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Non-analogs decay of“Rb
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Abstract

The magnitude of the Coulomb mixing paramd‘l%;[ has been experimentally deduced, for the first time, fothdecay of

74Rb. The estimated magnitude is derived from the feeding of the non-analog first extittate in’4Kr. The inferred upper
limit of 0.07% is small compared to theoretical predictions. The half-life was measured to be 64.90(9P6®l Published
by Elsevier Science B.V.

PACS 21.10.-k; 23.40.-s; 27.50.+e
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1. Introduction gives presently the most precise value for the up—down
quark mixing matrix elemen¥,q in the Cabibbo—
Accurate measurements gtdecay energies, half-  Kobayashi-Maskawa (CKM) matrix [1]. Presently,
lives and branching ratios are necessary for studiesthe systematics of superallowed decays re#tgo
of superalloweds decay strength. This low-energy [2-4]. The largest uncertainty iyq4, as determined
nuclear physics input, together with muon-decay data, from g-decay results, is due to charge-dependent
and other theoretical corrections [3,4]. Extending the

_ ) ) systematics towards higher brings data from a new
E-mail address: markku.oinonen@cern.ch (M. Oinonen).

0370-2693/01/$ — see front mattér 2001 Published by Elsevier Science B.V.
PIl: S0370-2693(01)00646-3



146

realm into the data set and will thus eventually
improve on the accepted value fofq. In addition,

it allows for further studies of the charge-dependent
effects such as Coulomb mixing.

The Coulomb correctioBc increases with increas-
ing Z and may reach even a level of 1-2% for isotopes
beyond®*Co [5,6]. An important contribution to the
Coulomb correction is due to mixing between the in-
volved 0" wave functions. The consequences of such
an effect are observable in tifedecays as transitions
feeding the non-analog'Ostates. The observation of
such transitions provides a test for the total Coulomb
correction [7] and helps to distinguish between differ-
ent theoretical values.

In order to improve our knowledge of the su-
perallowed Fermi decays, a program for perform-
ing a complete study on thg-decay of “Rb has
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Four different types of measurements were per-
formed for 7“Rb: the determination of its half-life,
a search for a high-spin isomer, a searchfatelayed
proton andy (B—y) transitions and a search for
B-delayed converted transitiong-e~). The details
of the first two experiments have been described else-
where [13]. Essentially, the setup for these measure-
ments consisted of & telescope made of a 2-mm-
thick plastic scintillator and a 20-mm-thick planar Ge
detector, a 70% HPGe detector fprray detection
and a charged-particle detector telescope [14]. In the
B—y experiment a cylindrical scintillator with 70% ef-
ficiency was used as a trigger detector foparticles.
The y-rays were detected with three 70% Ge detec-
tors. Each Ge detector was equipped with a veto detec-
tor in front of the Ge crystal to redug-y summing.
Inthe B—e~ experiment transitions to excited Gtates

been launched at the on-line mass separator facility were searched for with the magnetic conversion elec-

ISOLDE at CERN [8]. This program aims at high-
precision measurements of a half-life, branching ratios
and aQgc value of“Rb by using decay spectroscopy

and atomic mass measurements [9,10]. In addition, ex-

tensive shell-model calculations, with realistic effec-
tive interactions, are in progress [11] aiming to study
the Coulomb effects involved in the decay. The even-
tual goal of these studies is to extract the strength of
the analog transition and to significantly contribute to
the superallowed decay systematics. As a first mile-
stone, the measurement of tiiedecay half-life and
the first observation of non-analggy decay of’“Rb

will be reported in this Letter. Based on this obser-
vation, the Coulomb mixing between the lowest 0
states will be discussed.

2. Experimental methods

"Rb ions were produced in spallation reactions
induced by a pulsed 1-GeV proton beam incident on
a Nb-foil or a ZrQ-felt target at the ISOLDE on-
line mass separator at CERN [12]. The 60 keV mass-

tron spectrometer ELLI [15]. In each experiment the
data were stored in list-mode and, in addition, data for
half-life analysis were collected with a fast multiscal-

ing acquisition system to minimize counting-rate in-

duced effects.

3. Results
3.1. Half-life determination

The existing experimental information on tede-
cay of "“Rb prior to this work was limited to two half-
life measurements [16,17]. Those measurements re-
sulted in a half-life of 64.9(5) and 64(10) ms, respec-
tively. In this Letter, the half-life was determined from
the time dependence of the observed events in the thin
scintillator detector. Two sets of data were collected:
one without conditions and another one with an energy
condition of Eg > 5.2 MeV. After a dead time correc-
tion, determined with an intenéNa sample [13], the
time spectra were fitted with a single exponential plus
a constant background using@ method. Weighting
of the individual data points was performed using the

separated ion beam was implanted in an aluminized procedure described in Ref. [18].

