e
\ s

K

—r
T

UCRL-11400

University of California

Ernest O. Lawrence
Radiation Laboratory

ANOMALOUS L-SUBSHELL RATIOS IN MIXED Mi1-E2 TRANSITIONS

4 )
TWO-WEEK LOAN COPY

This is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call

Tech. Info. Division, Ext. 5545
. _J

Berkeley, California




DISCLAIMER -

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



e [Nuclea.r Phy51CS, S & UCRL‘llhOO

L T et s, e T 2T = o=

UNIVERSITY OF CALIFORNIA

Lawrence Radiation Laboratory
’ Berkeley, California Ry

o AEC COntract To.’ w-7405-eng-“8

ANOMALOUS L-SUBSHELL RATIOS IN MIXED ML-E2 TRAPSITIONS" 5¥“Z»f13}»¢1ﬂ
“ T. l\’ovakov and J. M. Hollander « o

. May 1, 196k




~-1ii-

ANOMALOUS L-SUBSHELL RATIOS IN MIXED M1-E2 TRANSITIONS
. T. Novakov' and J. M. Hollander  _
Lavrence Radiation Laboratory _*?
University of California Cy
“ Berkeley, California
" May 1, 1934

Abstract

L-subsheli ratios of & number of M1-E2 transitioﬁs have‘been meaéured
acéurately with the Berkeley 50-cm. iron-f:ee 1 Jé spectroﬁeﬁere When the
.three L-gubshell conversion lines are reédlved, fhe Mi-E2 miiing fatio is
-.ovérdeterm;ngd; because a uniqné vélue of 52 (i.e. B2/ML) is given by any
one of the ratiosé LI/LII’ LI/LiII and LII/LIII' (Algebraically only two o}~
these ratios are independeht.) Thus, if ali three ratios are messured experi:
 . mentally, tﬁe same value of 82 vshould in principle be obtained. 1In fact,

- this does npt always appear to be the case. One of the most pronounced _
ﬁiscrepancies is found in the case of the 105 keV transition in Eul53; The
‘.méaaured ratios! are Li/LiI = 8.22 £ 0.10, LI/LIII = 20.65 % 0.28, and
,LTI/LIII = 2,51 £ 0.05. With use of carefully interpolated values from 8liv's
tables, the E2 admixtures obtained are: 2.02 1 0.08, 1.66 * 0.03 and 1.44% * 0.06
percent, :espéctifely. With Rosé;s values the E2 admixtures are 2.18 * 0.08,
© 1.52 % 0.03 and 1.15 % 0.06 percent. Similar diScrepancies.were observed in
the 114 keV transition in Lu>!7 and 42 and 52 keV transitions in Ee*'2.
Relatively gdod agreement with 81iv's values is found for the 69 keV tranaition
L‘in Eu153 and for the 58 keV transition in 122, The agﬁeement ia generally
better vith SLiv's than with Rose's values. The two sets of theoretical

L conversion coefficients differ sometimes by as much as 50'percent.
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L. Introduction

Dufing recent years the process of internsl conversion of gamma rays
has been and still is the subject of many theoretical and experimental inves-
tigations. Measurements of internmal conversion coefficients (ICC) for a par-

ticular electron shell, or ICC ratios for different elecctron shells (for ‘
g H

i

example K:2L, Ll:LII:LIII"") and comparison of the results with the tabu-
lated theoretical values have ylielded significant information about the multi-

pole orders of nuclear transitions. At the time of the earliest theoretical

. works on internal conversion it was believed that ICC are independent of the

details of nuclear structure. Therefore it was considered that ICC calcula-
tions may be carried out without any assumpﬁiona about nuclear structure, by
using only requirements‘imposed by energy, angular momentum &nd parity con-
servation. This brocedure is expected to remain valld as long as the eledtron"
penetration into nuclear matter is not appreciable. ‘
The first tabulated theoretical ICC for K, L&, LiI and LiII shells
were those of Rose, et gl.l). Rose used electron wave functions appropriate
for a point #uclear charge distribution. The confinement of the nuclear
cﬁrrents to the origin resulted in the vanishing of all penetratién terns.

