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Abstract:

     Gamma rays and internal conversion electrons following
the decay of 8.3d Z06MAg were studied with Ge(M) spectro-

meters and an orange type beta-ray spectrometer. Energies

and intensities of some low energy gamma rays were measured

precisely. An energy discrepancy found in previous works

was solved by using these accurateiy deterrnined gamma ray

energies and a new 1909 keV level is proposed alternativeiy.

Conversion coefficients for some weak transitions were detet-

mined from the intensity ratios of gamma rays and internal

conversion elctrons. The spin and parity of the 2952 keV
level was deterrttined to be 5+ from the observed conversion

coefficients.

     [[Wo three phonon states were suggested on the basis of

the observed gamma ray branching ratios to the low lying two

phonon states. The multipolarities of these gartuna rays

were determined from the conversion coefficients.

     New gamma rays of 69,71,80t83tl78,434,522,950,i051,1077,

ll68,1178,1349,i909 and 2077 keV were observed. Two tenta-

tive leveZs are proposed from some of these gamma rays.

     The energy of the 512 keV gamma rays was determined acc-

urately by referring to the annihilation gamma ray energy.

A problem associated with this measurement is also described

separately in Appendix.
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1. !ntroduction

                        106m     The decay of 8.3 d                            Ag has been investigated by several
authorsl-8) The iow iying ieveis of the daughter nucieus i06pd

exhibit clear vibrational mode of excitation. Experimental st-

udies of these levels have also been attained through the decay
of 106Ag (24 min),4'6) 106Rh <3o sec)1-4'6) and I06MRh (2.2 h)?)

But the most intensive inEormations including the high lying
                                            1O6rnlevels have been obtained from the decay of                                                Ag. The decay
scheme of i06rnAg proposed by Moragues et ai8) is shown in Fig.i.

                          Fig.1

The O+,2+ and 4+ triplet levels which are predicted by the sphe-

rical vibrational modellO) have been found at twice the energy

of first excited state. Spins of these levels have been well
estabzished by angular correiation measurementsl'ii) The angu-

lar correlation of the 616-512 keV cascade gamma rays show that
the 616 keV transition from the second 2+ state consist of more

than 99 g E2 multipoleP The B(E2) ratio of this 616 keV garn:na

ray to that of the ll28 keV crossover gamma ray is 37. These

facts show that these levels are almost pure vibrational ones.
                                                                12)     In .terms of the pure spherical vibrational model,Yoshizawa

pointed out the possible existences of higher phonon states for

some even nuclei on the basis of the experirnentaliy observed

gamma ray branching ratios and the selection rule for the phonon

number.
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Tn this assignment he assumed the pure E2 multipolarity for the

adopted gamma rays above 300 keV. Experimental evidence of the

Ml/E2 mixing ratio is scanty for these gamma rays. In this

sense, the assignment is not conclusive but rather tentative.

It is quite important to exemplify the higher phonon state in
such a typical sphericaz nucleus as 106pd. if the higher phonon

state as well as one and two phonon states are established,the

character of highert'•eXcited.state wiil'be predicted 'on•'thb samei --

theoretical basis.

     From the experimental viewpoint the character of the possible

higher phonon state can be studied from the accurately determined

gamrna ray branchÅ}ng ratio and Ml/E2 mixing ratio. High resolu-

tion Ge<Li) spectrometers are the useful instruments for this

type of experiment. Measurernents of conversion coefficients

provide an estimate of Ml/E2 mixing ratio.
     For the case of I06pd,,the lsss kev level is depopulated by

the 328,430 and 1046 keV gamma rays. The 328 and 430 keV garnrna
rays feed the 4+ and 2+ Zevels in the two phonon triplet ones.

The relative intensities of these garnrna rays were reported by
sorne authersf-9) But the resuzts show considerable fluctuation.

No definite conclusion was obtained for the transition multipola-

rity.
     The decay scheme proposed by Taylor et a17) is identical in

its essential point with that by Moragues et a18). Both decay

schemes are constructed mainly by using the Ritz rule and inten-

sity balance for proposed levels are satisfactory. Results of
the coincidence measurement performed by Rao and Fink6) for some

prominent gamma rays do not contradict with these level sCherne.
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Therefore,'these decay schemeS are the most reliabie ones at present.

But a relatively large deviation from Ritz rule is found in Mora-

gues's level scheme. The energy of the 680 keV gamma ray which

depopuiate the 2757 keV level in Fig.1 exceed the energy sum of

the 451 and 229 keV gamma rays by about 1 keV. This deviation

can not be limited within the quated accuracies. The deviation

is insignificant for Taylor's data but the same deviation was ob-

served in the earlier stage of present experiment in more refined

way. This gamma ray must be excluded from the assigned position,

though it feed the 2077 keV level with considerable intensity in

Moragues's level scherne. The observed discrepancy in energy is

small but critical one and requires reexamination of the transi-

tion assignments and the level scheme proposed by Moragues et al

as well as Taylor et al on the basis of more rigorous appiication

of Ritz rule.
     rnternal conversion electrons fouowing the decay of 106MAg

were measured by smith3) with a permanent magnet spectrograph

                    13)                        with a double focussing beta-ray spectro-and by Scheuer et al

meter. These measurement were made for main transitions below

l527 keV. Measurement of weak and high energy conversion elec-

trons with an orange type beta ray spectrometer in our laboratory

are able to provide further experimental data for spins and pari-
ties assignrnent of the levels in I06pd.

     In the present experirnent gamma rays and internal conversion
                                 1O6m                                     Ag were rneasured with Ge(Li)electrons foilowing the decay of

spectrometers and an eight gap orange type beta-ray spectrometer.

Energies and intensities of some low energy gamma rays were
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measured precisely by referring to the selected set of standard

gamma rays.

     The energy of the 512 keV garnma ray was measured by reffer-
ing to the energy of the annihiiation gamma ray14) From this

rneasurement the 512 keV gamma ray energy is accurately determined

without the X ray scale. In the course of this measurement a

remarkable result was obtained; the energy of annihilation gamma

ray shows considerable fluctuation depending on the material in

which positrons annihilate. Zt means a existence of a serious

problem for the measurements of nuclear gamma ray energies.

The problem is described in some length in Appendix A.
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2. Source preparation
     The s.3 d i06MAg radioisotope was produced by the I03Rh(ortn)

106rnAg reaction. rn order to reduce the 4o d 105Ag contarninationr

the bombarding alpha particZe energy was kept at about 14 MeV.

A inner target system was used Eor this porpose. Bombarding beam

currentsxtime are typically 8Å~12 and 8Å~40 va hours for a garnrna--

ray source and for a internal conversion electron source,

respectively.
         ZO6m             Ag sample used for measurements was chemically     The

separated Erom the target material by following procedure. The

bombarded Rh powder was fused with KHS04 and digested with water.

The solution was then filtered and the undissolved residue was

again treated as before, until all Rh powder was fused completely

with KHS04. The total volume of the final solution used to be 30

to 40 ml. A few ml of 1 N HN03r 1 to 2 ml 5g Hg2(N03)2 sOIUtiOn

and then an excess amount of HCI were added to the solution. The

Ag activity was coprecipitated with mercurrous chloride as collector.

     The gamma ray source were prepared by packing the precipitate

into a standard type lucite holder capsule used in our laboratory.

     Further elimination of Hg carrier and remaining Rh was

necessary to prepare carrier-free source for internal conversion

electron measurements. The precipitate was dissolved in aqua

regia. rn order to remove chloride iont a few ml of conc.HN03

was added and the solution was evapolated jvst to dryness. The

residue was dissolved into water and the coprecipitation procedure

was repeated as before. Mercurrous chloride was then sublimated
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by gentle heating while the Ag activity was not sublimated.

A carrier-free solution was obtained by dissolving the remaining

Ag activity in water.

    The solution was dryed up on a myler film to give an internal

conversion electron source. The spot size of the sources used

to be 5 to IO mm in diameter.
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3. Apparatus
3.1. Ge(Li) spectrorneters
     Gamma rays fouowing the decay of i06MAg were measured

with Ge(Li) spectrometers. Four different type ORTEC Ge(Li)

detectors and two different type electronics system were

available in separate stage of the present experiment. [Vwo

20 cc detectors < vertical type and horizontal type ) and a

30 cc detector were used in combination with a Heweiet Packard

I024 channel pulse height analyser and a 40 cc detector with a

Packard 4096 channel analyser. All these detectors are true

coaxial type. The ORTEC amplification moduZes were used in

both spectrorneters. The typical FWHM values at 512 keV are

2.i keV, 2.6 keV, 1.7 keV and 2.4 keV for 20 cc vertical typet

20 cc horizontal type, 30cc and 40 cc detector, respectively.

A bZock diagram of 20 cc spectrometer system is represented in

Fig.2. This system was used most frequently for energy

measurements.

Fig. 2

-- (8{)-



3.2. Calibration of the Ge(Li) spectrorneters

     The detection efficiency and the linearity of each spect--

rometer was calibrated by using a number of standard sources.

The garnma ray energies and intensities of the standard sources
                                             is)
used for the calibration are listed in Table l and 2, respecti-

vely.

                         Table 1

                         Table 2

     A typical example showing the overall linearity charact-

eristics are shown in Fig.3-a and Fig.3--b.

                         Fig. 3-a

                         Fig. 3-b

 .i.;Fig. 3-a show the deviation frorn linearity in the energy

region between 300 and 1350 keV while the Fig. 3-b between

1050 and 2650 keV. The dots and the open circZes show the

values obtained in separate runs. The error bars in both

Figures indicate two different type uncertainties. The length

between two horizontal bars show the quated uncertainties of

energy standard gamma rays listed in Table 1. The length above

and below the horizontai bars indicate the uncertainties in peak
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channel determination. These two plots have a sinilar pattern

though the energy region between 1050 to l350 keV is commonly

incZuded in both runs. rt indicate that the main source of

nonliniarity is in the biased amplifier plus multichannel

analyser system. A similar pattern was also observed in differ-

ent arnplifier gain parameter setting for this spectrometer.

     rt should be also noticed in Fig. 3-a and 3-b that the

energy uncertainties of standard gamma rays are Zarger than

those of peak channels even in the energy region near 700 keV.

The accurate deterrrtination of these gamma ray energies is an

urgent problem for precise calibration.

     In the 20 cc system which is used frequently for energy

rneasurement a reliable method was applied to correct the lin-

earity in the biased amplifier plus multichannel analyser

system. The method is as folZowings.

     A gamma ray pair which has an adequate energy separation

was displayed on multichannel scale at various locations and

the difference in the peak channels was measured at respective

location. This channel difference between two peak shows

systematic ehange for its location. The gain parameter of main

amplifier was kept constant during this measurernent, therefore,

the height difference of input pulses for full energy peaks

remains constant. The plot of these peak channel difference with

respect to the peak location on multichannel scale can be inter-

preted to an channel number correction curve of the muitichannel

plus biased amplifier system though the linearity of each system
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can not be known separately. The correction curves obtained by

this rnethod are represented in Fig. 4.

                         Fig. 4

These curves provide a necessary correction in channeZ number to

read the main amplifier out put pulse, i.q., input puise of

biased amplifier linearily on multichannel scale. The resultS

of correction are illustrated in Mg. 5.

                         Fig. 5

The dots show the overall deviation from the linearity and the

open circle the correction results in which the deviation due

to the main amplifier plus detector preamplifier remains still.

     The relative detection efficiency of each spectrometer

were deterrnined by using gamma-ray sources whose relative

intensities are known w'i'th' good accuracy. The gamma ray sources

which decay in 100 g cascade transitions are the most reliable

ones for this purpose.

     The sources used for detection efficiency calibration are
listed in Table 2. of these standard sources 60co, I08MAg and

                                                'l78Ta emit the gamma rays in loo ig cascade transitions. correc-

tions for internal conversion electron branchings are less than
i g for 60co and i08MAg whiie it .'auaounts to 2o g for i78Ta

214 kev transition. The valuesj for 22Na, 75se and 88y are
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taken from the literature in footnote. The relative intensities
of i33Ba gamma rays were determined in the separate experimentt6)

by referring to the 178Ta and 75se.

     The photo peak detection efficiency curve of vertical

type 20 cc detector are represented in Fig. 6.

