peaks' is continuously displayed on an oscilloscope. If the two peaks do not

coincide in position an asymmetric S-shaped error signal will grow with time (Fig. 4-ia).

ÂV, is then adjusted to find the matched condition where the two norma-lized peak signals

cancel each other,leaving a symmetric noise signal (Fig. a-1b). Each time ÂV, is adjusted

the previously accumulated data are disca¡ded as the memory is erased. Only ÂV, is adjusted

since, for a double-focusing mass spectrometer, the peak position is insensitive to the other

potentials applied to the instrument. The ratio Lv"lV" is then measured with a precision

potentiometer (Bishop , 1970) and used in eqn. 2-24 to determine rhe mass difference.

In order to minimize the effects of biases that may occur in any one par-ticular con-

figuration of the instrument, an unweighted average of the eight matches, corresponding to

each of the possible configurations, is taken as the result of one "visual run". The eight

possible configurations correspond to the permutations of :

(1) The lighter or the heavier member of a doublet may be dispiaced by "adding,, or

"subtractinE" LV" from the reference anaryzer potential v,.

(2) The ion beam may be swept across the collector slit in either the "forward,,or ,,reverse,,

direction (when a forward sweep is used the mass scale increases from right to left on

the oscilloscope screen).

(3) A mass peak may be routed. through a display channel of either "gain A,' or ,,gain 8,,

as shown in Fig. 3-5.

Visual peak matching is performed on-Iine, i.e. the results of the mass determinations

may be obtained with a minimum delay. The operator may detect problems such as peak

movement during an observation. The primary drawback of visual matching is that most of
the collected data is disca¡ded in the course of adjusting rhe potentials. In addition ro rhis,

the method is nor easily applicable to mass peaks of low intensity.
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4-2 Computer-assisted peak matching

Computer matching was developed by Stevens and Moreland (Stevens,1967) in an

attempt to escape the possible effects of biases introduced by the operator and to use the

collected data eff,rciently. This technique was first applied to Manitoba II by Meredith

(Meredith, 197 I, 1972).

4-2-1 The quadrant svstem
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In the cunent version of this technique, the memory of the MCA is divided into four

quadrants of 1024 channels each. A sep¿ì-rate spectrum is accumuiated in each quadrant.

Thus, each complete sweep of the MCA corresponds to fou¡ sweeps of the Helmholtz coils

a¡d the display oscilloscope (Fig. 3-6b). The MCA is operared as a multichannel scaler. In

this mode, each ion pulse from the electron multiplier is recorded as one event directly in

the memory. This counting mode removes the stringent requirements on baseline variation

and greatly improves the overall sensitivity for weak peaks (sharma, lgTî-).

During the first sweep, the potentials applied to the instrument are changed according

to eqn. 2-24 so that the spectrum is displaced by approximately one doublet width and the

resulting spectrum is recorded in quadrant 1. On the second sweep, thepote ntialV"is changed

by a small amount õV, (about V"l5 x 10s¡ while all otherporentials are at their normal values

V; and the resulting spectrum is stored in quadrant 2. On the next sweep, the spectrum

recorded in quadrant 3 corresponds to that accumulated when all the potentials applied to

theinstrument areat theirnormal values V,. Duringthe lastsweep, thepotentialv"is changed

by a small amount ô% = -ô% and all other potentia-ls remain the same as in quadrant 3 and

the resulting spectrum is stored in quadrant 4. This cycle is repeated many times until suf-



ficient data are accumulated (usually about 3000 sweeps). The accumulated memory con-

tents are illustrated in Fig. 4-2 wherc the quadrants are shown one above the other. The
AV EV, . õV,

voltage ratios T, T ^d i are measured with the precision potentiometer. The voltages

ôVt and ôV, are referred to as the "split voltages". These voltages are provided by electronic

circuitry which has been described in detail by Meredith (Meredith, l97I) and Southon

(Southon, 1973).

In the computer-assisted method, as in the visual null method, there are eight possible

configurations (matches) arising from the following choices :

(1) "Adding" or "subtracting" AV, from the reference analyzer potential %.
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(2) Theion beam can be sweptin either the "forwa¡d" (high mass to low mass) or "reverss"

direction.

The voltages ôVt and ôy, may be applied to quadrants 2 and 4 in a decreasing staircase

(normal) or an increasing staircase (backward).

(3)

A complete set of all eight possible matches constitutes one "computer run" :

match 1

match 2

match 3

match 4

match 5

match 6

match 7

match 8

Normal, Add, Forward

Normal, Subtract, Forward

Normal, Subtract, Reverse

Normal, Add, Reverse

Backward, Add, Reverse

Backward, Subtract, Reverse

Backward, Subtract, Forward

Backward, Add, Forward

The data are then stored on diskettes, using

analysis on a VAX750 computer.

(NAF)

(NSF)

(NSR)

(NAR)

(BAR)

(BSR)

(BSF)

(BAF)

a personal computer, for subsequent



4-2-2 Data analvsis

The collected data are analysed using a computer program (APPENDIX A) which has

been developed by the University of Manitoba Atomic Mass Determinations Group. In

addition to the usual tasks of initialization and input of raw data, this program consists of

the foliowing steps (Fig. 4-3) :
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(1) Correction applied to the observed peak counts

Because of the finite resolving time of the detector and its associated electronics, some

of the ions arriving at the detector may not be registered in the memory of the signal averager.

The counting losses occur primarily in the A-i0i preamplifrer (sec. 3-5). The preamplifier

is in effect locked for a fixed time following the arrival of a pulse. The observed peak counts

no aÍe corrected point by point to be n" to give a betterrepresentation of the true peak shape.

The cor¡ection is applied according to the following equation (Campbeli, 1956) :

no (4-i)
ftr=

where n, counts are observed in time t, and p is the dead time of the preamplifier. The value

of p for the A-101 preamplifier was determined to be 0.22 ¡ts. The total observation time

per channel is given by the product of the number of the sweeps recorded and the dwell time

per point of the signal averager. The correction applied at the peak maximum is about 5.5Va

at a count rate of 250 kLIz.

(I - n,plt)



(2) Baseline analysis

A constant baseline is calculated on the basis of regions AB and CD (Fig.  -Ð which

are identified by visuai inspection (Meredith, 1972). This baseline is subtracted from the

peak counts between B and C before the peak analysis and , for resolved peaks, is caused

by scattered ions and by noise generated in the detector. For partially resolved peaks like

the doublet C (Tables 5-ia and 5-1b), the use of a constant baseline is not justified (Kozier,

1977).In this case the baseline is determined by fitting a quadratic function ro rhe counts

in regions AB and CD.
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(3) Peak analysis

The peaks collected in quadrants I,2,3 and 4 are analysed as follows : the height of

a peak is obtained by fitting a smooth parabola to rhe rop of the peak (Meredith, Ig:-Z).

Initial peak limits are chosen at a certain ratio of the peak height. For each peak limit, a

sea¡ch procedure of eight consecutive points is used such that the first of these points is

taken as the final location of the peak limit. In this work, we found that peak limits level

lower than about 207o of the peak height makes the search difficult for those limits, (i.e.)

changing the peak limits level alters the position of the centroid significantly. Thus, in this

work the peak limits level is chosen at2}Va of the peak height (Fig. 4-2).Thepeak positions

are determined by :



(í) The centroid method

The centroid method was developed for Manitoba fI by Meredith (Meredirh, 1971,

1972). Only a brief description is presented here. Each peak occupies channels x;, i =
1,2,3,.......,I in the memory of the signal averager. The peak height n¡(x;) at The í'h channel

in quadrant j is equal to the number of ions (counts) accumulated in thar channel. The

average position, or centroid, of the distribution in quadrant j, is given by :
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I
2 x,n,(x,)

1,, 
-'-'

Z n;(x¡)
i=1 '

where: j = 1, 2,3, 4 and r,, h are the limits of the peak in quadrant j.

The centroid uncertainry ðXj is given by :

where N, is the total number of peak counts in quadrant j. The separation between the peaks

in quadrantsj and 1 is given by:

õXi =

@)rrr=x j-x,
with uncertainty :

(õD/)cåv =
where j=2,3,4

(4-2)

(ðxr)'+ (ôx1)2

(4-3)

(4-4)

(4_s)



(íí) The least squares method

The least squares method was developed for Manitoba II by Kozier (Kozier, lg17).

A brief description is presented he¡e. This method searches for the separation, (D¡)ua,

between the peaks in quadrants j and 1 such that the weighted sum of the squares of the

differences between the counts of these two peaks, fi(rr,dr), is minimized. The function to

be minimized has the form :
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x?Q,, d,)= É [ 
r'n'(x') - n¡(x¡ + d'¡)12

,,=,LqJ

where;

nt("r¡) is the peak count at the position -t, which corresponds to channel i in quadrant l.
n¡(x,+ d;) is the peak count in quadrant j which is displaced by a distan ce d¡ from x,.

r, is the intensity ratio of the two peaks in quadrants j and 1.

o, is the uncertainty of the quantity r,nr(x,) - n¡(xi+ d;) which is determined according to

Poisson statistics to be \ rln,(x,) + n¡(xi + d.¡).

f represents the fitting of a peak in quadrant j to match the height and the position of a peak

in quadrant 1. The "goodness of fit" may be expressed by defining the reduced t, (t)"
(Bevington,1969) :

where v is the number of degrees of freedom

(fi),= f,rv

Y =Xt-Xt

(Xr?)" should be

(4-6)

i. This means that the parameters r, and d, are determined assuming that the difference in

shape between the two peaks is due to the random noise expected from poisson statistics.

- 1 (4_S)

close to unity when the peak in quadrant j is well fined to that in quadrant

(4-7)



Xj ^uy 
be expanded to frst order (Bevingron,

2 . 2, ð(x?)_'". ð(x1)-" 
^x¡ =(k)^"*,ilôr,+ffõd,

(t)-rshould satisfy the following condition :

lryl=l9dl=o
IarJ la¿,)

Differentiating eqn. @-9) :
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àt _ð(t)*" , ð'(x7)*" " ar(t)-,_

u='r;+ffô''*iälðd' =s

òt â(f)*,, ð'(t)^,,_ ò,(t)_

a= iÇ. -ri,ã; õri + -ffôø' = 6

These equations can be arranged in a matrix form :

Ax=b
where;

1969) nea¡ the minimum (Xi)*" ,

(4_9)

à'(x])^,^ ò'(t)^^

A_

àrl

ð'(x1)^,^

ðr¡ðd¡

(4-10)

ðd¡òr¡

ò'(y3)^"

adî

(4-11)

(4-12)

(4-13)
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The partiat derivatives of f with respect to the intensity ratio between the peaks in

quadrants j and 1, r, are calculated from eqn. (4-6). The quantity fi andits derivatives with

respect to the displacement of the peak in quadrant j relative to that in quadrant I, dr, can

be evaluated only at discrete values of dr. Fig. 4-4 shows an example of two peaks in quadrants

I and 3 obtained from the mass spectral peaks of the doublet H3 - DH. In this example, (11)"

is calculated (eqns. 4-6 and 4-7) at integer values of d, corresponding to increments of one

channel and the results are plotted in part IV of this figure. In this figure, when | ùl > W 12

(regions I and 3) a value of (Xïrepresents the sum of the squares of the differences between

the peak counts in quadrant 1 (part I) and the background counts ofthe peak in quadrant 3

(part II). Thus, the plotting of (X3)" values in regions 1 and 3 yields a flat distribution as

shown in part IV of Fig. 4-4. In this figure, when | ùl <W 12 (region 2) only a fraction f of

the peak in quadrant 3 (shaded area in part ltr) is included in the calculation of (X3)" (eqns.

4-6 and 4-7), such that, as d, decreases, this fraction increases and the (11)" value decreases.
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For the fi¡st few iterations, àfiDa, ana ðzfiDal are calculated roughly from a coarse

grid with 3 values of d, each separated by four channels such that the fi of the middle one

is lower than the others. To determine the final value of a peak separation (D ¡) ua, the partial

derivatives of f with respect to d, are obtained by fining a parabola to the Xj values within

the N channels. The fitted parabola :

YStt¿) = c'* c'd,+ c'fr (4-16)

represents the shape of the Xl function near the minimum (pan IV of Fig. 4-4) assuming

that r is fixed at r-r. In order to minimize Xl within this range of N channels :

(i) the curvature çð'zfiñal =2C) of the parabola fined to fi values near the minimum

should be positive (indicating a definite minimum);



(ii) the parabola's vertex d-," should fall within this range of channels.

From eqn. 4-16, t@) is minimized when :

d¡ = d^o= lzl2Cz

In Fig. 4-5, (X?),function is minimized within a range of 11 channels.

(4) Determination of the matched condition
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Once the displacements of the peaks in quadrants 2,3 and 4 relative to the peak in

quadrant 1 are determined, the peak separations thus obtained may be correlated with the

split voltages of these quadrants. Over this small voltage range the peak separation has been

shown to be linearly dependent on the split voltage applied (Meredith, 1972). Thus, the 3

pairs of split voltages and separations may be fitted to a straight line (Fig. 4-6). The intercept

of this line, ôV¡ (matched condition), gives the correction to be applied to the switched

voltage in quadrant 1 to derive the desired LV", which is used to calculate LIl4 (eqn.2-24).

The data analysis procedure is carried out for each one of the eight matches (sec. 4-2-l)

which constitute one "computer run". The mass differences of a match i a¡e determined by

the centroid and least squares methods to be (ÂMr)c* md (LIzI )ßorespecrively. The mass

difference of a computer run (average value of the results of the eight matches) obtained

from the least squares method (LÌ14 ßotõMßùis expected to be consistent with that of the

centroid method ( M ,rr + EMç¿¡) :

(4-r7)



o

LIt4 ßo= 2,J A4 )ßol8

I

EMLsa= 1 ,l.Ctot ;)ua- LÌt4 ßù"t8(8 - 1)

I
LÌt4 cEw = Lr(LluI )r^18
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lB
EMr* = tr ,l,,ot ,)r* - LluI ,*l'¡s(s - t)

4-3 Improvement in computer matching technique

The previous version of the least squares technique (as developed by Kozier, 1977)

was first applied by Kozier to analyse the data collected from the mass spectral peaks of

seven mercury chloride doublets (Kozier, 1977). However, at that time this method was not

recoÍtmended for general use with real peaks due to the existence of a systematic bias in

the results determined by Kozier (Kozier, 1977).In Sharma's v/ork, computer runs were

gathered for five chloride doublets among selected isotopes of Hf, Ta, W and erratic results

were obtained from the least squares technique (Sharma, l9l9).

In this work, we found, at times, that Llt4 unwas far from Ltr4 r^ andìMunwas much

larger than EMr*. The reasons for this problem were identified and are presented below.

In the example presented in Table 4- 1 , the values of M4 un (4- 1 8a) and, EM ¡5e (4- 1 8b)

determined by the old procedure of the least squares method are higher than LM- r* Ø-l9a)

andõMr* (4-19b) by about 30 ¡tu and 20 ¡rz. This can be explained by comparing(LluI,)un

with (ÂMr)r* for each one of the eight matches. These comparisons indicate that the mass

(4-18a)

(4-18b)

(4-L9a)

(4-19b)



difference of match 6[(MI r)ua=291,0.27 ¡uzJ determined by the old procedure of the least

squares method is larger than (AMr)r" n and (LIl4 )c'tt of the other matches by about200 ¡tu

and contributes by :

(1) 200/8 = 25 ltu (according to equations 4-18a and 4-19a) to the difference (29.62 ¡tu)

between M uo = 2728.38 pu and LÌt4 r^ = 2698.7 6 Vu.

(2)=?3¡lu(accord.ingtoequation4-18b)totheva1ueof

õMua = 26-55 ltu.

The analysis of this particular match (match 6 in Table 4-1) is shown in Fig. 4-7. As

discussed in the previous sections, the determination of a peak separation by the least squares

method is based on fitting a parabola (eqn. 4- 16) to Xr2 values within a range of N channels.

In the example shown in Fig. 4-7,N = 11 channels is used. V/ithin this range, the 11 values
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of (X7), and (11)" are fitted to a positive curvature parabola like Fig. 4-5. However, rhe 11

values of (X3), are fitted to a negative curvature parabola A as shown in part I of Fig. 4-7.

This is because the values of (11)" in this region are the result of squaring the small difference

between two large numbers. Over the range of i 1 points the data are simply too noisy to

reliably indicate the shape of the (f)" function in this region. Since it is clearly not possible

to find a minimum for (yj),function with a parabola like this, early version of the software

reversed the sign of C, (eqn. 4-16) thus forcing the parabola to have the desired shape. The

effects of this prescription may be disastrous. The resulting new parabola, B, clearly does

not fit the raw data. Moreover, while the vertex of parabola A passes through the 11 points,

the vertex of parabola B is fa¡ from the raw data. So, neither parabola A nor B satisfy the

conditions required to minimize (Xj), üsted in sec. 4-2-2.In part I of Fig.4-7, the peak

separation determined by the least squares method (Dòua is the vertex of parabola B. On

the other hand, the peak sepamtion obtained from the centroid method (D)rrr is approxi-



mately equal to the vertex of parabola A. Therefore, according ro eqn. (4-77), (Do)r"n has

an opposite sign to (D)cnu and theirmagnitudes, forthis specific example, are approximately

equal (i.e) :

l(D)ua-(Dòr^l =2\(Dòcc.l (Table 4-2, example a)

Fig.4-7 shows that (Dòuat (ôD4)rra disagrees with (Do)r* t (ôD4)'EV. The er¡oneous value

of (D)urt (ðD4),,ø (Table 4-2, example a) affects the fitting of the points :

l(Dr)uat (ôD2)6a, ô%1, [(Dr)rr, t (ôD3),' a,}f, l(Dò,,_ss t (ôD.¡,, a,õVJ to a straight line

LSQ. These points are equally weighted as shown in part II of Fig. 4-7. Since it is clearly

not possible to fit those points to a straight line, the line LSQ is forced to exclude them. On

the other hand, the points : [(Dr)cen t (ðD2)cav, ô%], [(Dr)r¿ru + (ôD3)cåv,0],

l(Do)crn t (ðD4)'',V, õVJ are fitted to a straight line CEN. As a result, the intercept (matched

condition) (ð%)."ø of the line LSQ is much larger than (õVo).* of CEN by about 284

¡tBishop. Therefore, the mass difference of this particular match (AM òßo determined by

the old procedure of the least squares method is greater than (AMu) r*by about 200 pu as

shown in Table 4-1.

In another example (Fig. a-8) N = 11 is used. The 11 values of (X3),and (X1" are fined

to a positive curvature parabola like Fig. 4-5. On the other ha¡d, the 11 values of (yj), are

fined to a flat parabola F which has a negative curvature as shown in part I of Fig. 4-8. As

suggested earlier, to minimize (X3)", the curvature of parabola F is reversed, thus another

parabola G is produced. Unlike the example shown in Fig. 4-T,thevertex of parabola F lies

outside the range of the raw data (N = 1 1 channels). As a result, (Dòua (vertex of parabola

G) is far from (D.)r* :

64



I @ ò 6e - (D ) rtrl = 6l (D ò cr¡,tl

The cu¡vature ðz(yj)¡ðdl of panbola F is so small that the uncertainty (õDòua is greatiy

increased (eqn. 4-15) :

(õD)tsa= l7(ED+)ce¡t (Table 4-2, example b)

It is interesting to study the effect of (D)unt (ðD4),,ø on the determination of the matched

condition (ô%)rra. The points :

l(Dr)uat (ôDrÄ', ôV,1, [(Dr)¿sø t (ôD3)6ø,0], [(Do).rø t (ôD4)6ø, ðVJ areplottedas shown

in part II of Fig. 4-8. The point l(D)uat (õD4)rrø, ðVJ has a higher uncertainty than the

others. Therefore, the line LSQ excludes that point and passes through the other points. In

this case, although the least squares method calculates one peak separation incorrectly,

(ô%)rra agrees with (ôVo)r* as shown in Fig.4-8.

In summary, the old version of the least squares technique (Kozier, 1977) has the

following shortcomings :

N = 11 channels was always used.It is possible to express this width as a ratio of the

peak width W. When NIW << 1.0,like the examples shown in Fig. 4-7 (NAV =2.7Va)

and Fig. 4-S (N/TV = 2.5Vo), the search for the minimum value of f is confined to a

narrow range of channels. In the vicinity of the minimum the fi function is made up

of the squares of the differences of large numbers that are close together in value. The

statistical noise of the spectrum in this region causes a random variation of the fi
values so that the fi function could not be minimized reliably as shown in Figures 4-7

and 4-8. In these cases, the following procedure (lines 1047,1048,1049 and 1050 of

the computer program listed in APPENDIX A) was adopted : when the raw data are
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(Table 4-2, example b)



fitted to a negative curvature parabola. the sign of the curvature should be reversed.

This procedure gave apoor accuracy and large uncertainty of apeak separation which

may affect the accuracy and the precision of the calculated mass difference by the least

squares method. Howeve , it allowed the program to continue the analysis without

fatal run time errors.

In this work a new procedure is established for the least squares technique :

The search for the minimum value of X;2 is carried out within a range of channels N which

is carefully selected on a case by case basis rather than using the arbitrary constant value of

1 1 channels. Now, for a peak width W it is possible to select a value for N. The study of the

distribution of the Xl function (part IV of Fig. 4-4) within different ranges of channels N

indicates that : when N/W > 1.0, the search for the minimum value of f includes regions

I,2 and 3 as shown in part IV of Fig. 4-4. The flat poftions of the distribution (regions 1

and 3) do not provide any information about the location of minimum value of f . Thus, the

range of channels N has to be smaller than the peak width W (N V < 1). It can also be

dangerous to overly restrict the values of N/ìV. When the range of channels N is narrow

relative to the peak width W like the examples shown in Figures 4-1 and 4-8, our experience

suggests that the search for the minimum value of f wiil not be successful as explained

earlier in this section. In this case, N has to be increased at increments of two channels

(symmetric distribution of p2 values) until a certain va-lue \ in which f function is mini-

mized. Within the range No < N ( W, each value of N represents a one set of f values
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which are fîtted to a parabola with a minimum value (Xj)^r".For a computer run, the minimum

value of 12 function of quadrant j belong to match i is determined to be (X|,*.¡,*r"å ,)min. In

this case, there are three value s of (fi*o. 
t,match i)ßjacalculated for each one of the eight matches



or a total of twenty four values of (yå,^.¡,,^"1, i)-, correspond to a one value of N (No < N <

W). Within this range of channels, the optimum value N. is selected at the lowest vaiue of

t^-xfu'.":
8

Xz -ro = 2 
r(X'rrr" 

ri ).rl 8

I

ôf"'- = !,å(,t?,^"^,) ^^-F-"!srs - r ¡

4

(X2o-r"n ) 
^^ 

= L r(fi u. à . i,mrch, )-*/3
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where;

t'*" tep.erents the minimum value of 12 function of a computer run and is calculated as the

average value (4-20) of (X?^^u;)-,n values of the eight matches of this run.

ôl'-* is the uncertainty associated with t'-,,.
(X?*,,^;)-* represents the minimum value of 12 function of a match i and is calculated as the

mean value (4-22) of (X|*.¡,*^r;)-¡o values of quadrants ; 2,3,4 belong to this match.

This new procedure is used to overcome the probiems illustrated in this section. ¡2

function is minimized within a range of channels N such that 13 < N < 405 and 13 < N <

437 for the examples shown in Figures 4-7 and 4-8 respectively. According to this procedure,

the optimum values were selected for those examples to be N- = 13 and N. = 15 channels

in which the lowest values of lt * t ÐC-" are determined to be 2.283 + 0.280 and 1.238 +

0.018 respectively. Fig. 4-9 presents a comparison between the old (parabola B) and new

(parabola C) procedures used to minimize the (f), function in the case of fitting 11 values

o1(X|),to a negative curvature parabola A (obtained from Fig. 4-7).Parabola C satisfies rhe

conditions required to minimize the (X?), function (sec. 4-2-2), while neither parabola A nor

(4-20)

(4-21)

(4-22)



B succeeds in doing that. In Fig. 4-9, the values of lDo)rrn based on the old (verrex of parabola

B) and the new (vertex of parabola C) procedures are compared with (Do).* (location of

the centroid value of the raw data). This comparison indicates that the new procedure

improves the reiiability of (Do)rr¿ (Table 4-2, exarrtple a). Using the new procedure for each

one of the eight matches in Table 4-1, the raw data of (x3),, (x3), utt¿ (x3)" are fitted to a

positive curvature parabola (like parabola C) and (D)uat (ðD/),"ø agrees with

@¡)r* + (ôD¡)6'v ; j =2,3, 4. Therefore, the intercept and the slope of the fitted line LSQ

agrees with those of CEN as indicated in Fig.4-6. Accordingly, reliable results a¡e obtained

from the new procedure of the least squares method (Tab1e 4-1). Similarly, using the new

procedure for the example presented in Fig. 4-8, the accuracy of (D)unis greatly improved

as indicated in (Table 4-2, example b) and Fig. 4-10. This figure shows the effect of the

curvature of the fitted parabola on (ôDo)rrn. The flat parabola F produced by the 11 point

fit increases (ôDo)rrn to about 17 times (ôDo)r*. On the other hand, the new procedure yield.s

parabola H which improves the ratio (ôD4)60l(ôDo)r* to about one (Table 4-2, example b).

The results shown in Figures 4-9,4-10 and Tables 4-7,4-2 demonsrrate thar the new

procedure :

(i) minimizes 1j;
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(iÐ improves the uncertainties of the least squares method results ro be :

(ôD7)¡5s = (õD¡)cru

õMua=õMct¡¡;

(iü) improves the accuracy of the least squares merhod results ro be :

I M4 ßo - Ltt4 ,rr1 < \[SMho + 8w^



The problems mentioned in this section took place during the analysis of the data

collected from the mass spectral peaks of lttTa3scl, - tTnHf'scl3tcl 
lJune, 1978), tt'wor"Cl

- 178FIf:3scl3?ct 
1Aug.-sept., 1978), t"re - t'oxe (Jan. 1986) and'otPb'scl - 2ouPb"cl (Dec.,

1986 - Jan., 1987). Similar problems to those described in this work were experienced in

Kozier's work but with values of N smaller than eleven channels. With the improvement

mentioned in this section, reliable results were obtained from the computer matching

techniques. Computer matching resumed successfully (Nov. 1987). The first experiment

using this improvement is the (Pb - TÐ measurements (chapter 5), in which only computer

runs were collected. In this experiment, the average precision of the new data determined

by the least squares method (4.48 parts in 10e) is better than that obtained from the centroid
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method (5.41 parts in 10e; by a factor of 1.2 (Tables 5-1a and 5-1b). Both values a¡e better

than that of the visual runs gathered for (Te-Xe) measurements (Dyck, 1990) by a factor of

about 3. This significant improvement encouraged us to measure the spacings of the doublets

: tuce - tus", toce'scl -"Get'cl, tuce"cl - toce"cl and 78se3scl - 76se37cl by the

computer-matching method (76se3scl -'ocet'Cl, ttse"Cl -tuce"Cl and TaSe -'oce are in

progress). This set of measurements have been undertaken to improve our knowledge of

the energies available for the double beta decays of 76Ge and 
tose (Hykawy, 1990).