Because of 1mprovemenfs in the techniques of measurement'significaht_

deviations of experimentally determined ICC from the theoretical values were



. in fact that a considerable effort has been expended, a good part in vain, to

D . UGRL-11400 -

subseqﬁentiy found, particularly for ML transitions. These discrepancies have

" been explained by Sliv2’3) who attributed them to the-effect of. finite nuclear L
Abtsizé; Sliv and Bandh) evaluated the finite penetration termé'by assuning a =

very simple nuclear model in which the nuclear transition cﬁmrents lie on the

spherical nuclear surface, and use was made of eiectron vave functions appro-

i priate for a finite static nuclear charge distribution in calculation of the finite--

size--corrected ICC. In this "surface-current” mbdel the penetration term is

' . constant and therefore.computation of the ICC is practical. ' The resulting ICC

are, as before, independent of nuclear matrix elements. An'aiternative method
to include the effect of flnite nuclear size was used by Rose5) who set the
penetration terms equal to zero while evaluating the principal'conversicn matrix

element. The electron wave functions were again those appropriate for a finite
i

charge diétribution. This has been called the "no-penetration” model.
These finite-size corrected tables are remarkably accuiate,lso much
find disagreements between theory and experiment, However in some cases and for
vcertain multipolarities definite disagreements have been found, far outside the
experiment errors. From the theoretical work of Church and Weneser ) it becomes
clear that the independence of the ICC from the details of nuclear structure is
valid only when the gamma ray‘emission is not highly hindered with respect td
the "single-particle" transition rate. If the gamme ray emission is hindered,
while the electron partlis not correspohdingly hindered, then ICC may in an
essential waj depend on the nuclear matrix elements. Under these circumstances
the usually small contributions of the penetrating electrons to the internal.

conversion process may become significant. Therefore'high predision ICC studies;

~ in cases where the multipolarity is already known, can in principle be used for

exploring the finer details of nuclear structure.
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A large amount of experimental and theoretical work has been devoted -
. ' S ; ' : v 4 ‘
- . to the study of tho influence of nuclear structure on the pyocess of internal

“oﬂ; conversion. In general two aistinct classes of transitionéahove been examined'
- fy

N (1) Highlyﬁfetarded transitions. In these cases the full influence of the : ;
:. 91\oenetration effects may be expected. In the case of very. slow electric e |
~ dipole transitions large anomalies have been observed in the Li and LII |

shell converaion7). The most spectacular example is the 85 keV transition

'ﬁﬁ in Pa251

for which the observed LI and LII ICC are 10 to °O times higher

‘-than the tabulated values, while the LIII conversion is normal. A corre- »
:lation was established between the devlations of the ICC and the inhibition

- of the gamma ray matrix eleﬁent Nbre recently a similar study ‘has been |

made of some EL transitions in the rare earth region )o

There is also considérable‘evidence, from ICC'measurements and‘
electron-gamma angular correlation sﬁudios, of the effect of nuclear = »
'otructure on interﬁal conversion of modorately retarded - forbidden ©
M transitionsg). | ' |
Some evidence concerning the observation of a nucieaf structure effect i
on L subshéll convergslon ratios has also been reportedlo).
(2) Fast transitions. Much éffort has gone into the measurement of the
K shell ICC of E2 transitions, which are generally fastll).-'The fact
that there appears to be good agreemenﬁ in most cases between 'theory
and experiment for the K conversion has been teken as evidence of the
essential correctnees of the Sliv and Rose theoretical calculations.
However, the situation 18 not 8o clear for the L subshell conversion,
where some disagreements have been reportea )
It is intereating to examine the nituation betneen these two extremes,

b
to look for anamelies in IcC of transitions neither very slow nor very fast.
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In this paper we report the results of a study of the L-subshell conversion
coefficient ratios of some mixed M1~E2 transitions, carried out with the