                         Fig. 6

The relative ',vatue'; of this curve was determined by using
22Na, 60co, 75se, 88y, 108MAg and 178Ta. The 2.2 h 178Ta was

produced by bombarding alpha particles on Lu powder. The

precision of this curves is 2 to 3 g for the relative values
                                          1O8m                                l78between 200 to 750 keV where the                                   Ta and                                              Ag sources were

available. Some consideration on this resulted precision

should be described a little more. The count sum in FWTM was

taken as convenient definition of peak total count. There are

three uncertainty sources in this analysis method; statistical

fluctuation, arnbiguity in background estimation and cut off Of

peak tail. The first is negligiblY smail if the peak maximum
count is above lo4. The second is typically l g or lower

except a few peaks in low energy region. The third type

uncertainty is estimated to be about O.IX peak maximum countr

for example, to be about 2g of peak total count if ten data

points are included in FW[VM. The uncertainties were added in
2tttadpalivL2• e Th2.Iu.s".2,Q.{ utviat.touy Dv,
a total count for singie peak is ' in most cases in the precision

written above. This method is certified by some repeated
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measurements. An exarnple of result is shown in TabZe 3.

                         Table 3

     The absoZute values was obtained from 4vc standard
                 60                      65                            75           22                                     137                                        Cs calibrated at                              Se andsources of                        Zn,                   co,             Na,

Japan Radioisotope Co. The accuracies of these source strength
                      'are 5 g.

     The detection efficiency of 40 cc detector was determined
in the same way. But i78Ta was not used for this caiibration.

133Ba was used instead. zt is also represented in Fig. 7.

                         Fig. 7

The curve designated as sum was obtained by using the prominent
peak in summing peak spectrum of i06MAg source. :t is diffi-

cult to estimate the contribution of sum count in appearent

total count in a consistent way. Zt serves only as a semi

quantitative guide for the analysis of summing peak spectrum.
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3.3. Beta-ray spectrometer
     Znternal conversion slectrons were measured with an eight

gap orange type beta ray spectrorneter. Fig. 8 show the

                         Fig. 8

horizontal section of the spectrometer. The spectrometer is

                               The source to detector distance                  Copenhagen.           thatsxm-lar                of        to

is 30 cm. The best resolution obtained with a single gap is

O.8 g, while it degrade to 1.0 g with 8 gaps. The transmission

for aZl gap varies up to 8 g.

     Electrons were, detected with an antheracene crystaZ and

a 6342A photomultiplier.
     Electron energy values were calibrated by using the 137cs

K-line as 3381.0 gauss•cm. The K and L line spectrum of this

standard source are shown in Fig. 9.

                         Fig. 9

Ie is possib:e to rneasure electrons up to 4 MeV. The coil
        measured
current wasAby using a potentiometer. A simple autornatic

current scanning and count recording can also be used as an
auxi' liary equipment. A more complete describtion of the
                                             'design and performance are given in Appendix C.
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4. Measurernents
4.1. Gamma ray measurements
                                              1O6m     Three different types of measurernents for                                                  Ag gamrna

rays were performed separately in present experiment: energy

measurernents, intensity measurements and summing peak measure-

ment. Details of each measurement are described in this

section. The absolute mgasurement of 512 keV gamma ray energy
is described in Apperiet i"x A. . . ' ' -- 'r . An Examp le of gamrna ray

gpepm of fulZ energy region is shown in Mg. IO-a, -b, -c

and --d.

                         Fig. 10

As the source to detector distance was 7 crn a number of sum

peak are observed in this spectrum.

     Energies were measured by using the 20 cc spectrometer

and the 40 cc Ge(Li) spectrometer. To construct a reliable
level scheme, gamma ray energies were measured as precicEg7as

possible and the measurements were repeated a few time. The

680 keV gamma ray which was assigned as the transition from

2757 keV level to 2077 keV level show a small qiserepancy with

the energy sum of 45Z and 228 keV gamrna rays in Mbtafpaegts level
schemeg)r while no discrepancy was found in Taylores values7' ? As

the same discrepancy was found in earlier stage of present

experzment, these energy rneasurement were undertaken to check

the other energ]lrelation as widely as possible. A method of
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mixed source measurement was applied for the deterTnination

of prominent peak energies. The energy standard gama rays

were measured simulaneously. An exarnpZe of spectra for these

measurement is illustrated in Fig. 11.
                                   t.

                         Fig. IZ

AII the sources were located on the axis of coaxial type

detector so as to make the gamma rays incident to the detector

front surface to avoid possible field increment effect. :n the
                                                         1O6mcase where some standard gamma ray peaks overtap with the                                                             Ag

gamrna ray peaks,two sources were measured in separate runs.

Some other standard gamma ray peaks were included cornmonly in

both run to check the gain and base Zine drift during measurement.

For such cases, however, accurate comparison of two garnrna ray

energies is possible, as in the case of comparison measurement

of 512 keV and 511 keV garruma ray. By this mixed source measure-

ment the energy deterrnination is possible only for the prominent

peaks in the spectrum. Energies of weak garnma rays were

deterrnined by referring to the energies of these prominent peaks.

A total of 16 runs were recorded for these energy measurements

Analysest] of these spectra are described in following chapter.

     The relative intensities of low energy gamma rays were

measured mainly with the 20 cc spectrometer, whose relative

detection efficiency in this energy region is calibrated by
referring to 75se, Z08MAg and 178Ta gamma rays. The same type
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of source capsules made in our laboratory was used for I06MAg,

Z08MAg and l78Ta to cancel the absorption effect for low

energy gamma ray as well as to attain a good reproducibility of

source position. The relative intensity of 328 and 430 keV

garma rays which depopulate l558 keV ievel was measured '

repeatedly, in various geometrys. The main inforrnation on

gamma ray intensities above 1 MeV were obtained by using 40 cc

spectrometers.

     rn order to check the cascade relation in level scherne

summing peak spectrum was taken by using 40 cc spectrometer.

This rnethod provides a kind of Ge-Ge coincidence spectrum
convenientiy. A weak i06MAg seurce was set ciose to the

deteetor. An example of this spectrum is shown in Fig. 12.

                         Fig. I2
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4.2. Tnternal conversion measurements

     Znternal conversion electrons up to 1850 keV were measured

with the eight gap spectrometer. Spectra are shown in Fig.13-a

and Fig. I3-b. The purpose of the measurement are at first

to determine the weak line intensities which were not reported
by MOr•e2"g.SctA`"tconversion coefficient of the 64s kev transion

is of interest related to the spin and the parity of 2952 keV

level. Secondly the deterrnination of the conversion coef-

ficients of 328 keV and 430 keV transitions which depopulate

the l557 keV level can give the estimation of the transition

rnultipolarities in combination with the garnma ray data. The

third purpose is to determine the intensity ratio of the K

and L conversion electrons in 328 keV transition. The ratio

gives a multipolarity of the transition independent on the

gamma ray data.

                         Fig. 13 -a

                         Fig. i3-b

The capability of the orange type beta ray spectrometer to

collect a peak count in high statistics is useful for these

purposes. The sources used for the measurements were prepared

as described in chapter 2. The output pulse of the detector

were discriminated with a single channel annalyser. The

discrimination levels were chosen to give an optimum S/N

ratio. The pulse spectrum of the detected electrons with the
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antheracene crystal were monitored with a 400 channel pulse

height anaiyser during the measurements. Fluctuation in the

high voltage for phtomultiplier was; aiso monitered continu-

ousely by a pen recorder. A minor fluctuation of the back,-

ground counts due to "on and off" of the cyclotron bearn were

also checked before the measurements. A considerable counts

loss was observed for low energy electrons below 200 keV. A

correction eurves were prepared for a few values of discrimi-

nation levels by using the observed pulse height spectrum.

The counting times are, for example, 10 min and 40 min for

K and L line of the 328 keV transitions, respectively.
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5. Analyses and Results
5.i. DeterTnination of gamma ray energies and intensities

     Experimental results of the energies and intensities are
                                                          9)given in TabZe 4 together with the results of Moragues et aZ. and
Taylor et alZ)

                          Table 4

Procedure to determine these vaiues are described in this section.

     The gamma ray energies were determined by referring to the
                Nstandard garnma rays listed in TabXe l. The table is taken from

reference 15. All the energy values in the table are based on
                              l4)
the universal constants of 1965. There are two energy bases for

the standard gamma ray energies presented in the table. The

first is the positron annihilation gamma ray and the second is

the wavelength of W-Kctt X ray. The consistency of these two
                                         l'9)
energy bases is certified within 17 Å} 28 ppm. The designations

Ar B, C, and D identify these energy bases ahd the used instru-

ments.( .See footnote of the table ) A more detailed dicussion

on these two energy bases and the quated values are described

elsewhere.

     Zn order to fully utilize the capability of Ge(Li) spec.

trometer in determining the peak channel, some computer programs

were developed. The usefullness as well as the inadequacies of

these programs were checked by seme model experimentsand model

analyses. :n general the precision in peak channel determination

 '                              '                                 '                                      tt tt
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are as good as O.03 channel or 10 eV for low energy gamma rays

if the peak is isolated and has sufficient counting statistics.

The detail oE these prograTns are described in Appendix A.

     All the prominent peaks ii}(energy measurement runs were

analysed with the aid of a program STANDARD ANALYSrS in which

a simple Gaussian function is used to fit the peak profile.

The program calNculate peak channeis, linear interpolation

energies and the uncertainties in these calculations. The

deviation from linearity in the spectrometer system causes a

severe problem to deterrnine the garnma ray energies by inter-poZa-

tion. An application of polynomial least square fit is possible

to reproduce the energy standard pointsin a convenient way with

an adequate precision. rn the present experiment, hewever, this

method was not applied, because the contribution from each energy

standard are srneared out in the resulted polynomial. A graphical

correction method was applied instead. Though this method is

somewhat a tedious one, it has a merit that the relations between

the reference energies and the determined energies can be rnade

ciearer by this method than by the poXynomiaZ least square rnethod.

     :n the energy region between 220 to 660 keV where a nurnber

of accurate energy standard gamma rays are available the resulted

accuracies of the prominent gamma ray energies are, in generalr

20 to 30 eV. The energy values given in Table 4F for this energy

region are the results of weighted mean of three or four separare

runs which were measured with different spectrometers and also

in different amplifier gain parameter settings. The weights
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used here are the uncertainties in interpolation and do not

include the uncertainties in standard gamma ray energies. As

an alternative way an unweighted mean and a sarnple standard

deviation was also calculated for each line and if the standard

deviation was larger than the uncertainty given in the weighted

mean calculation the former are taken instead of the latter.

Comparison between thses two procedure are represented in Fig. 14.

                          Fig. 14

A small dot with a bar represents the measured• value in each run

and the uncertainty in interpolation which was obtained as the

guadrature sum of the uncertainty in channel and the one in

linearity correction. A large dot and a open circle indicate

the results of weighted rnean and the unweighted mean, respectiveiy.

Xn most cases the standard deviation is smaller than the weighted

uncertainty. The energy uncertainties given in the table consist

of two different type uncertainties. The first is the one

described above and the second is the one in reference energy.

A quadrature sum was not taken for this case.

     In the energy region above 700 keV where the accurate

standard gama rays are sqanty the uncertainty due to linearity
                                                             'correction becomes inevitably iarge.

     Only the promineht peak energies were determined by the

mixed sources method described above. The energies of weak gamma

rays as well as those of doublet gamma rays were determined by

      '   '
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referring to these strong gamma ray energies. The spectra for

intensity measurements were used for this purpose.
     According to the transition assignments made byMO•-ta2W9.S, ctROiSLtz

Rule was applied for main cascade and crossover transitions.

The results are represented in Table 5.

                          Table 5

Almost all the energy relations are satisfied within the quated

accuracies. Howevert a cZear discrepancy was found for the 680

keV gamma ray. The discrepancy is pointed out by adding the

estimated accuracies to the resulted energy differences in

column 5. The energies of 222 keV and 451 keV gamma rays are

the most accurate onest the sum of which clearly contradict

with that of 680 keV. rn colum 5 one more large deviation is

pointed out for the energy sum of 717 keV and 847 keV garnma rays

and the energy of 1565 keV gamma ray. A solution of these dis--

crepancies is discussed in chapter 6.

     Relative intensities of garnma rays were deterrnined by using

detection efficiency curves shown in Figs. 6 and 7. The relative

intensities of 328 and 429 keV transitions are of interest as

described in chapter l. For this purpose the detection efficiency
curve obtained from the i78Ta source is usefui. Two cascade

gamma rays of 326 and 427 kev in i78Ta can give precise relative

                                           1O6mvalues of the 328 and 429 keV gamma rays in                                               Ag. The accu-
              iracyofdetectKonefficiency-atthesegLT}Lg-rgrigsLlgtSlgtioisabOUt2g.
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The peak total counts of 429 keV gamma ray was also determined

in sarne precision. But the uncertainty in peak total counts of

328 keV gamma ray could not be reduced below 5 g because of

unfortunate Compton background due to strong 512 keV gamma ray.

