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Abstract : The decay of ' 3'Ba has been investigated by means of a 4n internal source scintillation
spectrometer and a Ge(Li) detector . The L/K and M/L electron capture ratios of the allowed
transitions to the 373, 620 and 1048 keV levels in "'Cs have been measured . From these electron
capture ratios, the Qex value and the exchange and overlap corrections X'~rc and Xu~ have been
derived .

RADIOACTIVITY '"Ba ; measured lx +h�~,, yX-coin ; deduced L/K, M/L, Qec . Ge(Li),
Nal(TI) detectors. Internal source method.

1. Introduction

Several compilations of experimental electron capture ratios and comparisons
with theoretical data including exchange and overlap corrections have been made
recently t ~ 2). The most recent one 2), in which only very accurate measurements
have been selected, shows a reasonable agreement between experimental and
theoretical electron capture ratios . The decay of ' 3 'Ba has been studied to in-
vestigate the suggestion of Goverse that the systematic discrepancy between
experimental and theoretical exchange and overlap corrections for L/K capture
ratios in his compilation is the result of correlation effects t).
The decay scheme according to the recent compilation by Nuclear Data Sheets 3)

is given partially in fig. 1 . In the decay of ' 3 tBa, only one L/K capture ratio has
been measured by Smith and Joshi in a X-y coincident measurement with a NaI(TI)
y-detector').
An accurate Q>:c value is necessary for the determination of exchange and overlap

corrections from electron capture ratios. The QEC values given by Wapstra and
Gove (1340f 19 keV) s) and by Nuclear Data Sheets (134817 keV) a) have been
determined indirectly by means of the closed cycle method . Recently, Gehrke
et al. 6) have measured the EC/ß+ ratio to the 216 keV level in t 3 'Cs from which
value they have derivod a Qec value of 1372±i$ keV. However, the determination
of this QEC value from the EC/ß+ ratio is dependent on the exchange and overlap
corrections used . As we need a QPC value determined independently ofexchange and
overlap corrections, we have derived the QEC value from our experimental data .
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2. Meas~ements
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Fig. 1 . Decay scheme of ' a 1 Ba .
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To determine QEC and XL~ from L/K capture ratios, at least two L/K capture
ratios are needed, preferably with a very different QEC dependence . In the present
work theL/Kcapture ratios to the 373 and 1048 keV levels have been measwed very
accwately. From these data the QEC value and XL~` are derived. The L/K capture
ratio to the 620 keV level has been measured for comparison with the work of

Smith and Joshi. The M/L capture ratios to the 373, 620 and 1048 keV levels have
been measured to determine XM~.
The 11 .8 d 2 a 213a activity was bought twice from The Radiochemical Centre,

Amersham . In one case a small contamination of7.2 y 13ai3a activity was observable.

A 4n internal source NaI(Tl) spectrometer has been used to measure X-rays
and Auger electrons ~) . The y-rays, escaping from the crystal, have been measured
with a 75 cma Ge(Li) detector. Apart from some differences, the experimental set-up
is the same as described in previous papers s- '°) . The differences are :

(a) No use has been made of a coincidence criterion to discriminate against
photomultiplier and electronic noise for the following reason . The setting of the
discriminators, producing the gate signals, is limited in the low voltage region due to
the noise counting rate. As the energy of the M-peak is very low, viz. 1 .2 keV, some
M-pulses would not trigger the discriminators, resulting in a reduction of the
counting rate in the M-peak .
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(b) During every measurement the y-peak within the setting of the single-
channel analyzer has ,been recorded by a separate ADC. The window has been
set in such a way that it selects the y-peak and a small part of the background at the
high energy side of the y-peak . With this extension in the experimental set-up
it was possible to check the position of the window during the measurements which
often went on for a week. In addition, the total background within the channel
could be determined by means of the background level at the high energy side of
the y-peak .
Coincidence measurements have been performed with the 373, 620 and 1048 keV

y-rays . As all these y-rays are from ground state transitions, no coincident summation
occurs in the X-ray spectra . The coincident L-K and M-L spectra only consist of
the K-,Uand M-peak positioned at their binding energy . Coincidence measurements
with the intense 496 keV y-ray de-exciting the 620 keV level show in the X-ray
spectra coincident summation of the 124 keV y-ray with the X-rays . Additional
coincidence measurements have been performed with the window selecting a small
part of the background at the high energy side of the 373, 620 and 1048 keV peaks.
The contents of the K-, L- and M-peaks have to be corrected for contribution
coincident with the background in the y-peak selecting window. This contribution
consists of true and of random coincidences, as the background in the y-peak
selecting window comes from Compton radiation of more energetic y-rays in the
"' Ba decay and from real background radiation . The correction has been
determined by multiplying the total background within this window by the count
rate in the corresponding background coincident spectrum .

In some measurements a very small 382 keV y-peak was observable from the
'3sga contamination. Attention has to be paid to exclude the 382 keV y-peak from
the window selecting the 373 keV y-peak, as the window in the backgound
coincident measurements also excludes the 382 keV y-peak .