Berkeley high-resolution 50-cm iron-free 7rJé spectrometer. Ther measurement of

+ absolute values of ICC to better than 5% is not en easy job, but with the
present techniques, determination of conversion ratios, expecially L-subshell

'conversion ratios, can ¢~~'7 - be done with an accuracy of 1-2%. Knovledge of

only the cohversion ratios‘can of course not establish any absolute ICC values,
but is was to be hoped that a syatematic study of L-converqion ratios would

reveal trenas bl obnerved deviations from theory, .4¢eany, from which the

‘sources of the deviatidns might be understood.

' An additional motivation for the careful study of mixed ML-E2 tran-v

sitions dcrivea from the ractical necessity to have accurate values of the |
:‘ .
intensity of the smaller ccmponent (usually a few percent E2) for use in .

transition probability correlations with nuclear models, as~for example the

E2 branching ratio between cascade and crossovervtfansitions within a rotational :

"band, Also, the interpretafion of'gammg-gamma angular correlation data with

mnixed Ml—EQ-transitionsvmay depend quite sensitively on the percentage of E2

.'admixfuré,-so iﬁ ié.important o know this quantity vith high accuracy.

L2  Sources'and Apparstus

Sources of Bul5), Gd159 b 75 u177, wla?, and Esdgs_ were used_in

B R ' ‘ .
this work.. All isotopes other than Es 23 vere produced by reactor irradlation

. : ‘ | o . -
. of the corresponding electromagnetically enriched stable isotope (as oxide)

#* ' : ‘ ' ' . 3 S
The enrlched isctopes were obtained from the Stable Isotopes Division, Oak

Ridge National Laborstory, Oak Ridge, Tennessee.
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‘& long-term neutron irradiation of heavy isotopes (principally
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"in either the Materlals Testing Reactor, Arco Idsho, or the;G. E. Reactor,

Valecitos, California. The E5255 activitvaas‘separated frém the products of

; 2Lm) in the

Materials Testing Reactor. . Sources for the spectrometer were ,prepared by .
vacuum sublimation of dried chlcride solutlion from a shaped tungsten boat

at > 2000° C, through a collimator (lm X 10 mm and/or 0.5 mm X 10 mm) on .

| to aluminum foil backing of surface density ~ 3.5 mg/cme.

' The conversion electrons were magnetlcally analyzed with the Berkeley -

50-cm radius T2 iron-free double focusing spectrometerlB’lu). The detector
- was a eide‘window Geiger‘counter having a measured dead time of z'so usec. The -

~counter aperture, 1 mm X 20 mm, was covered with a two-layer Forﬁvar film of

surface density & 50 pgm/em?, which was 100% transparent for the electron

_ S o
- energles of interest. The spectrometer current is programed automatically {;

’ -of the ppectrcmeter be extremely good. Thls vas checked daily during all

. were noted counting was terminated until the fgﬁﬂt was corrected. Figuré 1m : |

'0.05% and 0.1%, respectively, The achleved line-widths varied from 0.05% - o

and the output data recerded by an_electrie typewriter. The rellability of

.

»

the counting system was increased by employing three parallel scalers to record

"~ the output data.

It 1s essential for this type of measurement that the current stability

5

experiments. The short-term current drift (over periods of hours) has usually .

been less than a few parts in 105; on those occasions when greater 1nstabilitiesﬂ

shows a plot of the spectrometer current, measured over a period of two houra i

with a Guildline No. o1k preczsion potentiometer.. - - -  7\ N
. Y \

Two fixed spectrometer baffles were used, cqrresponding to aperture _: \\ \5\
solid angles of Q/hﬂ = 0.084 and /%7 = 0.16% and focusing sberrations of

N Ay . . T
R - . . o : \
. ‘ , ‘ ‘ ,
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~ (in momentum) to 0.15¢ because of differences of source quality and electron
.. energy. (The line width from Es>”> wes sdditionally brosdepsd, to 0.28%,
¢ partly bécause of alphe recoil effects.) In &ll csses, theif'»-i'esolutioxi was

v ' + sufficlent to resolve I‘I ‘end L.. conversion lines from each*’gt_her.