The same definition of peak total count that was taken for

detection efficiency deterrnination was also adopted throughout

the intensity snalysis. The relative intensities of low energy
                                     't'Eose
gamma rays below 511 keV in Table 4 arelvwhich were determined

by this 20 cc detector. rn the energy range between 511 and

l500 keV averaged values obtained with 20 cc detector and 40 cc

detector were taken to give the resulted values in the table.

Above 1500 keV results with the 40 cc detector are given in the

table.

     Above 900 keV a nu!uber of weak were observed, as is shown

in Fig. IO. However, these line have possibility of being sum

peaks of two prominent gamma rays. The contribution of sum

peak count was estimated quantitativeZy for rnost of•these peaks

by using the branching ration of prominent gamrna rays and the

absolute deteution efficiency of the corresponding geometry.

For some weak peaks, rnore than 70 g of integrated peak count

were accounted for sums of two cascade gamma rays. These peaks

were assigned as surn peaks and were excauded from the list of

new gamma rays except a few crossover transitions of considerable

counting statistics. As a consequence more than half of these

peaks were excluded. These sum peak assignments are given in

Figs. 10 and 12.

                              --(24)--



     New garnma rays at 69, 70t 80, 83, 178, 434r 522, 949t 1077,

l168, li78, 1349, 1909, and 2077 keV were found in present experi-

ment. Weak evidences for 987 and 1419 keV gamma rays are observed.

The upper lirnit of O.03 was given for 1932 keV gamma ray after

subtraction of sum peak counts. The 2245 keV gamma ray reported

by Taylor was completely accounted for as sum peak of five cas--

cade transitions. The total count of a peak at 2077 keV which

form a doublet line with 2084 keV peak can not be accounted for

as sum peak count. A possible value is given to this gamma-ray

intensity with different upper and Zower limits.

     Suming peak spectra, an exampie of which is given in Fig.

12, were analysed only in a semi quantitative way except some

irnportant cases. Results of observation are sumarised in [Dable 6

foec direct cascade sum peaks.

                          Table 6

Peak counts are designated by p, c and w which mean prominent,

considerabZe and weakirespectiveZy. The resuits are also repre-

sented in Fig. 15.

                          Fig. IE;
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5.2. rnternal Conversion Coefficients
     Internal convension coefficients were obtained from electron

and garnma ray intensities. Eiectron intensities rneasured with

the orange type beta ray spectrometer are given in Table 7
                                        13)
together with the results of Scheg,e.asg, et al.

                         Table r7

                                          'rn present experiment the eZectron intensities below 230 keV

have an ambiguity due to counting loss. rn the energy region

between 790 and 850 keV the measurement with the orange type

beta-ray spectrometer is not able to give better values than the
previous one because of overiapping of some i51}nd L zines. rn

                                                B)these energy regions the results by Scheife'th:: et al. were adopted

to give the conversion coefficients. All the gamma-ray intensies

to calcELIate the conversion coefficients in column 4 of Table 10

were taken from colum 2 of Table 4. The values of conversion
coefficients are normalized to that of theoretical one 4.ssxzo-3

for 512 keV E2 transition to give an absolute rneasure. The

theoretical isalues in colum 5-7 are taken from the table of
Hager and selzer19) The results are also represented in Fig. 16.

                        tt tt
                         Fig. t6
                          t ttt

The conversion coefficients show that ehe 229, 45i, 645, 748

and 1572 keV transitions have an El multipolarity. All the
                      '
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other transitions show Ml and/or E2 character. The 195 and 222

keV transitions are predominant MZ in their characters. The

328, 391, 406 and 429 keV ones proved to be predominant E2 within

the quated accuracies. The E2/Ml mixing ratio were estimated

for some iow energy transitions from these conversion coefficients.

The results are shown in Table 'g-.

                         Table g

For the 328 keV transition the ratio of K and L+M conversion

electron intensities was also deterrnined with the orange type

spectrometer. The value is 5.9Å}O.4. The theoretical values

of this ratio are 7'.1 and 6.l, respectively. The fraction of

E2 multipolarity estimated from these values is also shown

in Table 9'.
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6. Levei scherne and spin and parity assignments
                                            3)
                                             . as well as     AZI the levels proposed by Moragues et al
           7>
            . are well certified by applying Ritz rule to someTaylor et al

sets of stopover and crosover ctamma rays and by observing sum

peaks whose energies correspond to level separations. Only one

exception to which np support was found in sum peak spectrum

is the 2282 keV level. But the results of application of Ritz

rule as weil as "in and out" intensity balance which is shown

Zater in this section is quite satisfactory one for this level.

Therefore no discussion is rnade about the existence of the

levels in Fig. I. The discussion in this chapter is at first

concentrated to the solution of observed energy discrepancies

for 680 and 848 keV gamma rays. Secondly, the spin and parity

assignments for some levels are discussed, a tentative proposals

of new levels being also included there.

     As seen in Table 5 the observed energy difference between

the sum energy of 229 and 451 keV gamma rays and the 680 keV

gamma ray energy provide a sufficient evidence to exclude the

680 keV gamma ray frorn the position assigned by Moragues et al.

One more large deviation in Ritz rule was observed for 848 keV

gamma ray which forms a cascade set with the 680 keV garnma ray.

rn order to make these situations more clear the level energies

were caiculated on the basis of some selected gamrna rays whose

energies were determined with the best accuracies in present

experirttent, Gamrna rays above l500 keV were not used for this

purpose not only because of their large uncertainties but also

                                                  '

                           --(28)-



because of ambiguity in standard gama rays.
     A particuiar feature of the ieveis in i06pd is shown in

Fig. 1'T.

                          Fig. srr

The figure explain the procedure to determine the level energies.

by using the gamma ray energies in Table 4. A brief explanation

is given in the caption. The resulted ievel energies have

sufficient aecuracies to examine the validity of assignments of

alZ other gamma rays, though sorne arbitrariness remain still in

the selection of gamma rays. These values are used throughout

the discussion and the possible adjustment to obtain an alterna-

tive one for cp. mpromise with other gamma rays which are not inc-

luded in Fig. 17 are not made also in later chapter. Such a

treatment is necessary to localize the remaining discrepancies

in,'.its clear forms. By this treatment the energy discrepancies

described above become more appearant.

     The 847.82 keV gamma ray can not fit to the level energy

separation of 849.l9 keV between the 2077 and l229 keV levels.

The deviation of O.37 keV can not be limited within the accuracy

of measurements. The energy of 2077 keV level is determined

from that of 2351 keV level by subtracting the 222 keV gamma

ray energy and the energies of 2351 as well as 2366 and 2306

keV levels are derterrnined frorn the mean value of three cascade

gaxnma rays and one crossover garnrna ray, as seen in Fig. i'(.
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The results are also supported by the energy of 703 plus 825 and

804 plus 825 cascade gaTnma ray pairs. Zn other wordsr the energy

of 2351 keV level is very consistent with six garnma ray energies

between 703 and 825 keV. The energy fo these garnma rays were
determined by referring mainly to that of 54Mn s34.7gs Å} o.o4o

keV gamma ray tb which that of 848 keV was aiso referred.

Therefore, the discrepancy of O.37 keV can not be accounted for

as a inadequacy of energy standard gamma ray.

     Two energy discrepancies mentioned above are not independent.

The 680 and 848 keV gamma rays are in cascade in Moragues's level

schernet therefore, a part of these discrepancies in energy cancell

each other if a new ZeveZ is proposed at slightly lower position

of 2077 keV level. But such a alternation causes a new severe

discrepancy in "in and out" intensity balance for 2077 keV level.

rn Moragues's level scherne the 2077 keV level is fed mainly by

229 and 680 keV gamma rays and depopulated mainly by the 848 keV

gamma ray. The relative intensities of 229)680 and 848 keV gamma

rays are 25, 24 and 50, respectively.

     The unique solutioni to be allowed for this situation is to

decompose the 848 keV gamma ray into double components of almost

equal intensities. A sZight broadening was observed for the

848 keV peak. The FWHM of 848 keV peak is 11.1 channel, while

that of 825 keV is 10.3. This broadening can be accounted for

neither by accidental cause nor by energy dependence of FWHM.

The fraction of intensity in each component can be estirnated

from the intensities of other garnma rays. Other possible feeding
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to be considered is the 875, 949 and 1565 KeV ones. But the

deviations of the garnma ray energy from the given energy separa-

tions are O.17, O.17 and -O.12 keV for 875, 949 and 1565 keV'

gamma rays, respectiveiy. Therefore, no evidence was found for

possible gamma ray to feed or depopulate a new level if it

loeate at slightly lower positien of 2077 keV level. One of the

alternative location of the new level is a 1909 keV level which

is fed by one component of 848 keV gamma ray and depopulated by

the 680 keV gamma ray. A new gamma ray of the energy l909.2 Å}

O.6 keV fit well to this level. Therefore, this level is

proposed by present experiment. The discussion above is summarized

as folZowing: the decomposition of 848 keV garnina ray for two

components of almost equal intensities is supported by solving

the observed energy discrepancies in'a quantitatively satisfactory

way, secondly by maintaining the intensity balance for 2077 keV

level, thirdly by observing the slight increase of FWHM of the

848 keV peak and finally by postulating a new 1909 keV level

associated with a new 1909 keV gamrna ray.

     Another weak evidences concerning the 680 keV peak should

be noticed. A slight increase of FWHM was also observed for ithe

680 keV peak, i.e. the 680 keV peak has also a possibility of

being decomposed. But the evidence alone is too weak to obtain

a conclusive result. rn addition, the situation is rather

complex as described below.

     CVwo weak sum peaks were observed at 2535 and 2520 keVr as

seen in Fig. 12. The forrner is accounted for as sum peak of
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the 451 and 2084 keV gamma rays. The quantitative agreement

including triple sum is satisfactory for this sum peak. The

latter seems to have doubZe components, one of which is the surn

peak of the 1394 and li28 keV gamma rays. The other component

can be accounted for only, at Zeast energeticallyr as the sum

peak of 680 and 1839 keV gamma rays. About 1/3'vl/5 of the

680 keV gamma ray intensity is necessary to give the observed

sum peak intensity. rt means a new level of 303i keV leveZ

depopulated by this 680 keV gamrna ray. The level has also a

possibility of being depopulated by the 748 and 1122 keV gamma

rays which terntnate at the 2283 and 1909 keV level, respectively.

But the result of inspection of the 748 and 1122 keV peaks is

inconclusive. The 680 keV gamma ray might be decomposed into

three component if it has a weak component which depopulate the

2757 keV level. The evidences described above are to weak to

obtain a definite conclusion and this problem can be solved only

by ,a moece intensive study with a instrument of higher resolution.

Therefore, the discussion to this point remains only to point

out the possibility of the 303i keV level associated with the

slight broadening of the 680 keV peak. The 680 keV gamrna ray

is assumed to be single component in later discussion.

     New gamma rays of 69, 71r 80, l78, 434, 522, 950t I051, 1077,

Z168, ll78, 1350, i909 and 2077 keV were observed in present ••

experiment. Of these gamma rays the 83, 434, 950t Z077, 1178 and

2077 keV ones are accornodated succesfully in Moragues's levei

scheme. The 1051 keV gamma ray has been observed in the decay
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of 106Ag as wen as 106iikJ.6> zt depopulate the ls62 kev level in

I06   Pd. !Vhe 522 keV gamma ray feed this level. The 433 keV gamrna

ray can also be assigned to depopuZate from this levei but it
has not been observed in the 106Ag decay. Thereforer it is not

assj"{}ied here. A tentative new level of 2759 kev is proposed.

The level is fed and depopulated by the 178 and 1349 keV gamrna

rays. But there is no other gamma ray to support this level.

One rnore tentative level is at 2016 or 2001 keV and accommodate

the 69 and 83 keV gamma ray. But the intensity balance is

unsatisfactory for this level. Other new gamma rays cannot be

successfuly acommodated ahd remain unsolved. The resuZts are

summarized in Fig. 25. The intensity balance is satisfactory

except a few tentative levels. The intensities of 847.6 and

848.2 keV gamma rays are determined to give the optirnum balance

by assuming the 680 keV gainma ray to be single component.

