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Electron+y directional correlation measurements have been dorté’Ba for the first time using an appa-
ratus including cooled Si surface barrier detector for the electrons and HPGe fgstiiexperimental particle
parameters for pure intens&2 transitions have been calculated fromy and electrony results,
giving b,(605K) =1.31(28) and,(795K)=1.20(23). Some mixed transitions were also analyzed. Th&326
electron conversion ratia,e = 14(6)X 10”2 was measured. An upper bound for B E2 mixing ratio was
estimated to the 2' —2*(563 keV) transition by theey interferenceEO/E2 method, givingqﬁ(EO/EZ)
=<0.06.[S0556-28188)00909-1

PACS numbgs): 23.20.En, 23.20.Gq, 23.20.Nx, 27.69.

Conversion electrons have long helped to assert spin, pa’ 17 keV resolution at room temperature was obtained with
ity and multipole mixing ratio§1—3]. The 2 *—2* transi-  a 2°'Bi thin calibration source. The Si detector was cooled
tion allows the electron mixind=0, M1 and E2 [4]. The down to —30 °C by means of a cold finger. Then the leak
EO/E2 mixing ratio can be inferred by electraneorrela-  current dropped to 2 nA and the resolution improved to 6.5
tions or alternatively by theyy indirect cascade method keV. With the **‘Cs thin source the resolution was around
[5,6]. Although '3%Ba is not expected to have tE® channel 8.0 keV for the 60K conversion electrons. The Si detector
highly favored, we used our setup to investigate it and also t§/@s operated in vacuum and a device provided rotation
cross check data with they experiment(see Fig. 1 maintaining vacuum better than 19 torr. The distance to '

Our main goal was to measure directiorad angular cor- the source was 3 cm. The solid gngle was corr_ected assuming
relations in34Cs decay for the first time. These data would that the efficiency is constant with the absorption qngle. The
provide particle parameters and a cross checkpfesults. ¥ detector was a 50 cirHPGe, 45.8 mm crystal diameter,

We describe the experimental methods, i.e., the source3d-1 cm crystal length and placed 10.1 cm from the source.
preparation, electron-apparatus, and the method of acquir- The solid angle corrections made in the experiment were
ing and correcting data. We then discuss the elecjroata also done in they detector. The biparametric data were ac-
are analyzed and compared to the predicted results using tif¢mulated in two arrays of 4096]x<2048() channels.
theoretical particle parameters and multipole mixing ratios

extracted fromyy measurements’]. An upper limit for the 2 £ eV

gk (EO/E2) mixing ratio is inferred in the 2" —2* transi- N s 502 560 126

tion. The electrony data together withyy data provided pre- 7.3% ¥ 1969.87

cise internal conversion coefficierilCC) for the 795K and 1038 475 242

802K cascades. A first evidence of the B2&ansition is 250% ¥ 164328

described and the ICC estimated. Finally the main results | 795

and conclusions are summarized. o ! -
A thin spot (<1 mg/cnf, 3 mm diameterof natural CsCl wome 2 e

was made on a 99.99%, 0.7 mgfcraluminum foil, by
vacuum deposition, for they experiment. The source was
covered with a thin spot+20 ug/cn?, 5 mm diameter of 010% - %5 o
carbon to avoid deliquescence. The source was then irradi-
ated at IPEN, Sao Paulo, with oneutrons/cras flux for
200 h, resulting in a specific activity of about AGi. After
fifteen days the aluminum contaminarés Au decayed.

The electrons were detected by a windowless Si surface
barrier detector, surface area 200 frdepletion depth 1.5 FIG. 1. Level scheme ot*Ba from 134Cs decay,3~ feeding
mm, reverse polarization tension 150 Vu2 leak current. taken from[19].

g
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TABLE |. ey directional angular correlations in B4 Our experimental data are presented in bold
characters and below them are given the values predicted using experimgmtalltipole mixing ratioq 7]
and the theoretical particle parameters interpolated fro®h The last column shows the superposing lines

(SL) and background which significantly increased the errorsC6mpton.

