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B decay of*°Ne
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A pure neutron-rick?®Ne beam was obtained at the ISOLDE facility using isobaric selectivity. This was
achieved by a combination of a plasma ion source with a cooled transfer line and subsequent mass separation.
The high quality of the beam and good statistics allowed us to obtain new experimental information on the
%Ne p-decay properties and resolve a contradiction between earlier experimental data and prediction of
shell-model calculations.
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I. INTRODUCTION II. EXPERIMENT AND RESULTS

Recently, large-scale shell-model calculations have suc- A detailed description of the experimental setup and its
cessfully been implemented in tHe shell for nuclei ap- calibrations can be found in our previous publicatiaf.
proaching the mass regioA~70 [1]. Calculations for HEre only brief information is provided. Neutron-riéiNe
lighter nuclei in thesd shell were developed much earlier nuclel were produced in extremely asymmetr(;(l:aﬁssmn reac-
and proved to be successful and reliaf#¢ One can cer- tions, induced by 1.4 GeV proton puls¢3x 10~ protons

tainly have considerable confidence in the theoretical predicper p;]qlse bomba_tlfgmg a standard ISOLDIZ Lranium %ar%'dISE
tions for the nuclei aA< 30 that are not far from the stabil- 2 o0 lte target. The target was connected to a standar )

o . . . . BIAD MK-7 plasma ion source. A water cooled line between
ity line. It is t_herefore very Interesting to examine the Cas€3ne target and the ion source served for condensation of all
where experimental data, available in the literature, are in

contradiction with the results of calculations. One such Casgffused elements, except gaseous products. Thus, a high-

. 6 . purity noble gas®Ne ion beam could be obtained after ex-
IS the 8 decay .Of the*Ne. The_decay scheme reported n thetracnon from the ion source and mass separation. The leak-
literature[3,4] is compared with the calculated decay in the . .

. . : ! age of nongaseous isobars through the cooled line was
left and central plates of Fig. (kee the discussion section for

. . . negligible.
details on the theoretical calculation®ne can observe from The 2Ne ions were implanted into an aluminized tape.

the figure that there is a significant difference between thel_he implantation point was placed close to Kapton windows
calculated and the experimental spectra. The ground and first '

excited levels of®Na (3* and T, respectivelyare in reason- and was surrounded by four thin plastic beta detectors with a
A  Fespectively are . total detection efficiency 0f=35(4)%. Two germanium de-

able agreement withir=100 keV, which is within a typical 0 0 : -

range for predictive power of the theoretical calculations.tec'{ors.0]c 5% a_nd 654) relative eff|_C|ency we_re_placed next

However, the ] level in the experimental spectrum has to the.|mp!antatlon paint for detecﬂon of radiation. The

233 keV excitation energy, while the, level in the calcu- detectlon.tlmgs of they rays andg particles were Tecorded

lated spectrum lies as high as 1531 keV. Such a surprisingl z; pgeelscet;'rrgs\;{:‘irzgll?b%;?: ddﬂﬁhThsiﬁfégf?ﬁﬁswcgf{e hiol-

large discrepancy indicates either a serious problem in th ecte)él on-line. The beam qate eriog was 20 ms. Before the

theory or an incorrect interpretation of the experimental re- ' gate p Ny

sults. beam gate o_pened, tht_'-:re was a 50 ms delay period after each
Therefore, it is interesting to reexamine file 3 decay pulse. The time duration between successive proton pulses

, o . . - was 3.6 s. The high yield 6fNe obtained at ISOLDE~10°

in order to verify or disprove the possible contradiction. In

this Brief Report, we present the results of an experimenfgsvmbse':,:frz'“Cat%f g;?jtcignbeggl[:]) g‘\a/fr:r?g;e; ?el?tticglr nsjar:;)rt
performed at the ISOLDE facility, CERN. 9 9 Y. y

beam gate, the dead time effects in the DAQ were consider-
able and a separate measurement was done for determination
of the 2Ne half life (see below The tape was not moved
*Corresponding author. Email address: weissman@nscl.msu.edduring this measurement.