     The K internal conversion coefficients show that the l572
                            iand 646 keV transition have El multipolarity. As the spin of
106MAg is 6e.Oa)nd the 222 kev transition: has Ml multipolarity, the

cascade transitions of 646, 222, 1572 keV deterrnine the spins of

2084, 2306 and 2952 keV levels uniquely to be 3- t 4- and 5+,

respectively. The spin and parity of new l909 keV level is
    .
assigned as 3+, because it is fed by the 848 keV E2 transition

from the 2757 keV 5+ level and depopulated to the l229 keV 4+

ZeveZ as well as to the O+ ground state by weak branching of the

1909 keV gamma ray. The weak branching of the 2077 keV gamma

ray to the ground state shows that the 2077 keV level is fed by

                     - (33) --



the 229 keV EI

spin and parity

is assigned as

transition from the 2351 keV 4
 of 3+. The spin and'parity of
2+ in the 106Rh decay4- :6)

level and

the l562

 hasEhe

keV level
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7. Discussion
     The experimental results are compared with the prediction
                                                iO; t2.>
of the spherical vibrational model of liquid drop.                                                     The rnodel

identifys excited states of spherical nuclei with the phonon

quantum number N. The vibrational states are expected to be

located in equal energy separations with increasing N. Elec-

tromagnetic transitions are expected to take place only between
the neighbouring states for which N is unity. The first 2+

level and the second o+,2+ and 4+ levels of 106pd are identified

as the N=1 and N=2 state,respectively. The basic characteri-

stics of these levels are listed in Table 9 together with the
describtion of the sphe .ricaZ vibrational model. The conventio-

nal notations O,2,O',2' and 4 are used to identify the levels.

All the B(E2) values and their ratios have been obtained from
           . . z.t722>                                   As listed in the tablettheCoulomb excltatlon rneasurements.

basic nature of these levels are weli approxirnated by the model.

Therefore,the nature of higher excited levels can also discussed

on the basis of this model. The experimental data available

for this purpose is the branching ratios of the gama rays to

feed these levels.

     According to the model,there are five possible excited
states for N=3,the spins and parities of which are O+,2+ t3+ ,4+

and 6+. The theoretical B(E2) values from this states to the

N=2 states are represented in Fig.19.

                           Fig.19

AIZ the B(E2) values in the figure are represented with the

unit of B(E2;2-.O).
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     The levels which are depopulated through considerable

gamma-ray branching to these N=2 levels are the 1558 and Z932

keV ones. These are assigned to be N=3 states. The garnma-

ray branching ratios -and the B(E2) ratios from these l558 and

1932 keV levels are tabulated in Table 10.

                              Table IO

For the gamma rays for whiC' h'Lhe"fraCtion Of E2 component are

unknown,100g'E2 multipolarities are assumed to give the B(E2)

ratio. The spin of the 1558 keV level has been deterrnined by
                                          .ZB)an angular correlation rneasurement to be 3.                                              The theoretical

B(E2) ratio from the (T,N>=(3t3> state to the N=2 states agree

fairly well with the corresponding experimental ratio from the

Z558 keV Zevel. The evidence indicate that the spherical vibr

rational rnodel can also represent the basic nature of this level

with the phonon quantum nurnber N=3. This basic nature could

be treated on the same theoreticai basis,though the absolute

values of B(E2) are difficuZt to determine experimentally.

For the 1932 keV level,the experimental data for Ml/E2 ratio

in the 703 and 824 keV transitions are inconclusive. But

this level is depopulated dQrinih-antly.by these gamma rays.

The 1419 keV transition is very weak. The 375 keV transition

is also weak and prove to be dominant Ml in its character.
The spin and parity 6fi the 1932 keV level is assigned as 3+ or

4+ frorn the conversion coefficients. Therefore,the level is

identified as (Z,N)=<4,3) state. The 375 keV MI transition has

its origin in the configulation mixing of the particle state

in the N=3 state. The experimental B(E2) ratio are also in
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fair agreement with the corresponding theoretical one.

     No evidence was found for (I,N)=(2,3) state in the pre-
sent experiment. The 1562 keV 2+ Zevel is not assigned as

this state. The level is fed with considerable beta decay
                          4.6>                 106branching in the                    1xh decay.                                But no gamrna ray has been

found to feed the N=2 levels from the l562 keV level. The
6+ and o+ levels are not fed in the 106MAg decay. Therefore,

only the 3+ and 4+ states are able to be identified as the

possible N=3 states in the 106MAg decay. The lgog kev ievel

as well as khe 2077 keV one are not assigned as vibrational

state from the observed gamma ray branching ratios. The

crossover transition to the ground state is established for

these Zevels. It is difficult to assign N=4 states for the

level above 2200 keV frorn the observed garnma ray branching

                        - 2I)ratios. The 2084 keV 3 level has been excited in coulomb

excitation experiment and identified as the first octupole

vibrational state.
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Ng.1
Fig.2

Fig•5

Fig.4

Fig•5

Ng.6

Fig•7

Fig.8

Fig.9

  Mgure Captions

Deeay scheme of i06MAg proposed by Moragues et aie)

Block diagram of a 20 cc Ge(Li) speetrometer.

I]inearity characteristics of a•- 40 cc Ge(])i) spectro-

meter. Open circles and closed circles indicate

the values obtained in the separate runs. Error

bars indicate the sum of the uneertainties in stand-

a]?d gamma ray energY and that in peak channel. Mhe

former are indicated with the length between two

horizontal bars.

Mnearity correction curves used for the 20 cc Ge(Li)

spectrometer system.

An exampZe of corrected linearity by using the correc-

tion curve in Fig.Z"

Detection efÅíiciency of the 20 cc Ge(Li) detector

(vertical type).

Detection efficiency of the 40 cc Ge(Li) detector.

The curve designated as SUM show the detection effi-

ciency at about 5mm from-the fronis surface oÅí detector

capsule.
                                                 '
Horizontal section of an orange type beta ray spect-

rometer.

zheernai conversion line of a57cs used as calibration

standard Åíor the spectrometee.



Fig.4O

Fig.M

Fig.12

Fig.15

Fig.14

Fig.15

Fig.16

Gamma-ray spectrum of i06MAg in fuii energy range.

The source was set at 7 cm from the detector. A

number of sum peaks are observed in the spectrum.

An exampie oÅí the spectrum for energy measurement

with the mixed spectrum method.

An exampZe oÅí sumrning peak speetrum measured with

the 40 cc spectrometer.

Xnternal conversion electron spectrum obtained by

the orange type beta ray spectrometer.

Comparison oÅí the energy vaiues obtained in the

separate runs with the Ge(])i) spectrometers.

Small dots with a bar represent the result in

each measurement. I)arge dots with a bar show the

nesults of the unweighted mean with standard devia-

tion. Open circles indicate the result of the

weighted mean and their bars that oÅí uncertainties.

Of these two type uneertainties,Xhe larger ones

are adopted to give the quated uncertainties in

reable 4.

Results of the summing peak spectrum measurements.

The observed summing peak ene]?gies and their ass-

ignments are repTesented by dashed lines. Only

the summing peaks for direct cascade gamma rays

are accomodated in the figure.

Results of the internal conversion coefficients.

The values are normalized to that oÅí the 512 keV

E2 transition.



Fige17

Fig.18

IEi'ig.A9

Schematic illustration of the procedure to determine

the level energies. Only the gamma rays used to

determine the ievel. energies a?e represented in the

Åíigure. Mhe energies of these gamma rays were det-

ermined with the best accuracies in present experi-

ment. Mhe determined level energies a]?e written at

the left side of each level,while the procedures to

obtaincthe resulted values are written at the right

side of cQrbespending ievels. ibr example,the

level energy of the 1229 keV level are obtained by

subtracting the 528 keV gamma ray energy from the

1558 keV level energy which is obtained by adding

the 512,616 and 450 keV gamma ray energies. This

exemplified procedure can give a better accuraey

to the 1558 keV level energy than the procedure in

which the 717 keV gamma ray is adopted,to give the

same one. Mhe 2757 and 2952 keV level energies

are determined from the compromise one of threee-...J

cascade gamma ray pairs and a crossover gamma ray.

Decay scheme proposed in present experiment.

Mhe energies of two 848 keV gamma rays are determined

from the domebsponding ievel separation.

M6e'o"i.>ei tc-al 'B<'E2') ratios between one,two and three

phonon states.



Garnma--ray energy

     Table 1

standards used in present experiment

Parent nucleus Energy class Reference

  75    Se
 182    Ta
  75    se
 182    Ta
  75    Se
  75    se
 l82    Ta
  75    Se
 l82    Ta
 182    Ta
  75    Se
  75    se
 192    !r
 l92    rr
 l92    rr
 l33    Ba
 133    Ba
 198    Au
 l92    :r
     2   mc
 207    Bi
 228    Th
 192    Zr
 l92    Zr
 192    lr
llorn
   Ag
 137    Cs
l1Om    Ag

 66.05 Å}.Or.Ol
 84.678 Å} O.O03
 96.731 Å} O.O07
100.i02 Å} O.O02
121.IZ3 Å} O.OIO
135.998 Å} O.OIO
l79.392 Å} O.O04
lgs.6oo Å} o.o2o
222.I04 Å} O.O05
229.317 Å} O.O08
264.651 Å} O.O15
279.522 Å} O.O12
295.952 Å} O.O06
308.451 Å} O.O06
316.501 Å} O.O06
356.004 Å} O.O17
383.850 Å} O.020
411.795 Å} O.O07
468.066 Å} O.OIO
511.006 Å} O.O02
569.674 Å} O.020
583.139 Å} O.023
588.575 Å} O.O17
604.463 Å} O.Oli
612.453 Å} O.Oll
657.72 Å} O.03
661.635 Å} O.Ol9
686.83 Å} O.03

A
A
D
A
D
D

A
D
A
A
D
D
B
B

B

D
D
B
B

D
c

B

B

B
D
C

D

a
b

c
b

c

c
b

c
b
b

c

c
d
d

d

c

c

e
d
f

g
h

e
d
d
i

j

i



Table l (continued)

Parent nucleus Energy class Re ference

1

110m    Ag
1lOm    Ag
11Om    Ag
  54    im
llOm    Ag
  88    Y
110m    Ag
 207 .    Bl
  65    Zn
  60    Co
  22    Na
  60    co
llOm    Ag
  40    K
1lOm    Ag
110m    Ag
 228    Th
  88    Y
 228    Th
 228    Th

 706
 744
 763
 834
 884
 897
 937
1063
1115
1173
l274
1332
1384
1460
1475
1504
l592
1836
2IO3
2614

.

.

.

.

.

.

.

e

.

.

.

.

.

.

.

.

.

.

.

e

66

20

88

795
66

996
47

614
51

226
52

483
22
9

74

91
46

075
46

47

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

.

.

e

.

.

.

.

.

e

.

.

e

.

.

e

.

.

e

e

.

04

04

04

040
04

034
04

040
07

040
07

046
04
3

04

08

10

050
IO

10

D
D
D
D
D
D
D

D
D
C
D

c

D
D

D
D

c
D
C

c

i

i

i

g
i

g
i

g
k

e
k

e
i

e
i

i

h

g
h
h
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(1961) 649; W.F.Edwards, J.W.M.DuMond and F.Boehnt

Nuclear Physics 26 (1961) 670

U.Gruberr R.Koch, B.P.Maier and O.W.B.Schult, Z.Naturforschg.
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C.E.Bemis.Jr., Nuclear Physics A125 (1969) 217
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Gamma-ray relative

       efÅíieiency

      Table 2

 intensity standards used for detection

calibration in present experiment

Gammaray

Parent Nucleus E?2Egg Relative
!ntensity

ReÅíerence

22  Na

60  co

75se

88  Y

1osmAg

'1A55Ba

178ma

 5M
1275

1175
1552

  66
  97
 12A
 156
 499
 265
 280
 504
 4on

 898
1856

 454
 614
 722

 276
 505
 556
 584

  89
  95
 244
 526
 427

180
1OO

1OO
4OO

  1.65 Å}
  5•57 Å}
 28.0 -,Å}

 95e5 .+-
  2.4 Å}.
1OO
 42.2 Å}
  2.29 Å}
 19.5 Å}•

 95
 99

 99e1
 99.7
 99.8

 11.5 Å}
 29.5 Å}
1OO
 14.8 Å}

 67.4
 17.8
 81.5
 94.1
 97.4

O.06
O.18
•O•i.6

1.8
O.1

O.6
O.14
O.6

O.5
Oe6

O.4

a)

b)

a)

c)

d)

e)



a)

b)

c)

d)

e)

;

          ReÅíerences of Tabie 2

C. M. Lederer, J. M. Hollander and I. Perlman, Table of
Isotopes sixth Edition(Mable •5 of Appendix.1.)

W. F. Edward, J. W. M. DuMond and F. Boehm, Nucl. Phys. 2-t
(1961) 670

M. A. Wahlgren and W.W. Meinik.ei, Phys. Rev. 118(1960) 481
                                           -
H. Inoue, T. Mo'rti and Y.Yoshizawa, to be published

F.F. Felber, Jr., F. S. Stephens, Jr., and Frank Asaro, J.,
Znorg. Nuci. Chem. 2(1958)155

C. J. Gallagher, Jr. and H. L. Nielsen, Phys. Rev. Ih2-.6(1962)1525



Table 5

 Reproducibiiity of peak counts ratio

 measure-ment. the analysis method is
A178Ta source was measured with 2occ

 in separate

 described in

detector.

text.