Mylar tape with a typical collection time of 150 ms.
Any residual long-lived activity was removed by
transporting the implantation tape typically after every
fifth proton pulse. The only isobaric contaminant
was Ga.

The influence of pulse pile-up was negligible since
the highest instantaneous count rate was below
2500 cts s1. The effect of changes in the counting rate
during the measurements was estimated to be small
and was included into the uncertainty of the deadtime
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Fig. 1. The decay time spectrum collecteddat 74 for the half-life analysis. The open squares show the experimental data and the full line is

the fit. The error bars in the data are smaller than the symbols. The residual plot, discussed in the text, is shown in the lower part of the figure.

correction as described in [13]. The systematic error as
contributions from contaminant activities was studied
using the following procedure. First, a decay curve for
"Rb was generated assumiffg, = 64.9 ms [16].
Then, decay components taking into account the ob-

served contaminants were added to this curve. The in- 2

tegrals of these components were normalized to cor-
respond to their intensities extracted from thepec-

tra. The obtained time spectra were then fitted with
a single-component exponential with a constant back-
ground. The effect of each contaminant on the final
half-life value of“Rb was deduced as a difference be-
tween the half-life value from [16] and the new value
given by the fit.

The effects of “Ga and’#”Ga were found to be less
than 0.01% on the half-life value. Another possible
effect would be induced by #-decaying” =0
isomeric state if*Rb. We could set an upper limit of
0.1% for the production cross section of the isomeric
state to that of the ground state dRb [13] assuming
T12(""Rb) = 2 s [16]. Even if one assumes a fast
Gamow-Teller transition and a half-life of only 0.1 s,
the largest possible effect on the half-life &fRb
would remain below 0.03%.

Table 1

Measured half-lives fof*Rb given in milliseconds

Run No conditions Eg >52 MeV

1 64.86(28) 64.23(49)
6476(22) 64.41(42)

3 6494(10) 64.96(21)

Weighted average 640(9) 64.77(17)

A typical decay-time spectrum is shown in Fig. 1.
The residual, defined as a difference between the
data and the fit, is plotted in the lower part of
the figure and shows no deviation from a single-
component exponential decay. The contributions from
above discussed sources of systematic uncertainty
were quadratically added to the statistical uncertainty
of the fit. The results are shown in Table 1. The
weighted average of the results dkg, = 64.90(9) ms
for the non-gated andy,, = 64.77(17) ms for the
energy-gated data. Due to its better statistical accuracy
we adopt the value of 64.90(9) ms for the final half-life
of “Rb.
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3.2. Non-analog g feeding to the K conversion of the 508 keVj0— 0] EO
transition. The intensity of the peak compared to the
total number of decays of’“Rb, determined by
counting the short-lived decay products, is7(&
1.1) x 10~*. In the case of the 38 keV peak, only
a 1o upper limit of 16 x 10~* could be set for its

The role of Coulomb-mixing induced corrections
can be studied following the procedure described in
Ref. [7] by measuring the branching ratio for non-

analogp decay to the excited” = 0* states. In par- tensity. The ab bers lead t limit of
ticular, a strong mixing could be present in tfi&b— ggenslltg;4 . € ah ove nulm_ ers fei E?Ognku%r imito
74Kr case since the first excited” = 0" state in o X or the population of the eVUstate

7Kr lies energetically low at 508 keV [19,20]. This N thes decay of *Rb. _
state decays via a 52 keV5“0—> Zii- E2 transition, The 508 kev state could be also populated;_/m
which subsequently decays by 456 keV g2Zmis- dgcay following Gam(_)v7v4—TeIIer (GT) feeding of high-
sion, or a 508 keV P — 0] EO transition. In addition lying J™ = 1* states in"*Kr. Consequently, a search
to the fully-converted ground-state transition, the low- for suchy-rays was performed. The results are shown
energy E2 transition also largely decays by conversion in Fig. 3. The spectrum is a sum gtgated, vetoed
electron emission with the energy of 38 keV. The rela- @nd background subtracted data collected with the
tive intensities of these transitions are not known. In thrée Ge detectors. The background subtraction was
the conversion electron measurement our main goal Performed by removing the, spectrum collected
was to search for these decays of the 508 k¢\state ~ during 7' = 600-850 ms after a proton pulse impact
as a signature of a non-analog Fermi transition, and Tom the one collected during’ = 0-250 ms. No
subsequently, Coulomb mixing. %?ort-llved transitions resultl_ng from the decay (_)f

Fig. 2 shows the conversion electron spectrum = RP were observed. In Bartlcular,_t_he Lpper limit
measured in coincidence wirrays during the first ~ oF the 456 keV 2 — 0f y transition intensity is
500 ms after proton pulse impact. The peak at 495 kev 81 x 10~4. The branching ratio fos-delayed proton
whose half-life was determined to be 60(17) ms, in emission, a signature of additional GT feeding, was
agreement with the half-life of’Rb, was assigned ~deduced to be even lowes, 5 x 10°.
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Fig. 2. The conversion electron spectrum collected with the ELLI spectrometer. The inset shows the region around an expected peak at 38 keV.
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Fig. 3. The sum of the beta-gated and background subtracted gamma spectra collected with the three Ge detectors. The spectra were vetoe
with the g-rays observed at the thin scintillators in front of the Ge detectors. The inset shows the expected region of interest for the 456 keV
y-ray.