I1X
3¢ Relative Conversion Electron Line Intensity Deteminatibns

The experimentel procedure followed in this study wes the precise

. determination of the reletive intensitices of L and % conversion

_ 1 Prx 111
' lines from & number of mixed ML-E2 transitions in the energy région 40 to
’ | 150 keV. In each experiment, the energy region of the L conversion lines
was scammed at _least three times, with equel current increments. After sub-_'“ |
‘ '~ traction of the constent ;:ounter background (18/min), decey correctidns were |
| epplied to cach measured point. ‘.'The source intensity and spectrometer beffle -
were 50 chosen that the peak counting rates were sufficiently low that dead
 time correctioné vere unnecessary. A typicel run representing the L Bubshdl;.r
conversion :!.:L::nms;l of the 103 keV transition in n 153 is shown in fig 2. The ‘
same spectrum pl;ztted on semi logarithmic scale (after subtraction of the beta
contimmm background) is reproduced in fig. | 3. ' |
| Integretion of £he conversioﬁ line arees wes eiways caxried out a
between current limits on both sides of the ipea}:'positionl &t which f.h'e count-
ing ‘_rat.es were equal to oné percent of the peal:. counting rate (sece fig. 3).
" i - In ceses where ﬁhere was no 1ntérference from neighboring l:f.nes the inte-‘ o
| gration cdnsis’ced simply of the summation of eLllbcounting rates between the
above ﬁentioned limits. This is justified beceuse all éuccessive poihts are
separated by the seme current iﬁcrement. The constency of these increments -

is assured by the high operating stebility of the cux"rezit generation and

~ control systenm.
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In cases where the relative sep&ration between conversion linesg is
small the contribu’cion from neighbor:mg lines has to be ta.kén into accou.nt.

This is done by the use of semi-log plots similer to that of fig. 3+ The -

line shepe on such a plot is found to e muepena..n’o of theeline intenaity.

'That line which is least disturbed Zrom other lines can then be used to

determine the "stendard" line shepe. In the case of f£ig. 3 the LI 1ine
shape wae used &s the standard. As can be secen from the figure the influ~ h

ence of the L and L

11 17 Line shapes on the L, l’ine shape is gt most 1?}fj.2%.

 ‘Therefore the Ly line shape (solid line in ig. 3) can be used with some

 from the direct addition of experimental points over the region where no

confidence to ¢stimate the low energy teils of the other two lines.

The total :Lnte.nsity of the L line in fig. 3 1s therefore obtained

11X
extrapolation was used (solid line) and from the addition of equic’liatan;b
point.s read from the extrapolated line representing the low c.nergy tail
(dashed linc.) ‘ | |
The L line intensity determination wes made by subtracting that

II
port of the extrapolated L

i

line teil whieh fells in the L.. integration

III i1

~ reglon as defined carlier. In the cese of the L. line contributions from

I
'both«LII and L., linés ware subtrocted. ’
. The areé.s determined by the above procedure were divided by thé ’
corresponding pealk-position currents. |
The experimental error sttached to ocur q;uotad intensity Yalues
includes the statistical error as well_ as the errors from low-energy tail

extrapolation and background subtraction. We have a’ctached an arbitrsxy

10 % error to 8ll nunbers obtained fron extrapolations using the sta.nda "

~ line shape. The total error A__lj. is then composed o8 follows



 theoretical /Ly LI/L ;7 nd L 17/%
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Rt

Here N is the alrect sum of the experlmnntal points where qo extrapolation

was usca. Nb 48 the background subtracted from each point end n is the

. totel namber of points describing the linec... is the part of the intensity

~ Obtsained by addition of points on the extrapolated line tail. N& is,thu

extrapoleted contribution from the tails of other, higher.enérgy, liﬁés. T

‘The errors of the coaversion retios are obtained in the ﬁsual‘way from the

line intensities and thelr errors.