Ganma ray
e?2E,gg

Relative value oÅí peak counts

run' 1 run 2 run 5 run 4

426.8
525.7
215.6
 95e2

A.OO
1.ng2
2.201
O.606

A.OO
1.4ZF2

2.478

-e---

4.00
1.452
2.21O
Oe626

1.00
1.451
2.198
----d-----



               Table 4
Energies 'and Relative rntensities of the Gamma Rays emitted by 1O6m  Ag

 present work

e7figg\ intensity

Moragues et al.

energy
(keV)

intensity

Taylor et ai.

energy
(keV)

mtenslty

69.0
70.3
80.I
83.2

178.2
l95.05
221.701
228.633
328.463
374e46
391.035
406.182
418.55
429.646
433.9
450.976
474.061
511.852
522e3
585.97
601.17
616.169
646.026
680.19
703.11
717.34
748.36
793.17
804.28

Å} O.4
Å} O.3
Å} O.2
Å} O.6
Å} O.5
Å} O.16
Å} O.O15
Å} O.021
Å} O.023
-+ O.13
Å} O.026
Å} O.020
Å} O.23
Å} O.022
Å} O.5
Å} O.022
Å} O.030
Å} O.OIO
Å} O.3
Å} O.10
Å} O.07
Å} O.031
Å} O.046
Å} O.10
Å} O.08
Å} O.09
Å} O.ll
Å} O. 10
Å} o.io

 5.9 Å}
 10.4 Å}
 3.9 Å}
 O.9 Å}
 O.6 Å}
 3.5 Å}
 75 Å}
 24iO Å}
 13.0 Å}
 3.0 Å}
 42 Å}
l53 Å}

 3.8 Å}
l50 Å}

 1.0 Å}
322 Å}

 10.6 Å}
1000 Å}
 1.0 Å}
 5.0 Å}
 18.4 Å}
246 Å}

 16.6 Å}
 24.9 Å}
 51 Å}
330 Å}
235 Å}

 67 Å}
l4Z Å}

1.6
1.6
O.8
O.5
O.2
O.5
3
1.1
O.6
O.4
2
4
O.7
4
O.4
8

O.6
30

O.2
1.l
1.0
7
1.1
O.9
2
9
7
3
6

194.93 Å} O.15
221.51 Å} O.10
228.53 Å} O.12
328.27 Å} O.25
375.1 Å} O.7
390.90 Å} O.20
406.00 Å} O.15
418.6 Å} O.7
429.46 Å} O.15

450.80 Å} O.20
474.2 Å} O.3
511.77 Å} O.20

586.0 Å} O.8
600.88 Å} O.25
616.05 Å} O.25
645.5 Å} 1.0
680.3 Å} O.6
703.'3 Å} O.5
717.1 Å} O.4
748.2 Å} O.3
792.8 Å} O.3
803 .9 Å} O.3

 6 83
 29
 18
 3 43
152
 7161

310
 l2
zooo

 9 23
236

 l8
 25
 52
320
227

 65
l24

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

3
8
5
3
1
3

10
3

14

l6
3

30

3'
7,

20
3
8
4

12
10
13
10

l94.8 Å} O.1
221.4
228.3
328.8
374.6
391.2
406.3
419.1
429.8

451.1
474.1
511.8

585.8 Å} O.2
601.0
616eO
645.4
679.9
702.8
717.1
748.1
793.0
804.1

 5 73
 24
 13
 2.5
 45

144

 4143

330
 12
IOOO

 4 16
232

 22
 24
 50

312
257

 64
142



808.36 Å} O.Zl
824.69 Å} O.07
847.82 Å} O.06
874.81 Å} O.18
949.52 Å} O.25
956.21 Å} O.23
986.8 Å} O.4

IO19.72 Å} O.15
1045.83 Å} O.08
1050.6 Å}O.5 N
1053.77 Å} O.21
I077.2 Å} O.5
1121.59 Å} O.18
1128.02 Å} O.07
l136.85 Å} O.19
1168e25 Å} O•25
1178.07 Å} O.21
1199.39 Å} O.IO
l222.88 Å} O.12
1349.5 Å} O.6
1394.35 Å} O.l4
1419.4 Å} O.8
1527.65 Å} O.19
l565.40 Å} O.30
1572.35 Å} O.15
1690.2 Å} O.4
1722.76 Å} O.18
i771.06 Å} O.31
1794.01 Å} O.27
1839.05 Å} O.10
1909.1 Å} O.6
Z932.5 Å} O.4
2077.3 Å} O.8

2084.0 Å} O.4

46 Å}5
l75 Å} 5
50 Å}2

 3.8 Å} O.5
 2.2 Å} O.4
 5.4 Å} O.9
  O.04

11.9 Å} 1.8
337 Å} 11
 3.0 Å} 1.5

11.0 Å} 1.6
 O.6 Å} O.2
 6.5 Å} O.7
134 Å} 6
 2.6 Å} O.3
 lel Å} Oe3
 1.3 Å} O.3
128 Å} 6
80 Å}4

 1.4 Å} O.5
17 Å}2
i' O.4 Å} O.2

186 Å} 15
 5.5 Å} O.5
75 Å}6

 O.41Å} O.07
16 Å}2

 O.46Å} O.08
 O.43Å} O.i7
23 Å}3

 O.15Å} O.05
  O.03
 O.02+ O.02
   - O.Ol
 O.19Å} O.15

807.5
824.5
847.5
875

956

1019.7
1045e7

1053

1121
1127.8

1199.1
1222.8

l394.2

1527.0
Z565
l572.1
1691
1722.1
1770
1793
1837.9

2082

Å} o.s
Å} O.3
Å} O.4
Å}2

Å}2

Å} O.8
Å} O.4

Å}3

Å}2
Å} O.5

Å} Oe6
Å} O.6

Å} 1.0

Å} 1.0
Å}2
Å} 1.0
Å}2
Å} 1.2
Å}2
Å}2
Å} 1.2

Å}2

42
160

45
 7
 8
 9
285

11

 9
106

106
61

17

l55
 8

70
 O.5

15
 O.6
 Oe6

20

Å}8
Å} 14
Å} 10

Å}3
Å}3
Å}5
Å} 25

Å}3
Å}3
Å}6

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

O.20 Å}

8
6

6

5
4
5
O.2
1
O.2
O.2
2

O.06

808.1
824.4
847.6
874.9 Å} O.2

956.3 Å} O.2

1019.5 Å} O.2
1045.6 Å} O.1

1052.6 Å} O.2

1122.3 Å} O.2
1127e9 J"
1135.8 Å} 2.0

Z199.2
1222.7

1394.2 Å} O.2

1527.4
l565.6 Å} O.3
1572.I

1722.3 Å} O.2
1770.6 Å} l.O
1793.3 Å} 1.0
l838.5

2084.2 Å} 1.0
2244.9 Å} 1.0

67
l73

43
 4
 4

le
337

12

10
130
 5

116
62

l2

161
 8

67

12
 Oe4
 O.4

18

O.2
O.2



Application of
All the energy

Ritz Rule
values are

       Table

based on the
 written in

5

 transition
keV

assignments of Moragues et ai.

Leve1

base inter-
mediate

Garnma

E i

Ray Energy

  E.
   J

sum

Ei + E.
 ]

Gamma Ray Energy

E.. zJ

Difference

Ei+Ej-E ij

o

5Z2

512

512

 512
1128

1128
Z229

 512
 5i2
 512
li28

1229

1558

2084
l557

1932
Z5S7

 511e849 +
         +
         +
 616.169 +
         +
 717.34 +
         +
         +
1045.83 +
         +
1572.35 +
 429.646 +
         +
 804e28 +
 328.463 +

         +
         +
         +

        +

 616.169 =
1565.40 F
1572.35 =
 429.646 =
1222.88 =
 328.463 =
 847.82 =
ll21.59 =
 748.358 =
 793.l7 =
 221.701 =
 374.458 =

 793.17 =
 418.55 =
 374.46 =
 793.17 =
 808e36 =
1199.39 =
i394.35 =

1128
2077
2084
1045
Z839
1045
1565
1838
1794
i839
1794
 804
1222
1222
 702
li21
IZ36
1527

1722

.O18 Å} O

.25 Å}O

.20 Å}O

.815 Å} O

.05 Å}O

.80 Å}O

.16 Å}O

.93 Å}O

.l9 Å}O

.oo Å}o

.05 Å}O

.10 Å}O

.82 Å}O

.83 Å}O

.92 Å}O
e63 Å}O
.82 Å}O
.85 Å}O
.82 Å}O

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

e

.

.

.

033
30

l5

039

Z3

10
l2

20

15

l3

15

13

11

29

l3

IO

11

12

15

1128.022 Å} O.065

2077.3 Å} O.8
2084.0 Å} O.4
1045.83 Å} O.08
l839.05 Å} O.10
I045.83 Å} O.08
l565.40 Å} O.30
1839.05 Å} O.10
1794.01 Å} O.27
1839.05 Å} O.10
1794.01 Å} O.27
 804.28 Å} O.10
l222e88 Å} O.12
1222.88 Å} O.12
 703.Zl Å} O.08
1121.59 Å} O.18
ll36.85 Å} O.i9
1527.65 Å} O.19

1722.76 Å} O.18

.o.o04
-O.05
 O.2
-O.Ol     5
 o.o
-O.03
-O.24
-- O.12
 O.18
-- O.05
 O.04
-O.18
-O.06
-O.05
-- O.19

-O.04
-O.03
+O.20

 O.06



TabZe 5 (continued)

1229

i229

l229
1229
1558

Z558

1558

1558
l932
2077

2306
2350
2366

1932

2077

2282
2757
2306

2531

2366

2757
2757
2306

2757
2757
2757

 703.11 +
        +
        +
 847.82 +
        +
1053.77 +
1527.65 +
 748.36 +
        +
 793.17 +
        +
 808.36 +
        +
1199.39 +
 824.69 +
 228.633 +

        +
 646.026
 60i.168
 585.97

 418
 824
10i9
 680
 874
 474
 195
 450
 646
 406
 601
 391
 585
 l95
 l95
 450

 646
 450
 406

 391

.

.

.

.

.

.

.

.

.

.

.

.

.

.

e

.

.

.

.

.

55

69

72

19

8Z

06

05

976
026
182
i7

035
97

05

05

976
026

976
182
035

1121
1527
1722
1528
i722
1527
1722
1199
1394
ll99
1394
1199
Z394
1394
IOZ9
 679
 874
 195
 194
 194

.

.

.

.

.

.

.

.

.

.

.

.

.

.

e

.

.

e

e

.

66

80

83

Ol

63

83

70

34

39

35

34

40

33

40

74

609

659

050

986

94

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

O.24
O.11
O.17
O.12
O.19
O.22
O.25
O.I2
O.13
O.10
O.I2
O.12
O.Z6
O.20
O.20
O.031
O.051
O.052
O.08
O.10

ll21
Z527

1722
1527
1722
1527
1722
1199
l394
1199
1394
1199
1394
1394
ZOZ9
 680
 874
 195

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

59

65

76

65

76

65

76

39

35
39

35

39

35

35

72
19

81

05

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

.

.

.

.

.

.

e

.

.

.

e

.

.

.

.

.

.

.

18

l9

18

Z9

18

19

18

11
15
11
15

ll
15

15

l5

10

18

l6

 o

 o
 o
 o
-o

 o
-o
-o
+o
-o
-o

 o
-o

 o
 o

-o

-o

 o
-o

-o

.

.

.

.

.

.

.

.

.

.

e

.

.

.

.

.

.

.

.

.

07

15

07

36Å}O.23

13

l8

06

05

04

04

Ol

Ol

02

09

02
58Å}O.12

05

oo

06

11



Observed Sum

      which

          Table 6

 peaks oÅí direct cascade gamma rays

no crossover gamma ray was found

for

Peak count

Sumpeak energy
 (keV)

XExpected Observed
 (relative)

a)

b)

   675= 451+222 540  1229= 717+512 590   n258= 808+450 18   1558 =1ou6+512 260 510        = 450 +1128 47
   a629= 406 +1125 59 170        = 825+804 80        =M99+450 55   1824 =1020+804 4.4 15        = 604 +1225 4.5        =1594+450 5.8
   1854=M57+717 1.5 17        = 808 +1046 15
   1952= 804 +1128 22   2245u 406 +1859 11 110        =1199 +1046 27        =1528+717 69
   2506= 222 +2084 O.4 O.5        =1794+512 O.18
   2551=1225 +M28 8 18        =1859+512 10
   2440= 874 +1565 O.2 11        = 604 +1859 5.2        =S94 +1046 4.9        za 1725+717 O.9   2519= 680 +1859 1.lb)
tuhe designation p, c,and w represent prominent,
and vieak, respectively.