(1) For a computer run, the optimum value N. of a range of N channels is selected

according to the following criterion :

12 function should be minimized for quadrants 2,3 and,4 of each one of the eight

matches and N- is selected at the lowest value of il'., of this run.

(2) Reversing the sign of the curvature of a fitted parabola affects rhe accuracy of a peak

separation determined by the least squares method (D¡)ua. For a fitted parabola of

negative curvature , (D ¡)uais far from (D ¡)r*when the sign of the curvature is changed

to be positive.

(3) The magnitude of the curvature of a fitted parabola affects the uncertainty (ðD¡)rrn.

(ED¡)6e>> (ôD¡)c¿ru for a flat parabola.

Conclusion :
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Results of mass differences determined by the centroid and least squares (old and new

procedures) methods for eight matches of a computer run obtained from the mass spectral

peaks of 13*re - r3oxe

Match
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NAF (i=1)

(LM,)r* (Vu)

Table 4-1

NSF (i=2)

NSR (i=3)

2709.2r

NAR (i=4)

(ttuI,)ua(Wu)

(old procedure)

2729.37

BAR (i=5)

2699.14

BSR (i=6)

2706.27

2702.40

BSF (i=7)

(t*r )ua $u)

(new procedure)

2681.53

2732.36

BAF (i=8)

269s.tl

2702.14

2670.59

2714.19

{<*

270r.70

2698.26

2691.38

: mass difference ( 14 òßa of match 6 determined by the old procedure of the least

squares method in which the (Xj),function of quadrant 4 is maximized (Fig.

rkàk : results of a computer run determined by the centroid (LI4- c'.r + ôMcav) and

squares (AÌt4 uotõMßù methods

2734.9s

2698.76+ 6.28

2970.27.

2102.23

2682.72

27t4.52

269r.55

2691.55

2728.38+26.55

2691.94

2680.51

2691.90

27Ar.16 + 5.99

4-7)

least



Table 4-2

Comparison between the accuracy and the uncertainty of a peak separation determined by

the least squares method using the old (Ð and new (tr) procedures

Example

*

(Dò"r*t (ôD4)cE¡e

73

a 34.84+ 1.00

b

Procedure

x {<r<

I,II

-28.32+0.88

t(*

(DòLsat (õD4)lJ0

I

II

Separation between peaks in quadrants 4 and 1 determined by the centroid (*)

and least squares (**) methods (in channels)

Old and new procedures used to minimize f function

Example of a peak in quadrant 4 belong ro a match (march 6 in Table 4-1)

obtained from the mass specÍal peaks of t30Te - t'oXe in which xl function is

maximized (the raw data of quadrant 4 are fitted to a negative curvature parabola

A as shown in part I of Fig. 4-7)

Example of a peak in quadrant 4 belong to a match obtained from the mass

spectrai peaks of 208Pb'scl - 206Pb"cl in which the raw data of quadrant 4 are

fitted to a flatparabola ( parabola F shown in partl of Fig. 4-8) whose curvarure

is negative and its vertex lies far from the region of the raw data

-33.70+ 1.85

34.09 + 1.35

a

b

I

il

Accuracy :

(D)ua- (Dò" t{ooE+ qoo.¡[

t32.30+ t4.75

-26.67 + 1.40

-68.54 +2.t0

-{.75 + 1.68

t60.62+ 14.78

1.65 + 1.65



FIGURE 4-1a

Asymmetric error signal

(mismatched peaks)

Symmetric signal

(matched condition for visual matching)

FIGURE 4-1b



VL



Memory contents of the MCA for Normal, Add, Forward (NAF configuration)

A, B, C and D a¡e used to calculate the baseline. Peak limits are shown ( o) at Z}Vo of the

peak height. In quad. I,2,3 and 4 the electrostatic analyzer voltage V, is changed by the

amounts LV 
", 

õV 1,0 and ôVr, respectively.

FIGURE 4-2
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Flow chart of the data analysis program

FIGURE 4-3
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PEAK ANALYSIS:

T.PEAK HEICHT

2. PEAK LIMrIs
3.PEAK SEPARÀTION BY:

(I) CENTROID METIOD

OI) LEAST SQUÀRFJ METHOD

DETERMINATO\ OF ]]IE MATCHED COì\DMION

WRITE: RESULT OF A COMPI,]TER RUN



Example obtained from the mass spectral peaks of H, - DH to show the variation of (X1,

(reduced value of the sum of the squares of the differences between the counts in quad. 1

and 3) with the displacement d, (distance between the centroids of the peaks in quad. 1 and

3). dt is varied by moving the peak in quad. 3 (peak 3) relative to that in quad. 1 (peak i)
at increments of one channel. (Xtr), is calculated within a range of channels R. This range

corresponds to the peak counts of quad. 1 as shown in part I. In part II, peak 3 is displaced

at a distance (dt)>W12 such that the range R corresponds to the background of that peak.

When I dtl <W 12, a fraction, f, of peak 3 is included in the range R as shown in part Itr. In

part IV, (Nrt)" values are plotted versus dr.(X?),function near the minimum is obtained by

fining a parabola to (X?),values within a range of N channels as shown in Fig. 4-5. The raw

data are obtained by moving peak 3 symmetrically on both sides of peak 1 (e.g. in part II,

peak 3 moves lrom d, = 140 channel to d, = -140 channel to obtain a total sum of : 140 -

(-140) + 1 = 281 points, as shown in pan IV).

Variation of (I3)" with the peak displacemenr

FIGURE 4-4
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Fitting a positive curyature parabola to 11 values of (11)" within a range of 11 channels. The

parabola's vertex (o) lies within this range of channels

FIGURE 4-5
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Fitting 3 pairs of split voltages ôyr, 0, ôV, and peak separations to a straight line

Results obtained from centroid ( r ) and least squares ( * ) methods are fitted to lines CEN

and LSQ. The matched conditions determined by the cenroid and least squares methods

are (ôVo)r* and (ôV)r"c, respectively.

FIGURE 4-6
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The effect of reversing the sign of the curvature of 1] function on the deterrnination of the

Example of a match obtained from the mass spectral peaks of t3nle - l3lKe to explain the

effect of reversing the sign of the curvature of the Xl function on the determination of the

matched condition by the least squares method (õVJrrø. The raw data (+ + +) are obtained

within a mnge of L L channels (N = 11 channels) which represents 2.7Vo of the peak width

W (W = 405 channels). The 11 values of (Xj)"are fitted to a negative curvature parabola A

matched condition by the least squares method (ô%)rrø

FIGTIRE 4-7

as shown in part I. To minirnize (fi)", it was suggested that the curvature of parabola A

should be reversed, thus another parabola B is produced.

The peak separation of quad. 4 determined by the least squares method @ò6e disagrees

with that obtained from the centroid method (Dòr*. The peak separations of quad. 2,3 and

4 are plotted versus the split voltages ôyr, 0, ôV, as shown in part II. The points of quad. 2,

3 and 4 obtained from the centroid method ( o ) are fined to a line CEN. The line LSQ

excludes the points obtained from the least squares method ( * ). The matched condition

deterrnined by the centroid method (ô%).po disagrees with (ôVirrn.
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The effects of frtting Xl values to a flat parabola whose cur:vature is negative and whose

vertex lies far from the region of the raw data on the accuracy and the uncertainty of a

peak separation (D¡)¡5s detemrined by the least squares method

Example of a match obtained from the mass spectral peaks of æ8Pb 
"Cl - '*Pb 

37Cl to show

the effects of fining f values to a flat parabola, whose curvature is negative and whose

vertex lies far from the region of the raw data, on the accuracy and the uncercainty of (D ¡) ¡5g.

The raw data (+ + +) are obtained within a range of 11 channels (N = L 1 channels) which

FIGLIRE 4-8

represents 2.5Vo of the peak width W (W = 437 channels). The 11 values of (?ú)" are fined

to a flat parabola F which has a negative curvature as shown in part I. The vertex of parabola

F is at - - 130 channel (not shown). To minimi ze (lÍ),, th" .u*ature of parabola F is reversed,

thus parabola G is produced whose ve¡tex (Dùso-130 channel as shown. Qòueis 6 úmes

the magnitude of (Do).*. The determination of the uncertainfy of (D)un ( _+_ ) is based

on the curvaftire of the flat parabola F. The peak separations of quad.Z,3 and 4 are plotted

versus the spiit voluges õV,, 0, ôV, as shown in part II. The points obtained from the centroid

method (o ) are fitted to a line CEN. The line LSQ passes through the points (*) of quad.

2,3 andexcludes 
-*- 

of quad. 4. The matched condition determined by the least squares

method (ô%)ro agrees with that obtained from the centroid method (ô%)r*.
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Comparison between the old (parabola B) and new (parabola C) procedures used to minimtze

ú" X] function in the case of fining the raw data to a negative curvature parabola A (f is

maximized tocatly). Parabolae A and B are obtained from the example shown in Fig.4-7.

The values of (Do)un based on the old ( * : vertex of parabola B) and new ( r : vertex of

parabola C) procedures a¡e shown. The accuracies of these values a¡e obtained by comparing

their positions with (D)cu¡.

FIGURE 4-9
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Comparison between the accuracy and the uncertainty of (D)ua determined from the old (*

: vertex of parabola G) and new (r : vertex of parabola FI) procedures in the case of fining

the raw data to a flat parabola F whose curvature is negative and whose vertex lies fa¡ from

the region of the raw data. Parabolae F and G are obtained from the example shown in Fig.

4-8. The locations of * and r relative to e indicate the accuracy of (D)saobtained from

the old and new procedures relative to (Do)r*. The uncertainties of _+ and r are based

on the curvatures of parabolae G and H.

FIGURE 4-10
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The observed sola¡ neutrino flux, measured using conventional neutrino detectors, is

a factor of about 3 lower than the value expected by theoretical models. This discrepancy

may be due, in part, to the high threshold energies forthe reaction used to detect the neutrinos.

It has been suggested (Freedman, r976) thar the reaction : v + 205T1 
->'ospb + e', which has

a low threshold energy, may provide a good mechanism on which a neutrino detector may

be based. The threshold energy E,¡ of the neutrino capture reaction in 20sT1 is determined in

teñns of the Q-value Q¿c of the electron capture reaction for the ground state of 20sPb (eqn.

6-9). This Q-value represents the 20sPb - 20sTl atomic mass difference.

In an effort to determine this mass difference, the Manitoba II spectrometer has been

used to measure the spacings of four chloride doublets among selected isotopes of Tl and

Pb. Each of these doublet spacings was determined by the least squares computer-assisted

matching method. The separations of these doublets range from 1/30,000 to 1/55,000 of

their mass. The spectrometer was operated with a resolution (at about 10Vo of peak height)

in the range 1/100,000 to 1/180,000. This measurement program represents the first work

which was undertaken after installation of the ne\¡/ magnet facilities (see sec. 3-4) and

improvements to the analysis procedure (see sec. 4-3) were carried out.

NEW ATOMIC MASS DET
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5-1 Experimental details

T1* and Pb* ions were formed from the fragmentation of the molecules TlCl and PbC12.

The sample material was contained in a copper tube outside the ion source.

In order to correct for the presence of known systematic effects (Southon, 1977) which

are proportional to the doublet width, calibrations were made by measuring a wide doublet

(AM = 1 to 2 u), whose spacing is well known, and the correction was applied, to the narrow

doublet under consideration (for more details see sec. 2-3-Z). This correction remains fairly

constant over a period of a few hours and is redetermined for every second or third run. This

correction ranged from 0.1 to 0.5 ¡ru (well within the uncertainty of any individual mea-

surement) for all the measurements reported here.

As described before, every run consists of eight independent measuremen ts,X¡¡,,carried
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out with different configurations of the instrument (sec. 4-2-l). The result of the i 'å run, X;,

is taken to be the average of these eight values :

x, = f' x,otl (5-1)

k=1

The uncertainty associated with this average is given by :

rF
o, = 1 rlr(x,r-x,)'z/B(8 - 1)

For a set of N runs with resultsXr t or, the final result is taken to be (X), the weighted average

of all X, :

(s-z¡



N

>, x{yd)(x)=+-
t (1/oÍ)

i=1

The uncertainty associated with this value is chosen to be the larger of the internal error oi¡r

or the external error oâ,, where

N

&^,= llI (1/o?)
i=1
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- [,ä,o -<">r,c)
é*,

The quantity o*,/oi,,, is defined as Birge ratio. In this work, this ratio is close to unity

and the values of or, and o*, are approximately the same (Tables 5-1a and 5-1b). This

behaviour indicates that the uncertainties have been realistically estimated.

The new values for the doublet spacings are given in Tables 5-1a and 5-1b. They were

determined on the basis of 8 to 25 computer runs each. For the special case of doublet 206Pb

ttcl - '*Pb "Cl, a set of 10 computer runs were gathered for the natural sample of that

doublet. The mass differences (X)uaand (X)6* determined by the least squares and centroid

methods were :

(x)ua= 4369.92 W, (eø)ua=2.03 þu, (o*,)ua=2.59 ltu.

(X)r* = 4377.55 Fil, (oi"Jc¿¡v =2.0211u, (au)cz¡¡ =2.6r ltu.

In an attempt to improve the uncertainties an enriched sample of PbCl, (6Vo2MPb) was used

to improve the intensity ratio relative to a natural sample (l.S%o '*Pb) from 54.10 + 1.31 :

1 to about 10.84 + 0.05 : 1. At that time there was a great interset to achieve this improvement,

/Y

(N-1)t(i/d)
i=1

( s-3)

(s-4)

(s-s)



so, Manitoba II was operated 24 hours continuousty and 15 computer runs were collected.

The final uncertainties shown in Tables 5-1a and 5-1b (based on all 25 runs) are grearly

improved in comparison with those (based on 10 runs) obtained from the natural sample.

The precision of the new data determined by the least squares method (Table 5- 1a) is

better than that obtained from the centroid method (Table 5-1b) excepr for doublet B. The

results obtained from this work (Table 5-1a) agree with the values taken from the 1983

Atomic Mass Evaluation (Wapstra, 1985) and represent a substantial improvement in pre-

cision, except for doublets A and C, as shown in Fig. 5-1. In this figure, our new determi-

nations (least squares method computer runs) are compared to values (centroid method

computer runs and visual runs) presented in earlier work by Derenchuk et al (Derenchuk,

1985). In every case, our new results are consistent with the earlier results of Derenchuk

(Derenchuk, 1985). It should be noted that the strongest agreement occurs for doublet A

where our earlier datum was solely the result of computer matching. Our new values (Table

5-ia) represent a factor of 1.32 improvement in precision over the previous values.

The schematic diagram (Fig. 5-2) indicates that the mass doublers A, B, C and D can

be combined with additionai reaction data (Table 5-2) to form closed loops I,2,3,4 and 5

which can be used to test the consistency of the data. The loops are :
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Loop 1 = (totPb - 'ouPb) + 1206Pb -'otPb) + q207pb -'otpb)

= [("Ct-"Cl) + i208Pb"Cl-t*pb"Cl)] - tn- e ('oupb 1n,y¡207pb¡l - tn- e (rotpb

1n,y¡ 
2o8pb¡1



Loop2 = ('ouPb -'*Pb) + l2ePb - 
totPb) + 1tosPb - 

touPb)

= tftcl-"cl) + 12ffiPb35cl-204Pb"ct)l - tn- Q(t*Pb çn,y¡205Pb¡l - [n+Q ('ouPb

ry,n¡ 
2oseb¡1

Loop 3 : ('otPb - 20sTl) + 120sTi-'*r) + l2*rl -'*Pb) + 12øPb -'otPb) + 120sPb -'ouPb¡ +

(rouPb _ rotPb)

= [("cl - "cl¡ + ('otPb"cl-20sTl37cl)] + [n+Q ('otTl (T,n)'*rt)] + ¡q12ßtl

(P)'*Pb)l - tn - Q ('*Pb 1n,1¡ 
2osPb;l - [n + Q ('ouPb 1y,n¡ 

20sPb¡] - tn - Q ('ouPb

1n,y¡ 
2o7Pb¡1

Loop 4 = ('otTl -'o'Tl¡ + ('o'Tl -'*TÐ * 1'*Tl -'otTI¡

= tftct -"cl) + l2osTl35cl -203Tl"cl)l - tn- Q 12o3Tl1n,y¡'*Tl)l - [n+Q('otTl

1y,n¡ 
2øtt¡1
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Loop 5 = ('otpb -'oupb) + 1206Pb -'*Pb) + 12øPb -'*Tl) + 12*rl -'o'Tl) + 1203T1- 
totTl¡ +

('otTl -'otPb) + 12o7Pb -'otPb)

[("cl - ttcl) + 1208Pb 
3sci - 206Pb "ct)] + ¡137c1- "cl) + 1206Pb'scl- 

2*Pb "cl)l
- [e ('*Tt (p)'*pb)] + [n - Q (to'Tl (n,y)'*Tl)] - [("cl - "cl) + 1205Tl "cl -

'o'Tl "cl¡1 - tftcl - "cl) + 1207pb "cl - tosTl "cl)l - tn - Q ('tPb 1n,y¡ 
208Pb¡1

The closures of these loops are calculated by using our new measurements (Table 5-1a), the

additional data (Table 5-2) andthe auxiliary data (Table 5-3). Theresults of these calculations

(Table 5-4) for loops 7,2,3 and 4 indicate the consistency of each doublet with other



measurements obtained from (n,y) reactions and p decays, while the closure of loop 5 shows

the consistency of all the doublets together with other precise reaction data. The data C, m,

r and h shown in Figure 5-2 form a closed loop. The raw values of these data (Table 5-2)

are used as input values for the least squares adjustnent shown in Table 5-7. V/hile these

values fail to close the loop (-6.588 + 4.754 pø) formed by them, their ourput values (Table

5-7) closes this loop to (-0.001 + 1.838 ¡ur). This may be explained by comparing rhe input

and ouçut values for each one of the data C, ñ, r, and h (Table 5-7). These comparisons

indicate that there is no significant difference between those values for C, m and h, while

for datum r the oulput value is larger than the input value by about 6.7 4 keY (7 .24 ltu) . This

value represents a major contribution to the difference between the closures (-6.588 + 4.7 54

¡tø) and (-0.001 + 1.838 ¡tu) calculated by using the input and output values of C, m, r and

h. A similar discrepancy is noted when the input values are compared with the more extensive

1983 Atomic Mass Evaluation ('Wapstra, 1985). It has been recommended (Freedman, 1988)

to redetermine the Q-value of the reaction 'ouTl 1B¡ 'ounb which represents datum r. For these

reasons the loop fromed by the data C, m, r and h is not used in this work to check the

consistency of our new datum C.
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5-2 Description of the least squares evaluation

The experimental data for the mass differences, whether derived from mass spec-

troscopy or from nuclear reaction or decay Q-value determinations, may be considered as

a set of N measuredvalues, Y,!.o,,each of which is alinear combination of n atomic masses,

Mt.This may be written for the 1'å measured value in the following way :



n

Tj=t

where I = 1, 2, ........, N and j = 1, 2, .........,n and the coefficientsA' are, in general, either

0 or +1.

A,jM¡ =Y,!o,

A set of estimates, Ír*, for the observed values, Y,, may be calculated from a set of

estimates for the masses, M| . From these values one can define the residuals, /'¡, âs r

rt =Yi -Yt 6-7)

As has been discussed by Sharma (Sharma, 1977), the estimates for the masses, Mrl,

may be chosen through a least squares evaluation, such that the weighted sum of the residuals

is minimized :
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x'= ,Lr(r,lo,)'

To check the consistency of the input data, the generalized Birge ratio, which is defined

ut r/X'¡l(Sharma, 1g77),may be calculated and compared with its expectedvalue I t{Ttzf
where f is the number of degrees of freedom of the system. If the gene ralized, Birge ratio is

significantly larger than the expected value, the input data must be examined for inconsis-

tencies. The consistency of the Iù datum may be checked by calculating the consistency

factor of that datum, {-ç. ff* factor is the ratio between the estimated residual r, calculated

from the least squares adjustrnent and the experimental error or. If this ratio is significantly

larger than 1.0, it can be concluded that the experimental error o, has not been estimated

correctly, and the Iù datum is identified as an inconsistent one. Local consistency of the

input data may be obtained by replacing the error o¡by r, or, equivalently, multiplying o.,

by the consisrency factor {ú úthat datum (Wapstra, 19g5).

(s-6)

(s-8)



The schematic diagram (Fig. 5-2) of the input data pertinent to the 20sPb - tosTi mass

difference, shows that there are four different ways, involving our new data and other

measurements, of calculating this mass difference. The values determined from these paths

Qr, Qr, QtmdQ.+Ne as follows :

e, = (totpb -'*pb) - (t*Tl -'*pb) - ('otTl - t*Tl)

= tn - e (t*pb 1n,y¡ 
205pb¡l - te C*rt (B)'*pb)l - [n + e ('otTl qy,n¡ 2Mrt¡1

Using the reaction data given in Table 5-2 :

Qr!õQr= 53.03 +3.01 keV

The main contribution to the uncertainty õ0r = 3.01 keV is from the error associated with

the Q-value of the reaction 20sTl 
1y,n¡ 

t*Tl which is used to determine the mass difference

205T1-'*T1. This mass difference can be calculated from alternative path involving the mass

differences'*Tl - 20'T1and 20sTl - to'Tl. Thus, another value,Qr,for the mass difference'ospb

- 2o5Tl is produced.

e, = (totpb -'*pb) - ('*Tl -'*pb) + 12Grl -,o,Tl) - (rotTl - rorT1)

= tn- e('*pb1n,y¡ 2Ospb¡l - te(,*Tl (B),*pb)l + [n - e(rorTt(n,Ð r*TÐ] - [(r'ct-

"cl¡ + q2o5Tl3scl - 2o3Tl "ct)l
Using our new value for the doublet 20sTl 35Cl - 203T1 "Cl çTable 5-1a), the reaction data

(Table 5-2) and the auxiliary data (Table 5-3) :

Qr!õQr= 51.45 + 1.43 keV

The comparison of the mass differences used to calculate Q, and Q, indicates that the mass

difference 20sT1 - '*Tl is replaced by the mass d.ifferences 20sTr - 203Tr and'*Tl - 'o'Tl.

Therefore, the significant improvement in the uncertainty of the 20sPb - 2osTl mass difference

9t



from $2, = 3.01 keV to õQz= 1.43 keV is clearly due to the precise measurements of the

doublet 'osTl 'scl - 203TLt'Cl 
lEM = 0.90 ¡lø) (this work) and the e-value of the reacrion

203T1 
1n,y¡ 

zHft lïp = 0.30 keV) (Colenbrander, lg74).

An independent value,p, ,is obtained from :

A = -('ouPb -'otPb) - ('*Tl -'ouPb) + ç20o-¡1 -'otTl)

= -[n + e (,oupb 1y,n; 
20spb;] - te (rouTl (p)roupb)l + [n _ e (rorTi (n,ï) rouTl)]

Using the reaction data given in Table 5-2 :

Q'!õQ'= 56.60 + 5.02 keV

The reaction data used in the above equation produce a value for Qrlarger than er, erand.

the 1983 Atomic Mass Evaluation value Qr.rby about 3 keV and an error ðQ, higher than

õQ 
" 

EQrand EQ y., (Table 5-5). The mass differences used to calculate Qs cffibe obtained

from another path as foliows :

('ouPb - 'otPb) = (206Pb -'*Pb) - ('otPb - '*Pb)

- ('ouTl -'ouPb) + 1206T1 -'otTl) = 1206Pb -'otPb) + 1207Pb - 
20sTÐ

Thus, another value Qofor the mass difference 20spb -'osTl is produced :

Qo = ('otPb-'*Pb) - ('ouPb-'*pb) +q206pb-'otpb) +1207pb-rotTl)

= tn- Q ('*Pb çn,y¡ 
2ospb)l - t13tcl-"Ct) + 1206pbrtcl-r*pbrtcl)l - tn - e1206pb 1n,y¡

'otPb)l + ¡f?ct - "Cl) + q2'ipb'scl -'otTl "Cl)l
Using our new values for the doublets 'oupb "Cl - 2*pb t'CI,rorpb rtcl - 2osTl ,tcl (Table

5-1a) and the reaction data given in (Table 5-2) :

Qo!õQo=53.27 +2.06 keV

which is in a good agreement wirh Qr!õeu ertõe, and, e*.r+ õe*.r (Table 5_5). Our

new data for the doublets 'oupb 'scl - '*pb t'cr,,o'pb rtcl - ,osTl 37cl and the e_values of
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the reactions'*Pb (n,y) 'otPb, 
206Pb (n,y) totPb 

lHungerford, 1983) improve the accuracy

and the precision of the 20sPb - 20tTl mass difference from Q3XõQ,= 56.60 + 5.02 keV to

QoX EQo = 53.27 + 2.06 keV.

To obtain the best Q-value of 2osPb (e.c.) 2o5Tl, a least squares adjustrnent has been

performed on all available atomic mass data including our new data in Tabte 5-1a and the

reaction data in Table 5-2. These data may be represented by a set of 14 linear combinations

of the atomic masses '*pb, 'otpb, 'oupb, 'o'pb, 'otpb, 
zotTl, 2Mrl, 2osTl and touTl. The gener-

alized Birge ratio R of the initial least squares adjusnnent (Table 5-6) is 3.31, clearly in

disagreement with the value R = 1 + 0.29 expected on the basis of 6 degrees of freedom.

This discrepancy results from the particular datum, p ,whose 12 contribution represents about

55Vo of the overall 12.