4. Discussion of Resultis

When the ﬁhrea‘L—subshell‘cOnversion‘1ines are resolved, the ML-EZ
mixing retio is overdetérmined becsuse & waique value of & ( EZ/Ml) is

given by eny one of the ratics: L /L 77 LI/LIII’ and LII/L (Only two

III°

of these ratios are- algubraically independent, of course). Thus, if all three

: ratios are measured experinentally, the gsame value of 82 ghould in principle

be obtained.

In féct, thié does not alveys eppear to be the cese.. Figures'k~ll
DNlustrate the actual situetion. In these figﬁres the variations of.fhe
177 Y8tios &s & function of the per-
centage E2 edmixture are represented. In figures 49 %he theoretical L—_
subshell ICC of both Rose and of Sliv and Band were used. Date for BZ'D

(Tigs. 10 and 11) were anelyzed only with Sliv's values because Rose's_

tebulation does not extend to Z = 97. Horizontel bands répresent the -
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transitions show discrepsucies when Rose's tables are used.
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+

experimenﬁal L-subsheli conversion ratlos while the vertica.l; shaéied bande give.

the amount of the E2 admixture in percent, &5 obtained from 263011 subshell

4

From figs. ._lb-ll it can be.seen that the E2 a.dmixbures determined -
from different L-subshell convé:sion ratiog show deviations which in many
cases are beyond the limits of experimentel error. No obvious systematic

trend in these deviations has been noted. As en exemple, in the case of the

two transitions in Eul)j, the lowest percent E2 is obteined from the LI/LII

 ratio of the € keV transition wherees the highest percent 52 is obtained

from the 'LI/LII ratio of the 103 keV trsunsition. The two cascaede transitions
in B‘&?l@ that belong to the eamé,rota’cional tand elso show this kind of dis -

crepancy. The different degrees' of discrépancy obtained by use of Rose!ls

1

. -y
. l - ‘ :‘
tables and those of Sliv and Bend are obvious; except in one case (Lu (& ) all:

A nmusber of factors can pbssibly contribute to the observed discrep-
ancies in Ez admixtures. The aceuracy of the experimentel date hos elresdy
been discussed and the error limits sre ghown in Tsble 1 aud in the figures. : 
Some degree of ci;mputational inaccurecy is expected in the ‘theoretical con-

version coefficicnts and it is essentiel to consider this before any conclu-

- sions é.re drawn from the experimentsl dete. Slﬁ.vl5 ) has pointe;d out that the

computétionsl accurecy of the L-subshell conversion coei‘i’icxients in the Sliv
and Baﬁd tebles is thought to be *2%. BSome additionel uncertainmty, poasibly
2-3% , ney be introduced by the mterpola‘ciog between the tobulated values. i"hus
it may be reasonable to cxpect uncertaintics of 5-6% in interpolated theoreticel
W}alues o?’ the Le-subshell ratios. If, alter con-s‘ideré:t‘iofm.bfﬁﬁ thesé?unéteirtainties,
inconsistent results are still obtained, then cither the errors in tabulated

velues are grester then quoted (because of errors in computation or in the
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physical assumptions) or some effects not taken into account in the calculations:
are appearing, for example, structural effects of the finite nuclear size.v
v In tmp of “the measured transitions, the 103-keV in gulﬁB and the 52-
keV in Bk 49’ the energles are almost exsctly equal to the tabulated energles |
(k = 0.2 and 0.1, respectively) so the error introduced by interpolation can

in these cases be neglected, and the analysis of the data is more meaningful.