A weak sum peak was observed at 2520 keV. Half of
can be accounted Åíor as that of indireets'                                         cascade sum
and M28 keV gamma rays. Other half is tentatively
that of this direct cascade sum.

p
p
e

p

p

c

c

p
p

c

p

p

w

considerable

  this peakcount
            1594        the     oÅí
    assigned as



Znternai Conversion Electrthn

   Table 7

!nisensities and Conversion Coefficients

Transition
  E?fiEsg

K EIeetron

Present .•L'
 Wgrk

rntensity

S cl-teLLe-v

 et al.

 Conversion

Experiment

CoeÅíficientiXl O

      eeheory

  El Ml

5

E2

 195
 222
 229
 528
 575
 59a
 406
 429
 45a
 474
 512
 586
 601
 616
 645
 680
 705
 71 7

 748
 795
 804
 808
 824
 847
4020
1046
1128
1499
1225
1595

  55 +4
      e   5.5+ O.8
  94 +6
      " 500 Å}15
 264 +45
      - 146 +8  12 '. 4b)
      -
4000 +40
      .   4b.8+ A.5
      -   9.5t A.O
 455 +5      -   a.g-+ o.6
   8.9+ 1.2
      e  17 +5      - n5I :7
  29 +5
      ,"

   2.8+ O.6
      -  61 +5      "  20 +5
      '  17 +3      pt
  10:-.-+ 2•
   1.7+' O.5
      -

  44+ 6
    ..-
 650+50
    .  67+ 8
    -p.
  52+16
    -

  98+25
    . 500+20
    - 260+20
    ' 160+15
  17+ 5
    -1OOO+40
    .

  15.+. 4

 155+15
    '

  5Ot1O
 15O"+1O

  57+ 4
    .  24+ 5
    .  40+ 4
    "d-
  12+ 5
    -  54Å} 5

  14+ 4
    -,-

  48+ 4
    d
  15+ 5
    --.
  15+ 4
    "   8+ 5
    '

60 +12     --
40.7 Å} 5.8
45"5 Å} 1.8
19.8 Å} 1.8
 8.9 Å} fi .8

10.9 Å} O.9
 9.5 Å} O.6
 8e5 -+ O.6
 2.20Å} O.15
 5•5 Å} 1.9
(4.85)
 4.6 + 1.4
     -
 2.5 +. O.5
 5.06Å} O.A4-

 O.56Å} O.18
 1.7 .+. O.5

 1.6 Å} O.5
 1.97Å} O.15
 O.60.+. O.M
 1.7 Å} O.5
 4.58Å} O.16
 1e5+.+( O;' i5

 1.sot o.as
 1.4 + O.4
     " 1.1 .+ O.5
 O.88s O.06
 O.72Å} O.42
 O.64+ O.12
     .
 0.64Å} O.45
 O.49Å} O.06

49.5
15.5
12.7
 4.8    5
 5.50
 5.05
 2e82
 2.50
 2.15
 1.92
 1.58
 1.16
 4.le
 A.05
 O.92
 O.82
 O.76
 O.75
 O.68
 O.60
 O.58
 O.57
 O.55
 O.52
 O.56
 O.55
 O.50
 O.27
 O.26
 O.205

55
57.5
55.0
15.8
 9.9
 8.8
 8.0
 7.o
 6.2
 5.5
 4.55
 5.40
 5ea5
 5.05
 2.75
 2.40
 2e20
 2.10
 1.92
 4.69
 1.65
 1.64
 1.55
 G.4•5

 O.96
 O.90
 Oe77
 O.68
 O.65
 O.49

107
 68
 62
 18.9
 12.5
 10.8
  9.66
  8.1
  7.0
  6.0
  4.85
  5.40
  5.15
  5.00
  2.65
  2.25
  2.no
  2.00
  1.80
  1.55
  1.48
  1.45
  4.40
  1.52
  O.85
  O.80
  O.68
  O.60
  O.57
  Oe44



Mable 7 (continued)

1527
1572
1725
1856

4S
 5•
 o.
 1.

Å}

1-+

9Å}

4:

2

o.7
Oe5
O.5

O.59
Oi.j2O

O.27
O.50

Å} O.06
Å} O. 05

Å} O.10
+- O.07

O.175
o.a66
O.145
O.15

O.4-O

O.58
O.5.1

O.27

O.56
O.54
o.28

O.24



Fraction

            Table

of E2 qomportent in

8

some low Energy GammaRays

 Mransition
Energy(keV)

  Fraction of
E2 Component(%)

195

222

528

575

591

406

429

O.15 + O.22
     - O.15

O.10 + O.12
     - O.10

1.o + o.o
     - O.2          a)1.0 + O.O
     - O.5

O.O + O.5
     - O.O

1.0 + O.O
     - O.4

O.9 + O.1
     - O.4

1.0 + O.O
     - O.2

a) Mhe value is cal'eulated from K/ll + M ratio
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transition property

Experimental

   result

Theoretieal
 predietion

Referenee

         E2

       ELI./E2

       E2'/E2
      Eo'/E2

    B(E2:2-.O)
    B(E2 : 2-i>O)/B
               sp
      tB(E2:2 --. 2)/B(E2:2"!pO)
B(E2 : 4- --i) 2)/B(E2 : 2 ec)

      'B(E2:O -e2)/B(E2 :• 2-)O)

      'I(D41 : 2 -) 2)/r(E2 :2e2)

    5Me9 keV

     2.40
     2.20
     2e22

(14.2+Oe8) ao-50cm4

    48

     O.96iO.15
     1.55tO.17
     2.11tO.56
     O.65iO.M

        1/200

2

2

2

2

2

2

o

a

a

a
a
b
a

e

a)

b)

c)

R.1). Robinson, F.K. McGowan, P.H. Stelson,
and R.O.Sayer, Nucl. Phys. A 124(1969) 555
D.Eccleshall, B.M. Hinds,M.J.L. Yate and N.
Nucl. Phts. 57(4962) 577
R.L. Robinson, F.K. McGowan andW.G. Smith,

W•Te Milner

Macdonald ,

Phys. Rev. M9(1960)1962
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Comparision of

 10'

B(E2) ratio

level Energy
" (keV)

    Gamma Ray

Energy Intensity
Iinaction oÅí
E2 Cornponent

B(E2)

 E)rpe

ratio

   Mheo.

1558

4952

 528

 450

1046

 575

 705

 8ou
;` l Ll- A 9

o.os66Å}o.oo46

1.0

2.24Å}O.1O

o.o21Å}o.oos

O.562Å}O.Ol7

4.0

   weak

4.o+o.o
   'Oe2
4.0+O.O
   -O.2

o.o+o.s
   -O.O

o.ssÅ}o.o7

1.0

O.026

O.O+O.16
   -o.o
O.74

1.0

O.4

1.0

o

o

O.91

1.00

o
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Appendix A

Absolute measurement of the 512 keV gamma ray energy

1. Zntroduction

     The energy of 512 keV gamma ray from the first excited
state in 106pd is very close to that of annihilation gamma

ray. Therefore, an accurate comparison measurement of energy

is possible for these gamma rays with a Ge(Li) spectrometer.

Electron rest mass energy has been determined to be 5ZZ.O06

Å} O.O02 keV frorn the ieast square adiustment of fundamental
constants in ig6sl). However, the energy difference between

this value and the annihilation gamma--ray energy has not

been established experimentally. :n order to derterrrnine the
                                                      a
energy of the 512 keV gamma ray, the energy was compares to

those of annihilation garnma rays in several materials. The

measurements were aiso aimed to obtain a reliable energy
standard gamma ray in absolute scale. A long lived 106Ru(ly)

                          d                                           1O6msource was used for this parpose instead of                                               Ag. The details

of measurements and anaZyses are described in section 2 and 3

of this Appendix, respectively. rn section 4t the results are

discussed with the description of those of previous measure-

ments which have aimed to deterrttine accurate energies of

nuclear gama rays.

- (Al)-



2. Measurements

     The energy of 512 keV gamma ray was measured relative

to the annihilation gamma ray energy. As is often experienced

in laboratory works, the spectral peak of annihilation gamma ray

show considerable Zine broadening due to Doppler shift arising

from electron and/or positron or positronium velocity at annhi-

lation. Moreover, the broadening width and peak center seems

to fluctuate depending on annihilating materials. Because of

these effects which might lead to indefinitness of peak centert

the annihilation gamma ray has not been used as a precise

energy standard. However, the recent progress of the Ge(l]i)

spectrometer make it possible to observe these effect in a

rather quantitative way.

     With the aim of rnaking precise energy comparison measure-

ment of 512 keV garnma ray and the annihilation oner a number

of annihilation garnma ray sources of different annihilating
materiai was prepared by using 22Na as positron emitter. The

22Na source was sandwiched in an annihilating material which

has sufficient thickness to stop positrons in it. A 100 micro-

curie source covered with thin film, was also prepared to observe

the annihilation in air.

     The 20 cc and the 30 cc detector and the electronics system

shown in Fig. 2 were used for this experiment. The comparison

measurements were made in a following wayl three garnma lines
192                                207               106                                   Bi--570 keV were measured                  Ru-512 keV and   rr-468 keV,
                     106                        Ru source was removed and replaced bysimultaneously, then

                          -- (A2)-



annihilation garnma-ray source keeping all other condition in

the same state. :n this way, the 512 and 51i keV lines were

measured alternativly. The 468 keV and the 570 keV lines

lines were used for reference lines to check the gain and base-

line drift over the rneasurement.

     The observed line shapes of annihilation garnrna ray in

various materials are represented in Fig. A`l.

                         Fig• A'l

As seen in the Fig.AvS, the line width show considerable varia-

tion from one material to another. A 512 keV Zine which show

the instrumental resolution is also shown for cornparison.

The annihilation line in air has the srnailest broadening. Zt

would be most adequate choice to use this line to determine

the 512 keV line energy.

     A series of cornparison measurements was made by referring

to this line only. The 512 keV line and the 511 keV line were

measured alternatively in the same way described al)ove. A

total of nine spectrum was recorded, five of which are for 512

keV spectrum and four are for 511 keV iine. These spectra are

represented in Fig.A-2

                     '

                          Fig. A..2
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The geometry of this measurement are shown in Fig. A-3

Fig. AY3

A merit for this annihilation gamma
sup.Pression of compton background due

ray. The detail of the results are

section.

ray measurement is the
    22      Na 1275 keV gamma to

described in following

$

•-  <A4 ) -



3. ]tnalyses and' resUlts

     Results of preliminary measurements for peak widths and

positions of the annihilation gamma rays in several materials

are given in Table A'"l

                          Table A'l

The materials in the table are classified convenientZy in three

categories: rnetal, insulater and gas. The observed energy

differences between the 512 keV garruma ray and the annihUation

gama ray in the materials are given in colurnn 4 of TableA'rl.

:t should be noted that not only the peak width but also the

peak position for annihiiation gamma ray depend on the material

used for annihilation. Moreover a temperature dependence was

observed for the line width of teflon. Though the above classi-

fication is taken only as conventional onet the range of observed

energy differences could aZso be classified according to this
                         106                           Ru garnma ray was determined to becategory. The energy of
     S2511.8)}9 Å} O.OIO keV from the observed energy difference 846 Å} 8

eV for[the annihilation gamma ray in air. The procedure to

obtain this value is described beiow.

     According to the kinematics of positron annihilation, the

energies of two annihilation quanta are given by
         E =:mcZ + Å} mavZ Å} yme2p c.eee-

where .} is the angle between emitted quantum and linear mornrntum

of e+ -e- system and B is v/c. The first and second terrns

                           - (A5) -



represent electron rest mass energy and kinetic energy, :'

respectively. The third term represents the energy shift due

to DoppZer effect which gives a line brgadening in the observed

spectrum. The positive and negative shifts are observed with

equal probabiiity if the mornentum of electron-positron pair

is isotropic.

     The observed line shapes are alrnost symmetric except an

asymnetric tailing due to instrumental cause. Sy:nmetric broad-

ening are assumed throughout the analysis.
     The analysis to deterTnine the peak channels of the 106Ru

5i2 keV garnma ray and the two reference gamma rays is a straigh-

tforvard one. A computer program "SHAPE" was used to determine
the peak channels of these gamrna 5ays. The program perforrns

a fit of peak shape including asymmetric tailing in low energy

portion of peak. Details of the program is mentioned in
AppendixP An example of fit is given in Fig.A-4.together with

                         Fig• A-4

                                            '
the deviations of each data point from fit curve. As seen in

the figure, fit is satifactory one, though systernatic deviation

of up to O.4 g of peak height rernains.