"Present address: Paul Scherrer Institut, 5232 Villigen PSI, Swit- The B-gatedy spectrum collected for the separator mass

zerland. settingM =26 and for 1250 proton pulses on the target is
*Present address: Physics Department, Lund University, Lundshown in Fig. 2. Due to the purity of the obtainétNe
Sweden. source, all transitions in thg-gated spectrum belong to the
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FIG. 1. (a) 2®Ne decay scheme from the literaty@&4]. The Qg value is taken fronj5]. (b) Result of shell-model calculatiorg], the
branching ratios, and lofj calculated only for the allowed decays) A tentative?®Ne decay scheme suggested in this work.
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FIG. 2. B-gated y spectrum
collected for theM =26 separator
mass value is shown. The rays
belonging to the?®Ne and ?®Na
decays are indicated by squares
and asterisks correspondingly. The
asterisks symbols are taken in pa-
rentheses for the newly observed
transitions.
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2Ne or ®Na B decays. They-ray transitions of the well- shown in Table I. The DAQ time window was relatively
studied ?®Na decay[3] are indicated in the spectrum by short(26 us) compared to the half-life of the 82.5 keV level
square symbols, including the first and second escape peak®(2) us [4]]. The relative intensity of this line was corrected
of the strong 1808 keWy ray (1297 and 786 ke)/ All other by 14% to compensate for the fraction of undetected inten-
peaks in the spectrum are candidates feray transitions sity. The error bars on the relative intensity values in Table |
belonging to theé®Ne decay(asterisks symbo)sSeveral un- correspond to the statistical errors, the uncertainty in deter-
known v lines, at 406, 1211, 1279 and 2489 keV, are ob-mination of the detectors efficiencies, and the uncertainty of
served in addition to the reported 82.5, 150, and 232.5 keV

transitions from thé®Ne decay{4]. Gating of the trigger by TABLE I. The relative intensities of th&Ne y rays.
thesey-ray transitions shows that all the transitions of inter-

est originate from a decay with a half-life shorter thanNucleus E (keV)  Rel. int. Coincidences
3OQ ms. Some of the coquenqespectra, obtained by ap- a6y 825 100 151, 233.5, 1278, 1211, 2489
plying gates on the transitions of interest, are shown in Figs.

3(a)—3(c). The spectrum obtained by applying gates on the 151 3.37) 82.5,1278, 1211, 2489
known 82.5, 150, and 232.5 keV transitions indicates that the 232.5 4.910 1278, 1211, 2489
1211, 1279, and 2489 keV transitions belong to the same 406 0.42) not observed
decay cascaddgFig. 3@]. The gates on the 1278 and 1211 1.34) 82.5, 151, 233.5, 1278
1211 keV transitions indicate a correlation between thgse 1278 5.910) 82.5, 151, 233.5, 1211
rays[Figs. 3b) and 3c)]. The relative intensities of the tran- 2489 1.13) 825 151, 233.5

sitions of interest corrected for the detector efficiencies are
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the correction to the 82.5 keV line intensity. The latter is  Shell-model calculations fof°Ne and ?®Na were per-
associated with the experimental error on the half-life of theformed in the fullsd shell using the USD effective interac-
82.5 keV level. tion [2] in a fashion similar to the work reported jd3]. A

No y-ray transitions from thé°Na decay were visible in quenching factor of 0.77 for the GT matrix elements was

the data, indicating a smalfNa neutron emission probabil- used in this calculation. Only allowed decays to lévels
ity. The obtained upper limit for thé, value of ®°Ne is  Were calculated. The shell-model results for the excitation

. 26 .
0.2%. This value is in agreement with the results of an earliefN€rgies in"Na, the corresponding lofg values, and the
experimental study with @-neutron detector setuj]. branching ratios for the lowest fouf” ktates are given in the

The measurement shown in Fig. 2 yields good statistic§€ntral plate of Fig. 1. The calculated half-life &fiNe
but suffers from dead time effects. A special measureme mounts to 169 ms and is in reasonaple agreement W'th the
with a shorter beam gate of 3 ms, with a 100 ms delay aﬁe?xperlmental one of 197) ms [9] or 1926) ms in this
every proton pulse, was done for the careful determination opork. ) ,
the ®Ne half-life. The tape was moved after every pulse to _Comparison for the energies of the 233.5keV and

reduce the background from the daughter activity. The deca! 06 keV levels with the results of the theoretical calculations
time profile gated by the 82.5 key ray is shown in Fig. 4. ogether with the values of the experimental branching ratios

The half-life obtained from the fit is 19@) ms. This value is SU99ests 2 spin-parity assignments for these levels. These
also in agreement with Ref9]. The fit started at 300 ms assignments are in agreement with the results of F&f.