This discrepant datum represenrs the Q-value (Q) of the decay e-+totpb -> 
20sTl + v

obtained from a measurement of the intensity ratio of M shell to L shel1X rays in the decay

of the ground state of 'otPb lPengra, 1978). The theoretical, relative capture probabilities

for the L and M shells indicate that the capture is primarily from the pr,, subshell (Pengra,

1978). The given value of Q,+ õQ,Ø1.4+ 1.1 keV) includes a cor¡ection factor 1.02 + 0.01

based on a comparison with the corresponding factor for the s,,, subshell. The decay energy

Q,XSQdisagreeswiththevaluesBltô2,, Qr.XõQr,QrXõQr,QotEQoandtheirweighted

average QorLôQoy (Table 5-5) as shown in Fig. 5-3.Q,x88, has been rejected from the

1983 Atomic Mass Evaluation (Wapstra, 1985), where it is described as well documented

data inconsistent with its adjusted value Qr.r!õQ*., (Fig. 5-3). Accordingly, for our final

least squares adjustrnent (Table 5-7), the input uncertainty of datum p ,was multiplied by a

consistency factor equal to the square root of its X'contribution (V/apstra, 1985). The

generalized Birge ratio for this adjustrnent, R = I.12, is greatly improved and agrees with
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the expected value within the anticipated limits (0.71< R<l.Zg). The magnitude of R

indicates the overall consistency of the data included in the adjustnent. The decay energy

of 205Pb determined from this work (51.87 + 0.84 keV) agrees with the 1983 Atomic Mass

Evaluation value (53.S + 1.6 keV).
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New atomic mass differences determined by the least squares method

Code

96

Doublet

A

B

C

D

Table 5-1a

208Pb3scl _ rouPbrtcl

2o6Pb3scl _ r*Pbrtcl

2o7Pb3scr -zosTf'cl

2osTl3scl _ 2o3Tl37cl

Number of

Computer runs

Weighted average

(X)ue Qtu)

9

25

10

I

New atomic mass differences determined by the centroid method

Code

5t37.39

4368.64

4419.78

5033.33

(orJrse

(pu)

(o-)ua

@u)

Doublet

A

B

C

D

Table 5-1b

0.37

0.62

1.19

0.t3

,otPbrscl _ rouPbrrcl

rouPb3scl _ r*Pbrtcl

rrPbrrcl _ 2orTlrrcl

2'sTl3scl _2otTlt cl

Birge

ratio

0.51

0.94

1.98

0.90

Number of

Computer runs

7.40

1.52

r.66

1.23

Weighted average

(X)r* Qtu)

9

25

10

8

5137.00

4368.81

4417.52

5030.91

(oJ.r,u

(pu)

(o-).*

(pu )

0.54

0.49

r.28

0.74

Birge

ratio

0.72

0.86

2.24

r.42

t.32

1.74

1.75

t.92
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Type

TabTe 5-2

Code

Additional data

Description

f

g
b

h

j

k

I

m

o

p

r

Reaction data

t*Pb qn,y¡ 2osPb

2o6Pb qy,n¡ 2o5Pb

2o6Pb 
1n,y¡ 

2o7Pb

2o7Pb qn,9 2o8Pb

to'Tl1n,y¡ 2*Tl

2osTl qy,n¡ 2*Tl

2osTI qn,y¡ 2o6Tl

'*tr 1B¡'*Pb

'otPb 1e¡'otTl

'ouTl 1P¡'ouPb

Q-value (keV)

673t.57 + 0.15

-8087.00 + 3.00

6737 .76 + 0.18

7367.90 + 0.10

6655.80 + 0.30

-7548.00 + 3.00

6503.40 + 0.40

7æ.4A +0.20

4t.40 + 1.10

1527.00 + 4.00

Reference

(Hungerford, 1983)

(Barkman, 1979)

(Hungerford, 1983)

(Hungerford, 1983)

(Colenbrander, 1974)

(Barkman, 1979)

(Colenbran der, 797 4)

(Wolfson, 1968)

(Pengra, 1978)

(Wiesner, I9l2)



Table 5-3
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"cl
"cl

37cl _ 35cl

tH

2H

"C

"C
toN

Auxiliary data'

36965902.619 + 0.112 ¡tu

349 68852.7 28 + 0.069 ¡ur

1997049.890+0.110 lur

1007825.035!0.012 ¡ut

2014107.779X0.024 ¡ut

12000000.000 W

13003354.826+0.017 W

14003074.002+0.026 Wt

1008664.904+0.014 Wt

931501.200+0.300 keV

n=

lu=

* flMapstra, 1985)



Loop

1

2

3

4

5

Data forming the loop (Fig. 5-2)

99

Table 5-4

Loop Closures

A,h,j

B,ig
C, 1,o,f,g,h

D,k,l

A,B,o,k,D,C,j

'osPb decay energy (20sPb-20sTl mass difference) from different paths

Closure (¡ru)

Data forming the path (Fig. 5-2)

0.41+0.57

-3.01 +3.36

-2.75 + 5.04

1.70+3.36

-i.55 +2.46

Table 5-5

f,o, I

f,o,k,D

8,r,m

f,B,h,C

* (Wapstra, 1985)

Weighted average

QTXEQ, = 53.03+3.01

Qrt\Q, = 51.44+ 1.43

Q,LEQ, = 56.60+5.02

QolEQo = 53.27 +2.06

Q-value (keV)

Mass table.

Qnr!õQn, = 52.38+ 1.07

Qu.rt\)r, = 53.50+ 1.60



Code

l"
l.

D

f

G

h

j

k1

'l

rl

Description

Table 5-6

Initial least squares adjustrnent
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208Pb3scl _ rouPbrrcl

'ouPb'scr -'*Pb"cl

,otPbrrcl _ 20sTl37cl

totTIrsCI _rotTltrCl

Q('*Pb çn,y;2osPb;

Q('ouPb 1y,n¡ 
2oseb¡

Q(touPb qn,1¡ 2o7Pb¡

Q('otPb 1n,y¡ 
2o8pb¡

Q('o'Tl (n,y;2øTl¡

Q('otTl 1y,n¡ 
2ßtt)

Q('otTl 1n,y¡ 
206Tl;

e('*l (B)'*pb)

e('otPb (e)'otTÐ

e('ouTl (B)'oupb)

Input values

Y,!o,

lst37.3e 

+0.s1

l+zss.e+to.s4

loorr.*r 1.e8

5033.33 + 0.90

673t.57 + 0.15

-8087.00 + 3.00

6737.76+ 0.18

1367 .90 + 0.i0

6655.80 + 0.30

-7548.00 r 3.00

6503.40 + 0.40

I

763.40 r 0.201

I

41.40+ 1.101

I

rs27 .00 r 4.001

Ouçut values

Yo!.oo

15137 .07 + 0.19

lorro.rr+ 0.81

loorr.ru.*o.sT
I

lsoro.rl 
+ 0.66

I

673t.70 + 0.1s

-8088.22 r 0.00

6737.69 +0.17

7367 .89 + 0.10

6656.1 | + 0.29

-7543.31+ 0.61

6503.50 + 0.82

763.s6*O.rOl

48.05 * O.Ur l

I

rs36.6711.031

"x? .. 
1gg3

Mass table

I 0.399

| ,,0,

1,,,,
lrr.r+r

I

0.7 14

0.16s

0.137

0.013

1.081

2.444

0.058

o.uru]

,u.rrr l

,.rorl

15136.97 +0.24

lorro.ro+ 1.60

loorr.r* 1.Bo

I

| 

5031.00 + 1.70

lant.st + o.1s

I

l-8088.20 + 1.s0

6737 .78 + 0.18

1367.90 + 0.10

6655.82+ 0.30

-7548.50 + 1.50

6503.s0 + 0.40

763.4t+ 0.20

53.50r r.u0]

1531.20. r.U01

A, B, C and D are in (ftu): f, g, h, j, k, l, Íì, o,p and r are in (keV)
( v,-v^\z

XÍ=[-, ) t** (WaPstra, 1985)



Code Description

A

B

C

D

f

o

h

j

k

I

m

o

p

T

Table 5-7

Final least squares adjustment
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,orPbrscl _ 2ouPbrrcl

'ouPb"cl -'*Pb"cl

207Pb35c1 _ rosTlrrcl

2OsTI3sCl _ rorTlrrcl

Q('*Pb 1n,y¡ 
2osPb¡

Q('ouPb 1y,n¡ 
2oseb)

Q('ouPb 1n,y;2o7Pb;

Q(totPb 1n,y¡ 
2o8Pb;

Q('o'Tl 1n,1¡ 
2øTl)

Q(totTl qy,n¡ 2Øtt¡

Q('otTl (n,T)'ouTÐ

e('*tl (B)'*Pb)

e('otPb (e)2osTl)

e('ouTl (B)touPb)

Input values

Y,!o,

5137.39 +0.51

4368.64+0.94

4419.78 + 1.98

5033.33 + 0.90

613r.57 + 0.15

-8087.00 + 3.00

6737 .76 + 0.18

7367 .90 + 0.10

6655.80 + 0.30

-7548.00 + 3.00

6503.40 + 0.40

763.40+0.20

4t.40 + 6.65

1527 .00 + 4.00

Output values

Yo!.oo

5137.05 + 0.19

4369.4t +0.82

4418.5t + 1.05

5032.92+0.79

6731.58 + 0.15

-8089.07 + 0.00

6737.7r+0.17

7367 .89 + 0.10

6655.16 + 0.30

-7546.83 + 0.82

6503.47 + 0.83

763.39 +0.20

51.87 + 0.84

1533.74+ 1.10

"ú '- 1983

Mass table

0.456

0.670

0.1 16

0.208

0.005

0.477

0.063

0.015

0.020

0.151

0.028

0.005

2.475

2.837

5136.97 X0.24

4370.30 + 1.60

442t.70 + 1.80

5031.00 + 1.70

6731.57 + 0.15

-8088.20 + 1.50

6737 .t8 + 0.18

7367 .90 + 0.10

6655.82+ 0.30

-7548.50+ 1.50

6503.50 + 0.40

763.4t + 0.20

53.50 + 1.60

1531.20 + 1.60

A, B, C and D are in (pu); f, g, h, j, k, 1, rn, o, p and r are in (keV)

* y?=('-t-!\': ** (wapstra, 19g5)/\t \ q ),



Comparison of our new data ( r ) with our previous data ( * ) (Derenchuk, 1935) and the

mass table values (r) flMapstra, 1985)

FIGURE 5-1



208 35 206 37A: PbCI-PbCI

5 i35

702

206 35 2M 37B: PbCI-PbCI

5136 5137 5138

4368

^ 207 35 205 37C: PbCI-TICI

uu
I

5137.39+ 0.51

5136.23 + 1.08

5t36.97 L0.24

4369

4413

4370

441,5

437t

4368.64L0.94

4370.12*.r.17

437030t 1.60

4417

4372

Mr9 4421

4479.18 t i.98

4415.60 t 2.40

4421.10+ 1.80

4423

5033.33t 0.90

5031.43 +1.01

5031.00 L1.70

5035



Naturally occurring nuclides a¡e indicated by solid ba¡s. Different types of input data are

used:

Mass doublets : A, B , C, D

(n,y) reactions : j, h, f , ñ, k
(y,n)reactions:g,l

p decays : r, o

electron capture : p

The uncertainty associated with each datum is shown within a circle. For the special case

of datum P, the input uncertainty shown ( x ) in this figure is multiplied by a consistency

factor which increases this value to 6.65 keV (Table 5-7).

Schematic diagram of the input data

FIGURE 5-2
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Comparison between the 2otPb - 20sTl mass difference values calculated from input data

involving : mass doublets, (n,T), (Tn) reactions and P decays with other values obtained

from X-ray measurements and the 1983 Atomic Mass Evaluation.

Qr, Qr, 8, nd Qq tre d.ifferent values of the 'tPb -'osTl mass difference (electron capture

Q-value for 20sPb¡ calculated from different paths of the schematic diagram (Fig. 5-2). Q^v

is the weighted average of Qt, Qr, Q, and Qq. The decay energy of 20sPb obtained from the

1983 mass table Qy.7 (e ) and X-ray measurements Qx (r) are shown.

FIGURE 5.3
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SIGNIFICANCE OF TH

6-1 Introduction

Most scientists believe that we understand the process by which the sun's heat is

produced -- that is , in thermonuclear reactions that fuse light elements into heavier ones,

thus converting mass into energy. However, no one has found an easy way to test the extent

of our understanding because the sun's thermonuclear furnace is deep in the interior, where

it is hidden by an enornous mass of cooler material (Bahcall, 1976).It is assumed that the

sun shines because of fusion reactions similar to those envisioned for terrestrial fusion

reactors. These reactions produce neutrinos which have the ability to penetrate from the

solar interior to the surface and escape to space. Thus, detection of solar neutrinos on Ea¡th

represents a direct and quantitative way to test the theory of nuclea¡ energy generation in

the sun.

Davis et al (Davis, 1968) carried out an experiment at the Homestake Mine in Lead,

South Dakota to detect solar neutrinos. This experiment was based on the neutrino capture

reaction : v + "Cl -> "Ar + e- which has a threshold energy of 820 keV. This reaction

excludes a large pofiion of the solar neutrino spectrum. The measured 37Ar production rate

above background was 0.38 + 0.05 atoms/day (Rowley, 1985). On the other hand, the

standardsolarmodelpredictsa"Arproductionrateof 1.1+0.4atoms/day(Bahcall, 19S5).

It would be desirable to check this result with a more appropriate detection mechanism. For

this reliability check we would need another neutrino capture reaction which has :
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(i) a low energy threshold, << 400 keV, to gain sensitivity to the intense neutrinos

produced in the (proton-proton) reaction (Bahcall, 1976);

(iÐ an adequate and well known capture cross section;

(iü) a very iong product half-life, so that the product would have accumulated and have

been retained in a suitable target mineral over geologic time; but less than 108 years,

so that it would not have survived from primordial generation; and

(iv) tolerable yields of competing reactions giving the same product in situ ( Freedman,

1976).

Theserequirements are satisfied by thereaction : v + 205TI -+'osPb + e- which has a threshold

energy of 51.87 + 0.84 keV (this work).

106

6-2 The feasibilit-v of the geochemical 20spb solar neutrino experiment

The neutrino capture in 2osTl 
: v + 20sT1 + 'osPb + e- yields the l/Z- excited state of

'otPb. This reaction, is followed by a fast isomeric decay to the 5/2 ground state of 20spb

(Fig. 6-1). The electron capture decay of the ground state of 'otPb thalf-tife is 16-mi11ion

year) effectively traps the neutrino capture event. A probably suitable thallium ore, lorandite

(Tl As Sr), is found in the Alshar mine in Yugoslavia (Freedman,1976). The microscopic,

neutrino-induced, quantities of tosPb atoms could be detected via accelerator mass spec-

tromery (AMS) to determine the neutrino-induced transition probabilities. For 100 detected

events one million 'otPb atoms are needed for the ion source sample assuming that an ion

source efficiency times the transmission probability -10+ is possible. This requirement

corresponds to about 1 1 mg of lead, representing about 7 .6 kg of lorandite, or about 1. 1 ton



of mined ore. These numbers are minimum quantities for one single run (Ernst, 1986).

The transition probability can be determined using completely stripped 20s1181+

decaying into the K shell of 205Pb (Fig. 6-1). The SIS 18 synchrotron facility together with

the experimental storage ring ESR associated with the UMLAC in Darmstadt, which are

under construction, offer the possibility to generate bare tosTltt*, to store them and to study

their beta decay into the K shell by measuring the number of 20sPb ions produced.

The amount of the cosmic-ray-induced background reaction 20sTl (p,n¡ 20sPb can be

estimated by determining the depth of the mine over the last ten million years. This can be

done by measuring with AMS the ¡r- induced content of radioisotopes (Kubik, 1984) in the

region of the Alshar mine and by comparing these contents with reference measurements.
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6-3 Proposal for 20sTl solar neutrino detector

'otTl has been proposed to be a solar neutrino detector. The purpose of this proposal

is to measure the neutrino capture cross section, o(8,, Q"), of the reaction :

v +'osTlo -+ 2osPbt* + e-

6(8,,Q") is given by (Freedman, 1988)

c(8", Q"")= 5.14 x 1o''(8" - n", * o.r r r, ry
where :

Eu : neutrino energy in MeV,

Q," : the electron capture Q-value of the U2- excited, state of 20sPb and

(6-1)

(6-2)



(ft)"" : ft value of the orbital electron captue decay of the l/2' excited, state of 205pb.

Q."" is determined in terms of the electron capture decay energy Qrc of the 5/2- ground state

of 20sPb and the excitation energy Eu" of the l/Z'excited state (Fig. 6- 1) :

(ft)"" is expressed in terms of the nuclear matrix element M"" as :

(ft)""*ltM!" (É-4)

The neutrino capture in atomic 20sT1 
lreaction 6- 1) explores the same nuclear wave functions

of initial and final states as does the beta decay of the nucleus 205TI81+ .

2osTl81+ -+ 2ospb81+ + t (6_5)

Therefore, the nuclear matrix elements Mu, MBof reactions (6-1), (6-5) are the same (M,.

= Mù.The production rate Ru of 20sPb8r* of reaction (6-5) is related to Muby :

Q""=Qrr*Eu"

i08

RB*Mî

Equations (6-4) and (6-6) yield the following reiation (Freedman, 198g) :

M'" = Mî = RBGons I sec.) x7 .77 x r0-3D.06 = 6L70t(ft)*

using the relations (6-3) and (6-7), eqn. (6-2) can be written in the form :

o(E,,Qà=o.Úx1o-soRþ(&-8E.-r..+o.stt¡ffic^,(6-8)

where : ,Rp is measured in (ions/hour) and Eu, erc, Eu" are in (MeV)

The threshold energy 8,, of reacrion (6-1) can be determined from (6-g) to be :

(6-3)

E,n= Qrc* Eu"

(6-6)

(6-7)

(6-o¡



Thus, measuring the rate of accumulation,Rp of 205Pbt1* in reaction (6-5) gives directly

the cross section o(E,,Qrc) of reaction (6-1). The curent value of the uncertainty ôB¿6 is

less than 2.0 keV so that the contribution of that error can be neglected with respect to E"

in eqn. (6-8). Thus :

In reaction 6-5, the production rate Ru of 20sPb8i+ is calculated in terms of the decay

energy Qp of that decay (Freedman, 1988) :

ðo(E,, Qr)lo(E-Qrò = ðRs/Ru
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0p is determined in teüns of the atomic mass difference between 2osTlo and 2ospbo which

represents the elecffon capture decay energy erc of the 20spb0 ground state. From

conservation of energy in Fig. 6-1 :

Rp*Qâ

Qp+ Qr, = (B .E .), - (B .8.)r, - Eu"+ (8.8.),"

where :

(B-8.)r' = 551.0 keV (Desclaux, 1973)

(8.8.)pu = 568.3 keV (Desclaux, I9l3)

(8.8.)t" = 101.4 keV (Johnson, 1985)

Eu, = 2.3 keY (Schmorak,1978)

Qp+Qt = 81.8 keV

Substituting from (6-12b) in (6-11) :

Ru*(81.8 -Qrò'

(6-10)

(6-1 1)

(6-12a)

(6-12b)

(6-13)



The error õRp which arises from the uncertainty of the electron capture decay Q-value, õerr,

is given by :

ôRp/Rp = ZEQrcl (81.8 - Qrc)

6-4 Results and discussion

It is interesting to calculate the relative uncertainty õRp/Rp (eqn. 6-14) and see the

variation of the production rate Ru with the electron capture decay Q-value, Q", @qn.6- 13).

õAB andRp are calculated for several values of Qzc obtained from different sources with one

of them being the value determined by our $oup for the electron capture decay Q-value for

the ground state of 20sPb. The calculations have been carried out using a given value of Rp

(Freedman, 1988). The results of these calculations are presented in Table 6- 1 and are shown

in Fig. 6-2.

The substantional improvement in the precision of )rc achieved by our group (õerc

= 0.84 keV) in comparison with the precision (õer, = 1.6 keV) obtained from the 19g3

Atomic Mass Evaluation (Wapstra, 1985) reduces the uncertainty õRu in the production rate

Rp by a factor of about 2. The cross section uncertainty is expected to be improved by the

same factor (see eqn. 6-10). The Q¿6 obtained from X-ray measurement (Pengra, 1978) is

lower than the adjusted value of our goup by 10.48 keV; this reduction increases the pro-

duction rate Rp by about 807o.

The cross section o(8", Qrò is calculated from eqn. 6-8 for a range of neutrino energies

(E,^ I E,<0. TMeV). The calculations are plotted for two different values of esc ('otpb -

110

(6-14)



'otTl mass difference) in Fig. 6-3. This figure shows the sensitivity of the cross section to

the accuracy of the 20sPb - 'sTl mass difference. For a neutrino energy Eu, the reduction of

the mass difference by 10.48 keV increases the cross section by a factor of about 1.85.
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The production rate (Rp t õRÞ) of Pbsr* ions calculated for three values of the electron

capture decay energy (QrcXõQrò (totPb - 20sTl atomic mass difference)

QrrtõQ", (keV)

t13

Table 6-1

53.50 + 1.60")

47.40+ 1.10å)

51.87 + 0.84")

õQ,,

Qrc

a)

b)

c)

d)

Rp + ER p x 703 (iorn lhour)

(eqn.6-i3)

flVapstra, 1985)

(Pengra, 1978)

(This work)

(Freedman, 1988)

2.99 Vo

2.66 Vo

7.62 Vo

3.640d)fl.4t2

7.4r8+0.404

4.077 + 0.228

ôRp

Rp

(eqn.6-14)

17.3r Vo

5.45 Vo

5.61Vo
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FIGURE 6-1

Energetics of 2osTl - 2o5Pb

Total electronic binding energy of the 81 electrons in æsTlo

Total electronic binding energy of the 82 electrons in 2osPbo

Hydrogenic, ls, bind.ing energy in 20sPb81+

Q-value of the electron capture decay ( <-.- -) of the 1./2- excited state of

2osPbo to the 1/2* ground state of 'osTlo linverse reaction of v + 20sTl -+ æsPb

+e)

Q-value of the electron capture decay ( <.- .- .) of the 5/2- ground state of 20sPb0

to the 1/2* ground state of æsTlo 
lfirst forbidden transiúon)

excitation energy of the 1/2- excited state

isomeric decay of the 7/2- exciteÅ state of æ5Pb0 to the 5/2- ground state of
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Variation of the production rate of 'otPb ions produced from the B decay of 20sTl ions with

the Q-value Q.rc of the reaction : e +'otPb -+'o'Ti +v.Qrc represents the atomic mass

difference 20sPb -20sTl assuming that 205Pb and'otTl are in their ground states (Fig. 6-1).

Three values of this mass difference obtained from different sources are shown with the

corresponding values ofthe production rate :

..... : X-ray measurements (Pengra, 1978)

-: 
This work

- - - : 1983 Mass Table (V/apstra, 1985)

FIGURE 6-2
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Variation of the neutrino capture cross section o(Eu, Qnò ofthe reaction v + æsTl-+ æsPb

+ e with the neutrino energy Eu for two values of the Q-value Qec (úe atomic mass difference

20sPb -æsTl). The threshold energy En of the reaction v + 2osTl + æ5Pb + e is determined in

tenns of Qrc (eqn. 6-9) to be :

(L) 43.7 keV ( r) based on X-ray measurements

Q) 54.f7 keV ( c) based on this work

FIGURE 6-3
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000001
000002
000003
0000M
000005
000006
000007
000008
000009
00001 0
00001 1

000012
000013
000014
000015
000016
00001 7
000018
000019
000020
000021
000022
000023
000024
000025
00002ó
000027
000028
000029
000030
000031
000032
000033
000034
000035
00005ó
000037
000038
000039
000040
000041
000042
000043
000044
000045
00004ó
000047
000048
000049
000050
000051
000052
000053
000054
000055
00005ó
000057
000058
000059
0000ó0
0000ó1
0000ó2
0000ó3
0000ó4
0000ó5
0000óó
0000ó7
0000ó8
0000ó9
000070
000071
000072

cr*****************ú****a***********
PROGRAI'I RESANAL

A-1 COMPUTER PROGRAM FOR THE DATA ANALYSIS

c************
C This program ca¡ne on cards from ancient times, passed down frorn
C generbtion to generation, Íutating each time. lt is no¡{ a monster-
c 30nov88 - save and recatt llARKS.
c 28FEB89 - Hake everything inpticit dor.ùte precision.
c change att soRT to'DsoRT, FLoAT to DFLoAT, ABq !o DABS-
C 1mar89 - changã outprlt fite sLishtty - gdd a fer¡ moie digits
c here and there, since He no¡r use REAL*8.
C 5mav89 - chanqe NPS to il frorn 41. This is the nr¡rber of points used
c to fTt a parabota to the chi-squared vatues for the least
c sorJares ¡ratch of tro oeaks. lJas set to 41 in the past to
C efiminate upside do¡¿n'parabotas that came from matching peaks
c of verv difïerent inteirsities. t¡ith most peaks, chi-squared
c vatues'are verv srnooth, and 11 points givês a good fit. tJith
c 41 ooints. re rere fitiins to the sideõ of the chi curve rather
c thah the 6ase, getting a minim¡n-that ¡ras dispLaced by 3
C channets or so from the true miniffr¡n.
c 22ian90- l{ade a nt¡ber of snn[[ changes. Took out fixed defauLt marks
C - ard inserted routine AUTOI.IARKSCALE ¡{hich makes good r¡arks if
C there are no otd ones and sets the scate factor for the peaks
c too. Atso fixed use of GERASE xhen re-ptotting - faster, even
c though everything has to be re-draHn. 4dded.'goto mark' oPtion
c to XHAIR anil hopefutty bultet-proofed it a bit.
c 24jan90- Get 0/1 disptay/auto ftag from fite.
c - Get ttPS, ndrbei of points for parabotic fit from fite Hith
C Logicat'nane PEAKPAh,l.l. Get FSEÏ for suto marks from
c sa¡nefite. Shoutd have line in catting .cOl'l fite tike:
C $ ASSIGT¡/USER peakparam.dat PEAKPARI'I
c First line of data file is ignored, then ftag lDL, then
c integer NPS on next tine, then FACToR on fourth [ine.
g********************I************************************************************

118

c
c
c
c
c

*********t**

II{PLIC¡T REAL*8 (A-H),(O-Z)
REAL*8 VEE,EiILT,EHHV, FSET
INTEGER (I'JT,OOT, ISC(z)
CHARACTER DUHCH*I
D r r,rENs r oN \rDr,r(4, I 021 ), cHA( 1 024 ), x¡lcH'r(4 ), PP(4 ), sG(/+ ), DLV(3 ),

& N¡ONS(1),CS(3),ES(3),EDv(3),DLTH(8),ERDl'l(8),RP05(20)
D¡I.IENS¡ON DELEH(20i,EDELË},I(20);DLTEH(20),EDLTEH(20),DIFC(3),RC(3)
D¡I{ENSION P[JC(/+),VllAXC(4),WAXR(4),VAR(/r,1024),SV(1024),VCH(1024)
D IHENSI0N A(4, 1021 ),SH(3), ESH(3),DLTHz(8), ERDI'|z(8),ASll(4, 1 024 )
DIr.rENSr0N DLTÉr{z(20i,EDLTr,rz(20),DELEHz(20),ERDL}12(20),VSt'l(1024)
D r I'|ENS r ON AVRT 1 ( 20 ), ËRRT 1 (20 ), AVRT2( 20 ), ERRTz( 20 ), vRt.l( 1 024 )
D I I'|ENStON RAT 1 (8), RÁTz( 8), XSz(8), AVXSz ( 20 ), ERXSz( 20 )
Dil.tENStON I{ARKS(4,2)
DIHENSION IDATA(409ó), ID(4)

Dd,JBLE PRECIS¡ON AVE
LOGTCAL OUIT

cü'il'roN/DATÃC/tSC-
*******************!F*t*********************t********************************* **

ccr'il'roN lDATp._A/ IDATA, ILIN,
C0l.lHoN lDAfA Bl ¡IARKS,FSET

URITE(6,*) 'lJe(come to RESANAL.'
ISC(1) = -¿r
ISC(2) = -4
I NP=8
üJT=9
0OT=1 0
I0T=0UT
OPEN(UNI T=I NP, F I LE='D.ANALYZE',STATUS=' OLD', READONLY)
OPËll (UN I T=CLT, F I LE=' R.ANALYZE', STATUS=' UNKNOIIN' )
OPEN (UN I T=OOT, F I LE=' D.ALTERED', STATUS=' NEIJ' )
OPEN (UN IT=7, F I LE='PEAKPARI{' , STATUS='OLD' )

¡SI'{TH IS SI'ÍOOTHING CæE
O NO SI{æTHING
1 A NTNE POII¡T ST.IOOTHIIIG IS USED FOR THE BASE-LINE ANALYSIS

AND FOR THE PEAK ANALYSIS.
2 A FIVE POINT IiIOVING AVERAGE IS USED TO SMMTH .

c
c
c
c
c

QUIT,¡D



000073
000074
000075
00007ó
00002
000078
000079
000080
000081
000082
000083
000084
000085
00008ó
000087
000088
000089
000090
000091
000092
000093
00009/+
000095
000096
000097
000098
000099
000100
0001 01
0001 02
0001 03
0001 01
0001 05
0001 06
000 1 07
000108
000109
0001 10
0001 1 1

0001 1 2
0001 13
0001 1/r
000115
0001 16
0001 17
0001 18
0001 19
000120
000121
000122
000 1 23
00012¿i
000 1 25
0001 2ó
000127
000128
000129
000130
000131
000132
000133
000't34
000135
00013ó
000137
000138
000139
0001/+0
000141
000142
0001 43
0001¿.4
0001/r5
00014ó
000147

c
c

,c

3 A I{IIIE POIIIT SI{OOTHING IS USED FOR THE BASE.LINE ANALYSIS.
4 A l¡lNE POII¡T S!|OOTH¡NG lS USED FO,R THE PEAK ANALYSIS.