     The peak shape of annihilation gamma ray is expected to be

the result of superpo$itioh of Ehi's'asymetric' pea.k "shal?e:fof '

monochromatic gamma ray. The weight of superposition is

considered to be the energy distribution of ennihiiation

                         - (A6 ) •-



quantum and to be represented by a symetric function. This

symmetric energy distribution curve is the object of fi.t. A

polynomiaZ with even powers in an adequate order was used to

express the symmetric energy distribution. The fitting calcu-

lations were executed by using a computer program "MULTZ-PEEL"

which was developed for this purpose., A result of this calcu-

lation is illustrated in Fig.A-•S.

                         Fig•A"5

Deviations of each point is also represented in the figure.

A parabola distribution was assumed for this case. As seen in

the figure, the main cornponent of the energy distribution is

approximated well by a parabola. There can be seen two kind of

systematic deviations in fit. The first is the deviation due

to the incompleteness of the assumed parabola distribution.

The second is the sarne type deviation as observed for monochr6-

matic gamma ray, which is less significant. The center of the

parabola distribution is taken as true peak center for annihila-

tion peak. The true peak center by this definition locate at

slightly higher energy than the appearant peak center which is

given by usuai analysis.

     The complete results for nine run are represented in Fig.A-6
   rcr
and4n Fig.A-g•'.

                         Fig. A"b

                         Fig• A'-•? •

                         Fig. A"g

                         Fig. A -?•
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Fig.A -f6. shows the peak channeis for each run. The observed

fluctuations are mainly caused by base Zine drift of amplifier.
Fig. At.7 shows the relative channels normalized for 192rr 46s

keV peak. Fluctuations due to amplifier gain drift or due to

statistical cause or "due to incompletness of analysis are

observed for this case. Fig. A,-8' shows the linearily inter-

polated energies for each run. The open circles under the

designation 511 indicate the values by appearant peak centers,
                       a cenler
while the open circle withAdot indicate those by true peak

centers. The dots under designation 512 indicate those of
I06Ru gamma ray. Three vertical bars represent the position

of mean value of each group. The energy differences are also

indicated. The deviation from linearity is for this case about

60 eV and the energy differnce between these two group of peaks

need not be corrected. 1?wo other alternative values for energy
difference are calculated by taking two succesS "'ve runs in pair.

These are represented in Fig. JA"9. The quated uncertainties

in the figures are standard deviations. The same results are

tabulated in TableA-2

                          Table A-2
                           '

     The electron rest mass energy is given to be 511.006Å}O.O02

keV from the least square adjustment of universal constant in
    D1965. Under an assumption that the annihilation gamma ray in

air originate in considerable arnount from positronium whose

                           - (A8)-



                     2)
binding energy is 6.8 eV the energy of this annihilation gamma

ray is lower than the electron rest mass energy if kinetic

energy is considered separately.
     '     The reported values for the fraction of pesitronium forma-

tion to total positrons in some gases are listed in Table AT3

                         Table A"3

These values are taken from the reference2. According to the

tabie the positronium formation fraction in air is about 1/4

if the contribution of oxygen and nitrongen are independent.
     The mean kinetic energy of e+ -er system is estimated to

be less than 3 eV from the observed parabolic energy distribu-

tion. The base width of parabola distribution is about 3.4 keV.

This value correspond to the maximurn energy shift of 3 eV if

the minor component of higher order is neglected.

     These two kinds of corrections have opposite sign and equal

order of magnitude. Therefore, a tentative value of 511.852 =
511.006 + O.846 kev is adopted to discuss the levels in 106pd

    Tla7xX
in +ate2fL-see-+en-; !t should be emphasized that this value is

taken as conventional one and can not be free from the arnbiguities

within the limit described above. The well defined value in

this measurement is the observed energy difference 846 Å} 8 eV.

- (A9)-



4. Discussion .r'. ' ''- '.
                                       ze6, The energy of 512 keV gamma ray in                                          Pd was measured by

referring to that of annihilation one in air. As a result the

energy difference of 846 Å} 8 eV was obtained for these two gamma

rays. There still remain arnbiguities of about 3 eV to define

the absoZute value of 512 keV garruma ray energy from this observed

energy difference. Similar comparison measurements were made

for a few materials. Some remarkable results were obtained from

measurements, though they are stiU preliminary ones at present.

The purpose of this section is to give a brief discussion on the

problem of absoiute rneasurement of nuclear gamma ray energies.

     The well defined value of electron rest mass einergy 5il.O06

Å} O.O02 keV which is given as an out put of the least square

adjustment of universal constants in l965 would provide a reliable

energy marker for nuclear gamma icays if the difference between

this value and that of annihiZation gamma ray energy were known

with good accuracy. The first nuclear gamma ray whose energy

was determined accurately by referring to annihilation gamrna
ray energy is the 198Au 412 kev gamma rai). using an iron free

beta ray spectrometer of 1 meter radius and applying an external

conversion technique with uranium foils Murray et al. measured

the momentum ratio of K external conversion electron of annihi-

lation gamma ray and L external conversion electron of 4i2 keV

gamma ray. On the basis of 1965 constants and the uranium K-X

ray energy the gamma ray energy was detemnined to be 411.795 Å}

O.O07 keV., rn their experiment alternative sets of water and
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ice were used as sources of annihilation garnrna ray to peel out

the narrow width eornponent which originate from the thermalized

positron in ice. An energy value of 511.003 keV was assumed for

this annihilatdion gamma ray to give the final result. The value

is corrected for binding energy of positrbnium in ice and no

estimation was made for possiblg binding state of positron in

ice which might results a slight decrease of annihilation gamma

ray energy from it. The energy value 411.795 Å} O.O07 keV gives
                                      R"vny`z.tv
a precise calibration point to the Chalklipeta-ray spectrometer

and a number of standard gamma-ray energi'es were determined on
        3)
this base. These are designated by C in Table 1.

     One more energy base for precise measurement of nuclear

gamma ray energies is the wave length of W-Kct1. For this case

relative values of wave length are measured with crystal spectro-
                                                             4)
meters. The wave length of W-Kql X ray is defined as 208.5770

X-ray unit. Two conversion factors are used to convert the

measured wave length into absolute scale. These are
                                         4)          A = 1.002076 Å} O.OOOO07 mA/x.u.
                                   t)  and EA = 12398.10 Å} O.13 eV.A
By using these conversion factors the energy of W-Kctl X ray is

determined to be 59.31824 Å} O.OO075 keV. A nuiriber of nuclear

gamma ray energies were aZso measured dn this basis by using

crystal spectrometers.

     These two energy scales could be compared in some way.

There are a few nuciear gamma rays which are measured in both

scales. But it is difficult to obtain useful evidence from

                            - (All)-



these data because of their insufficient accuracies. A few

direct measurements to examine the consistency of these two
                    • haeenergy bases have been made and thses data are sornewhat in
                                      5) S)conflict. Knowles measured in his first and second experiments

the ratio of wave lengths of the annihilation radiation and the

W--KorrX ray using a flat crystal spectrometer. Reigy and
         7)Wiedenbeck calibrated his bent crystal spectrometer with the
l98   Au 412 keV gamma ray and measured the energy of W'Kcti X ray.

Greenwood et al. rneasured the energy difference between the                                                              Au
                         l83                            Ta 406 keV gamma ray whose energy412 keV gamma ray and the

was given precisely by reffering to the W-Kctl X'ray energy.
[vhese results are summarized in TableA"4'.

                      t ttt t
                          Table A.ZI-

                          '

Coium l to 3 of the table are taken from reference•g'. The coZumn
4 is added for convenience. As indicated in the table, the mc2

base is slightly higher for all cases. The result of Knowles's

second experiment which is the rnost precise one show that there '

is a significant discrepancy between the two energy scales.

     The results in present experirnent show that there can be

considerable fZuctuation in the annihiZation gamma ray energy

depending on the material in which positrons annihilate. The

energy differences between the annihilation gamma rays in metais
        106           Ru 512 keV gamma ray are higher by about 20 to 30 eVand the

than for air, as shown in TableA"l, while the differences for

                             - (A12) •-



insulaters by about 10 eV. These observed fluctuations in Table

ALIhave a possibility to explain the fluctuation in TableA4.

rn knowles's first experiment water was used to annihilate posi-

trons. No description was found about thq source material for

annihilation gamma rays in his second experiment. The observed

energy difference of about 10 eV between the annihilation gamma

ray in air and in the insulaters used in present experiment and

the result of Greenwood et aZ. in Table A-4are in equal order of

magnttude. Under an assumption that the annihilation gamma ray

in ice would have an energy decrease of this order of magnitude

due to the possible binding state of positron in icer the result
ef Greenwood et aZ indicate a more satisfactory agreemeng(?f the

two energy bases. The basic problem to be solved at first to

perform such a comparison measurement is the one associated with

the possible binding state energy of positron in materials.

The technique adopted in present experiment would provide an

useful method for this purpose.

- (Al3)-



1)

2)

3)

4)

5)

6)

7)

8)
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Flgure

Fig.A-1

Fig.A-2

Fig.A-3

Fig.A-4

Fig.A-5

 captions of Appendix A

Observed peak widths of annihilation gamma rays

in some materials. Peak width of monochromatic

gamma ray is that of the 512 keV gamma ray.

An example of a spectrum palr for comparison mea-

surements. The 511 keV peak is that of annihi-

lation gamma ray in air.

Geornetry for the measurement of the annihilation

gamma ray in air.

An example of peak shape fit. The fit includes

the asymmteric tailing in lower energy side of

peak. Deviations of data points from Ehel.fitted

curve are shown in the lower part of the figure.

An example of peak shape Eit for the annihilation

gamma ray in air. The peak shape is represented

by superposing that of monochromatic gamma ray.

Dots connected with a solid line represent the

weight of this superposition. Zt was obtained

through a fitting calculation by using a computer

progxarn MULTZ-PEEL. A parabola is assumed for

this case. Deviations.iin.'.fit are also indicated.

The deviation is a.symmetric one which verifys

the assumed symmetric energy distribution of the

annihilation gamma ray.



Fig.A-6

Fig.A-7

Fig.A-8

Fig.A-9

Plots of peak center channels obtained from nine runs

in a series of comparison measurements. Dots and

open circles designated as 468,5il,512 and 570 repre-
sent peak center channeis of the i92ir,annihiiation,

106Ru and 207Bi gamma rays of corresponding energy,

respectively. The observed fluctuation was mainly

caused by the base line drift of biased ampZifier.

Plots of peak center channels in relative scale.

All the dots and open circles correspond to those in

Fig.A-6. These were obtained in the usual analy,sis.

The open circZes and the open circles with a center

dot under the designation 511 represent the apearant

and true peak centers of the annihilation gamma ray.

The latter were obtained by using the computer program

MULT:-PEEL.

Plots of linearily interpolated energy in each run.

Open circles with and without a center dot correspond

to those in Fig.A-7 Three vertical lines indicate

the mean values of each group.

Plots of observed energy differences between the
succesSi' ve runs. Even and odd number pairs are class-

ified by dots and open circles. These .provide twQ-

i• pde. Penaent sets of data. Mean values are calculated

separately.



orable A-1

some

Observed Mne Broadening for Annihilation Gamma Rays
                                                106 Materials and the Energy Differences between                                                   Ru

       Gamma Ray and Annihilation Gamma Rays

 in

512 kev

Material
Annihilation Gamma Ray

FWHM(keV)
          a)
Broadening(keV)

Energy DifÅíerence
(eV)

Al
Bi
cu

A120s
Teflon(480C)
Teflon(2750C)

Air

2.9
2.8
5.4

5•7
5.2
5.0

2.4

2.4
2.2
2.9

5•5
2.7
2.5

1.6

865
874
874

856
8ssb)

859

846C) + 8

a)

b)

c)

     Nhese values are obtained by
resolution 1.6 keV, in quadrature,

     Mean of two measurements

     Result oÅí series measurements

subtracting the
 Åírom the FWHM

 instrumental
values.



TabZe A-•2"

Results of Energy Comparison Measurements

Mnearily interporated
  a
Energy

Run No. 106   Ru 512 keV-
  Gamma Ray
   (ke V)

Annihilation
 Gamma Ray
   (kov )

 Pair

Run No.

Energy DiÅíference
in successive Run
  Pair(eV)

1

2

5

4

5

6

7

8

9

5M . 781

511.796

5M . 785

51 4 . 79a,

511.796

51O.948

54 O.944

51O.941

51O.942

A-2

5-2

5-4

5-4

5-6

7-6

7-8

9-8

855

852

844

849

848

841

850

854

Average 511.790 Å} O.O07

Energy Difference
  511.790 -- 540.944 = O.