~. Resalts

Typical coincident spectra are given in fig. 2.

3 .1 . L/K CAPTURE RATIO TO THE 1048 keV LEVEL

The L/K measurements coincident with the 1048 keV y-ray (fig . 2g) result in a
L/K capture ratio of 0.165±0.001 . The correction in this ratio for background
coincident contribution never exceeds 0.64 %. The 1047 keV y-ray de-exciting the
1171 keV level in ' 3'Cs was not separable from the 1048 keV y-ray. However, the
calculated interference of the L/K capture ratio to the 1171 keV level in the L/K
capture ratio to the 1048 keV level is about 0.02 % and hence negligible.
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Fig. 2 . Typical coincident spectra : (a), (b) coincident with 373 keV y-ray ; (d), (e) coinàdent with 620 keV

y-ray ; (g), (h) coincident with 1048 keY y-ray ; (j) coincident with 496 keV y-ray.
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3.2. L/K CAPTURE RATIO TO THE 620 keV LEVEL
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The spectrum coincident with the 496 keV y-ray (fig. 2j) shows a peak complex
due to coincident summation of 124 keV y-rays with X-rays . At the same time a
small single L- and K-peak and a finite area.between these single peaks and the peak
complex are visible. This is an indication that the 124 keV y-ray has a small chance
to escape totally or partially from the crystal assembly . As the contribution to the
peak complex of X-rays summed up with partially detected 124 keV y-rays is
unknown, it was not possible to analyse the peak complex.
The L/K capture ratio as result of the measurements coincident with the 620 keV

y-ray is 0.149 f0.003 (fig . 2d). The correction in this ratio for background coincident
contribution never exceeds 0.51 ~. The 620 keV level is fed by electron capture
decay andby de-excitation ofthe 1048 keV level. Only in the case ofcomplete escape
of the 428 keV y-rays from the crystal assembly will there be a contribution to the
X-peaks with a L/K ratio characteristic for the 1048 keV level. In the case of partial
or total detection of the 428 keV y-rays there will be coincident summation with the
X-rays and no contribution to the X-peaks will occur. The correction to the L/K
capture ratio is calculated to be about 0.008 ~ and hence negligible .

3.3 . L/K CAPTURE RATIO TO THE 373 keV LEVEL

The L/K capture ratio as result of the meâsurements coincident with the 373 keV
y-ray (fig . 2a) is 0.1438 f0.0010. The correction in this ratio for the background
coincident contribution never exceeds 0.58 ~. The 373 keV level is also fed by
de-excitation of the 620, 919, 1048, 1171 and probably by the 696 keV levels. Cal-
culations show that the correction to the L/Kcapture ratio is about 0.05 ~ and hence
negligible .

3.4. M/L CAPTURE RATIOS TO THE 1048, 620 AND 373 keV LEVELS

The M-peaks in the M/L spectra were not completely resolved from the noise
because we did not use a coincidence criterion to discriminate against photomul-
tiplier and electronic noise (figs. 2b, 2e and 2h). A computer fitting routine has been
used to determine the contents of the M-peak. The noise has been fitted with an
exponential function. For the shape of the M-peak we have used a function derived
by Prescott from a statistical analysis of the complete scintillation process ") . As
the function in the asymptotic form in his paper is not normalized we give here the
proper normalized function :

.Î(x) -~~a~X-}expC2 ax-a-NJ .
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The fitted curves are given in fig. 2 (c, f and i) . The results, which are corrected for
background coincident contribution, are given in table 1 .

3.5 . DETERMINATION OF ERRORS

The error can be defined as the standard deviation in the mean of the individual
measurements or as the mean of the individual statistical errors. In case of many
measurements we used the first definition. When there were few measurements, we

Experimental M/L capture ratios and maximum correction for background coincident wntribution

used both . definitions and accepted the greatest value as error . The statistical
uncertainty in the correction for background coincident contribution has been
added quadratically to this error . The given errors are statistical and define a
1 Q confidence level .

3.6 . DETERMINATION OF X1.nc . Qec AND X~~~

The Qec and X~~ values can now be calculated from the experimental L/K
capture ratios to the 373 and 1048 keV levels . This is illustrated in fig. 3 in which
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TABLE I

1371

1280 1360 1440

373

QEC ( kaV )
Fig. 3. The X~a` values in dependence on the transition energy Qecgiven forthe decays to the 373, 620 and

1048 keV levels (solid curves) . The broken curves define la error intervals .