PCB ¡S THE PERCE¡¡T CI'T-OFF FOR THE EASE.LII¡E AIIALYS¡S .
ISI'ITH = 4
N I a=1 024
NCPS = 8
PCB = 5.0
PC = 20.0 I Pelcent cut off of peak heisht for centroid,

ç**t**r*****trtt*ff********************tÉt*********it*l*t**l***********
C [TRITE(6,*) ,Enter n(¡ùer of pts for parabotic fit ,,
C *'(11 or more is good):t
C READ (5,*) NPS I see 5may89.
C*i*****************t**tr¡********t****t**itttt**ú*************t********

900

719

READ(7,900) D|JüCH
FORI,IAT(A)
READ(7,*) IDL l0 for display, 1 for 8uto.
READ(7,T) NPS
I F(IIPS. LE. O)THEN

URITE(*,'ì) ,llPs vatue from fite PEAKPARII too smâtt:',NPs
IJRITE(*,*)'Reset to 11.'
NPS = 1l

END IF
T F(I,Iæ (NPS,2).E0. O)THENgRITE(*,*) ,NPS vatue frorn fite PEAKPARI'I ¡{as even:',NPs

IIRITE(*,*) ,For syÍmetrical smoothing, it rrust be odd.,
IJRITE(tr,t),Reset to,,NPS+1
llPS=HPS+l

EIID I F

READ(7,*) FSET
I F( FSET. LE.O)THEN

I¡RITE(*,*) ,FSET vatue from fiLe PEAKPARII too smâtt:,,FSET
¡JRITE(*,*) ,Reset to 3.0.,
FSET = 3.0

END IF
cL0sE(7)

c******t**i**********i**************************************see 22jang0

10

¡F ( lSl'lTH .EO. 0 ) IICPS=4
DO f0 I=1,1024
CHA(I) = I
REAO(¡NP,5O4)NDUBS
TJR¡TE(OOT,5O4) NDUBS
Do 999 NDUB = l.llDUBS

READ ( IIIPr5q3 ) NRUNS,NCP,((D¡FC(I),RC(I)),I=1,3)
uR¡ TE(OOT r503) NRUNS, ¡¡Cp, ( (D I FC( I ), RC( I ) ), I =1,3)
D0 21 llt=ì,NRUHS

READ ( I NP, 502) NRECS, I ZRAI¡1, IADD, VEE, EI'ILT,EI{HV, PPI.I, EPPH, I SADD
UR I TE (OOT, 502 ) ¡¡RECS, I ZRAI¡L, t ADD, VEE, El'tLT, EHHV, ppt't, EppH, I SADD
I,IR¡TE ( CUT,ó01 )

URITE ( CuT,620 ) ISl.tTH,I¡CPS
HR¡TE ( CXJT,ó05 ) EI{LT,EI,IHV,VEE,IADD

141=&
HA=192
l{B=832
142=960

IF(IDL.EO.1)THEN
URITE(*,*) ,Nunber of points for parabotic srþothing isr,NPS

ELSE

!B!IE(*.*) 'Enter neH vatue for NPS: (odd onl.y ptease),
READ(5,*) }IPS
r F(lrÐ(NPs, 2).E0.0)THEN

IIRITE(*,t) ,llPS vatue Has even:,,NPS
IJRITE(*,*) ,For synmetricaI smoothing, it m.rst be odd.,
GoTO 11

E¡¡D I F

l8¡iE(É,i) 'Enter 0 for disptay or I to process atI spectrae:,
READ (5,*) IDL

END IF

11

******** * i******************************* ******************** ** * ** ** * *** * * * *** *

c ******ù****** Do AllALysls RECoRD By REcoRD ****************
D0 15 IJ=1,NRECS

READ ( I NP, 501 )NRECN, I T, CAL, BDV, SDVo1, SDV03, I|ARKS
tJR I TE(*,501 )NRECN, I T, CAL,8DV, SDVo1, SDV03

l/RITE ( Ci.JT,805 ) ¡¡PS



000148
0001¿r9
0001 50
000151
000152
000153
000154
0001 55
00015ó
000157
000158
000159
000160
0001ó1
000162
0001ó3
0001ó4
0001ó5
0001ó6
0001ó7
000168
0001ó9
000170
000171
000172
000173
000174
000175
00017ó
000177
0001 78
0001 79
000180
000181
000182
000183
000184
000185
00018ó
000187
000188
000189
000190
000191
000192
000193
000194
000195
000196
000197
000198
000199
000200
000201
000202
000203
000204
000205
00020ó
000207
000208
000209
00021 0
00021 1

000212
000213
000214
000215
00021ó
0s0?17
000218
000219
000220
000221
0002?2

737

739
78

IF (IDL.EA.O) GO TO 737
G0 TO ß9

CALL GETDAT ( NREC}¡ )
co To 78
CALL GETFIL ( NREC}¡ )

ItR I TE (æT, 501 )NRECN, I T, CAL, BDV, SDV0Í , SDV03, l,lARKS
KI=¡IARKS(1,1)
KA=||ARKS(2,1 )
KB=I,IARKS(3,1)
Kz=l{ARKS(4,1)

I 1=ltARKS( 1 ,2)
IA=I{ARKS(2,2)
I B=I'IARKS (3,2 )
IZ=|'IARKS(4,2)

¡F(rT .GT. 4) G0 T0 101
SDV1 =SDVO1 +D FLOAT( I SADD )
SDVS=SDVO3-DFLOAT( ISADD )

G0 T0 102
SDVl=SDVO1 -DFL0AT( I SADD )
SDV3=SDVO3+D FLOAT ( ¡ SADD )

CONT I NUE
TJRITE ( CTJT,ó08 ) NRECN ,If ,K1 ,KA,KB,Kz,I1,IA,IB,12
N I a=102¿r
I SF=H la./1024
L1=l'11
LA=ilA
L8=MB
L2=)1?

rF(K1.E0.0) G0TO59
Kî=K1*lSF
KA=KA* I SF
KB=KB* I SF
K2=K2*l SF

CONT I NUE

¡F ill .EO. o)Go To 591
I1=I1*lSF
lA=lA*lSF
IB=lB*lSF
l2=12*lSF

CONT I }¡UE

NCH=4*l¡ IQ
D0 201 J=1,4
D0 201 l=1,1024
ì/Dt{( J, I )=DFLoAT( TDATA( I+1024*( J- 1 ) ) )

ID1=tD(1 )
ID2=lD(2)
ID3=lD(3)
ID4=tD(4)

120

101

10?

c

59
c

591
c

201

20

c
c
c
c
c
c

CORRECT FOR COUNTING LOSSES
RESOLVING TII.IE IS A POLYNOI'IIAL FUNCTION OF THE OBSERVED COUNT-RATE

OES.CCUNT RATE IN KHZ,
DIIELL T¡l{E = 11 HICRoSEC/CHANNEL
H = RHO / ( 11*NUI'IBER OF SIJEEPS )¡F (VDl'l(4,1024) .LE. 0. )ì/Dt{(4,1024)=1000.5( NOS=VDH(4,1021r/1

ÞR I TE(CX,JT,888)NOS
HPRII,IE = 1000./( 13.*DFLOAT(NOS))
HP = HPRIHE,/1000.
St'lS = 0
Sl'lB = 0

****** DO BASELINE AND CETITROID ANALYSIS BY OUADRANTS ******

D0 12 N0=1,4
ICT=0

CORRECT FOR DEADTII.IE EFFECTS

c
c
c

c
c



000223
000224
000225
00022ó
000227
000228
000229
000230
000231
000232
000233
000234
000235
00023ó
000237
000238
000239
000240
000241
000242
000243
000211
000245
000246
000247
000248
000219
000250
000251
000252
000253
000254
000255
00025ó
000257
000258
000259
0002ó0
000261
000262
0002ó3
000264
0002ó5
0002óó
ø00267
0002ó8
000269
000270
000271
000272
000273
00027t,
000275
000276
000277
000278
000279
000280
000281
000282
000283
000284
000285
00028ó
000287
000288
000289
000290
000291
000292
000293
000294
000295
00029ó

727

c
c
c

******

CALL DTC ( HP, HPR Il,tE,t/Dl,t, N IQ, l¡Q, VCH, VAR )

&
&

CÂLL BL I l,lE(C¡JT, I Sl'lTH, l¡Q, ll lQr NCPS, CAL, I CT, PCB, 0, K1, KA,
KB,K2, ¡ 1, ¡A, ¡g, I2, Ll, LA, LB, L2,VCH,A, JA, JB,
J3, J1, J1, J2, BSLI,EDl,BSL2,EDz,BSL )

c
c

r21

***tt*

cALL QUAD (NREC¡¡, I SllTH, llQ, I¡CPS, PC, CHA, ì/D1.{, VCH, JA, JS, J3, J4,
& llNl ,HNz, VfiÂXC,Vl'lAXR, pH, p[JB, pt¡50, plJ5, pt,C,
& xIoNs,PP,SG,ÂVErl¡1,N2, ION,SV,CLP)

END OF DEADT¡HE CORRECTION. ******

47 CALL STATS ( CHA,VCH,t¡l,tlz,AVE,Xlrlol.l,TV,SGtlA,A3,A4 )

67 PP(t{o) = AVE
SG(Ha) = SGHA

ttRITE(CiJT,607)J1,BSLl,ED1,JA,t¡1,¡¡2,JB,BSLz,EDz,J2,BSL,¡ON,AVE,SGMA
URITE(C|,JT,*), PEAK SHAPE : SKEUNESS = ,,ß,, PEAKEDNESS = ',A4c

c *****t END OF LoCATING By OUADRANTS ******
12 CONT¡IIUE

C*****************************!t**************!¡*********i*************
CS( 1 )=PP(2)-PP( 1 )-zc1
CS(3)=PP(/+) -PP( 1 )-ZC3
CS(Z)=PP(3) - PP(1)
NSi = NIONS(1)
NS2 = ( NIOt¡S(2)+NIoNS(3)+¡¡6¡514¡ ¡
AVN = NS2/3.
Rl = AVN,/llS1

CALL I'IATCH (CIJT, VAR,A, NpS, CS, ]tN 1, ¡1N2, R I, SH, ESH, RAV, CH I AV)

DLV(I) = SÐV1
DLV(Z) = 0.
DLV(3) = SDVS
EDV(1) = 0.1
EDV(2) = 0.1
EDv(3¡ = 9.1
EBDV = 0.1

CALL DFT ( T ZRAI¡1,}IRECN, NCP, PC, PCB, ¡ADD, BDV,SDV1,SDV3, EHLT,
& El,lHv,vEE,l0T,lJ,l¡os,Rc,DlFc,t'tN1,¡lNz,wAxc,VHAXR,
& PlJ,P|JB,PU50,PH5,P¡,'C,NIONS,pp,SG,SllS,Sl'lB,VAR,A,
& SH,ESH,RAV,CHIAV,

_ _& DLTll, Elll,l, ERDI'|, RATl , RP05, DLTI'12, ERDl.lz, RAT2, XSz, RATR )
15 coNTtt¡uE

EIID OF BASELINE SEARCH ******

c
c***********
c

c
IF ( IZRANL .IIE. O ) GO TO 21

CALL AVESDV ( 1,NRECS,DLTT'i,AVDLt't,ERDLH,ED)
TIR¡TE(CTJT,ó01 )
IJRITE ( qJT,610 ) AVDLH,ERDLII
CALL AVESDV ( 1,¡TRECS,RAT1,ARAT1,ERAT1,El )
CALL AVESDV ( l,NRECS,RATz,ARATz,ERAT¿,E2 )
CALL AVESDV ( l,I¡RECS,XS2,AXS2,EXS2,EXz )

c

c

END OF ANALYSIS BY RECORDS

URITE(*,*) r¡¡11= t,ARAT1,tRATZ=',ARAT2,t¡5!=',AXSZ

CALL UTDAVG ( DLTll,ER0l.l, NRECS, I,CIJT,DELTAt'l,SGDl'l )

CRPPI'I = DELTAI'l*PPl'l/1000000.
URITE ( CuT,613 ) CRPPI'I
EDLTET'|(Il,l) i osonl ( ERDLII*ERDLll +(AVDLI{*EPPI{/1000000.)**2 )
DLTEI.I(II'I) - A\fDLI,I + CRPPI,I



000æ7
000298
000299
000300
000301
000302
000303
0003ú
000305
00030ó
000307
000308
000309
000310
00031 1

000312
000313
000314
000315
00031ó
00031 7
000318
000319
000320
000321
000322
000323
000324
000325
00032ó
000327
000328
000329
000330
000331
000332
000333
000334
000335
00033ó
000337
000338
000339
0003/t0
000341
000342
000343
00034¿.
000345
000346
000347
000318
000349
000350
000351
000352
000353
000354
000355
00035ó
000357
000358
000359
000360
000361
000362
0003ó3
0003ó4
000365
0003óó
0003ó7
0003ó8
0003ó9

DELEH(II'I) = DELTAI,I + CRPPI'I
EDELET{(IH) = DSQRT (SGDlt*SGÐlt + (DELTAH*EPP|{/1000000.)**2 )
URITE ( Ctrf ,ó11 ) DLTEH(¡H) , EDLTEI|(!¡|)
URtTE ( CIJT,ó11 ) DELEr,t(IH), EDELEr,rilr'r)

c
GALL AVESDV ( f ,NRECS,RP05,ARP5,ERP5,ED)

c
ARP5 = ARP5 * 1000. i Ellll / AVDLI'I
ERP5 = ERP5 * 1000. * El.ltl ./ AVDLI'I
lrR¡TE ( O,JT,616 ) ARP5,ERP5
cAL L AVESDV( 1, NRECS, D LTttz, AD Ll,tz, EDLt'tz, EDz )
¡JR¡ TE((I,,lT,889)
9RI TE(CTJT,óI O) ADLH2, EDLI'Iz
CALL STDAVG(DLTH2, ERDt'tz, ttRECS, 1, CuT, DE LTA2, SGÐ1,12 )
EDLTI{2( I14)=EDLI'|2
DLTETI2( I il ) =ADLI.I2+CRPPI,I
DELEI'12 ( I ll ) =DELTA2+CRPPH
ERDLH2( ll,l)=sGDl'12
9Rr TE(C[JT,ó11)DLTEr,rz( ilr), EDLTnz( Il,t)
¡tR I T E ( CIJT, 6 1 1 ) D E L Er,rz ( r lr ), ERD Lr,rz ( ¡ H )
HR¡TE ( o.N,621 ) ARATI,ERATI
URITE ( o.Jf,622 ) ARAT2,ERATz,AXSz,EXSz
AVRTÍ (Il,l) = ARATI
ERRT1(I}I) = ERATI
AVRT2(¡I{) = ÁRAT2
ERRT2(Ill) = ERAT2
ÂVXS2(¡ll) = AXS2
ERXS2(¡l'l) = EXS2

21 coNTt!¡uE
c

r22

I'RITE ( UT,615 )
cALL AVESDV ( 1,NRUNS,DLTET'|,AVDLTH,ERDLTT'|,ED)
I¿R¡TE ( CXJT,ó10 ) AVDLTI.I,ERDLTH
cALL I¡TDAVG ( DLTET'|, EDLTET'|, ¡¡RUNS, 1, CuT, F I ltEH, EF I NE¡l )
CALL I¡TDAVG ( DELEI.I, EDELEI.I, NRUNS, 1, CX.JT, F I I¡EI.I, EF I NEI'I )
CALL AVESDV( 1,I¡RUNS,DLTEI.Iz,A\DL¡Iz, ERÂDI'Iz,ERDz)
IJRITE((IJT,ó10) AVDL¡Iz, ERADI'Iz
cALL VTDAVG(DLTEHz, EDLTt{z, !¡RUNS, 1, C|JT, Ft't, EFH)
CALL IJTDAVG(DELEHz, ERDLHz, }¡RUNS, 1, CI.JT, FI,I, E FH )
CALL IJTDAVG ( AVRTI,ERRTI,NRUIIS,l,q.JT,ATl,EÂTl )
cÂLL I{TDAVG ( AVRTz,ERRTz,NRUNS,I,Ci,JT,AT2,EATz )
CALL UTDAVG ( AVXSz,ERXSz,NRUNS,I,q,JT,AX,EAX )

999 CONTINUE

FORI'IAT STATEI.IENTS FOLLOIJ .

c
c
c
c

501 FoRr.rAT ( tó,t2,F4.1 ,F6.1 ,2F6.1,8t4,2t3,
502 FoRr'lAT < 2t?,18,3t9.4,2F6.0,t5 ,
503 FoRHAT ( 2t4,t8.1,3(F8.1,F8.5) )
504 FoRr,rÂT ( t4 )
601 FoRt'tAT ( r 1' )
603 FoRl'tAT (F12.3,t +-t ,F6.3. r vs , ,F8.1,t +-t ,F1.1 

'604 FORMAT ('O CHANNELS DELTA V"
2 <1x,F12.1,t a-t ,F7.3) )

605 FoRMAT ('0"3F10.5,110,15X,' BL IONS CENTRE')
805 FORI,I,AT (,0 THE NUI'I8ER OF POINTS FOR PARABOLIC FITTING = ,,15)
607 FORI{AT(2X,¡ó,F8.1 ,' +-t ,F9.3,11ó,F8.1, t +-t ,t9.3,16,F12.2,110,2 F11 .3, t 1- t ,F8.3,2F9.1 ,F7 .1'
ó08 FORHAT < '0',t6.' TypE"¡5,3X,8tó)
ó10 FORI,IAT ('0 STRA¡GHT AVERAGE =',F13.3,F10.3 )
611 FORM,AT ('O CORRECTED VALUE: 

"F13.3,' 
+."F10.3 )

ó13 FORMAT ('0 PROPORTIONAL CORRECÏION =',F7.3 )
ó15 FORI.IAT ('1 IJE¡GHTED I'IEAI¡ OF ALL RUNS ' )
ó1ó FORI'IAT ('0 AVERAGE RESOLVING POllER AT5.0Z =',2t5.1,' THCXJSAND')
620 FoRttAT (r0 S|,|oOTH¡NG CoDE =',13,' l¡Ul,lBER OF CoNSECUTM PoINTS =,a¡4)
621 FoRI{AT ( '0 CENTRoID RATIo= ,,FI0.5,' +- ',F8.5 )
622 FORI|AT ( '0 LSTSORS RATIO = ',F10.5,' +- t,F8.5,' AVG CHISQR='

4,F10.5,r +- r,F8.5 )
888 FORÈIAT(, ,,,NIJI,IBER OF SUEEPS=',J8)
889 FORHAT('0"'LEAST SAUARES VALUES:' )



000370
000371
000572
000315
000374
000375
00037ó
0003n
000378
000379
000380
000381
000382
000383
000384
000385
00038ó
000387
000388
000389
000390
000391
000392
000393
000394
000395
00039ó
000397
000398
000399
000400
000401
000402
000/r03
000404
000405
000406
000407
0004æ
000409
000410
00041 I
000412
000413
000/r1/r
000115
00011ó
000/+17
000418
000419
000420
000421
000422
000425
000424
000425
000/r26
000127
000428
0004æ
000430
000431
000132
000433
000434
000435
00043ó
000137
000438
000439
000410
00011 1

000112
000443

cLosE( IilP)
cLosE(c[JT )
cLosE(00T)
STOP
E}¡D

C************tt*******t********i************i******************************
SIJBROUT I NE DTC ( HP, HPR II.IE, VDI.I, N IA, NA, VCH,VAR )

c*********************frl********r*********ü*****************************
¡HPLIC¡T REAL*8 (A-H),(O-Z)

C THIS RCIJTI}¡E EVALUATES THE DEAD T¡I.IE CORRECTION

D ¡ I{ENS I 0t{ VDt{(4, 1 024 ), VCH ( I 024 ), VAR(4, I 024 )
D0 48 I=1,1024
V0 = VDl,l(ilQ,I)
¡F(V0.1T.1)V0=1
X0=V0*HPR¡I{E

C XO ¡S OBSERVED CCTJNT¡NG RATE , ADJUSTED SO I{III. CCTJNT IS 1 .
RHO = .093/17 + .010ó9rX0 -'.0000/t273*X0*X0 + .0000000ó23*X0*X0*X0

H = HP*RHo

C VCH IS CORRECTED CCX.JNTS

vcH( I )=vDt{(Na, I )/( I . -t/Dl,t(NQ, I )*H)
c
C VAR ¡S NOIJ TO BE USED AS VARIANCE OF VCH .

vAR(l¡Q, I )=VCH( I )*( 1 .+VCH( I )*H )
IF(VAR(NO, I ).1T.1. ) VAR(NQ, I )=1.

723

c
ct*t***************t********t
C DEFEAT DEADTI¡IE CORRECT¡ON.
C VCt{( I )=ì/DH( Ne, I )
C VAR( NQ, I) = VCH (I),
c IF( vAR( No, t) -1T.1. ) vAR( N0, I) = 1.
c*t***tlt*t*t*****t***************************t************************
c

48 CO}¡TINUE
RETURI¡
END

c**i
SUBRCIJT I NE BL ¡ NE (qJT. I SI'ITH, NO, N I O, NCPS, CAL, I CT, PCB, I BL, K1, KA,

& KB,K?.,l1,lA,lB,¡2,L1,LA,L8,L2,VCH,A,JX,JY,
& JU,JV,JZ,JIJ,BSLI,ED1,BSLz,EDz,8SL)

c******** ************ ****** t****** ***t******************* ** **** * * * *****
IHPLTCIT REAL*8 (A-H),(O-Z)

C THIS RCTJTTNE SEARCHES FOR THE BASELINE
IIITEGER (UT
D ¡l,lENS ¡ON VCH ( 1 02/+ ), Sv (10?1), A(4, 1021)

Do 12 l=1,1024
12 SV(I) = VCH(¡)

IF ( ISXTH .HE. 2 ) GO T0 43
SV(1) = vcg(1)
SV(2) = vcH(z)
SV(1023) = VCH(1023)
sv(1024) = VcH(1024)
DO 41 l=3,1022

41
43

C t{.S: TIJO SI'|æTH¡NG COE OPTIoNS FoR SI{OOTH¡NG OVER 9 PolNTs

IF ((¡Sl'lTH -EO-1).0R-(lSl'lTH.EO.3)) G0 T0 /+4

c
co To 47

44 CALL NIt¿ESt't ( 1,1024,VCH,SV )
C CCT{PUTE BASEL¡NE

17 COI¡TINUE

sv(I) = ( vcH(¡-2)+vcH(I-1)+vcH(l)+vcH(l+1)+vcH(I+2)
CONT ¡ NUE
CONT I NUE

***

) /5.