No. y CascadekeV) 2 @ A, A SL
475
1 475y 56K 0.33 345%27) 0.1617) —0.01(22)
0.077 0.0027
2 475,60 045  30820) ~0.1%13) 0.0918) 563 v
0.115 0.0022
3 475116  0.17  8.724) —0.49053) 0.2376)
~0.460 ~0.04
563
4 47K 563y 0.34 29325) —0.0917) 0.21(25) C605y
0.029 0.007
5 563y 60K 0.59 171%35) —0.11341) —0.04857)
57: 28.5 —0.144 —0.026
57: 10.9 —-0.199 —0.026
6 80X 563y 0.52 77615) —0.011(41) —0.05657)
—-0.010 0.00059
569
7 569y 60K 0.08 322%42) 0.14227) 0.001(38)
0.161 0.0004
8 569y 79K 0.16 167121) 0.131(25) —0.00736)
0.149 —-0.026
605
9 47K 605y 0.74 403101) —0.1550) 0.0571) CpB~
0.08 0.02
10 56X 605y 0.50 2266100 —0.24094) 0.1314) 56%,8~
—0.147 —0.040
11 56K 605y 2.1 4530110 0.19%(49) 0.02269) 563,8~
0.057 0.0006
12 79K 605y 0.94 861980) 0.14320) —0.01527) 80%
0.134 0.0020
13 80X 605y 0.24 65264) 0.003212 0.14(29 795
—0.028 0.001
14 103&K 605y 0.10 37.667) 0.3937) —0.11(51)
0.150 0.084
15 136K 605y 0.51 31.437) 0.3925) —0.41(32)
0.119 0.26
795
16 56K 795y 1.5 376890) 0.04349) 0.041(69) B~
0.057 —0.0004
17 795,60 2.6 13016102 0.11517) ~0.07424) 569
0.161 —0.00032
802
18 802y 56K 0.87 135022) —0.01734%) 0.02947)
0.020 0.0003
19 802y 60K 2.5 111%11) 0.02440) 0.04457) 563
—0.031 0.0003
1038
20 802y 116K 1.1 284) —0.0727) —0.2237)
0.122 —-0.54
21 1038y 60K 1.4 1097) 0.3812 0.1317)
0.352 0.0012
1168
22 47K 1168y 0.76 516) —0.50123) 0.34(34)
—0.396 0.025
23 80X 1168y 1.3 766) 0.4614) 0.0920)
0.134 0.002
1365
24 1365y 60K 1.16 29Q9) 0.217163) —0.15090)
0.145 —0.0005
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Around 85 measurements of one hour each were made at 1600
90°, 120°, 150°, 210°, 240°, 270°, and 167 one hour mea-
surements at 180°. Half life effect was also corrected. A
maximum of 3 keV shift and resolutiog9 keV in the 795

K line was accepted in the electron spectra.

1200

®w—Azcoon

A least-square fit to the correlation functio( 6), 800 —| .
W(8) = o[ 1+ Q22A2:P2(C0S 6) + Q44 44P 4(COS )] @ 400 = &
0_
was performed to the corrected coincidence rates todind 200 400 800 cranNEL
A22=Ba(€)Ax(y), and Ay=By,(€)A4(y) or alternatively FIG. 2. Electron spectrum for the 475 kexwindow obtained

A2,=By(7)Az(€) andAg,=B4(7v)A4(€) and thus 24 coinCi-  444ing measurements done at several angles.
dence cascades were measured. The orientation coefficients

B\ and distribution coefficients\, are defined in Refl8]  _ 40(15). To get this result from the theoretical expression

and depend on the multipole mixing ratio of the transition. [17] for B,, we have estimated7] that q2(EO/E2)
The y detector geometrical correction facto, were E<E0>,2</(E2’>ﬁs0 06 K

" We assumed that the eleciron detector sfficiency does ngy, COIPANd theyy andey measurements we saw that the

change with the entrance anglg] and its geometric correc- Yy gave, in general, a much better precision in the multipo

. lar mixing ratios.
tion must beQ,(e)=J,/Jg=v(v+1)/2 andQ,(e)=J,4/J,
— (vt 1)(7v2—3)/8, wherev=cos6, [9—11]. In our ex- We can also extract ICC from theey measurements. The

\ o o ) A detector efficiency does not have strong changes in this range
Fie(;”;lfgéﬁa— 19.1° which givesQ,(e)=0.9189 andQ,(e) [18] and we can extract the 7B5electron conversion ratio

. . from our measurements combined with other results from the
The ey results forA,, andA,, obtained from experimen-