4. Discussion This measurement improves the accuracy of the
half-life of ““Rb with a factor of five compared to

Different nuclear shapes have been predicted to 1€ previ:?_us result [16]. The relative uncertainty of
exist in the neutron-deficient Kr nuclei [21]. These 1-4x107~is, however,sill five times larger than those
coexisting structures are usually associated with low- Measured for the lighter nuclei up¥Co [2,18]. The
lying J™ = O* states. A large monopole strength largest source of uncertainty is still induced by the
has been considered as an experimental signature ofStalistics. On the other hand, the amounfbf*"Ga
a mixing between these different shapes in a nucleus@1d "*"Rb starts to play a more significant role
[22,23]. Assuming2x = 2.64 x 108 [24] and the when the statistical uncertainty decreases. Reducing
rati;) 2k /2. = 9.8 [25], our results on the decay the amount of these contaminants and, especially,

. , ( !
of the 508 keV state combined with the experimental Mmeasuring the decay pattern ' Ga more carefully
life-time of the stateT1,2 = 33(7) ns [26] lead to ten will be important goals to further reduce the overall
times higher lower limit of p(EQ)| > 0.27 compared ~ Uncertainty. o _ _
to Ref. [20]. This is also in agreement with the value _#-delayed proton emission does not contribute sig-
obtained in Ref. [19])p0(E0)| = 0.30(4). Note that nificantly to the branching ratio of the Fermi transi-
a negligible E2 strength was assumed when extracting fion- However, our measurements does not rule out
the latter number. a possibility for the GTg transitions to feedy-

The result obtained in this work for the production decaying I states and eventually lead to a population
limit of the B-decayingT = O isomeric state, in of the O state at 508 keV. Due to this and since the
addition to its influence on thes-decay haIf—Ii’fe 38 keV converted E2 transition was not observed our
confirms the previous result [16] with an order of number for the Coulomb mixing probability has to be
magnitude lower value. Also a search foralecaying ~ considered as an upper limit. . _
isomeric state has been performed [27] with a negative ~ OUr upper limit of 53 x 10~ for the relative

result. Thus, the non-existence offa= 0 isomeric ~ Population of the § state is about an order of
state is presently well established. magnitude larger than those observed for the lower-
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mass odd—oddZ/7 = 0 nuclei from 387K to %4Co 64.761(31) ms. The result has three times smaller un-
[4,7]. However, the deduced limit for the Coulomb certainty compared to our result and differs from our

mixing componentS,lM < 0.07% (notation from [5])
is only slightly larger than the values obtained for
the lower-mass nuclei. The theoretical values for the
Coulomb mixing component}, for 7“Rb from [5]
are 0.07-0.09% depending on the interaction used
in the shell-model calculation. When correcting for
the energy difference between the calculated and
the experimental 0 states, the values increase to
1.4-3.1%. These values seem to be unrealistically
large in the light of our experimental upper limit.

Since the total Coulomb correctidg is expected
to increase from about 0.5% far < 60 to about 2%
for A > 60 [4], the small increase iB\lM emphasizes
the importance of the radial mismatch of the wave
functions in forming the major fraction of the total
Coulomb correction fof*Rb.

5. Summary

Beta-decay properties 6fRb have been studied at
the ISOLDE on-line mass separator facility at CERN.
A new determination of th@-decay half-life of’“Rb
yielded a consistent, though five times more precise,
result compared to the previous value. A refined up-
per limit could be set for the production of a pos-
sible g-decayingT = 0 isomeric state if*Rb. The
B-delayed proton emission probability was deter-
mined to be negligible for the superallowed Fermi de-
cay systematics. A first estimate of the magnitude of
the Coulomb mixing involved in the superallowgd
decay of’“Rb could be determined in this work. The
upper limit for the Coulomb correction due to differ-
ent degrees of configuration mixing was shown to be
of the the same order of magnitude as obtained for the
lighter isotopes previously studied. This emphasizes
the importance of the radial mismatch part of the total
Coulomb correction in the case 6fRb.

Note added in proof

Recently, the half-life of’*Rb was also remea-
sured at the ISAC Facility at TRIUMF [28] to be

adopted result by 1.5 standard deviations.
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