. In fig. 12 the experimentalfretios for the 103 keV transition in Eul53 are
"compared with the theoretical values of Sliv and Band and of Rose, with the

Aassumption of a * 2% error in the theoretical subshell coefficients. The bands

representing the resulting B2 admixtures are naturally now wider than before.

In the cumpariaon wilth Sliv and Band, there is &t411 no overlap of the admixture .
. band obtained from the LI/LlI ratio with the other two bands. The LII/LEII and

' L /LTII bands overlap marginally In the comparison with Rose, a more obvious

disagreement exists ,
In fig. 13 a similar analysis is made of the 52 keV transition in_Bk?hg,'

' The E2 admixture bands fxom the-LI/LiI and LII/LTII ratios do not overlap but |

- “there is marginal overlap of the 'L /LlII band with the other two. No com-

parison with Rose is made because of the lack of theoretical values for Z = 97
A few words should be said about the interpolation procedure used in E
analyzing the other cases. jIhe interpolated values for ML conversion coef~ '
ficients were obtained by plotting log K B, vs log k; thetresulting.smootn'7ﬁ
and negular curves allowed accurafe interpolation. For E2 conver51On,vlog.? N

K? s 108 K %y, and log K;dé vere plotted against log x. For each case the-‘ L

 exponent giving the smooﬁhest and most regﬂlar curve vas used We believe 'Q.";
that the error due to inﬁerpolation by the above procedure is not greater

- than 1%,

let us consider further the experimental results with reference to.

v_ the Sliv and Bsnd theoretical coefficients. Although all the observed
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deviations can be called "small", the general agreement app;ars better for

the 69 keV transition in Eu153, 58 keV transition in Tb159,§or 13% keV trans-
ition 1n ROV, then it is for the 103 keV transition in Eul?3 11% keV trans-
“ ition in wlT, or both the 42 and 52 keV tremsitions in Bk Mg, The agreenent

i also relatively poor for the 113 keV transition in ﬁfl77 ) although in this

" case the L-subshell ratios are rather ipsensitive.td fhe mixing ratio because

; of the high E2 admi#xure.' In Eul55, the 59 keV transition, for which there is
"agieement", is é rotationai'traﬁsition vith an Mlépﬁoton hindrance factor16 of
6nly 12, whereas the 103 keV tranéition, for vhich there is "disagreement",
is a slower 1nterband transition,lWifh.an Ml-plioton hindrance factor of 42016)

If a correlation of this type vere in fact noted from furthor experimental data,

' ‘it would constitute evidence for a nuclear structure effect on thé internal con-

version of these prednminantly ML transitions, for nuclear structure effects, if

present, should affect differently the different electron shells 7) The measure-

'A_ment of L-subshell conversion coefficlents or intensity ratios might be a sensitive,

tool with which to study such effects in moderately fast transitions. ' ¢
| ' 187

The 58 keV transition in ™27 and the 134 keV transition in Re™"' show

"agreement", and both are relatively fast transitions, with Ml-photon hindrance
¥ .
factors 2% and ~ 1 , respectively 18, 19)
A transition in which the Ml-ccmponent is quite hindered is the 113 keV

in HET (T (ML-photon hindrance factor of ~ 200020)

. As merntioned earlie:, this
- transition is almost pure E2 so the L-subshell fatios are rather insensitive
“to smail changes in the Ml—component. Nonethelegs, the experimental'data
are precise.enough to show a "diségreement"' The experimental L I/LIII |

A ratio is lower even than the theoretical ratio for a pure E2 transition, hence

it is inconsistent with any amount of ML (which would raise the LII/LTII-ratiO)'
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e"i

.'ﬂ The other two conversicn ratios give a consistent 2 admixmbre (between Ol1. l%

and 92 7%) The mixing ratio has been determined independently by angular -

21)

correlations by Thun et al. who find 10.< [8] <&, which corresponds to an

i

TR admixture between 9%.5% and 99%. Other reported values deviate still more

from our result ). It is interesting to note that,this trensition is one of
the rare examples of a rotational transition in which & near;equality of the
gyromagnetic ratios for rotation and particle structure causes & large reduction
in the Ml-transition probability and makes likely a nuclear structure effect on
23) ‘ :

the~internal conversion

The 114 keV transition in Lul75 is another case of "disagreenentf,

although the Ml-photon hindrance factor is only about 2020)

The two tran-
sitions in Bk k9 show “disagreement" but the hindrance factors here are not
well established.