00M44
000415
000446
000117
000148
000149
000150
000451
000452
000153
000454
000155
000456
000457
000458
000459
0004ó0
0004ó1
000162
000163
000161
000165
0001óó
000167
0004ó8
000169
000170
000171
000472
00042J
000174
000475
000176
0004n
000/+78
000479
000480
000/r81
000182
000483
000484
000485
000/r8ó
000487
000488
000489
000490
000491
000492
000193
000194
000495
00049ó
000197
000498
000499
000500
000501
000502
000503
000504
000505
00050ó
000507
000508
000509
0005 1 0
0005 1 1

0005 1 2
000513
0005 1 1
0005 1 5
00051ó
0005 1 7

IF ( r¡O .GT. I ) GO TO 100IF(K1.NE.O) GOTO25
J1=Ll
J2=LZ
JA=LA
J8=LB
cAL[ STRIp (CX.JT, ¡BL,VCH,Jl,JA,JB,J2,NQ,lllQ )
G0 TO 27

25 Jl=K1
J2=K2
JA=KA
JB=KB
cALL SJRIp (dJT, IBL,VCH,Jf ,JA,JB,J2,NQ,NIQ )
G0 T0 27

100 rF ( I1 .NE. 0 ) G0 To 31
I 1=Ll
l2=L?
IA=LA
I B=LB

31 CONT I }¡UE
J1 = 11
J2=12
JA=IA
J8=IB
cAlL STRIp (OUT, IBL,VCH,Jl,JA,JB,J2,NQ,NIQ )27 CONTINUE

CALL AVESDV ( J1,JA,VCH,BSL1,SDX1,ED1 )
CALL AVESDV ( JB,J2,VCH,BSLz,SDXz,EDz )
LDt'|1=JA- J 1+1
LDt'12=J2- J8+1
BSL=( BSL 1*LDM 1+85¡2*¡pt' ),/ ( LDl,l1+LDltz )ICT=ICT+1
IF ( ICT .GE. 2 ) GO TO 26

cALL CuT3 ( SV,BSL,pC8,JA,JB,J3,J4,llcps,Illx,CL,l )

USE NEU-FCIJ}¡D LII.IITS TO RECALC-IJLATE BSL
I AHX=( I llX- J3 )

IAI.IX IS LEFT HALF-IJIDTH
J5=J3-IAltX

724

c

c
c

c

JA=J5
15 CONTTNUE

IBIIX=J4-lÈlX
C IBHX IS RIGHT HALF-I.IIDTH

J6=Jl +lBl.lx
IF ( J6 .GE. JB ) GO TO 4ó

JB=Jó
46 CONTINUE

GO T0 27
26 CONT¡NUE

DO 14 l=1,HIe
VCH(¡) = ( VCH(I)-BSL ) * CAL
A(¡¡a,I) = VCH(I)
I F(A(110, I ).1T.0. ) A(NQ, I )=0.14 CONTINUE

JX=JA
JY=JB
JU=J3
JV=J4
J2=J1
JIJ=J2
RETURN
END

¡F ( J5 .LE. JA ) C0 T0 /r5

C* * **** **** *** * *** * * *************:t * * ************ *********** * ******* *** ** *
-suBRcr.JTINE OUAD(NRECH,ISfiTH!¡lA,Nçpg,pC,CHA,t/D¡t.VCHrJA,JB,J3,J4,& t{Nl,t{Nz,wAxc,i4,tÁxR;prJ;pr,tB,plrÖ,pus,puc,'

ç*********************Il9ll*lll19lîY5*lldiligl*:hllil."..*..*************
¡ItPLICIT REAL*8 (A-H), (0-Z)

IHIS RCXJT¡NE EVALUATES NETJ LII.IITS FOR PEAK ANALYSIS



000518
000519
000520
000521
000522
000523
000524
000525
00052ó
000527
000528
000529
000530
000531
000532
000533
00053/+
000535
000536
000537
000538
000539
000540
000541
000542
000543
000544
000545
000516
000547
000548
000549
000550
00055 1

000552
000553
000554
000555
00055ó
000557
000558
000559
000560
0005ó1
0005ó2
0005ó3
0005ó4
0005ó5
0005óó
0005ó7
0005ó8
0005ó9
000570
000571
0005æ
000513
00057/r
000575
00057ó
000577
000578
000579
000580
000581
000582
000583
000584
000585
00058ó
000587
000588
000589
000590
000591
000592

41
13

c

c

D ¡ llEl¡s ¡ 0l¡ cHA( 1 024 ), l/Dl4(4, 1024),vctl ( 1 024 ), sv( 1 024 ),& VI'IAXC(4) , i4lAXR(¿+ ) , N IONS(4 ) , PUC(4 ), PP(4), Sc(4 )

Do 42 l=1,102412 sv(l) = VCH(I)

IF ( TSI'ITH .NE. 2 ) GO TO 43
SV(l) = vCH(1)
SV(2) = VCH(2)
sv(1023) = VCH(1023)
Sv(1024) = VCll(1024)
D0 41 l=3,1022
sv(¡) = ( vcH(I-2)+vcH0-1)+vcHo)+vcH0+1 )+vcH(I+2) ),/5.

CONT I NUE
COI¡T ¡ ¡¡UE

ll.S: TllO SI{OOTHI}¡G CæE OPTIONS FOR SIIoOTHING OVER 9 POI}ITS

IF ((ISllTH .E0.1).0R.(ISl'lTH.Ea.4)) G0 T0 ¿r4

G0 T0 47
44 CALL NINESH ( 1,1024,VCH,SV )

47 COIITINUE

125

c

c

IF(NA.NE.1) Goro49
Hl{1 = l{1
I'lN2 = N2

19 CONTINUE
c
C CALCULATE CORRECTED AND OBSERVED
C AT PEAK I,IAXII.IUI'I
C USE AN ELEVE¡¡ POINT AVERAGE .
c

S1 =0.52=0.
D0 50 L=1,1 1

K=L-6
51=S1+VCH(IHX+K)

50 52 = 52 + l/Dl'l(t{a,l}lx+K)
WAXC(¡¡Q) = S1/11.
Vl,tAXR(Na) = S?/11 .
Pu = ll2-[1+1
PUB = J4-J3+1
Ptl50 = ¡¡50-1150+1
Pll5=J52-J51 +1
PUC(NA) = PH5
I0ll = 0

CALL CUT3 ( SV,0.0,5.0,JA,J8,J51,J52,}¡CpS,il,tx,CL,2'
CALL CUT3 ( SV,0. 0, 50. 0, J3, J¿},1150,N50, NCPS, Itlx, CL,3 )
CALL CUTS ( SV,0.0,PC,JA,JB,ll1,N2,NCPS, Il'tx,CLP,/+ )

D0 11 I=N1,1,12
ION=lON+VCH(I)

11 col¡TtNUE
t{IONS(N0) = I0N
RETURN
END

c*********************************** ********* ** ** * * ****************** * * * **** * *

" 
suBRclJT I NE DFT ( I ZRAN.L., !Rçç!, !çp, ?ç, pcB, t ADD, BDV, sDv1, sDV3, EHLT,e El{Hv.,.vEE,¡oT, IJ,}¡0S,RC,DIFC,ÈtN1,úN2,VMAXC,úMAXR;& pT,llg,t!¡.0,irrs,prrc,ñióñi;pÉ;SG;ijüa;õ¡iBlüÁn,'e,& st,esn,n¡v,öxtAú, -'

s*************o*o*****?likFiI*l?kllitrltgfugtIIl{!l?I3dâ11*llldî11J.....
II.IPLICIT REAL*8 (A-H), (O-Z)

COTJNTS AND COUNTING RATES

THIS RCI.JTINE EVALUATES THE I{ASS DIFFERENCE BY THE CENTRO¡D METHOD

-D 
nrE¡¡sr0N v AR(4, 1021),î!f , j 03f ) r Ec(3 ),0 ¡ Fc(3 ), cs(3 ), DLv(3), EDv(3 ),å fiiÍiì¿iêäS[ïÀi]8t55?Àritgii:tÀ;iii+l¿ã1Íf¡;Þúó¡¿ ; ;RÉó;¡ói,'



000593
000591
000595
000596
000597
000598
000599
000ó00
000601
000ó02
000ó03
000ó04
000ó05
000ó0ó
000ó07
000ó08
000ó09
000óf0
000ó1 1

000ó12
000ó13
000ó14
000615
000ó1ó
000ó1 7
000ó18
000619
000ó20
000ó21
000ó22
000ó23
00062¿r
000625
000626
000627
000628
000ó29
000ó30
000631
000ó32
000ó33
000ó34
000635
000ó36
000ó37
000ó38
000639
000ó10
000ó41
000ól.2
000643
000ó/,4
000ó45
000ó46
000ó47
000618
000649
000650
000ó51
000ó52
000ó53
000ó54
000ó55
000ó56
000ó57
000ó58
000ó59
000óó0
000óó1
0006ó2
000óó3
000óó4
000óó5
0006óó
0006ó7
000óó8

CIJT=l0T
NSl = NIONS(I)
Ptrl = PtlC( 1)
CALL AVESDV (2,4,PVC,PLî?,EP[J,ED )
l{S2 = ( ¡¡tot¡s(2)+H¡oNs(3)+Nlo+¡s(4) )
AVN = NS2/3.
NS2 = AVN
RATIO=t¡Si/AVtl
RI = AW/tlSl
IF ( RATIO .GT. 1. )
Sl'lS=SllS+l{S1
SllB=Sl'lB+NS2
PUS = PtJl
PIJB = PtJ2
RATIO = 1. ./ RATIO
LRG=2
GO TO 24
Sl'lS=SMS+NSz
Sl'lB=SH8+NS1
PIJS = PIJZ
PUB = Pu1
LRG=1
CONT I }¡UE
EPuaËPu*1.7

126

23

21

I¡RITE ( o'JT,617 ) PIJB,PI¡S,EPIJ
VR¡TE ( o.JT,625 ) ( Vl{AXC(l), l=1,1¡
vl'rAX3 = ( vÍrÆ(c(z)+vl{Axc(S)+vünxc(4) )/3.
CRl = l/l{AXC(1 )*90.909/N0S
CR2 = WAX3*90.909/N0S
RATC = CRI,/CRZ
¡F ( RATC .LT. 1. ) RATC = 1.,/RATC
¡JRITE ( 0.J1,626 ) CR1,CRz,RATC
ZCO = 0.
URITE ( d)T,6?3 ) ( vtlAxR(l) , l=1 ,1 )
M,tÂx3 = ( vltAxR (2 )+vr,tAXR(3 )+vr.tAxR( 1) ) /3.
CR1 = VIIAXR(1 )*90.909,/N0s
CRZ = VllAX3*90.909/N0S
RATR = CRl/CRz
lF ( RATR .LT. 1. ) RATR = 1.,/RATR
URITE ( o.Jf ,621 ) cRl,cRz,RATR
ZC1 = 0.
ZC3 = 0.
EZC0 = 0.
EZCI = 0.
EZC3 = 0.
rF ( TZRANL .l¡8. 0 ) G0 T0 13

13 CONTINUE

c0 To 23

CS( 1 )=PP(2)-PP( 1 )-zc1
CS(3)=PP(4) -PP( 1 )-ZC3
CS(z)=PP(3)-PP(l)
Es(Z) = DsaRT ( sc(j)*sc(3) + sc(l)*SG(1) )
ES(1) = DSQRT ( SG(z)*SG(z) + EZCI*EZCI + SG(1)*sc(1) )
ES(3) = DSQRT ( SG(4)*SG(4) + EZC3*EZC3 + SG(l)*SG(1) )
DLV(1 ) = sDVl
DLV(Z) = 0.
DLv(5) = SDV3
EDV(1) = 0.1
EDV(Z) = 0.1
EDV(3) = 0.1
EBDV = 0.1
IJRITE ( CT,JT,ó04 ) BDV,EEDV
rJRrrE ( cxJT;ó03 ) ( cs(nJ),Es(¡H),DLVilu),EDV(IU),ltJ=1 ,3 )
IF ( IZRANL'.NE. O ) GO TO 115

CALL UTFIT3 ( 3,CS,ES,DLV,EDV,YI¿T,S1,EYT,ES1, 1, I0T,20,CHISQ)

IF ( BDV .GT. O. ) DELV= ( -YNT + BDV ) + IADD
IF ( BDV .LT. O. ) DELV =.( .YNT + BDV ) + IADD
ÊV1 = EYT
IF ( BDV .cT. 0. ) DLTII(IJ) = DELV * El'lLT / VEE
IF ( BDV.LT. 0. ) DLTI'I(IJ) = DELV * E¡{HV / VEE
El,lt'l = ( EHLT + E¡4HV ) / 2.
ERDI'I(IJ) = EV1 * El'lH / VEE

c

c



000óó9
000670
000ó71
000672
000ó73
000óZr
000ó75
000676
000677
000678
000679
000ó80
000681
000682
000ó83
00068/r
000685
000ó8ó
000ó87
000688
000ó89
000ó90
000691
000ó92
000693
000ó94
000695
000696
000ó97
000698
000699
000700
000701
000702
000703
000704
000705
00070ó
000707
000708
000709
000710
00071 1

00071 2
000713
000714
000715
00071ó
000717
000718
000719
000720
000721
000722
000723
000721
000725
000726
000727
000728
000729
000730
0007J1
000732
0002J3
000731
000735
00015ó
000737
000738
000739

c
c
c

c

c
c
c
c
c

RÂTl(IJ) = RATIO
S1=DABS(Sl)
RP=DELV/(PH*SI)
RPB=DELV/(PUB*SI)
RP50=DELV/(Pt60*S1 )
RP5 = DELV ./ ( Ptl5*S1 )
RP05(!J) = RP5
gRITE ( OUT,602 ) DLTI,I(IJ),ERDI.I(IJ)
ERR = ( PtJiElllltsl) / (VEE*DSORT(24.*S¡lS) )
ERR = DSaRT ( 1.+1./RAT!0 ) * ERR * (1. + ES1/S1 )
IRES = RP * 1000 * Et4l4 / DLTII(IJ)
IIROLD = llRECl{

CORRECT FOR THE EFFECTS OF CONTAI'IINANT PEAKS IF ANY.

r27

tF ( r¡cP .Ea. 0 )
D0 16 IC = 1,¡¡CP

LOAD RATIO OF THE I}¡TENSTTY OF THE CURREI¡T CONTAI.IINANT PEAK TO
THE I,IAI}¡ PEAK. DIFC IS THE SEPARATION BETTJEEII THE CONTAMINANT
AND THE ¡IAIN PEAK.

RCi = RC(IC)
DIFl = DIFC(¡C)

c
RT = RP5 * DABS(DIF1)./ DLTII(IJ)
IJRITE ( CIJT,614 ) RP5, RT
CALL Cot¡TAt{ ( ¡RES, RT,RCl,DIF1,Cl )
URITE(0rJT,ó12)c1

16 DLTII(lJ) = DLll.l(lJ) + C1
17 CONTINUE

I¡RITE ( CT,JT,é09 ) IRES, PC,PC8,RP8,PC,RP,RP5O
HRITE ( CuT,óoó ) RAT¡o , ERR ,SHS,PU
URITE ( CiJT,ó50 )

c
CALL UTFIT3 ( 3,SH,ESH,DLV,EDV,ylNT,52,EYNT,ESz, 1, ¡OT,20,CHI SQR )

c

G0 T0 17

IF ( BDV .GT. O. )
rF ( BDV .LT. 0. )
EVi = EYNT
lF ( BDV .GT. 0. ) DLT|42(lJ) = DELV*EIILT/VEE
IF ( BDV .LT. 0. ) DLTH2(lJ) = DELWEIIHV./VEE
ERDI'|2( IJ) = EV1*EI{M/VEE
TJRTIE ( orJT,ó02 ) DLTÎ-12(rJ),ERDHz(lJ)
RAT2(IJ) = RAV
XS2(lJ) = CHIAV

602 FORMAT ('0 *****
2l,llcRo UNITS ***** r )qql foRl.tAT (F12.3,t +-' ,F6.3,, vs t ,F8.1 ,' +-' ,F4.1 )ó04_FORI{AT.('O CHAIINELS DELÌA V"
2 <1X,F12.1,' +-',F7.3, )

ó0ó-FOR!|AT('0',8X, 'RATIO = t,F9.?,t TO 1 ERR =,,F7.3,, I'llCRO UNTTS
2 IONS lll Sl.lALL PEAK =,,F10.0,, PEAK IJIDTH =,,Fó-1 )

609_FORIIAT ('0',8X,,RESoLUTI0ll'= 1 PÃRT lN',!7,, THCXJSAÑD , AT,,
2 F5.1 ,'Z' ,3' RESOLVING PO|¡ER AT, ,t4.1 ,tZ =t ,F6.2,t , Af , ,F5.1 ,tZ =t ,t6.2,1t , Af 50Þ' ,t6.2 )

ó12 FORI'IÂT ( 'O CONTAI.IINANT CORRECTIONS :,, F8.5 )
ó14 FORIIAT ('0 pp! =,,F5.2, ' RATIO T0 CONTAI'llt¡Al{T SEP =,,F5.2 )
ó17 FoRl'lAT ('0 PEAK t'rlDTHs ÀT 5-02 z ', ?t6-0,' +-',F5-1 )
ó23 FORHAT (' RAU HAX¡t'tUt't CCTJNTS 

"4F8.1 
)

ó?4 FORI.IAT (' RAIJ CCUNT RATES , ,2F8.2,' KHZ , RATIo=¡ ,t10-1 >
ó25 FORI{AT ( '0 CORRECTED HAX!¡|UH'CoUNTS 

"4F8.1-)ó2ó FORHAT (' CORRECTED CCIJNT RATES '.2F8'.2,' KtlZ r RATIO=¡,t10.1)
ó50 FoRUnT ¡'6' ¡

I I5 R.ETUR}¡
E}¡D

DELV = (-YINT + BDV ) + IADD
DELV = .(-Y¡NT + BDV ) + IADD



000740
000741
000742
000743
000744
000745
000746
000717
000748
000749
000750
000751
000752
000753
000754
000755
00075ó
000757
000758
000759
0007ó0
000761
00076¿
0007ó3
0007ó1
000765
0007óó
000767
0007ó8
000769
00020
000 71
000n2
000773
000Tt4
000Tr5
000n6
o00Tn
000778
OOOZæ
000780
000781
000782
000783
000784
000785
00078ó
000787
000788
000789
000790
000791
00079?
000æ3
000791
000795
000796
000797
000798
000799
000800
000801
000802
000803
000804
000805
00080ó
000807
000808
000809
000810
00081 1

000812
000813
000814

C*************************t****!t*rt****tÌ*********tt*****************

c*****:lll9lll$"191]#-f .l15î**lI*1*ll¿9.ì...******,************
I}IPLICIT RÊAL*8 (A-H), (O.Z)

c
C=0.
tF ( RT .GT. 1.0 ) GO TO 11
!f ( RT .GE. 0.5 ) C=(RT-1.5+(1,/RT)*(1./Rr)/2.r/3.
IF ( RT .1T.0.5 ) c=1.-RT*RT*2.73. --Ri
C=C*DIF*RC

11 CONTINUE
RETURII
E}¡D

c
c**************************** ********t***************************

suBRctJTtNE AVESDV(N1, N2.X.X.AV.EXV. Exl )C**********ù****ú**************************i*********************

728

c
c
c
c

c
c
c
c

lltPLtctT REAL*8 (A-H), (O-Z)

THIS PROGRAI'I F¡NDS THE }IEAN T XAVI, STANDARD DEVIATION TEX1] -
AND THE STANDARD ERROR TEXV] OF THÉ DATA CONTAINED IN TùÈ ARftAY
X BETIJEE¡¡ THE TI'O IND¡CES N1 AND N2.

DI¡rEr¡S¡ofl x(1021)

CHECK THE ORDER OF THE TND¡CES. IF REVERSED PRINT }|ESSAGE
AND EXIT.

¡F(Nz .GE. H1) 60 TO 1

URtTE(C|JT,ó01 ) t¡1,N2
XAV = 0-
EXV = 0.
EX1 = 0.
RETURT¡

c
C IIOR¡IALIZÊ VARIAELES TO ZERO.
c
1 SX=O.

RESQ=0.
C CALCULATE THE }IEAN VALUE.

DO 2 l=ll1.N2
2 SX=SX+X( I )

XN=N2-N1+1
)GV=SX/XN

D0 3 l=ll1-ll2
3 RESa=RESO+(Í( I ) -X¡V)*(X( I ) -XAV)

F=XN- 1 -
IF(F.E0.0.)F=1.
EXI=DSART(RESQ/F)
EXV=DSoRT( RESQ / ( XH * F))

C .. CALCULATIOT¡S CO,IPLETEÐ. RETUR}I TO CALL¡NG PROGRAI,I.
601 FORI'IAT('0"' t¡lcoRREcT LIltITS"?I 10)

RETURN
EIID

CALCULATE STANDARD DEV¡ATIOI¡ AND ERROR.
D0 3 l=N1.tl2

c****t***********ú***************************************t******
suBRcr.JT I ¡¡E HÂTCH(qJT, SA,A, NpS, CS, l¡1, l¡2. R I . SH. ES. RAV. CH rAV )

C******** r********* **r ****** *** *******t ** ***i *****Í*i i* *i i iii* i í
II.IPLICIT REAL*8 (A-H), (O.Z)
I }¡TEGER CXJT
DCTJBLE PREC I SION B (3), soLt¡ (3), ALPHA( 2, 2 ), AÌ,t(3, 3 ), A I (3, 3 ),

iðliiiiliË iiî!iiåiiii Ëi:35r 
lÁßå ; iiîElilsì?53 j'fr 

' 
óLo' cu i sóÉ'

. 
D tltE¡¡s¡oN_sA(4,1 024 ),4(4, 1 02/r),ASH( 1,1021) ,*H(81 ), CS(3 ), SH(3), ES(3)
NP=2
lll'l=5
CH IAV=O.
RAV=O.
DOF=DFLOAT(N2-[1+l -¡p ¡
Do 101 NN=1,3
IQ=Nll+1



000815
000816
00081 7
000818
000819
000820
000821
000822
000823
000824
000825
00082ó
000827
000828
000829
000830
000831
000832
000833
000834
000835
000836
000837
000838
000839
0008/t0
000841
000842
000843
000811
000845
00084ó
000847
000848
000849
000850
000851
000852
000853
000854
000855
00085ó
000857
000858
000859
0008ó0
0008ó1
0008ó2
0008ó3
0008ó/r
0008ó5
0008ó6
0008ó7
0008ó8
000M9
000870
000871
000872
00082J
000874
000875
00087ó
000877
000878
0008æ
000880
000881
000882
000883
000884
000885
00088ó
000887
000888

P(2)=RI
SP 1=CS( Nll )
l,l(2)=NINT(SPi )
E=SP1 -DFLOAT(l{(2) )
¡F(E.1T.0.)G0 T0 330
rF(E.1T.0.5)Go T0 331
H(2)4.1(2)+1
GO T0 331

330 rF(DABS(E).1T.0.5)G0 T0 331
l{(2)=M(2)-1

331 P(1 )=DFLoAT(ll(2))
SOLD=P( 1 )
CHIOLD=0.D0
J FLAG=0
KFLAG=0
N=1
D0 1 ll=1,Nil
LFLAG=0

129

C I,I.S:THIS PART PREPARES THE DATA REAUIRED FOR THE TNITIAL SEARCH FOR CHISO
C THE INTIAL SEARCH ¡S AN ¡TERATIVE PROCEDURE IN SUCH IJAY THAT :
c cHlsa (cHA-4) > cHlso (cHA) < cHlso (cHA+4)
C THTS REPRESEI¡TS THE INITIAL GUESS FOR CHISO (CHA)
c******************************************************f**************** ****

199 IllC=-4
D0 300 l=1,3
l,t( I )=t{(2)+tNc
Y( I )=0.D0
ÂB( I )=0.00

300 INC=lNC+4
Dlll=DFLOAT(l,l(1))
Dll2=D FLoAT (l,l( 2 ) )
DO 7 I=1 -llP
B(I )=0.D0
D0 7 J=l,llP

7 ALPHA(l,J)=0.00
R=P(2)
R2=R*R
IF((JFLAG+KFLAG).8A.2) GO TO 7OO
IF(N.EA.N¡I) GO TO 7OO
D0 2 l=N1,N2
T=A(1,I)
TR=T*R
STR2=SA(1,I)*R2
D0 21 K=1,3
I ptt=l+t{(K)
S=STR2+SA( lQ, lPl{)
Fll=TR-A( IA, IPll)
FS=FN,/S
Y( K)=Y( K)+FI{*FS
AB ( K)=AB(K)+FS*T
¡ F(K-2) 21 ,?3,21

23 ALPHA<?,2) =ALPHA( 2, 2 )+T*T./s
21 CO}¡TINUE
2 CoHT¡HUE

Yl'ttN=Y(2)
l,tt'l ¡ N=l{(2)
D0 50 I=1,3,2
Yt{t NÐHIt¡1 (Yt{¡ H, Y( I ) )
I F(YlllN.Eo.Y( I ) ) tlllIN=ll( I )

50 COI¡TINUE

*****t*******************************************

IF(LFLAG.EA.1) GO TO 1

LFLAG=1
¡F(rABs0,r(z)).GT.80) G0 To 3
Go To 199

c********t**************************************************
C END OF THE INITIAL SEARCH
c**** * * **** ** ***** ********* ************ ******** ********** **

51 DDl=(Y(2)-Y(1))/4.D0
DD2=(Y(3 ) -Y(2r) /4.D0
C(3)=(DD2-DD1 )/8.00

¡F(t{r'ilN.Ea.H(2)) Go
IF(YI.IIN.EA.Y(2)) GO
l{(2)=lllllN

T0 51
T0 51



000889
000890
000891
000892
000893
000894
000895
00089ó
000897
000898
000899
000900
000901
000902
0009û3
000904
000905
00090ó
000907
000908
000909
00091 0
00091 1

000912
000913
000914
00091 s
000916
00091 7
00091 I
000919
000920
000921
000922
000923
000921
000925
00092ó
000927
000928
000929
000930
000931
000932
000933
000934
000935
00093ó
000937
000938
000939
000940
000941
000942
000913
000944
000945
00094ó
000947
000948
000949
000950
000951
000952
000953
000951
000955
00095ó
000957
000958
000959
0009ó0

rF(c(3).8a.0.00) co T0 óóó
C(2)=DD I - (DH1+Dl,l2 )*C(3)

co ro 7n
óóó CHISQR=Y(7\/DOF

Xl'l=D¡,l2
co 10 Tn

c*********************r*

C( 1 )=Y( 1 )-Dl,ll*(DD1 -Dllz*C(3) )
Xt4= - C(2) / (2.D0*C(3 ) )
cH I SaR=( C( 1 )+( C( 2 )+C(3 )*XH)*Xt{)/D0F

C I{.S:THIS PART PREPARES IHE DATA REOUIRËD FOR THE FINAL SEARCH FoR cH¡soC THE FINAL SEARCH ¡S BY DEFAULT A¡¡ 11 POINIS PARABOLIC F¡TT¡NG,C THq.JGH IT }TAY BE SET TO ANY ODD T¡I.JIIBER BY THE USERC ASI'I : CCLJNTS UHICH ARE SUBTRACTED FROil THE BASE LINE AND
C SMOOTHED OVER 9 POI¡¡TS SI,IOOTHI¡¡G CæE (SUBRCI.JTINE
C*************t*r*r*******************************¡**********

130

700 KJ=(l¡PS+1)/2
l{(KU)=l'l(2)
I Nc=- ( NPS- I )/2
Do 701 I =1 , t{PS
l,l( I )=ll(KU)+lNC
Y( I )=0.00

701 INC=lNC+1
DO 702 I=ll1,N2
T=A(1,1)
TR=T*R
STRZ=SA(1,1)*R2
I l=1
DO 721 K=1,NPS
IPll=l+Þl(K)
S=STR2+SA( Ia, IPll)
FN=TR-A( IQ,IPt'l)
FS=FN,/S
Y (K)=Y(K )+FN*FS
KÞ16=lABs(K-KU)
tF (Kt46)721 .722 .721