 51O.

846 i
  astr-.

944 tQ•O05

O.O08

845 +8 848 t 5
    -

a) Correction for deviation Åírom linearity(v' 60 eV) was not made.



a)

b)
c)
ttS

e)

f)
g)

h)

i)

Positronium

Mable A--5

 Formation in Gases

Gas
]iiormatiOn
fraction
 (f'%)

Pressure
(P, atom)

       Argon 27 +5 (a) A                        50- (b) 27                        51 +5 (c) 1                        56 i6 (d) 4.2
       Neon 55 +6 (d) 4.2       Helium 52 +5 (c) 1
       Krypton 25 (e)
       Nitrogen 24 Å}1 (egt a                        54 (Åí) 15.5
       Hydrogen 58.4 (f) 15,5                        55 Å}5 (c'x)': 'I
       Oxygen 50(g, b cÅí. f)
                        40 Å} 4 (h)
       Carbon dioxide 25 (i)
                        50 (a) <1

                   References of this Table

Gittelman, B,., and Deutsch, M.(A956). Ann. Progr. Report, Lab.
Nucl. Sci. Massachusetts Institute of Technology.
Heinberg, M,and Page, L.A.(1957). Phys. Rev. 107, 1589.
PUnd, T. A. (1952). Phys. Rev. 85, LV89.
MSnder; S.,. Hughes, V. W., Wu, C. Sv and Bennett, W. (1956).
Phys. Rev. 105. A258.
Gittelman, B., and Deutsh, M.(4958). Ann. Progr`'., Report, Lab.
Nuci. Sci., Massachusetts, Znstitute of Mechnology, p. 159.
Benedetti, S.,P.E, and Siegel, R.(1954) Phys. Rev. 94,955.
Obenshain, F. E., akd Page, L. A.(1962). Phys. Rev. 425, 575•
Celitans, G. J., and Green, J. H.(196Lta). Proc. Phys. Soc.(]]ondon)
Å}n press.

Deutsch, M.(1955). Progr. Nucl. Phys. 5,151.

.



COmparison of the

 Table A-4

two energy scales

Reference       ,Comparzson
 method

Result of comparisop

Increase zn
            e)W-K 1 energy

   (ppm)

         •Decrease ln

  2 f)    energymc

  (ev)

       a)Knowles
       b)Knowles

Reidy and
Wiedenbeck

Greenwood

C)

eu al

A(m CZ) /A (vv' Kof ,>

A ( vvt cZ) /A Cvv Ko(', )

)N, (412)/?N, (ttV KO(i?

E4{z "'  E4o6

12 i 31

76 Å} l4

 2i 42

17 Å} 28

 6Å} 15

39 Å}7

 1Å} 21

 9Å} 14

a)

b)

c)

d)

e)

f)

J.W.Knowlest Can.J.Phys. 40 (l962) 257

J.W.Knowles, Proceedings of the second international
conference on nuclidic masses,Viennatl963 P.113

J.J.Reidy and M.L.Wiedenbeck, Nucl.Phys. 79 (Z966) Z93

R.C.GreenwoodtR.G.Helmer and R.J.Gehrke, Nucl.Znstrum.Meth.
77 (1970) 141

Increase necessary to the W-K 1 energy to bring the two
energy scales into agreement.
Decrease necessary to the mc2 energy to bring the two

energy scales into agreement
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Appendix B

   Computer programs fer gamma ray speetvum analysis.

     In order to utilize the capability oÅí Ge(])i) spectrometers,

some computer programs were developed to analyse gemme'.ray•Åíuli

energy peaks in spectra. Mhe program whiÅëh was used most Åíre-
quently in present work is ;';SMANPARD AIifALY$IS". It was used

Åíor energy determinations oÅí most of the prominent peaks.

One mere program which was used suecessÅíully is -"-SHAPE". It

was used to represenl the phope..be.-. ancfiell isolated peak with

considerable precision and can be used for Åíurther deveZopement

oÅí analysis programs. Mhe details of these two programs are

described in this Appendix.

1. Computer progra!n "SMANDARD ANALYSZS"

     Mhis program was developed with the aim oÅí attaining a

good precision in determination:of P'eak.Jehannel;•as r•weUJas.

obtaining a reliable estimate eÅí uncertainty.. A Gaussian Åíun-

ction is used to vepresent data points oÅí a peak. As is weil,

known,the main component of a gamma ray peak shape ean be well

approximated by the funetion. The Åíunetion inelude three para-

meters to be fitted. Mhe background under a peak is represen"-

ted with a straight line and fixed for fitting calculation.

A method of honlinear least square Åíitl"is applied for caLeu-

lation. An example oÅí the fit is shown in Fig.D-1. Fit devia-

tions are also represented Åíor three diÅíferent fit regions -,r:

which are indicated by the designations a,b and e.

                                       '
                            -•(Bl )-



As seen in the figure,the peak center is rather insensitive

Åíor the chQice ef the fit region in this case. The FwwM region

whieh is designated as a in the fig;ure was adopted to give the

Åíinal resuits in most cases oÅí analyses.

     There are three kinds of possible sourees oÅí uneertainty

in determination oÅí peak ehennels; the statisticai fluctuation,

the ambiguity in back ground and the tluctuation in the adopted

fit region. The first is ealculated on the basis of the eon-
venient statistieal theoryl). The seeond is estimated by chang-

ing the adopted background line within its possible maximum

]?ange. Mhe third is aiso checked by adopting the difÅíerent

choice of the fit region. The uncertainties estimated above

are added in quadrature to giise the final one.

     The uncertainty in the linear interpolation of peak energy

is al$o calcuiated in this program by using the fermula
          (de>Z= (-fElfl SitS;. wEn, )Z{dnZ t )g; C`sn.)Z -t- ct ---AScd ni)Z}

  . ?L=C",'i-..lllln`,)
where nl)n2 and n are the peak channels of the energy standard

gam!na rays and that of the unknown energy and EvE2 and E are

the eorresponding energies oÅí them. Nhe uneertainty due to

the deviation from linearity is estimated separetely by an

graphical method as described in text.

2. Computer progran !eSHApE'i

     This program has an aim to represent the shape oÅí a gamma

ray peak in more satisÅíaetory way than the program SMANDARD ANA-

LYSZS. As seen in Fig.B-1, the higher energy portion of the

peak shape can be well appDoximated by a Gaussian. Relatively

large deviations from the Åíit are seen Åíor the low energy por--

tion due to the asymmetric taUing of the peak.

                             -(B2)-



Zn order to incZude this asyrnmetric tailing in the fit, the

Åíoilowing funetions a?e adopted to represent the shape of a

gamma ray peak.
       et = rf,(x;;q,,b, pa,>+ t. CzL; az,ba ,nL> t f3 (xe : as,b3, n3>

            S, cxe : q, , b, .n, > = 4, szixp r•- 42vt2C•=i!S'liiL!!,ini>1

            f2 Czc " q., b..M,) --- a. (-!n!eli:Z-z il! )apcp[kg.IE -t-i] -eaz. ze s-. n.

                            =o ta P(t'>nz.
           t3 Czeeas, b3,n3)= 43 tan• ztsn3
                             = ag/{s+ (iig.tii!zn3)L} -s,rv zt jll n,

Mhe pa]?ameter sizes in these Åíunetions ape shown in Rig.B--2.

An exampie oÅí fit is shown in Rig.A-4 in Appendix A.

The parameters aybs and ns are fixed relative to the other

parameters. Mhel background line under the peak is taken eon-

veniently as yi=clxi+Åëo . Parameters al,bl,nl,a2tb2 and n2

are taken as free ones. Xt is aiso possible to ineiude co

artd el ef baekground parameter$ in Åíit as free ones.

ArdodgvthepevÅíreely /Åíitted parameters,systematie energy depen-

denee are observed Åíer the parameters bl.artd b2 and for their

relative values a2/aa and nl--n2. Ah'exaRp4pt 66gShese"enengy

d"ependence is shown in Fig.B-5. Nhe energy dependence ot

these parameters can be uSiZiZed to reduce the number oÅí the

Åíree parameters in fitting caluculation. Zt will be impor-•

tant for the analysis oÅí weak peaks as well as doublet peaks.

e(Bi )--



Reterenee oÅí Appendix B

1) P.R.Bevington, Data
     the physieal Scienees

reduction

, MeGraw-

and Error

 Hill Book

Analysis

 Company,

Åíor

 1969

Mgure Captions of Appendix B

4) An example oC. Åíit with a

     regions are ehesen. Mt
2) A sehematic illustration

5) Energy dependence of the

     rura in Fig.10 in text are

Gaussian. Mhree diÅíÅíerent Åíit

 deviations are also represented.

oÅí the pa?ameter sizes.

peatk shape parameters. Mhe speet-

 eaalysed in this example.
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  Appendix C

    Orange type beta-ray speetremeter
                               '                                     ..t
                                                  tt     An eight gap orange type beta ray speetrometer was used

to rReasure internal eonversion eleetrons in preselnt experiment.

:n this Appendix the design and perÅíormance ot the spectrerdeter

are deseribed in some length te supplement the description dif.the

gotreSponding seetion in text.

n. eenstruetienai design.

     nthe hoy,iaoAÅíal seetion oÅí th.e speetrometer is shown in ffig.8

in text. In Mg.C.n the schematie',,vietu.Qf the yer'e{cal . seÅë-

tion of the spectrometer is also represented. Mhe construetion

is in prinei)le almost identieal with that used in the original
modell) Eight magnets are sustained with two stainless Åíramme

te whieh a vaeuum chamber is aiso installed. The entranee bu-

fMes eonsist ot two coaxial eylinders and can be drrivees by se-

rews. Eeeh gap has a shutter to step the electrons indepen-

dently Åírom ethers. Fig.C-2 show the eleetron counter asse!n-

biy. An eylindrical antheracene ergstai is used to deteet ele-

etrens. Mhe diameter et this erystal is ehosen to be 25 mm

from the relative transmissien eurves which are aiso shown in

Mg.C-2. {lrwo brass rings are used as detector siit.

2. Gap charaeteristes

     EaÅëh gap has a slightly diÅíÅíernt Åíocu$sing characteristies.

Mhe cQiivenrrent necessary to Åíoeus the eteetrons oÅí the same

energy eaxSes.:rem gap ko ,gap./Ltslagmgh the Åíiuetuation is limited
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within 1 %. dihe flueS,uation ean be compensated by shunting the

coil current[ oÅí eaeh gap by a small fraetion. The coil eurrents
te foeus the 157cs 662-K line betore and aÅíter this adjustment

are represented in Fig.C-5. Eight dotsvcenneeted..rk"sth a daShed

line show the current, oÅí;eaah gap•jbeÅíore adjustment. Eight dots

conneeted with a solid line indicate the eorresponding one after

adjustment. Eight peaks in the ieft side eÅí the figuve are those

measured with a single gap oÅí eorresponding number after adjust--

ment,while a laz?ge one in the right is the same peak measured

with ali gap. Mhe resuikatt fluctuation .ean be-.Zimited:'within

O.5 %•

5. Resoiution and transmission

     tehe optiraum positions oÅí source and deteetor sZit are ehosen

to attain a highest transmission. Mhe Åíoeussing characteristies

oÅí eaeh gap is represented in Fig.C-4. Eight peaks in the leÅít

side ot the Åíigure are those measured by using aJl gaps. Eight

ctots conneeted with a soiid iine show the corresponding eoii

currents. Mhe deSinition. Ot,'.the angle in ordinate is also shown

in the Åíigure. Better resolution ean be obtained with the ent-
                                        'ranee buÅíÅíie angle beisween 800and 1050.

     Mhe resultant everall resoiution anct tsransmtsSion are shown

in Mg.C-5. Solid lines conneet the points with same entrance

buttle openings,while dashed lines cenneet these with same dete-

eter slit width. Frem these eurves the desired eondition oÅí

measurement can be chosen Åíor a partieuiar experiment.
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Reference eÅí Appendix C
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Mg . C-1

Mg.C--2

Fig.C-5
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Fig.C-5

Captions oÅí Appendix C

   . Horizontal section of the speetrometer.

    Electron counter and its mounting. Relative trans--

    mission Åíor difÅíernt scintiliator diameter is also

    shewn.

    Muctuation in coil currentss neeessary to foeus the
    S7cs 662-K conversion eleetren.

    Focussing charaeteristies oÅí eaeh gap.

    Resolution and tcransmission for aZl gaps.
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FOCUSSINGCHARACTERISTICS
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