. o ) . . expression

tal data using the fitting procedure are listed in bold in Table P

I. The values predicted using the experimentg multipole ls6ov- 60 l 605

mixing ratios[7] and the theoretical particle parameters in- a,qg= x( 0%~ 5y> x( )
I 569y 795y | 605y

l 795 ( | 569, 795

terpolated from Hager and Seltzer tadl#g], are shown also 1795y | Is69y—60s
below the data in bold characters. Although there are large 167121
errors in most cascades, there is an overall agreement be- =(m X (1)x(5.03<10 %)

tween the results ofy and ey data analysis, except when
the measurement had superposition with other lines as indi-  =2595)x 1073, 2
cated in column SL. We have also enough statistics to extract

experimentab, particle parameters for the transitions 805 where | gos¢ /1 605, = g0z = 5.03X 10~ 3 was taken from the
and 79¥. They are obtained by the relationstip=Ax (e  theoretical value quoted by Chaf]. Our value ofa,gx iS
—)/Ax(y— ). We have five cascades that can be used tgn petter agreement with the theoretical result X38 ° [2]
find b2 for the 60K. We disconsidered the 795—-685be- for pure E2 than the earlier result 271(1@)’]_0*3 [2] ob-
cause the 605 should be separated from 56§ taking out  tained from single electron spectra, probably because in the
the 3~ background. Averaging for the four cascades left, wecoincidence method the 569vindow acts as a filter thus
haveb,(60K) =1.31(28), that is in good agreement to the “cleaning” the electron spectrum, reducing background and
theoretical valud,=1.42 interpolated from Hager and Selt- superposition from neighbor lines. Using the relative inten-
zer tables[12]. The transition 569—-79K givesb,(795K)  sities measured by Waret al. [19], we also extracted the
=0.131(25)/0.1087(2%1 1.20(23), when we considered the 802K conversion coefficient asrgox =2.66(8)x10 3, in
795 keV as a pur&2 transition. This is also in good agree- agreement with the theoretical 2.56¢4)0 ° and experi-
ment with the theoretical value,=1.31. If we use this the- mental 2.49(12x 10" 2 quoted[2]. We also tried to extract
oretical particle parameter, we can even infer the multipolehe ICC from other cascades but they have large errors and
mixing ratio in the 569 transition. To obtains in the fitting  have superposition of other lines.
procedure, instead of the usug}, A,», andAy, fit, a direct We identified for the first timeé electrons from the 326
least-squares search fag and 6 [13] was performed, i.e., keV transition. The 326 line is highly hidden in thg3 spec-
we took into account the constraint betwegg, and Ay, trum. It was only distinguishable from the background when
while minimizing 2. This givesdsgf E2/M1)=0.274(44), we added the spectra of the seven angles measured and we
with x?=0.70, in agreement with the value 0.2960b- made a window in the 475 keV (Fig. 2. An energy cali-
tained in theyy measurementf7]. bration was made with 45 563, 56K, 103&, 116&,

The 563 keV transition also has the possibility of @@  and 136K using cuts where these lines were free. The the-
[14—16 decay mode competing with2 andM1 [4], since  oretical energy value for the 3R6is Egyg=326.5-37.4
itis a 2"—2"' decay. Using our experimental resdly,  =289.1 keV, where the data from theenergy and the&
= —0.240(94) for the cascade and dividing by the theoretishell were taken from Lederer and Shirlg30]. With this
cal A, from the second transition—{0.5976) we getB, calibration, at the 475 ke window, we found a line at
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287.111) keV and area of 50221 counts. In the same 563 keV transition byey interference method givingﬁ
window, the adjusted area in the 6R3ine was 2272147)  <0.06. We developed a method of extracting ICC from
counts. Using the same method described above we can esiectrony correlation measurements and obtaineegs
timate the ICC for the 326 keV transition, giving =2.59(5)x 10~ 3 and argyx = 2.66(8)x 103, both in agree-

| | | | ment with previous data and theoretical val(igs By this
326¢ :( 326(_475V) x( 475V_605y) 605'() method we obtainedz,q=14(6)x 102, about one order
la26y | 1475, 605 | 326, 475y 605y of magnitude higher than the expected theoretical value. A
502221) ) ( 2.49713) %X 82.43)%) better resolution could eventually confirm or discard this pre-

liminary result.
2272147) 27.286)%x0.0596)%
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