721 tt íKt46- 1)721 .722.721
722 A8(lI )=AB( I I i+FS*T

I I=l I+1
¡F(Klró)721 .723.721

723 ALPHA( 2, ?>:ALPí1AQ,2)+T*T/S
721 coNTtHUE
702 cot{Tt }¡uE
I.I,S:INVESTIGATTON ABOUT THE PARABOLA F¡TT¡¡¡G

D0 333 L=1,11
URITE(*,*¡r ¡q =,,1{N,, CHA = r,l,l(L),r y = r,Y(L)

333 CONTINUE-

CALL AF I T (C|(.JT, l.l, Y, NPS, KU, C, D0F, XH, EXll, CH I SQR, 0)

t************* ** * *

c

c
c
c

THEN
N I NESt'l

3.*.""$l$Íidì1.11;.idld.llii3I-i.íltllllL******************
C END OF THE FINAL SEARCH

Tn B()=-.5D0*C(2)-c(3)*DHz
ALPHA(1,1 )=C(3)
B(2)=-AB(2)
ALPHA( 1,2)=.1?5 D0*(AB(3)-AB(1 ))
DO ó0 I=1,NP
SI ( I )=DSORI(DABS(ALPHA( I, I ) ) )slL(l) = DLoc10(sl(l))
BL = DLoG10(DABS(8(¡)))
IF ((BL-slL(l)).1E. -70.D0 ) B(l)=0.D0
B(l)=B(l)/sl(l)
AM( ¡, l )=1.00

óO CONTINUE
A12L = DL0G10(DABS(ALPHA(1,2)))
IF ( (A121-srL(1)-s¡L(2))-:LE. -70.D0 ) ALpHA(1,2)=0.D0
Al'l(1,2) = ALPHA(1,2)/(SI (1)*sI(2))
AH(2,1) = Al,,l(1,2)
IF((JFLAG+KFLAG).E0.2) GO TO 99



00æó1
0009ó2
0009ó3
0009ó4
0009ó5
0009ó6
0009ó7
0009ó8
0009ó9
000970
000971
0009?"2
000923
000974
000975
000976
00092
000978
000979
000980
000981
000982
000983
00098/r
000985
00098ó
000987
000988
000989
000990
000991
000992
000993
000994
000995
00099ó
000997
000998
000999
001 000
001001
001002
001003
001 004
001005
00100ó
001007
001008
001009
001 01 0
00101 1

001012
001 013
001014
001015
00101ó
001017
001018
001019
001020
001021
001022
001 023
001 021
001 025
00102ó
0010?7
001028
001029
001030
001 031
001 032
001 033
00103/+

lFor.Eo.xr.r) G0 To 99
KFLÂG=O
I F(DABS(CH¡OLD-CHISAR ). LE.2.D-2, KFLAG=I
CH IOLD=CH I SaR
CALL TNVERT(AI.I,B,AI,SOLN, NP, O)
P( 1 )=Ðtlz+sOLtl( 1 )/SI ( 1 )
JFLAG=0
I F(DABS(P(1 )-SoLD).lE. I .D-2) JFLÂG=1
SOLD=P( I )
D0 84 J=2,tlP

84 P(J)=P(J)+SOLH(J)/SI (J)
sP1=SNGL(P(1 ))
P(J)=P(J)+soL
sP1=SNGL(P(1 )
ll(2)=ll I llT(SPill(2)=llIllT(SPi )
E=SP1 -DFLOÂT(l{(2) )

131

¡F(8.1T.0.) GO TO 30
¡F(8.1T.0.5) GO TO 31
H(2)=ll(2)+1
co To 31
rF(DABS(E).1T.0.5) c0 fO 31
l{(2)=l{(2) - I
COTT¡NUE
IF(lABS0,r(2)).cT.80) c0 T0 3
COTT I NUE
CALL_ I I,¡VERT (Al,t, B, AI, SoLt¡, ¡¡P, 2 )
Do 85 J=1,HP
P(J )=P( J )+SoLN( J )/sl ( J )

30

31

I
99

85 SIGP(J )ÐSART(DABS(AI ( J, J ),/ALPHA( J. J ) ) )
P(l )Ðü2+S0Ln( 1)/Sr (1)
GO T0 98

3 URITE (CX.JT,600) H(2)
óOO FORI,IAT('. 

"' 
ILLEGAL SHI FT" I 15)

GO TO 999
98 CO}¡T¡NUE

SH(l{N)=P(1 )
ES(NN)=SIGP( I )
DIFF=CS(NN)-P(1)
tF(P(2).GT.1.D0) Go To 103
P(2)=1 .D0lP(2)
S I GP(2)=S I GP( 2 )*P(2)**2

103 HR¡TE(qJT, 100) Ia, (P( I ),slcP( I ), I=1,NP),N,DI FF, cHIsoR
to%Ffffl(' 

-i','rr.ì',iå]¿llãl¿!to'4 " 
+- 

"F7'1 " 
R="

RAV=RAV+P(2)
CHIAV=CH IAV+CH I SOR

101 coNTtl¡uE
RAV=RÂV/3.
CHIAV=CHIAV,/3.

999 REIURN
EI¡D

c********************** ********** ** r********* * ** ****** * *** *
SUBRCXJT I NE OF T T (dJT, I.I, Y, N, KU, C, DOF, XI.I, EXI.I, CH ¡ SOR, I.IOOE

C***************tttl*****û********************************r
II'IPLTCIT REAL*8 (A-H),(O.Z)
IIITEGER CTJT

DoUBLE PRECI Slof¡ y(81 ),AH(3,3),AI (3,3), B(3). C(3 ),*xsQ, x,sA(3),DoF,xl,t, cH ¡ SaR, Exf.l
D I¡tENSIOT¡ H(81 ), L(3,3)
D0 I l=1,3
B( I )=0.D0
D0 1 J=I,3

1 L(l,J)=0
DO 2 ¡=1 ,ll
l{2=H(l)*l,l(l)
L( 1,2)=L( 1 ,2)+l,l( I )
L( 1,3)=L(1,3)+tlz
L (2,3) =L (2,3) +1,t2*l,t ( I )
L ( 3, 3 ) =L (3, 3 ) +142*)¿tz

B(1)=B(1)+Y(l)
8(2)=B(2)+Yil )*H( ¡ )

2 B(3)=B(3)+Y(I)*H2
L( 1 ,1 )=N
L(2,21=L(1 ,3)
D0 4 I=1,3
SA( I )=DSaRT(DFLOAT(L( I, I ) ) )



001 035
001 03ó
001037
001038
001 039
001 040
001041
001042
001043
001 044
001 045
001 04ó

B( I )=B( I ),/SA( I )
4 All(I,l)=1.00

D0 5 I=1,2
K=¡+1
D0 5 J=K,3

_ Al,l( l, J ¡=9¡LOAT(L( I, J) )./(SA( I )*SA(J) )
5 Al'l(J,I )=trl{( I,J)

cÂL! lNVEgT(AH,8,AI,C,3,0)
DO 7 I=1,3

7 C(I)=C(l)/sA(l)
tF(c(3).Eo.0.D0) Go ro 6ó6
X]4=-C(2) I (2.D0*c(3) )
rF(c(3).GT.0.00) GO T0 ó
C(3)=DABS(C(3) )
TJRITE(ruT,601)

ó01 FORT,TAT('0 C(3) !¡EGAT¡VE')
6 EXl,l=DSaRT(1.D0/C(3))

cH I SaR=( C( 1 )+(C(2)+C(3 )*XH)*Xl,l )/D0F
GO TO ó65

6óó CHISQR=Y(KU)/DOF
xlrÐFLoAT0'r(KJ) )

óó5 CONTINUE
¡ F(¡toDE)31,99,31

31 XSa=O.D0
DO 3 I=1 ,ll
X=DFLOAT(l.l( I ))

3 XSQ=XSQ+(Y( I )-C( 1 )- (C(2)+C(3)*X)*X)**2
XSQ=XSQ/D FLOAT (N-3)
Do 10 l=1,11

10 Y(I)=Y(l)/DoF
ItRITE((r.JT,950) (ll( I ),Y( t ), l=1 ,11),XSa

950 FoRltAT(r t,11(11,F7.3),t7.1)
9rlTE(CuT,951 )(C( I ), l=1,3)

951 FORI|AT(, , ,Ð11 .4,
99 RETURI¡

EI¡D
c*t**************************************************************

SUERCTJT I NE I I,¡VERT(A-, 8,AI NV,X, N, I.IOE )
c**i*i**********ú******t*****r*****t*r****r**********************

II,IPLICIT REALTS (A-H), (O-Z)
DCXJELE PRECt SIOIt A(3, 3 ), B(3 ),A¡ NV(3, 3 ), X(3 ), Z, At'tAX, SUM
INTEGER R(3),C(3),ROIJ,COL
D0 2 l=1,1,l
R( I )=I

2 C(l)=I
H=N-1
D0 4 I=1 ,l{
AI,|ÂX--DABS(A(R( I ), C( I ) ) )
ROiJ=I
COL=I
D0 5 L=I,N
D0 ó J=I,[
IF(DABS(A(R(L),C(J))).LE.A}IAX) GO TO 6
AHÂXÐABS(A(R(L ), C( J ) ) )
ROU=L
COL=J

ó CONT¡}¿UE
5 CONTINUE

tF(RorJ.Ea.t) G0 T0 25
l{R=R ( RO{J)
R(Rou)=ft¡ ¡ ¡
R( I )=NR

25 rF(coL.Ea-r) G0 T0 26
NC=C(COL)
C(COL )=C( I )
C( I )=NC

2ó II=l+1
D0 7 J=II,N
Z=A(R( J ), C( I ) )/A(R( I ), C( I ) )
A(R(J),C(I))=Z
DO 8 K=l I,ll

I Â(R( J),C(K) )=A(R( J ),C(K))-Z*A(R( I ),C(K) )
7 B(R(J))=B(R(J))-z*B(R( I ))
4 CONTINUE

001 047
001018
001049
001050
001051
001052
001 053
001054
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00 1 055
00105ó
001057
001058
001 059
0010ó0
001 0ó1
0010ó2
001 0ó3
001 0ó4
001065
001 0óó
00 1 067
001068
001 0ó9
001 070
001 071
001 072
001 073
001 074
001 075
001 07ó
00102
001 078
001 079
001080
001081
001 082
001 083
001084
001 085
00108ó
001087
001088
001089
001090
001091
001 092
001 093
001091
001095
00109ó
001097
001098
001099
001 1 00
001 1 01
001 102
001 103
001101
001 105
001 1 0ó
001 1 07
001 1 08



001 109
001 1 10
001111
001 I 12
001 1 13
00111/.
001 I 15
001 1 tó
001 1 17
001 1 18
001 I 19
001 120
001 121
001122
001 1 23
001121
001 I 25
001 I 26
001127
001 128
00f1æ
001 130
001 131
001 132
001 133
001134
001 135
001 13ó
001 137
001 138
001 139
001 140
001 1 41
001 142
001 113
001 11¿r
001 145
0011/+6
001117
001 148
001 149
001 1 50
001 15 1

001 1 52
001 1 53
001 1 54
001 155
001 15ó
001 157
001 1 58
001 159
001 1ó0
001 1ó1
001 162
001 163
001 1ó4
001 1ó5
001 1óó
001 1ó7
001 168
001 1ó9
001 1 70
001 1 71
001172
0011ã
001171
001 175
00117ó
001177
001 178
0011æ
001 180
001 181
001 182
001 f83

IF0ræE.Ea.f ) GO T0 98
x(c(I ) )=B(R(tl ) )/A(R(N ), c(l{ ) )
D0 9 J=l ,l{
Stll=0.D0
DO 30 L=Î,J

30 Stñ1=Stp't+A(R( N - J ), C(N - J+L ) )*X(C(I- J+L ) )
9 X ( C( N - J ) ) = ( B ( R ( l¡ - J ) ) - 5LË{ ) ¿/A ( R ( ll - J ), C ( ll - J ) )

tF(HæE.EO.o) GO To 99
98 CONTINUE

D0 11 J=l,1'l
DO f2 K=î,J

f2 B(R(K))=0.D0
8(R(J ) )=1 .D0
¡F(J.Ea.N) GO T0 17
JJ=J+l
DO 14 K=JJ,|{

14 B(R(K))=-A(R(K),C(J) )
lF(JJ.EO.ll) Go To 17
D0 15 K=JJ,ll
KK=K+1
D0 16 L=KK,ll

1ó B(R(L))=B(R(L))-8(R(K))*A(R(L),c(K))
15 coflTlNUE
iZ Atxv(cot),R(J))=B(R(N) )/A(R(N),c(N))

I=N-i
D0 18 K=1,I
StÞ{=0. D0
Do 31 L=1,K

31 grlt=SLH+A(R ( N -K), C( N - K+L ) )*AI NV(C( N-K+L ), R ( J ) )
18 AI NV( C( l¡ - K ), R( J ) ) - ( B( R ( N - K) ) - SUI'I),/A ( R ( t¡ - K ), C( l¡ -K) )
11 COXTINUE
99 RETURN

END
c** t**i**t* ttt**t*l ttt***t* * **** tt ù** *ffi*tt** *t ******* *
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¡I,IPLICIT REAL*8 (A-H), (O-Z)
C***t*tù**tttlittt****t*tlt**i**************ff *

SI,.'BR(UT I IIE STR I P(CIJT, I BL, VCH, T A, I B, I C, ID, NA, N ¡ O )
* *tt t*t** *i ** ttft t** * t* * ** t r *i* i ** * * t i ù* ù ** ù**t * **

c
c
c

i

N.B: aUADRATIC BASELINE OËFEATED. *
COIISTANT BASELI}IE SIJETRACTED. I

c*
c***** *** i************** ***** ********** *********

II,lTEGER CT.JT

D I HENS I O|¡ VCH ( 1 024 ), A(3, 3 ), E ( 3 ), F (3 ),uB ( 1 021 )
TH¡S RCTJT¡NE FITS A OUADRATIC TO THE ESLN IN THE L¡¡IITS IA,¡B,IC
AND ¡D.TI{E BSLN IS THEII SIJETR.ACTED FRC.I VCH.

l{.S:IOFSET ¡s THE oRIclN FoR THE BASE LINES ON E¡THER PEAK S¡DES

t0FsET=(IB+¡C),/2
I E=0
CHISa=0
llF=0
A(1,1)=0.
A( 1,2)=0.
A( 1,5 )=0.
A( 2,3 )=0.
A(3,3)=0.
E( 1 )=0.
E(2)=0.
E(3)=0.
ISTRT = IA
ISTP = I8
I{ATRIX ELEI,IENTS FOR THE qUAD, FIT ARE EVALUATED HERE.

11 co¡TIl¡uE

D0 1 l=lSTRT, ISTP
X=ÐFLOAT(I-I0FSET)
X=DFLOAT( I )
A(1,1)=A(1,i)+X**4
A(1,2)=A(1,2)+x**3
A(1,3)=A(1,3)+x**2
A ( 2,3 )=A( 2,3 )+X
A(3,3)=A(3,3)+1 -

c

c

c

c



001 184
001 185
001 18ó
001 187
001 188
001 189
001 190
001 191
001 192
001 t95
001 194
001 195
001 19ó
001 197
001 198
001 199
001200
001 201
001202
001203
001 204
001 205
001 206
001207
001 208
001209
001210
001 21 1

001212
001213
001214
001215
00121ó
o01217
001 218
001219
001 220
001?21
001222
001223
001224
001 225
001226
001?27
001 228
0012?9
001230
001 231
001 232
001233
001231
001235
00123ó
001237
001238
001 239
001?10
001 21 1

001212
001 243
001241
001 215
001246
001247
0012/.8

c

c

c

c

E( 1 )=E( 1 )+VCH( I )*X**2

E(2)=E(2)+VCH( I )*X

1 E(3)=E(3)+VCH(¡)
I E=l E+1
¡STRT = lC
ISTP = ID
IF(IE .LT. 2) GO TO 11
A(3,1)=A(1,3)
A(2,2)=A(1,3)
A(2,1)=A(1,2)
A(3,2 )=A( 2,3 )
SOLVE NORHAL EONS.
D=A( 1 , 1 )*(A( 2,2r* A(3,3) - 

^(3 
,2r* A(2,3) ) -A( I ,2 )*(A( 2, 1 )*A(3,3 ) -

aA(3,1 )*A(2,3) )+A( 1 ,3)*(A(2, I )*A(3,2) -A(3,1 i*A(2,2) i
D1=E( 1 )*(A(2,2)*A(3,3)-A(3,2)*A(2,3) )-^(ì,2)*(E(2)*A(3,3)-

aE (3 )*A( 2,3 ) )+A( 1, 3 )* ( E( 2)*A(3, 2 ) -E (3 )*A(2 ; 2 ) )
DZ=A( 1 .1 )1(E(2)*A(3,3) -E(3)*A(2,3) ) -E( 1 )*(A(2,1 )*A(3,3) -

aA(3,1 )*A(2,3) )+A( 1,3)*(A(2,1 )*E(3) -A(3,1 )*E(2i )
D3=A( 1 ,1 )*(A(2,2)*E(3) -A(3;2)*E(2) ) -A( I ,2)*(A(2,1 )*E(3) -

aA(3,1 )*E(2) )+E( 1 )*(A(2,1 )*A(3,2) -A(3,1 )*A(2,2) )
E(l )=D1lD
E(2>-.Ð2/D
E(3)=D3lD
AVBSL=E(3),/A(3,3)
E(3)=Ð3,/D
SUBTRÂCT BSL}I FRCI'I VCH.
ISTRT = IA
DO rr I=ISTRT,ISTP
TF(I.GT.IB.AND.I.LT.IC) GO TO 4
NF=lilF+1

t34

IF(VCH(I).NE.O) GO TO 5
CH I SQ=CHl SQ+( ( (VCH( ¡ ) -E( 1 )*X**2-E(2)*X-E(3) )**2, /1.0,
GOTO4

5 CHISa=CHISO+(((VCH(I)-E(1)*X**2-E(2)*X-E(3))**2)/VcH(l))
4 CO}IT I NUE

NFREE=NF-3
CH I SaR=CH I SA./N FREE
D0 2 l=lSTRTr ISTP
X=DFLOAT(l-IOFSET)

C X=OFLOAT( I )
IF (IBL.NE.O) GO TO 12
VCH( I )=VCH( I )-AVBSL
GOTO2

1? VCH(I )=VCH(I )-(E(1)*X**z+E(z)*X+E(3))2 CONTINUE
cr************
c
C N.B: AUAD ESLI}¿E DEFEATED.c*
c**** ** ******* ******** ******* ********* *i*** ** ***

IF (IBL.NE.O) CO TO 199
G0 TO 198

199 URITE(CX.JT,202) E(1),E(2),E(3)
202 tORllAT('_','BSL QUAD. FIT: A=',E11.1,, B=,.811.4,t C=',811.1,

GO TO 197
198 HRITE(orJT,100)AVBSL'!qq FOR!'IAT(",'CONSTAHT BASELII,tE SUBTRACTED, AVBSL="811.4)
197 IJRITE(CTJT,2OO) CHISAR
200 FORI'IAT( ' CH I SQR= ' ,811 .4)

RETURN
END



001249
001 250
001251
001 252
001 253
001254
001255
00125ó
001257
001258
001259
001260
0012ó1
001262
001 2ó3
0012ó/.
001 2ó5
0012óó
001267
001 2ó8
001 2ó9
001270
001271
001272
001273
001?74
001275
001276
0012n
001278
001?79
001 280
001281
001?82
001285
001284
001285
00128ó
001 287
001288
001289
001290
001291
001292
001 293
001291
001295
001296
001?97
001298
001 299
001300
001301
001302
001303
001301
001305
001306
00'1307
001308
001309
001310
00131 1

001312
001313
001314
00 131 5
00131ó
001317
001318
001319
001320
001321
001322

SUBROUT I NE STATS ( X, Y, Nf , N2, XBAR, Xlld'|, TVAR, SGt'lA, ALPHA3,ALPHA4 )
c************t*************r*r***r*r**rt***i***********************r********

c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

c

IHPLICIT REAL*8 (A-H), (O-Z)
SUBRCTJTINES CALLED NONE

RCX.JT¡NE CALCULATES THE HEAII AND FIRST FCUR I{CT'IENTS OF A
VARIABLE X , ¡IHEN THE FREAUENCY DISTRIBUTION OF X IS
GIVEN BY Y .
FOR DEALING IJTTH PEAKS , Y(¡) GIVE THE PEAK HEIGHT.
IF A S¡I{PLE HEAN 0F A SET X lS !¡ANTED, EACH Y(l) = 1

¡NPUT
X = THE VARTABLE
Y = THE FREOUENCY DISTRIBUT¡O|¡ 0F X
IIf . II2 ARE THE F¡RST AND LAST IIIDICES OF THE ARRAYS

(tJTPUT
XBAR = AVERÂGE VALUE OF X
XI,IOI{(I) ARE THE FIRST FCI.JR ¡IOI,IENTS OF THE DISTRIBUTION
TVAR IS THE TOTAL VAR¡ANCE
SGIIA = STANDARD DEV¡AT¡ON 0F THE l,lEAN
ALPHAS IS A I{EASURE OF SKEI.INESS
ALPHA/I IS A IIEASURE 0F PEAKEDNESS

D It'lE¡¡SION X( 1024),Y( 102/r),
1 Xttor,t(4)

DCT,JBLE PREC¡StON SLA{XY,SUHY,XBAR
}IEAN

SUIIY = 0-
SUI{XY = 0.
DO I I=l{1,N2
Sul,lY=Sil,Jl,lY+Y(¡)

1 SUl.lXY = Sul{XY + X(I) * Y(l)
XBAR = St l.lXY / SUllY

I'tcHENTS
XHCH(1) SHCTJLD BE ZERO
TVAR TS THE TOTAL VARIÂ¡¡CE
Xl,lCþl(2) = TVAR ,/ N-l ¡s THE VARIANCE 0F X

DO 3 K=l./+
SUI'iDY = Ö-
D0 2 l=ll1,N2

2 SUI{DY = SUl.lDY + (( X(I)-XBAR )**K) * Y(l)
3 Xl'lcl,l(K) = Sut'lDY ./ (SUl.lY-1)

TVAR = XI{CH(2) * ( SUI'IY - 1 )
IF THE STANDARD DEVIATION OF A SINGLE DETERI'IINATION IS
REOUIRED , TAXE DSORT ( XI.ICI,I(z) )

SGI{Â = DSoRT ( Xl,lCtl(z) ,/Sul'lY )
ALPHA3 = Xl'lOl'l(3) / ( XllCtl(z) )**1 .5

IF ALPHA 4 < 3.0 , THE DISTRIBUTIoN IS LESS PEAKED THAN GAUSSIAN
IF ÂLPHA 4 > 3.0 , THE DISTRIBUT¡ON IS I'IORE PEAKED THAN GAUSSIAN

ALPHA¿+ = XllOl.l(4) / ( Xl'l0l,l(2)**2 )
RETURII
END
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c
c
c
c

c
c

c
c

c*************i*********r************************************************* *****
SIJBRCTJT I IIE IJTFIT3 ( N,X, EX,Y,EY,A,B, EA, EB, IIJR, LIIPRNT,I.IXI T,XSO )

c**t*tit******t*t*******r***r*r**i*ûr******r****************r*************** * **
II.IPLICIT REAL*8 (A.H),(O-Z)
DIr'rElrsr0r¡ x(N),Ex(N),Y(N),EY(t{),2 U(100),V(100),r,,('100)

C RCTJTT}¡E FITS A STRA¡GHT LINE TO THE SET OF PAIRS OF POINTS
c Y(¡) , x(I) IJHEI{ THERE IS ERRoR I}¡ BOTH COORDnATES
c
C Y(l)=A+B*X(l)
c
C B THE SLOPE OF THE FITTEO L¡NE .
C VB THE VARIANCE OF 8 .
C A THE INTERCEPT OF THE FITTED LINE .
C VA THE VAR¡ANCE OF A .
c
C tlæIFIED FRCII J.H. IIILLIAI'ISON C.J.P. V46 P1845 , 19ó8
c

llF = ll-2
DO 10 I=1,N
U(l) = EX(l)*EX(l)

10 V(¡) = EY(l)*EY(l)
A=0.
B--0-



001323
001324
001325
001326
0013?7
001328
001329
001330
001531
001332
001553
001334
001335
00133ó
001337
001338
001339
001340
001341
001312
001343
001344
001315
0013¿,ó
001347
001348
001319
001350
001351
00f352
001353
001354
001355
00 1356
001357
001358
001359
001360

IT=0
11IT=lT+1

TF ( TT .GT. }IXIT ) GO TO 15
AO=A
Bo=B
SIJ = 0.
SIJX = 0.
SIJY = 0.
Do 12 l=1,N
l¡(l) = 1. / ( v(l) + B*8*U(l) )
SIJ=StJ+lJ(I)
SllX=Sl{X+t(l)*X(l)

12 SIJY = SIJY + lJ(l)*Y(I)
XBAR = SIJX ,/ S¡J
YBAR=SI{Y/SIJ
SL=0.
SlfZ = 0.
SUZX = 0.
SIÍZY = 0.
SUZZ = 0.
SIIXY = 0.
SIÍXP = 0.
D0 13 

'r;1,N
XP=X(l)-XBAR
YP=Y(l)-YBAR
llZ = tl(I) * u(I) *( V(I)*XP + B*U(I)*YP )
SL = SL + u(l)*lJ(l) * ( XP*XP*V(¡) + YP*YP*U(I) )
S!ÍXY = S[{XY + ¡,,(l) * XP * YP
Sl'¡Z=SIJZ+tlz
SUZX=SIJZX+uZ*XP
SIIZY=SUZY+tlz*YP
SIJXP=SIJXP+T¡(I)*XP

13 SII¿Z = STJZZ + llZ*llZlV(l)
B=S$ZYlSltZX
A=YBAR-B*XBAR
ZBAR=SU¿/Su
a = SHXy/B a /¡.*( SUZZ-S¡JZ*ZBAR-SIIZX + ZBAR*SIJXP )
VB=SL/(O*O)
XZ=XBAR+z.*ZBAR
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001361
0013ó2
001363
0013ó4
0013ó5
0013óó
0013ó7
0013ó8

VA = ( VB*XZ + 2.*ZBAR/Q ¡*¡2 + l./Su
IF ( DABS(B-80) .GT. .OO1*DSART(VB) )
¡F ( DABS(A-A0) .GT. .001*DSaRT(VA) )
XSQ = 0.
Do 14 I=1,N
F=A+B*X(I)
ERR=Y(l)-F

14 XSa = XSQ + ERR*ERR*IJ(I)
15 CONTINUE

EA = DSQRT( VA )

0013ó9
001370
001371
001372
001373
001374
001375
00137ó
001377
001378
001379
001380
001381
001382
001383
001384
001385
00138ó
001387
001388
001389
001390
001391
001392
001393
001391
001395
00139ó
001397