_ " The preceding comparisons have been with the tables of Sliv and Band.
'If the above data are compared with the theoretical coefficients of Rose, it is.
' found that all cases except the 114 keV transition in In 175 show "disagreement".
The 103 keV transition in Eu 153 shows a serlious disagreement.

‘ The present situation appears highly unsatisfectory from a theoretical
-__pointvof view because of gross deviations between the Rose theoretical coef-
ficients and those of Sliv and Band, vhich naturally complicate the interpreta-.
‘tion of experimental_results.‘ These deviations can be as much as 50% between '
~the values from the two theoretical tables. .fhis situation is iliustrated:;*
in‘figs.'lh and 15 where the ratios of Sliv's and‘Rose'sbL4ICC are‘piottedvﬁ‘i
‘against atomic number and energy ) | . S -

To make poesible further interpretation of the date preeented here |
.‘infbrmation gbout the absolute experimentai L—subshell ICC are needed. Also
ML/E2 mixing ratios determined independentiy of internai_conversion would be

valuable. Reduction in the calculational uncertainties in the theoretical
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L-subshell conversion coeffiéients, as well as much more c;osely spacedv
theoretical values, would also be desirable. z
Ve wish to thank Dr. R. L. Graham for his help during the early part
of this investigation and to acknowledge several valuable d%scussions with
Professor J..b, Rasmusgeﬁ. The technical assistance of C. i_ Butler, J. A.
Harris, D. 8. McClure, and P. Salz is 8lso gratefully acknowledged. Onevof
us (T. N.) wishes to record his gratitude to Professor I. Perlman for his kind
hospitality and that of all members of the Nuclear Chenistry Division during :

his stay at the Iaboratory.,
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Table I.

E2 admixtures inferred from experimental L-subshell conversion ratios and the theoretical L-subshell ICC of Rose andof Sliv.

Exp. L subshell ratios B2 admixture (%) from L subshell ratios
a .. b
Transition ] Rose”) Sliv’)

Nucleus Fnergy  Cr'lIr Lyilrpp Lrriloor Lpilop bribrop J Lpibog bribyry Lrribror
Eul?? 69 keV 6.35 *0.13 9.85 £0.09 1.55 t0.03 1.88 * 0.07 1.75 *0.03 1.56 * 0.10 1.81 *0.10 1.87 £0.03 2.00 * 0

6.22 £0.08.  9.87 +0.10 1.59 *0.03° ) '
Eu155 103 keV 8.22 *0.10 20.65 *0.28 2.51 *0.05 2.18 * 0.07 1.52 * 0.03 1.15 * 0.06 2.02 * 0.08 1.66 *0.03 1.4 %0,

8.42 +0,09 20.86 *0.37 2.47 *o0.05° )
' 58 keV - 5.96 % 0.21 9.47 +0.29 1.59 £ 0.07 ' 1.52 +0.08 1.29 * 0.0k 1.02 *0.12 1.43 *0.12 1.L{o £ 0.05 1.37 £ 0.
Wt 114 keV 2.46° *0.03 3.2 £0.03 1.32 *90.02 16.70 £ 0.15 16.55 £ 0.10 15.65 *0.35 17.15 £0.15 18.25 % 0.05 21.6 £ 0.
el 113 keV 0.186 * 0.004 0.204% £ 0,00k 1.098 *0.003. 91.7 % 0.5 91.8 * 0.5 ——- 91.6 *0.5 92.2 0.5 -
Re187 13L kev 7.86 to0.12 26.86 ¢ 0.32 3.k2 *o0.07 2.97 *0.12 2.50 * 0.07 2.25 011, 2,52 0,1k 2.67 +0.05 2,76 * Q.
Bkgl@ L2 keV 5,47 %0.0% 8.36 *0.13 2.4 *0.04 - —— T - 1.97 * 0.06 1.76 % 0.03 1.48 to.
}3}3”9 52 keV k.35 0,03 11.33 -+ 0.16 2.60 * 0.04 - --- -— 1.79 *0.05 1.98 £ 0.03 2.23 ¥ 0