after a proton pulse. Such a delay with respect to the beamqy_ 1€ refatively strong feeding to the 1511 keV and
gate allows one to avoid the systematic error associated wi 723 keV levels allows one to assume thf”‘t the decays to
prompt diffusion of noble gas atoms from the implantationthese Ievel§ are allowed. Thus, the Spin parity of these levels
host[10,11]. can be aSS|gned. a$.1The energy position of the'seconQ 1
level (1511 keV is in extraordinary agreement with the the-
oretical prediction(1531 ke\. There is also good agreement
between theory and experiment for the Rgvalues and
Atentative decay scheme &Ne is presented in the right branching ratios. By examining Fig. 1, it is now possible to
plate of Fig. 1. The positions of the first two excited levelsunderstand that the contradiction between the calculations
and the corresponding 82.5, 151, and 233.5 keV transitionand the earlier experimental study arose from incomplete ex-
in ®Na are known from{4]. The 1278 keV and 1211 keV perimental information rather than from the fault of the
transitions are placed according to the observed coincidenageory. The sum of the branching ratios to 233.5, 1511, and
relations. Placement of the weak 2489 keV transition wa723 keV amounts to 7(Z0)%. This feeding is similar to the
done according to its coincidence relations as well as it§.3% feeding to the 233.5 keV level reported [i4]. The
energy value. The weak 406 keV transition does not exhibitelatively strong feeding deduced [i4] led to the % assign-
any coincidence relations and was tentatively assumed tment for the 233.5 keV level in that report. The observation
decay to the ground state from the 406 keV energy level. Thef the new 1511 and 2723 keV levels, which take a major
latter level probably corresponds to the 0.42%) MeV level  part of this feeding, modifies the assignment for the
that was observed in the earlier reaction st{giyL2]. 233.5 keV level and lifts the “contradiction” between experi-
The branching ratios for beta decay to the observed levelsment and theory.
and the corresponding Idg values are also indicated in the ~ The USD calculations predict four *1states below
right plate of Fig. 1. The low branching ratios to the 233.52.8 MeV, however only three *lare observed experimen-
and 406 keV levels point to the forbidden character of thesé¢ally. This indicates that either the fourth USD state is
decays. weakly populated or it lies at much higher energy. The en-

I1l. DISCUSSION
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ergy of the experimental3llevel, 2723 keV, is rather high models. All three calculations support the suggestion regard-
compared to the calculated; btate (2270 keV), but it is  ing the Z assignment for the 2723 keV level.

remarkably close to the excitation energy of the calculafed 1 The results of the presented work have been confirmed in
state(2720 keV. The shell-model logt and branching ra- the recent study of excited levels of th&Na nucleus per-
tios for the calculatedlstate are in slightly better agreement formed by utilizing the**C(**C ,d) reaction[16].

with the corresponding experimental .values for_t@estkate _ In conclusion, a puré®Ne beam was produced at the
at 2723 keV. Furthermore, the experimental ratio of the N SoLDE facility. The high-quality of the beam and the good

tensities of they-ray transitions decaying from the,1 statistics allowed one to obtain new experimental informa-
2723 keV, level to the and 2 levels is 1.21). The corre- tion on the”®Ne S-decay properties and resolve the contra-
sponding ratios calculated for thg and I, theoretical levels 19" B Yy propertie _
are 0.6 and 0.1, respectively. This again favors thaskign- ~ diction between the earlier experimental data and the predic-

ment for the 2723 keV level. However, the final answer totion of shell-model calculations.
this question can be obtained only after observation of the
IS quest I Y val We would like to thank the ISOLDE Collaboration for

fourth 1" state predicted by the theory. . .
To investigate further the reliability of the theoretical pre- SUPPOrt of this experiment and the crew of the PSB-ISOLDE

dictions, we have performed similar calculations utilizing facility for operation of the mass separator and the ion
two other effective interactions, namely C\id4] and  Source. We would like to acknowledge financial support by
HBUSD [15]. The result of the calculations yield a similar the European Commission under Contracts No. HPRI-CT-
decay pattern to that in Fig.(l), although variation in the 1999-00018, No. HPRI-CT-2001-50033, and the NSF Grant

level energies up to 200 keV was observed for the differeniNo. PHY-0244453.
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