Level M/L Maximum correction

373 keV 0.21810.006 0.6
620 keV 0.21710.O14 4.4
1048 keV 0.21510.009 4.9



XLn` is plotted as a function of QEC for the measured L/K capture ratios . The
QEC value of the intersection has been determined by equating the reduced L/K
capture ratios :

4.1 . THE Qec VALUE
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(L/K)
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= (L/K)
IqL, qK 373

	

qL qK 1048 .
In this equation qL, and qK are the neutrino energies in L, andK capture respectively.
This results in QEC = 1372± 16 keV and (L/K)/(qi,/qiJ = 0.1352 f0.0010. Thevalue
of XL~ has been determined with this Qec value, resulting in XL~` = 1 .065 f0.008 .
The reduced M/L capture ratio (M/L,)/(qM~/q~,) and the exchange and overlap
correction XM~L have been determined as the mean ofthe individual values ofthe three
levels resulting in (M/L)lq~,lgi,) = 0.214±0.005 and X`"~L = 1 .04 f0.02.
The experimental reduced L/K and M/L capture ratios have been determined

for comparison with theoretical values for respectively

9L,

	

1+fi.° XL~,
9ic ~

	

9i,
In these expressions gK, gL� gM� fL� andfb° are the K, L,, M,, L� and M� electron
wave functions .

In all these calculations we have used the electron wave functions of Mann and
Waber 's) and the electron binding energies of Bearden and Bun 13).

4. Disca~lon

Our Qecvalue of 1372f 16 keV is somewhat higher than the Wapstra/Gove value
of 1340 ± 19 keV [ref. s)] and the Nuclear Data Sheets value of 134$ f7keV [ref. 3)l
but in excellent agreement with the QEC value of 1372±i$ keV determined by
Gehrke et al . 6) . The observed decay to the 1342 keV level in '31 Cs [ref. 3)] has set
a lower limit to the QEC value of 1348 keV ifthis decay can proceed via L-capture and
of 1378 keV if K-capture would occur. A Qec value of 1372f 16 keV does not
exclude this last possibility .

4.2. L/K CAPTURE RATIO TO THE 620 keV LEVEL

9M,( 1 +fM,~9i,

	

XA+n,

Our L/K capture ratio to the 620 keV level lies slightly above the value of Smith
and Joshi °) as given in table 2. They used also the internal source technique in a
coincidence arrangement with a NaI('Tl) y-detector . Owing to the dimensions of
their crystal assembly the chance of partial or complete detection of the 124 keV
y-ray will not be negligible . However, in the measurement coincident with the
496 keV y-ray they did not correct the K-peak for contributions due to coincident
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L/K

	

0.1438 t0.0010

	

0.149f0.003

	

0.165 t0.001

	

0.135 t0.009
M/L

	

0.218 t0.006

	

0.217t0.014

	

0.215t0.009

summation of L X-rays with partially detected 124 keV y-rays . Thus their L/K
capture ratio may be too low.

4.3 . EXCHANGE AND OVERLAP CORRECTIONS

Our experimental reduced capture ratios can be compared with the recent
calculations by Bambynek et al. Z), see table 3. The use of reduced capture ratios
ensures a consistent use ofelectron wave functions in both the exchange and overlap
correction factor and the other part of the expression for capture ratios.

Experimental reduced L/K and M/L capture ratios in comparison with theory, and also the exchange
and overlap corrections X`~ and X~"

L/K

') Bambynek et al. _) .
°) Mean value.

TABLE 2
Experimental L/K and M/L capture ratios

This work

	

Smith/Joshi

373 keV level

	

620 keV level

	

1048 keV level

	

620 keV level

TAatE 3

QEC = 1372 f 16 keV

	

Theory ')

373/1048 keV level

	

620 keV level

0 . 1352 f 0.0010

	

0.137 t0.003

	

0.134

	

0.132

Bahcall's approach Vatai'sapproach

see fig . 5

Our reduced L/K capture ratio of 0.1352f0.0010 is in good agreement with the
theoretical value of 0.134 calculated by Bambynek et al . according to the Bahcall
approach and somewhat higher than the value of 0.132 according to the Vatai
approach [see also 2) fig. 4] .

X`rc I .065 f0.008

373 keV level

1 .08

620 keV level

f0.02

1048 keV level

M/L 0.216 t0.006 0.214t0.014 0.209f0.009
4w,/9î, 0.214f0.005 °)

see fig . 5

X~~ 1 .OS f0.03 1 .04 t0.07 1 .02 t 0.04
1 .04 t0.02 °)
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Fig. 4. Comparison of experimentally determined L/K capture ratios for allowed transitions (solid
circles) and first-forbidden non-unique transitions(open circles) with theoretical predictionsbased onwave
functions of Mann and Waber and exchange and overlap corrections X~~ according to Hahcall's

approach (solid curve) and Vatai's approach (broken curve)').
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Fig. 5. Comparison of experimentally determined M/L capture ratios for allowed transitions (solid
circles) and first-forbidden non-unique transitions (open circle) with theoretical predictions based on
wave functions of Mann and Waber and exchange and overlap corrections X~~aocording to Bahcall's

approach (solid curve) and Vatai's approach (broken curve)').

Fig. 5 [ref. 2)] shows that our reduced M/L capture ratio of 0.21410.005 is in
excellent agreement with the Vatai curve and somewhat lower than the Bahcall
curve.

In addition, our Xt~~ value does not support the idea stated by Goverse, that
correlation effects would result in systematic discrepancies between experimental
and theoretical exchange and overlap corrections for L/K capture ratios .
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