.12

06

13
50

1l

o7

.09

aReference 5.

Prererence L.

®R. L: Graham, Private communication (September 1963).
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Figure Captions

l*‘ :' - Figure 1. Test of Current Stability of Iron-Free Spectrometer Power Supply,

| . over & period of about 2 hours. The magnet current was measured
with a Guildline Potentiometer, type No. 914k, with use of 0.01
ohm Leecds and Northrup series resistor kept at a temperature of
32,27 * 0, 05 c.

 Figure 2. L conversion lines of the 103 keV tranmsition in Eu.l55

measured
~ with 0.08% resolution in 50-¢m iron-free w2 spectrometer.

Figure 3. Data from.fig. 2 plétted on a semi-log scale; The solid line‘
. describing the Lo line vas used as the "standard" line shape

| “to determdne'the low energy talls of the other two linés. The

integration limits for the LIII line are indicated. The dashed
y

V
)

line was obtained by using the "standard" line shape.
. . Flgure &. E2 admixtures (in percent) obtained from the three experimental
Lésubéhell conversion ratios and.the theoretical L subshell ICC‘
of Bliv and of Rose for the 69 keV transition in Eu}53.
Figure 5. E? admixtures (in percent) obtained from the three experimeﬁtal
.-L-suﬂshell dénversion ratios and the theoretical L subshell ICC

. : of Sliv and of Rose for the 103 keV transition in Eu153.
Figure 6. E2 admixtures (in percent) obtained from the.three experimental
. L-subshell conversion fatios and the theoretical L-subshell ICC

 of Sliv end of Rose for the 58 keV transition in Tb >0

Figﬁie 7. E2 admixtures (in percent) obtained from the three experimgntai'

o L-subshell conversion ratics end the theoretical L-subshell Icc

of Sliv and of Rose for the 114 keV transition in ILu 75
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Figure 9.

Figure

- Figure

Figure
Figure

Figure
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CE2 admiztures { in percent) obtained from the three experimental

L-subshell conversion ratios and the theoretical L-subsheil ICC l-

v of 8liv end of Rose for the 113 keV transition in Hfl77. B2

E2 admixtures (in percent) obtained from the three experimental =
L-subshell conversion ratios nd the theoretical L-subshell IGC_vi

of Sliv and of Rose for the 134 keV transition in RelBT.'

'E2 sdmixtures (in percent) obtained from the three.experimental i.

L-subshell con#ersion ratios and the theoretical L-subshell ICC

of Sliv for the 4 keV transition in H .

E2 admixtures (in percent) obtained from the three experimehtal .
L-subshell conversion ratios and the theoretical L-subshell ICC ‘

of Sliv for the 52 keV transition in HK2'D, S ¢
The dats of.fig. 5 with the inclusion of a * 2% error in the partiaiv
theoretical L-subshell ICC. | .m . . f
The data of fig. 11 with the inclusion of a * 2% error in the paitial

theoretical L-subshell ICC.

Rétiob of Sliv'a and Rose's theoretical L-subshell ICC for ML

. and E2 transitions for k = 0.1 plotted agaiﬁst the atomic number,

Z.

" Ratios of S1iv's and Rose's theoretical L-subshell ICC for ML and

E2 transitions for Z = 70 plotted against the transition energytk. 5

© admixture obtgined by angular correlations (ref. 21) is 1ndicatedQ - "
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