EB = DS0RT( VB )
TF(IIIR .EA. 1) HRITE(LNPRNT,lO1) A,EA,B,EB,XBAR,YBAR,XSO,NF,IT

101 FOR!,fAT <'0" 1X,2(F12.1 ,' a:- 
"t9.1),2F12.4,F12.2,218 

>

RETURN
END

c********t***************É******
suBRouT INE CUT3 ( VCH, BSL, PC,N1, N2,N1 ¡¡u, t¡zNlJ, }¡CPS, IM, CL, KK )

c****** ****** ************r**************r ******* ***********a * ** ** t *** * * *
II.IPLICIT REAL*8 (A-H), (O-Z)

c
C THIS PROGRAI.I SEARCHES FOR THE I{AXII{LA{ VALUE II,I THE ARRAY VCH

C BETIJEEN THE INDICES Nl AND }¡2. THE INDEX IJHERE THE I,IAXII.IUI'I VALUE
c occuRs Is RETURI¡ED llt lr,l.
c

Dr¡|ENSTON VCH(1024)
N1 =il1 -2N2=ll2+2
N=N2-l{1
V¡ = VCH(N1)

C FIND I.IAXIHUH VALUE AND ITS LOCAT¡ON
D0 11 l=N1,N2
IF ( VCH(I) .GE. Vl,l ) W = VCH(I)
IF ( VCH(I) .GE. VM ) Il'f = I

11 CONTINUE
C SHæTH THE PEAK AT THE HAXIHUI.I
C 7 POINT PARABOLIC SI'IOOTHING

G0 T0 1l
GO TO 11



001398
001399
001400
001401
001¿102
001403
00110/r
001 405
00140ó
001407
001408
001409
0014 1 0
00141 1

001112
001413
001414
00141 5
00141ó
001417
001418
001419
001/r20
0014¿1
001422
0011?3
001121
001425
001426
001127
001428
001129
001430
001/r31
001132
001433
001434
001135
001436
001137
001438
001439
001/r40
001141
001112
001443
001444
001445
001446
091417
001448
o01449
001450
001¿.51
001/r52
001453
001454
001 455
001456
o01157
001¿r58
001159
001460
0014ó1
001162
0014ó3
001/+ó1
001/.ó5
0011óó
001167
0014ó8
001169
001170
001¿r71

vH = ( vcH(¡l,t-3) + vcH(Ilt+3) + (vcH(¡l,t-2)+VcHill.t+2))*ó. +
2 (vcHilH-1)+vcH(IH+1))*9.+ VCH(Iil)*10. ) I 12.

c
C SET LEVEL ABOVE BASELINE FOR PEAK LTI,IITS.
c

CL = 8SL + (W-BSL)*-01*PC
IC=0

C SEARCH FOR START OF PEAK.
D0 12 I=Nl,N2
rF ( vcHil) .LT. CL ) G0 T0 10
IC=IC+1
IF ( IC .LT. NCPS )
NiNtJ = I -(NCPS-1)
co r0 15

10IC=0
12 CONT¡NUE
15 CONTINUE

JC=0
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C SEARCH FOR END OF PEAK.
D0 13 J=1.N
I=¡¡2+l-J
IF ( VCH(I) .LT. CL ) Co T0 1ó
Jc=Jc+1
IF ( JC .LT. NCPS )
H2N[J=I+(NCPS-1)
G0 T0 1/r

16JC=0
13 CONTI¡¡UE
14 CONTINUE

ll1 =N1 +2
N2=N2-2
RETURN
END

co To 12

c***************** ** **** * * *** * ******* * ********** *** * * ** ***** ********* **
SUBRCIJT I }¡E IJTDAVG ( D, E, N, ¡ lJR, LNPRI¡T,H.I,S )

c************r****rr***** t*** * ******** ************* *** * ***** ********i É*

¡T,TPLICIT REAL*8 (A-H), (O-Z)

c
c
c

DiltEl¡stoN D(1),E(1)
RCTJTINE CALCULATES THE UEIGHTED AVERAGE OF N DETERI'IINATIONS D

IJHERE THE TJEIGHTING IS INVERSELY ÁS THE VARIANCE
IF ll=1 l.E. ONLY ONE DETERI{INATIO|¡, IT Ex¡Ts UNCHANGED .

tJll = D(1)
5 = t(l)rF(N.EA.1) GoT013

Sl'lu = 0.
Sl4D = 0.

SHU THE SUll OF lHE UEIGHTS . !¡EIGHT OF THE I'IEAN = SMIJ .
D0 11 I=1,N
Stlu = SÈltJ + 1. / ( E(l)*E(l) )

11 Sl{D = SllD + D(¡) / ( E(l)*E(l) )
THE VARIANCE OF THE I,IEAN = 1. ,/ SI.ITJ .
51 SIGI.IA TNTERNAL

Sl = DSQRT ( l./SHu )

G0 T0 13

c
c

C IJÌ.I THE ¡JEIGHTED I.IEAN
ull = SIO ./. SlliJ
SllE = 0.
D0 12 I=1,N

12 sHE = St{E + ( D(I)-H.t )*( D(I)-tI't ) / ( E(I)*8(I) )
C 52 SI GI.IA EXTERNAL

s2 = DSQRT ( Sl{E / ( (N-1)*SHIJ ) )
¡F ( tuR .EO. 1 ) ltRllE ( LNPRNT,l01 ) H{,S1,52

101 FORI'IÁT ( '0 UEIGHTED l,lEAN =' F13.3,2F11 .3 )
c s THE CIJTPUT STANDARD OF ut'l .:..THE LARGER OF S1,S2 -

S = DI{AX1 ( S1,S2 )
13 COIITINUE

RETURN
END

c***********r********************************
suBRcuTlt¡E ¡llNEsl.l ( N1,N2,V,SllV )

c********** ***** *** *** ******i* * *** ** ******* **t***** * **************** *
II.IPLICIT REAL*8 (A.H), (O.Z)

C ROUT¡NE CONVOLUTES DATA SET 'V' I¡ITH SPECIFIED INTEGERS
C INPUT DATA SET 'V' , NUHEER OF DATA POINTS 'N'C CTJTPUT SI.IOOTHED DATA SET 'SI.IV'



001t+Tz
001473
001471
001475
001476
o01177
001478
001479
001480
001481
001/r82
001483
001484
001485
00148ó
001/+87
00f488
001/r89
001490
001491
001192
001493
001494
001495
00149ó
001197
001498
001/+99
001500
001501
001502
001503
001504
001 505
001 506
001 507
001 508

Dn{Eilsrô¡¡' v(1 ),sl,tv(1 )
l{1 =N1 +4
142=N2-4
Do 1 I=N1,ll1

1 SllV(I) = V(l)
D0 2I=1,11 ,ì12
vs=59.tv(¡) + 54.*(v(I-1)+v0+1)) + 39.*(v(I-2)+v0+2))

a 14.*(v(l-3)+v0+3)) - 21.*(v(I-4)+v(I+4))
2 sl'fv(t) = VS/231 .

D0 3 ¡=H2,t¡2
3 SllV(I) = V(I)

RETURN
END

c**********t*****************r**r******i****************
SUBRCT.JTI¡¡E SRCHTP (N)

c*************t***********r**************t**************
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TI{PL¡CIT REAL*8 (A-H), (O-Z)
NE=1
READ ( 9,END=/1,1Pft=l ) tlT
GO TO 7'3

70

1
73
74

c0 T0 70
I FotT-N+l )75,71 ,72
BACKSPACE 9
BACKSPACE 9
llE=2
c0 T0 70
ll8=NT-I+2
D0 81 J1=1,N8
BACKSPACE 9
GO T0 70
IF(NE.EO.1) GO TO
t¡RITE(q.JT,91 )N,NT
FORI'IAT( ' 1 SRCHTP
RETURN
END

72

81

75

91
71

001 509
001510
001511
001512

****************************************i********************

0015T3
00151/r
001515
00151ó
001517

SUBRCXJTINE GETDAT ( NRECI{ )*trt ***************tt**** ** ******** **** ** * ** * ** * * * *** * *

001518

IHPLICIT REAL*8 (A.H),19.2¡
PROGR.AI'I I.{ASTER
BYTE ANS
INTEGER TDATA(4096), ILIN, I'IARKS(4,2)
LOGICAL AUIT,/.FALSE./
coûlHo|¡ ./ DATA_A ,/ IDATA, ILIN, QUIT, ID
CCT'IMON / DATA-B / I.IARKS

001519
001520

70

LæKED FOR REC'Ió,' ,lilAx REc IS No.'16)

001521
001522
001 523
o01521
001 525
001 52ó
001527
001 528
001529
001 530
001 531
001 532
001 533
001534
001 535
001 53ó-001537
001 538
001 539
001 540
0015/r1
001512
001513
001544
001 545
0015/ró

HRt TE(ó,ó00)

GET DATA

URITE(*,*) ,Data ritt be taken frorn a fite.'
nR I TE(ó. ó1 0)
READ(5,500),ANS
hardrire an F for fite.
ANS = '10ó'0
Al{S = Al'lS .AND. '137'0
TF (ANS

<==> CALL
ELSE I F

CALL
ELSE ¡ F

CALL
ELSE

.EQ. 'T') THEN
GETAPE
(ANS .ÊA. 'F') THEII
GETFIL (NRECII)
(AIIS .EO. 'I') THEN
GET I NT

- TYPE'r,7[ncöri'ect response, try again.,
GOTOS

END IF

DISPLAY DATA

HRrTE(ó,620)
READ(5,500),ANS
ANS = ANS .AND. '157'0rF (ANS .Eo. 1lr1)_Gq Iq 6__



001547
0015¿Ì8
001549
001550
001 551
001552
001553
001554
001555
00155ó
001557
001558
001559
0015ó0
001561
001562
00r5ó3
0015ó/+
001 5ó5
00156ó
001 567
0015ó8
001569
001570
001571
001572
00f57J

c
c
c
c

CALL DISP

TTRITE DATA TO CXJTPUT FILE

IJRITE(6,6ó0)
READ(s,500) ANS
ANS = ANS .AND. '137'0IF (Al¡S .t¡8. 'Y') GO TO 6
CALL PUTDAT
GOTO 6

nR¡TE(ó,650)
READ(5,500) ANS
ANS = ANS .AND. '137'0IF (ANS .I¡E. 'Y') GO TO 5

ANALYZE DATA

cL0sE(4)
nRITE(ó,ó40)
READ(5,500) ANS
AllS = ANS .AND. '137'0
tF (ANS .EQ. 'N') GO TO 6
CALL RESANAL

EIID I F

CONT I NUE
RETURN
STOP

FORITAT(A1 )

c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

r39

00157/r
001 575
00157ó
001577
001578

6

10
c
500
600
610 *
620
ó30
640

001 579
001580
00f581
001582
001583
00158rr
001 585
001 58ó
001587
001588
001589
001590
001 591
001 592
001593
001594
001595
001 596
001 597
001 598
001599
001ó00
001601
001602
001ó03
001ó01
001ó05
001ó0ó
001ó07
001ó08

FoRl{AT(r r, rtJELcoùlE, )
FORI|AT(' ','Uhere doþõäüÂiì, ,i,üñãiË'ão'vou Hant to take the data from,', tÃDe. fiLe oi interfâce?'.f.t t.'ENTER tTlF/
FORI{AT(, ,,,lJhere cfo you Hant to taKe the data lrorn,',, tãpe, f i Ie or interf.ace?,.r/,1 ,,'.E!TÇR lI/t/11=
FoRllAT(, , , ?Dö you ¡{ant the data dì sþl.aya¡d? [Y l<cR>/N] ' ,
FORI{AT( r+r,41 ,$)
FORI{AT(' ' ,'DO YFoRl{ATa, ',,0ó iou Hant to anâtyze the data noH?tYl<cR>,/Nl
FoRl{AT(' ','ls that att the data?tYllll<cR>l ',s)
FORHAT(, t:,Do you ¡rant this data stoied? ',$)
FOR|{AT(' 

"'ls 
that alt the datä?tYlHl<cR>l 

"$)FORHAT(' t,'Do you ¡rant this data stoied? ',$)

SUBROUT INE GETF I L(NRECII)
t****************t**i*t********t**t*****************************

¡HPLICIT REAL*8 (A-H),(O-Z)
LOGICAL AU¡T
INTEGER IDATA(4096), TCH(4096), TTRANS(8), ID(4)
CHARACTERTó4 DATA(5 I 2 ), BLANK
CHARACTER*12 FILIIAI{
CHARACTER*1 ANS
coültoN / D^TA_A / IDATA, ¡LIl¿, Qulr, ¡D

END
**************t**********t**t*******************

32 IQUAD =

001ó09
001ó10
001ó1 1

ILIN=laUAD*128

OPEN (Ul¡ I T=3, F I LE=' PP.D', STATUS=' OLD', READONLY, ACCESS=' SEQUENT I AL'* ,ERR=35)

READ(3,3i0,END=42, ERR=¿rQ) ID( I ), tD(2), tD(3), ID(4)
READ(3;300;END=42,ERR=40) (IDATA(l), I=1, ILIN*8)

CHECK FOR CORRECT RECORD NI,JI'IBER.
001ó12

READ
1

46

001613
001614

c
c

c76
146

c001615

IN DATA FRCT'I AN OLD FILE

00161ó
001617
001618
001ó19
001 ó20
001621

HRITE(r,1¿Ì6), ID
FORI,IAT( ' ' ,4(3X,I l0) )FORI'IAT(
ÞtlE/*

'r$)

'r$)

117

r v^r'h ¡ \ ,-\¿^ ¡. tv t t

IRITE(*,*) (I, IDATA(I ), I=
IF(NRECN .EA. ID(1)) THEN
tJRITEITE(*,*) (I, IDATA(l ), I=1, ILIlltð)

(NRECN .EA. ID(1)) THEN
tIRITE(*. 1/rZ) NRECN, (ID( I ),1=1,4)
RI{AT(' Record foqril:'.5(1X, 110))
HRITE(*. 147) NRECN, ( ID( I ), t='t,4)

FORI.IAT(' Record fornd:',5(1X, I10))
CALL AUTCT'TARKSCALE
c0 T0 /r5

I=l,ILIH*8)

I for debugging. Too tedious for real

! more debugging stuff.



001622
001623
001624
oo16?5
001ó26
o01627
001ó28
0016æ
001ó30
001ó31
001ó32
001ó33
001634
001635
001ó3ó
o01637
001ó38
001ó39
001640
001ó¿1
001642
001ó13
001644
001ó45
001646
001ó/7
001ó18
001619
001650
001ó51
001ó52
001ó53
001ó54
001ó55
001ó56
001657
001ó58
001659
0016ó0
0016ó1
001óó2
001óó5
001óó4
001 6ó5
001óóó
001óó7
001óó8
001óó9
001ó70
001ó71
001ó72
001673
o01671
001ó75
001ó7ó
0016n
001ó78
001ó79
001ó80
001ó81
001ó82
001ó83
001ó84
001ó85
00168ó
001687
001ó88
001ó89
001690
001ó91
001692
001ó93
001ó91
001695
001ó96

35

ELSÈ
GO T0 4ó

E}¡D I F
rn¡TE(ó.650). FILt¡Atl
READ(5,500),'AHS
lF (A¡lS .EQ. ,C,.OR.ANS.EO.,cr) G0 T0 32
QUI T=.TRUE.
GO TO 45
gRnE(ó,6ó0), ILIN
READ(5,500), At¡S
lF (At¡S .EQ.,Q,.OR.At{S.Ea.'q') CH,JIT=.IRUE.
GO T0 45
uR¡TE(6,ó70), tLtN

CLOSE(3) I sqnebody had conrrented this out! (before jan90)
RÊTURN I this ctosure is i¡¡portant.

FoRI{AT(1024A4)
FOR¡IAT(4A4)
FORHAT(A)
FORI.IAT( I )
FORIIAT(A12)
FORIIAT(, ,,rllor many q{Jarters to be read? ,3)
FORI,IAT(' 'r'Error opening fite ,,4f2,, ContirxJe oF Quit ,,.(c/0)? ,,3)
FORI,iAT(, ,r,Error resding tine r,13,r. Contir¡.¡e or Quit ,,,(c/o)? r,3)
FORH.AT(, ,.,End of fi(e errcomtered at tine ,,13)
FoR!{AT(, ,,r}lafiE of fite containing dats: ,,3)

END

40

42

15

140

300
310
500
520
550
630
ó50 *
ffi *
670
680
c

c**tÈ**tti**t*tti*tt*ttff ****t***trr*rrr**********t**************
STJBRCI.JT I I¡E GET I I¡T

c* t* * ********** t*t*ttttttt**f***t t t r*** iii*****ttii***t*t****ú** t
n{PLtcIT REALTS (A-H), (0-Z)

INTEGER TDATA(409ó), ITRÂ}¡S(8)
CHARACTER*ó4 DATA(5 1 2 ), ELAI{K
CO.II{O+¡ / DATA-A ,/ IDATA, IL¡N

c
5

t
c
c
c
10

OPEN (UN I T=1, F I LE=, _TTB3 : t, STATUS= t OLD,, readon I y, ACCESS=, SEQUENT ¡ AL,
, RECORDS I ZE=ó4, BLOCKS I ZE=ó8)

DETERI{¡IIE NUHBER OF OUARTERS

r¡R r TE (6. ó30 )
READ(5,520)UAD IAAD
co To (15,15,15,15),¡oAD
G0 TO 10

ILIN=IQAD*128-1
HfllE(ó,*) 'Push READCUT on llCA.'

READ CT,JT F¡RST (BLANK) LINE

READ(1,110) ELANK

READ DATA

DO 20 l=1,lLIN
READ(1, 110,ExD=25) DATA( I )

COIIT I NUE

cLosE ( 1 )

tn¡TE(6,*) ,Read caç[ete. Fitting HCA.DAT.,

OPEN(UN I T=2, F I LE='HCA.DAT,,STATUS=, NEH, )

CO}¡VERÏ CHARACTER DATA TO IIITEGER DATA

Do 30 l=1,lLIl{
DECæE (ó/+, lOO,DATA( I )) ITRANS

Do 30 J=1,8
IDATA((l-1)*8+J) = ITRANS(J)

CO}IT I NUE

c
15

c
c
c

c
c
c

20
c
25
c

c

c
c
c

30



001697
001698
001699
001 700
001 70 I
001702
001703
001704
001705
001 70ó
001707
001 708
001 709
0017't 0
001 71 1

001712
001713
001714
001715
00171ó
001717
001718
001 71 9
001720
001721
001722
001T¿3
o01T¿4
001725
001726
001727
001728
001729
001730
001ß1
00173?
001733
001734
0017'J5
001r5ó
001737
001r58
001rJ9
001740
001741
001742
0017/r3
001711
0017/t5
001716
001747
0017/rg
001719
001750
001751
001752
001753
001754
001 755
001756
001757
001 758
001759
0017ó0
001761
001762
001763
00176t+
001765
0017óó
001767
001 7ó8
0017ó9
001n0
001771

c
c
c

c

c

c
100
110
200
520

STORE IIITEGER DATA TN I.ICA.DAT

TRITE(z,200) (IDATA(I l, l=1, ILIN*8)

cLosE(2)

RETURI¡

FoRl'lAT(8(1x,17))
FOR}IAT(Aó4)
FORI|AT(r r,8(1X, ¡7))
FORI,IAT( I )
FORI,IAT(' ',tHo¡{ mâny quarters to be read? '$)

l4r

END
C******!¡****t*t***t**i**********************t*t******************

SUBR(UTINE DISP
II,IPLICIT REAL*8 (A-H),(O-Z)

BYÏE ANS, STP
BYTE BEEP
I NTEGER IDATA(4096), I'IARKS(4, 2), ISC(2)
ccfir.toN / DATA A / IDATA, ¡LIN
ccHHoN ,/ DATA-B / ilARKS
ccr4HoN/DATA-C/lSC
co'il4o,r ./ DATAI / ¡PART
cct'f{oN / DATA-E / lX,IY,IA,lB
BEEP=7
I PART=3

IIPTS=ILIN*8

PLOTTING BEGINS HERE

c

c
c
c

99 URITE(*,*) 'Scale factor for quadrant 1 is: 'ItRITE(t;*) ,Scate factor for <iuadrants 2-3 is:'
URITE(*,*) 'Hit return to continue:'
READ(*,500) ANS

CALL SETUP
c

c

c
CALL PLOT

tnITE(ó,ó99) BEEP
URITE(ó,200), ILIN*8

RE-SCALE DATA

rJR I TE(ó,680)
FoRl,lAT(¡ uor.¡td you like to re-scate sorne of the data?',*' [Y/N I<CR>] 

"$)REAÓ(5,500),ANS
ANS = ANS .AND. '137'0
IF (ANS .EQ. ,Y'.OR.Alls.Ea. 'y' ) THEII

CALL RESCALE
CALL PLOT
tTRITE(6,699) EEEP

END IF

E¡ID OF PLOTTIT¡G POII¡TS.

cRoss- HA I RS

lA=1
IB = /+

The eight narks r¡ere read at the start or given as defautts.
Ctear text off screen.
CALL GETEXT
CALL XHAIRS
TYPE*, I|ARKS(1,1)

URITE(6,*) 'Continue (to reptot or xhairs) or StoP (dunp out
TJRTTE-(é,,é,30) _

100

c
c
c
c
c

c
c
75

,rsc(1)
, rsc(2)

c

80 of this'



001772
001773
001774
001775
001776
0017n
001r¡8
001r/9
001780
00178'l
001782
001783
001784
001785
00178ó
001787
001788
001789
001 790
001791
001792
001793
001794
001 795
001796
001797
001798
001 799
001800
001801
001802
001803
001804
001805
00180ó
001 807
001808
001809
001810

ó30 FORIIAT(' spectrun and on to the next orie)tC,/Sl<CR>l?
READ(5,500), ANS
ANS = ANS.ANO.'137,O

IF(ANS .EO,,C,.0R.ANS.EQ.rcr) THÊN
r¡RrTE (6,ó40)

FOR!4I^(,-_,r1!eptot data or X-hairs [R./Xl<CR>]? ,,$)
READ(5,500), AIIS
AllS = ANS.AND.,137rO
¡F (ANS .EQ. rRr.0R.ANS.Ea.r¡r)THEN

G0 To 100
END IF
CALL P0S(0,700)
co To 75

END IF

UP AND SHUT DOIJN GRAPH¡CS.

CALL GERASE
CALL GWlOO

CALL SORT

DO 97 l=1 ,2
DO 97 J=1.4
uRITE(ó,ó70),J, I,HARKS(J, I )

RETURII

FORMAT(' THERE T'ER,E 

"14,' 
POINTS READ.')

FORI,IAT( A )
FORI{AT( I )
FoRl,lAT(' |rl,lARKS(r,11 ,t,t,l1 ,t) = t,r1)
FORIíAT( r+',A1,$)
END

610

c
c
c
95

c

c

142

CLEAN

97

c
200
500
520
670

001 81 1

001812

'r$)

001813
001814
00181 5
00181ó
001817
001818

SUEROUTINE SETUP
¡IIIPLICIT REAL*8 (A-H), (0-Z)

r NTEGER X(1) / 0. 1023,0, 1023 /
r NTEGER '( (1) 129 ,29 ,30',30/
INTEGER XTtK(2). Y'fiK(2)/20,40/

III¡T¡ALIZE GRAPHICS

CALL GVTó40
CALL GERASE001819

001820

c
c

c
c
c

001821
001822
001823
00182/+
001825
00182ó
001827
001828
001829
001830
001831
001832
001833
001834
001835
001 836
001837
001838
001839
001840
001841
001842
001843
0018/,4
001845
0018/ró
001847

DRA1J BASEL I IIÊ

CALL PoS(0,0)
UR I TE (6,6óÔ)
CALL GDRAI.'I (0,X,Y,4)
DO 50 I=1,ó

XT¡K(1) = (I-1)*200
XTIK(2) = XTIK(1)
CALL POS(XTIK(1 ),YT¡K(1 ))
CALL L¡NE(XTrK( 1 ),yTIK( 1 ),XTtK(2),yTIK(2) )
CALL GPLoT1 (TEXT( I ), 150, 150,4)

CONTTNUE
RETURI{

FORMAT ( r 
" 

t_91, 11\, t 200' | 13x,, 400 

" 
12x,' 60t 

"13x, r800,,12x, ,1000, )
END

********** ******** ****************** ****** ***** ***** ***** *** *** *

c
50

c
óó0

** * ********* ú***i*** ****

c
SUBROUTIIIE PLOT

IiIPLICTT REALú8 (A.H), (O-Z)

¡NTEGER IDATA(409ó), ISC(z)
INTEGER l'lATRlX OF P0INTS(2,/+09ó)
II¡TEGER OLD



00T&B
001849
001850
001851
001852
001853
00185/r
001855
00185ó
001857
001858
001859
0018ó0
0018ó1
0018ó2
0018ó3
0018ó4
0018ó5
0018óó
00f8ó7
0018ó8
0018ó9
001870
001871
001872
001873
001874
0018D
00187ó
001877
001878
001879
001880
001881
001 882
001883
00188/'
001885
00188ó
001887
001888
001889
001890
001891
001892
001893
001894
001895
001896
001897
001898
001899
001900
001901
001902
001903
001904
001905
00190ó
001907
001908
001909
001 91 0
00191 1

00191 2
001913
001914
00191 5
00191 ó
00191 7
00191 I
001919
001920

col{{o}¡ / DATÂ_A / IDAÎÀ, lLl¡¡
cü{1,roil/DATA-C/lsc
COIfiOII/DATAì/¡PART
TQUAD = (ILIX;l)/I28

I F ( IPAR,T .EO. 1) THEII
¡A=1
I8 = 1

ELSE IF (IPART.EA.2) THEN
IA=2
IB = IQTJAD

ELSE
IA=1
18 = IQUAD

END IF

START PLOTING PO¡NTS.

D0 70 J=lArlB

CHOSE SCALING FACTOR

IF (J .EO. 1) THEN
K=1

ELSE
K=2

END IF

IF (J.LT, IOUAD) THEN
NPTS= 1 024

ELSE
NPTS=1 0 1 ó

END IT

743

c
c
c

6Û
c
c
c

c
c**********tt***t*****************t******************************
c

D0 70 l=0,NPTS-1
c
C CREATE }'IATRIX OF POINTS
c

INDEXI = I+l+1¡-1¡*192"

IF(ISC(K).GT.O) THEN
¡IATRIX OF PO¡NTS(2, tNDEXl )

= IDATÃ( INDEX1 )*lSC(K)+780- J*180
ELSE

I{ATRIX OF POINTS(2, INDEXl )
= IDATA( ¡NDEX1 )/IABS( ¡ SC(K) )+780- J*180

END IF

I'|ATRIx_oF_PolNTS(1, l+1+1¡-1¡*1921) = I

OFFSET DATA IF THE NIJI{BER IS TOO LARGE.

tF(ttATRlx oF PolHls(2,lNDEX1).GT.(780-(J-1)*180)) THEN
I{OP=I{ATRIX OF PO¡ I,ITS(2, INDEXl )
t{Op=}to¡ ç4gF, 180 )+ ( 780- J* tB0 )
I4ATR ¡ X-Ot-Pol NTS( 2, I )IDEXl )=l'loP

END IF

70 coHT I lluE
tlullPolltTs = ( IQUAD-1 )*1021+101ó

CÂLL GRF PLOT PO¡NTS(NI.HPOII¡TS,].{ATRIX OF POINTS)
C***t***rt*****i*ii****Trit*ìFtl*r*********ttt¡t***trt**;*t*****i**

RETUR}¡
END

c
i************t** * * **itt *** t*** * *** *** *** I * ** a* * * t * * * * * t* * *** ** * * * * * ** *
*tlti*****itt****t*i*t*t******i******t*********i*****ltt*****l**i****i
c

SUBRCIJTINE RESCALE
Ir.tPLtctT REAL*8 (A-H), (0-z)



001921
0019?2
0019ã
001924
001925
001926
001927
001928
0019æ
001930
001931
001932
001933
001934
001935
00193ó
00f937
001938
001939
001940
001911
001942
001915
001914
001915
00194ó
o0't917
001948
001919
001950
001951
001952
001953
00195¿.
001955
00195ó
001957
001958
001959
0019ó0
0019ó1
0019ó2
0019ó3
0019ó4
001965
0019óó
0019ó7
0019ó8
0019ó9
001970
001971
001972
001973
001974
0019?5
00197ó
001977
001978
001979
001980
001981
001982
001983
001984
001985
00198ó
001987
001988
001989
001990
001 991
001992

EYTE AHS
TNTEGER ISC(z)
cor4r,tot/DATAc/Isc
cor,ntor{ / DAÌAID / IPART

tRIIE(ó.t) ,+ve scate factor n¡ttpties spectrun, -ve scste factor'
fnlTEar:ri rdivides 6pect¡r¡n (bV bbs nag-of scste factor).'
väiiËi*l*í ,FiiÄt-iaõiõi-àætiéó iõ cr¡aãrant 0, secor¡d to quads 1-3.'
rn¡TEat;ti,curieñt ecste fbctors ari:',Isc(1), lsc(z)
IPART r 3
mffett,¡l 'Enter ne¡{ scate factors (integers onty, and not 0!):'
READlr,*,9¡*=10) ISC(1 ), ISC(z)
lF(lsC(1).Ea.0) ISC(1)=l
IF(lSc(2).E0.0) ISc(Z)=l

mrrE(ó,20)
FoRl,lAT(t ','Ready to re-ptot?[Yl<cR>, or l¡ to rescate] ',s)
READ(5,5OO),ANS
ANS=AI¡S.AND. , 137, O

IF (Al¡S .EQ. 'N'.oR.ANs.Eo.r¡r1 THEH
CALL GETEXT
tntTE(*,t) 'Then *e"tt change the scate factors again.'
GO T0 10

END IF

CALL GERASE
CALL GVT1OO
CALL SETUP
RETUR.N

FORITAT( 
^ 

)
END

144

500

c
*ttt*t***t*tt**t*t***t*tttt*ittt***û*******t*t****tii****t*********t* * **
it*t*t****t*tttt**tt*tt*ltt**tttùt****tt*t*tt****t****************t*+**t
c

STJBRCIJTI}¡E ERASE
¡HPLICtT REALTS (A-H), (0-Z)

BYTE CHAR,ESC,SLSH,ONE,D,ZERO,BEEP
COT.II.ION ,/ DATA D / ¡PART
ESC=27
SLSH=47
ofiE-¿9
D--100
ZER0=48

CALL GETEXT
CALL GWó40
CALL PUTCHR(ESC,5)
CALL PUTCHR(SLSH,5)
c LL PUTCI{R(OrE,5)
CÂLL PUTCHR(D,5)

IF (IPART.EA.1) THEN
¡A=600
lB=7f9
I START=1
IQUAD=1

ELSE
¡A=ó0
l8=599
I START=2
IaUAD=(ILlll+111128

END IF

D0 71 l=lA,l8
CALL POS(1,1)
cALL LIItE(0, I,1023,I )

71 CO¡T ¡ HUE



001993
001994
001995
00199ó
001997
001998
001999
002000
002001
002002
002003
002004
002005
002006
002007
002008
002009
002010
00201 I
002012
002013
002014
002015
00201ó
tr02017
002018
002019
002020
00?021
00202?
002023
00?024
002025
002026
002027
002028
002029
002030
002031
002032
002033
00203/r
002035
002036
002037
002038
002039
002040
0020/+1
002a4?
002043
002011
002045
002046
00?047
002048
002049
002050
002051
002052
002053
002054
002055
00205ó
002057
002058
002059
0020ó0
002061
002062
002063
002064
0020ó5

c

c

c

CALL PUTCHR(ESC,5)
CALL PUTCHR(SLSH,5)
CALL PUTCHR(ZERO,5)
CALL PUTCHR(D,5)

RETUR}I

END
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SUBRCI.JTINE XHAIRS
II,IPLICIT REAL*8 (A-H),(O.Z)

BYTE C
¡I¡TEGER I{ARKS(4,2)
CHARACTER LOADX(3)
coilHoN / DATA_B / l,tARKS
cct'tr'roN / DATA E / tx,tY
LoADX(1) = CHÃR(27)
LopiDx(z) = 'lt
LOADX(3) = 'f'
InITE(*,'t)'X:exit l{:mark D:detete 1-l.: goto*,goto louer mark'
tnl TE(*,*)
CALL SHOIJI'IÂRKS ( I{ARKS )
CALL GVT64O

CALL GCURSl(C,IX,IY)
CALL GW1OO
CALL GETEXT
URITE(*,*)'Xl<cR>:exit l,l:mark D:detete 1-lr:*'5-8: goto to¡ei mark'
IJRITE(*,*)
TJRITE(ó,óOO) C, IX, IY

I F( (C.E0. ,X, ).OR. (C. EQ., x, ).OR. C.EQ.13 )THEN
GOTO ó0 ! dtnp out.

ELSE I F((C.EQ.'l,l' ).OR. (C.EQ.'m' ) )THEN
CALL I'IARK
CALL GWó/t0

ELSE ¡ F((C.EQ.'D' ).OR. (C.EQ.'d' ))THEN
CALL DELETE
CALL GWó40

ELSE IF(C.EO.'1' )THEI{
CALL cVTó/rO
CALL PoS(HARKS(1,1 ),ó10)
IJR¡TE(6,700) LOADX

ELSE IF(C.EO. '2' )THE}¡
CALL GWó40
CALL POS0,iARKS(2, 1 ),ó10)
INITE(ó,700) LOADX

ELSE IF(C.EA.'3')THEN
CALL GVTó10
CALL PoS0.IARKS(3. 1 ),ó10)
IJRITE(ó,700) LOADX

ELSE IF(C.EA.'4' )THE}I
CALL GWó40
CALL PoS0'TARKS(4, 1 ),ó10)
IJRITE(ó,700) LOADX

ELSE ¡F(C.EA.'5')THEN
CALL GWó40
CALL PoS(I'|ARKS( 1,2),590)
ITRITE(ó,700) LOADX

ELSE IF(C.EO.'ó' )THEII
CALL GWó/+O
CALL PoSC'|ARKS(2, 2 ), 590)
IIRITE(6,700) LOADX

ELSE IF(C.EO.'7')THEN
CÂLL GVTó¿O

10

l********* ** ******* ** * * ****
***t*t*************

upper r¡ark 5'8: ' ,

goto upper mârk ',



-0u20ðõ

0020ó7
0020ó8
0020ó9
002070
002071
oo20T2
0020rJ
00?071
002075
o0?o76
002077
002078
002079
002080
002081
002082
002083
002084
002085
00208ó
002087
002088
002089
002090
002091
002092
002093
00?091
002095
002096
o0?t97
002098
002099
002100
0021 01
002102
002103
0021 04
0021 05
0021 0ó
0021 07
0021 08
002 1 09
0021 1 0
0021 1 1

002112
0021 13
0021 14
0021 15
0021 1ó
002117
0021 18
0021 19
0021 20
002121
002122
0021?3
002121
002125
002126
0021?7
0021 28
0021?9
002130
002131
002132
002133
002134
002135
00213ó
00?137

CALL POS0,|ARKS(3,2),590)
rRtrE(ó,700) LoåDX

ELSE IF(C.EO.'g')THEN
CALL GVTó40
CALL P0S(!{ARKS(/i,2), 590)
tntrE(ó,700) LoADx

ELSE
CåLL GWó10

END TF

G0 T0 10

RETURN

FmHAT( '+' ,t '-t ,11 ,21)
FoRltAT¡ 'ar;3A1 ,3)
END

ó0

600
700

746

**ù********** tt**** ** ** r *t rtt* r** t* ***** t * ***t** *t************** t *** t* * *

SUBR0'JT I l¡E SH$rI,ßRKS ( ¡IARKS )
IHPLtCIt REALTS (^-H),(O-Z)

I¡¡TEGER HARKS(¿.,2)
CALL GWó40
D0 20 J=1,2
D0 10 K=î,4

CALL TXT(HARKS(K, J )-5, (7-70- 180tJ ),', ^', )
CO}IT I NUE
CONT ¡ NUE
CALL GVT1OO
RETURN
END

10
20

** t ******tt***t*******ti*** t * I * *** * * *** ** * *** t * *i* * ** *itt******** * ** t * * *

Si.,BR0'JTINE I.IARK
¡HPLtCIT REAL*8 (A-H),(0-Z)

c
T}¡TEGER }IARKS(4,2)
co{r{oN/DATAI/HARKS
ccHHor{ / DATA:E / IX,¡Y,lA,lB

c
IF (IY .GE. óOO) THEII

IA=lA+1
IIARKS(¡A,l) = IX
CALL GVTó40
CALL TXT(¡X-5,590,' ^', )
CALL GWîOO

ELSE
IB=lB+1
HARKS(18,2) = IX
CALL GWó40
cALL TXT( IX-5,110,' ^ t )
CALL GVT1OO

END IF
c

RETURN
E}ID

t*tt*****i*t**ttt**t t *tttt**i * **it *t **t *t I ** * ** ** ** ** *i********** *** *
t**ûttttt **ttttt tt ttt ilttttl ttt* *ll ll*tllt*t*** t*ti *tt*it*t** tt**

STJBROUTIHE DELETE
IHPLTCIT REAL*8 (^-H), (0-Z)

BYTE ESC,SLSH,(}¡E,ZERO,D
I}¡TEGER H.ARKS(4,2),DI FF(4)
INTEGER OLD
CO+{OI{/DATAB/I{ARKS
Co|ll{ol / DATA:E / ¡X,tY,¡A,tB
ESC=27
SLSH=47
o{Ed9
zER0+8



002138
002139
0021¿r0
002111
002112
002143
002114
002115
002146
002117
002148
002149
002150
0021 51
002152
0021 53
0021 51
0021 55
002 1 5ó
002157
002158
002159
002160
0021ó1
00216?
002163
0021&
002f65
0021ó6
002167
0021ó8
0021ó9
002 1 70
00?171
002172
0021 13
00?171
002175
00?176
0021n
0021 78
002179
002180
002181
0021 82
002183
002181
0021 85
00218ó
002187
0021 88
002189
002190
002191
002192
002193
00?194
002195
00219ó
002197
002198
002199
002200
002201
00220?
002203
002?01
002205
002206
002¿07
002208

D=1 00

¡F (IY .GE. 600) THEN
J=590
DO 20 I=1,4

llDUl = II RKS(1,1)-¡X
D I FF ( I )-ABS(ilDtX,l )

COI¡T ¡ NUE

K=f

DO 30 l=?,1
IF (DIFF(I).LT.DIFF(K)) THEN

tF 0,rÂRKs(¡,1).ltE.0) K=t
END IF
CONT I NUE

OLD = IIARKS(K,1)-5
HARKS(K,1) = HARKS(4,1)
¡{ARKS(4,1) = 0
IA = IA-1

ELSE
J=410

D0 40 I=1,4
D¡ FF( ¡ )=ABS(HARKS( ¡,2) - IX)

K=1

D0 50 I=2,4
IF (DIFF(I).LT.DIFF(K)) THEN

I F(r{ARKS( ¡,2).HE.0) K=l
END IF
CONT ¡ NUE

OLD = I{ARKS(K,2>-5
l'{ARKS(K,2) = l.{ARKS(4, 2)
I{ARKS(4,2) = 0
IB = IB-1

END IF

CALL GWó40
CALL PUTCHR(ESC,5)
CALL PUTCHR(SLSH,5)
CALL PUTCHR(ONE,5)
CALL PUTCHR(D,5)
CALL TXT(OLD,J,'^')
CALL PUTCHR(ESC,5)
CALL PUTCHR(SLSH,5)
CALL PUTCHR(ZERO,5)
CALL PUTCHR(0,5)
CALL GVTlOO

RETURN
EI¡D

20
c

c

147

30

c

c

10

50

c
*** * * ** *** * t****** t** ** ***** * * * *** * *** ***** * ** r** * * ** * ***** **i ** * i ** * *
*rtt****t****t*ttt*tit*t**tit*ifittttt**tt**t*tri**t*t*r***rtr****r**t
c

S¡.JBRCÍJT I NE SORT
IHPL¡CIT REALTS (A-H), (O-Z)

TNTEGER !{ARKS(4,2)
¡HTEGER 8OTTo|{, EXCH, CURRilT, TEt{p
coill,roH / DATA_B ./ I|ARKS

D0 I=1,2

B0TT0ll = 4

c

c

c



00æ10
0022'rf
@2212
00æf 3
æ¿214
ooz21,
00221ó
ú2217
@ær8
a02219
002?20
ú¿221
oo?22?
oo22z3
002?24
oo22?5
@2226
oo?zz7
002228
00??æ
002230
002231
00223?
002233
002?y
002235
002236
002237

DO 9HILE (BOÍTOI .GT. 1)
EXCH=0
CuRRtlT=1

DO 9IIILE (CURRNT .LT. BOTTO{)

lF (xAnKS(Cl,RR)lr,I) .GÎ. tI RKS(CLnRlr+l ,I)) TllEll
IEXP = IIÂRKS(CURRNT, ¡ )
xrixs<o¡nnxr, t ¡ = únxs{alRRllT+l, I )
II RKS(CURRIT+î,I) = ÏEl{P
EXCH = OJRRNT

EXD ¡T

CuRRltT ç ctnRIT+l
EIID DO

8OTT0|{ = EXCH

EIID DO

E}ID DO

RETURN
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c

c

c
EI¡D

ci*lt*ttttñltttt*allttilttt**ti*tttùlttltt*ttttlittltt***ttttitl*l*tlt****
Sil.IBRCUTIXE ATJTO{ÂRKSCALE ..-..-

Crltt*t*tltt**rttr¡*rir-iiiIIlIIlr**r**ltrl,ttttt*tttltitÈttttllt**i*iltt*ti*
õ C"tcutate scste factor for peaks'
õ if-tt^ÈiÈ(t,ij=0, Frt in narks autqnaticatty'002238

002239
002240
002211
002212
002213
002211
o02?15
002246
002247
002218
00?219
002250
00225 1

00225?
002253
ñ2251
002255
o0??56
oozz57
002258
002259
0022ó0
æ2261
002262
00?-?63
oo?2&
00?265
0022éó
ú2267
0022ó8
002269
002270
ú2271
oo2272
00?273
002271
00?275
002?76
002?n
002278

?9i"üQËjïìóö ;pihîlE:rl'ä.:l fi:?'"ilïT:i ihÊ¡fËll
IHPLIC¡T REÂL*8 (A-H),(O-Z)
i rreoen tD^TA(4096),I{ARKs(4liç!åEå"Bffhlåóâ;:i,Â[?ÃÍì, r,,, rr,t),nox(z),oFF'ET (4)
¡ xIEGER HOll (2, 4 ),t{Y¡mKS(1, 1 )
åÊÀi;8^süöi¡Éd í lijoä;¿ i; È t2¡, s, vt't¡ x cz,/+ ), FAcToR(4 ), FsET
¡xlEGER HOll(2,4),t{Yt10
REALTS ${æTHED(IOO2,
c(I0{or{ /DAIA A,/ IDATAcoflot{ ÆAlA A/ IDATA
c!|r¡{or¡ /DAIA-B/ 

'{ARKS, 
FSE'Icol{¡{ol¡ /DAIA-B/ t{AR

ccr{40{ /DAIA-C/ ¡SC

Fird l{ox(l) srd ¡l0X(2) for first tro guadrants'
t{OX(l) = 0
I{OX(Z) = 0
öõ"ìoó J=256.78 I l,ook 8t ¡¡riddte hatf of sPectrun'
- - 

r F( ¡DATA( J i.cr.xox( 1 ) ) t{gx( 1 ):ID^IAf ! ì-. - .

i ; ì ióÂi;ii Jíi ozc j.GÌ .úóxiz) i r{ox(2 )=¡D¡r¡( ¡+1 024 )

cof¡f I lluE
D0 200 J=1,2

R(J) = DFLOåT(HoX(J))/180.
T F (R( J ) . GT . I )THEI¡

¡SC(J) ='lxf(R(J)+1)
ELSE ¡F(R(J).E4.1 )THEII

¡sc(J) = 1

er-sE irtn<¡1. Lr. l.AllD.R( J ).GT.0)rHEtl
lsC(J) = ¡NT(1./R(J))

ELSE ¡ T(R(J ).LE.O)THEI.|
ISC(J) = .l

END IF
Co}¡T ¡ NUE

l{ake s¡rpothed array for narlSing,-.if there ate rþ çxisting marks'
ü;ä ii"p.i;i Ëi"iãtt' i.'s, 

" 
¡ri''ïèt 

- 
T ¡ xes 

"-îol{., l!3.i3å}îåî: 
ñÍùe rs'

Use 21 point sÍþothing ¡lith rr¡rùers 20;21,501;502'1002
OFFSET(I) = 1

OFFSET(2) = 1025
oFtsET(3) -- 2ú7
0FFSET(4) = 30Zj

100

200

c
c
c
c

!PT



002279 I

002280 I
002281 I
fn22E? I
m22S3 I

æ?2& I
002285 I
00228ó I

002287 1300
002288 I
002289 1400
002290 1500
oi2æ1 I
ooz?f? lc
002293 lC
002291 I

oo22% I

002æ.6 I

002297 I

002298 I

002?99 I

002300 I

002301 I

002302 ló00
002303 1700
002304 I-002305 

I c
00230ó I

002307 I
002308 I

002309 I

002310 I

oo¿rr I

ooærz I

oo23r3 I
002311 1800
ooæts lçoo
00ã16 |
002317 tC
ooz¡ra lc
ooærç I
002320 I
ooz3zt I

ooz3zz I

oo¿z¡ I

oouzç I

002325 I

00232ó 1910
ooz3z7 I
002328 1920
ooãæ l93o
002330 I

oozs¡r I

oo¿¡z lc
002333 lc
ooz¡s¿ I
ooæ¡s I
00233ó I
oo233z I

ooz33s I

ooærç I
oo234o lc

. ooz¡¿l I
oozs¿z I

oozr¿E I
002344 11000
ooæ¿s I
ú2346 lc
aozvt I

oozs4a I

oozs¿ç I

002350 11100
ooz¡sl I

t F0{ARKS( 1, I ).E0.0)THEN

D0 500 K=1.4
Do 400 J=Î,'1002

S=0.
D0 300 t={¡,20

S = S + Ó¡t-ol¡(tolTA(J+oFtsET(K)+L))
COIIT¡IIUE
S{æTHED(J,K) = S/21 .

COIIT ¡ NUE
COTIT I IIUE

llorfirrdtheteftardrightside¡ninim¡mfor.each.spectrun.
iã?t'åìä'äãsièh-tiqn t io sol, nininrn in rÐrl(1,K)'
D0 7!0 K=l ,4

vxm(1,Ki = SI+FTHED(1,K)
llolt(1,K) = 1

Do óoö J=1,501- - 
I ¡tgærfiED( J,K).LT.vl'll N( 1,K) )THEN

Vt{t}¡( 1,K) = SH@THED(J,K)
lþI(1,K) = J

END IF
CONT T I¡UE

COI¡T I NUE

Risht side search frqn 1002 to 502.
D0 900 K=1,4

Vllltl(2.X) = Sl{úTHED( 1002,K)
l{ol¡(2.K) = 1002
DO 80Ö J=l002,502,-1- 

¡t(sl{æTHEo( J,K). LT.vxl N(2,K) )THEN
Vl{ltl(2,K) = SI{@THED( J,K)
lloil(Z,K) = J

E}¡D ¡ T
coilT t HUE

CO+¡T ¡ NUE

149

l!ffirtrttrffiÉrrt*Blc lF

WIN as ninim¡n rorks irrconsistently for finding mårks' Tny

Vtlix = llAX aror¡rd tloil+oFFSET+11+'10
D0 930 L=1,2
D0 920 K=1,4

Vll¡!(!,K) : 0:^ tpTD0 910'J='10,10'- 
I Ét ioÃr¡ióËrsel(r )*xox ( L, K)+1 1 ) - GT.vr{ I tl ( L, K) )THEN"ùii'ii'L;i);-iòÄi¡ïõËÈ5ifi¡¡+ls¡¡<¡,¡¡+11i !Pr
EHo It

COITTI¡UE
iFtvx¡r<l,rl.LE.o) villN(L,K)=1

CO¡T ¡ IIUE
CO¡T¡I¡UE

For each Quadrant, search out-good rnark posjti.ons, teft.ard-rì.ght
?iL-ããän.ri;ìnüi: c;liéi¡on iõ ¡r¡ere smbothed eqr¡ats FAcToRrHoN.

FACIOR(I) = FSET
FACÎOR(Z) = FSET
FACTOR(3) = FSET
TACTOR(4) = FSET
D0 1400 K=1,4

Left side. going teft.
HY'.1pKS(1.K) = ltol¡(1,K)
DO 1000 ¡+ror(1,K),1,-1- - 

¡ i is{æri¡Èo i ¡ I x i . lÉ. rlcToR ( K )rvil ¡ N ( 1, K) ) l{Yr'loRKS ( 1, K )= J

COIIT ¡ NUE

Left side, goiDg right.
t{Yr{oRKS(2;K) =-}lO}l(1,K)+1 ,oT
Do 1100 J4lo|¡(1,K)+1,501 :r
--¡ 

È i ðiæriirö i i I i i . LÉ. iecToR ( K )rw I )r ( 1, K ) ) t{Yr'loRKS ( 2, K ) = J

CO+¡T I NUE

tPf

IPT

!PT

!PT

!PT
!PT
!PT



00?352
002353
00235/r
002355
002356
002357
002358
002559
0023ó0
002361
002362
002363
0023&
0023ó5
0025óó
002367
0023ó8
o0?369
00ã70
002371
00?372
002373
002371
00?375
002376
002377
002378
002379
002380
002381
002382
002383
002384
002385
00238ó
002387

c

1200

c

Right side, going teft.
HYIIORKS(3,f) = Hsl(2,K)-I
D0 1200 J=1.{oN(2,K)-1 ,502,'1

¡ F ( SI,IæT HED ( J ; K ) . LE . FACTOR ( K )*VI'I I I¡ ( 2, K ) ) }IYHORKS (3, K ) = J
CONTTNUE

1300

1400

c
c

Right side, going right.
¡{YHORKS(4,K) = l{0ll(2,K)
D0 1300 J--r{0r¡(2,K),1002 lPT

I F ( Sl'læT HED ( J, X ) . le. f nCf OR ( K)*Vl{ I l¡ ( 2, K ) ) ilYl'loRKS ( /+, K ) = J
CONT I NUE

CONT¡IIUE
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1 500

c

NoH translate l,lYl,lORKS to ltÁRKS.
Too ouadrant is easv.
DO'1t00 K=1,4

I{ARKS(K,1) = l,lYl'loRKS(K.1) + 11
coflT I t{uE

llust firÉ best vatues frorn sßþng the other three quadrants.
I,|ARKS(1,2) = ¡rAX0,tyltoRKs(1,2),¡tyt'toRKs(1.3),|'TYHoRKS(1,4)) + 11 !PT
I'|ARKS(2;2) = r{t}t0{YHoRKS(2;2);lrYùroRKS(2,3),|'lYl.loRKs(2,4)) + 11 !PT
I{ARKS(3;Z) = HAXo,tyHoRKS(3,2),Hyt'toRKS(3,3),l,tyt{oRKs(3,4) ) + 1 l ! PT
HARKS(4;2) = l,lIH(I,|YHoRKS(4,2),l,lYl'IORKS(¿r,3),llYl'IORKS(¿.,4)) + 11 !PT

Check for no good region of basetine at at[.
¡ F (I4ARKS( 2, 2 ) . LE. IIARKS ( 1, 2 ) ) I{ARKS ( 2, 2 ) =}tARKs ( 1, 2 ) + 1

I F ( HARKS (3 ; 2 ) . GE. I{ARKS (/r, 2 ) ) I{ARKS ( 3, 2 ) =l.lARKS ( /t, 2 ) - 1

Nox narks are set. End big if and return.
END IF I***********************END BIG lF

RETURI¡
END

!PT

!PÏ



The input data to the computer program (p.119) are refereed to the following :

A-2 NOTES FOR THE COMPUTER PROGRAM

Line

r12

115

i15

115

115

118

118

Variable

i51

NDUBS

NRUNS

NCP

DIFC

RC

NRECS

TZRANL

number of doublets

number of runs to be analysed for a doublet

number of contaminant peaks

difference (in pu) between main peak and contaminant peak

ratio of contaminant peak to main peak

number of records in a run (usually 8)

= 0 for normal run

= 1 for zero shift analysis

the unchanged part of LV 
"

potential V" applied to the electrostatic analyzer (in Bishop units)

mass of light member of doublet (in mass units)

mass of heavy member of doublet (in mass units)

proportional error in ppm

standard deviation in proportional error

the unchanged part of the split voltages ôV, and ôV,

sequential record number on tape

type of match (NAF, NSF, etc.)

Description

118

118

118

118

118

118

118

t45

145

IADD

VEE

EMLT

EMFIV

PPM

EPPM

ISADD

NRECN

IT



Line

145

r45

745

145

145

Variable

CAL

BDV

SDVOi

SDVO3

MARKS

152

calibration of the signal averager

offset for ÂV" (to be added to IADD)

offset for split voltage õVt in quadrant 1 (to be added to ISADD)

offset for split voltage õV, in quadrant 3 (to be added to ISADD)

baseline marks

Description


