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A new more precise measurement of the ground-state proton decay‘’lod is presented[ E,
=806(5) keV,ty,,=26(3) md. 1171 _a was produced via the4n fusion-evaporation channel by bombarding
a %7n target with 310 and 295 MeV®Ni beams. The proton decay rate is consistent with emission from a
prolate deformed 3/20r 3/2" Nilsson state. No evidence is found for a previously reported proton decay from
a high spin isomer in'*"La. An upper limit for the production cross section for proton decay’@fa at a
bombarding energy of 325 MeV was established.

DOI: 10.1103/PhysRevC.64.031303 PACS nuner21.10.Tg, 23.50tz, 27.60:]

The study of proton emitting nuclei has provided valuablevided energy loss, timing, and positioA/Q) information.
spectroscopic information on the structure of nuclei far fromAfter passing through the MWPC, recoil ions were im-
stability. Proton decays of drip-line nuclides in the<6B  planted into a 60um thick, 40<40 mnt DSSD with strips
<82 region are well reproduced by WKB calculatiold, =~ of 1 mm pitch. Both sides of the DSSD were fully instru-
assuming spherical shell model configurations. Howevernented, producing a significantly lower background than the
proton decay rates in the transitional region beyondzZhe €xperiment of Ref[8] for correlations between implanted
=50 shell closure 9 and 1211¢s[2,3)) and in the region  1ONS and subsequent decays. The energy resolutlon of the
of light rare-earth nuclei®*Eu and 14%14Ho [4,5]) require DSSD was~ 25 keV FWHM. A Ia_rge area Si detector was
calculations assuming significant prolate deformations. Th@!aced behind the DSSD to provide a veto for the 50% of

study of gamma transitions from a band built on the groundg'de""Iyecj protons escaping in the forward direction, while a

state of'*!Ho [6], and the observation of fine structure in the silicon box was used to veto events in which protons escaped

roton decay of*Eu[7] have provided independent confir- in the backward direction. A 10 MHz clock was used to
prot y P PS time-stamp the implantation and decay events, which were
mation of the deformed nature of these nuclei. Most recentl

Yidentified by MWPC-DSSD signal coincidences and antico-
proton radioactivity has been reported f&r'La, lying be- y ¢

o ) _incidences, respectively. The DSSD implantation rate was
tween the transitional and deformed regions of proton em'ttypically ~1 kHz.

ting nuclei[8]. In this case proton radioactivity was claimed Figure 1a) shows the energy spectrum for all decay
for both ground and isomeric state decays. The backgroungyents measured in the DSSD showing events from both
in this experiment was reported as being high and signalfns, at 295 and 310 MeV. There is a broad continuum of
were only taken from one side of the double-sided silicong-delayed protons around 3 MeV, with a strong peak corre-
strip detector(DSSD). The present Rapid Communication sponding to the alpha decay éf°Te produced as a charge
reports a new measurement of proton radioactivity fromstate ambiguity. The continuum of events increasing in inten-
1179 a with low background and improved precision. sity below 1 MeV corresponds to escapipgdelayed pro-

A 3 pnA 58Ni beam from the Argonne ATLAS accelerator tons. Despite this background a peak can be seen around 800
bombarded a 73Qug cm 2 thick 8Zn target at an energy of keV. A time condition was then applied, requiring a single
310 MeV for 10 h and 295 MeV for 14 h, producing center- decay occurring in a pixel within 60 ms of a recoil being
of-target excitation energies of 90 and 82.5 MeV, respecimplanted. The resulting spectrum is shown in Fig)1This
tively. The first beam energy was the same as that used atearly reveals the presence of a prominent peak wift00
Legnaro National Laboratory wheré’La was first reported counts, corresponding to a cross section-@40 nb(with a
[8], the second was the energy at whichigapr [9] calcula-  factor of 2 uncertainty This is consistent with a cross sec-
tion predicted the maximum yield for thepZn evaporation tion of 200 nb reported in Ref8] for the ground-state pro-
channel required to produck’La. Fusion-evaporation resi- ton decay of''/La.
dues passed through the fragment mass anal({zAA) [10] The half-life measured heftg,,=24(3) ms is more pre-
where they were separated in-flight according to their masdfise, but in excellent agreement with the value ofR22ns
charge ratio. The FMA was set to transmt=117 recoils reported in Ref[8]. These data therefore provide support for
with charge states-30 and +31 through two mechanical the observation of the ground-state proton decay'dfa.
slits situated in front of a multiwire proportional counter The proton decay peak was calibrated using well-known
(MWPC) at the focal plane of the FMA. The MWPC pro- ground and isomeric proton decays frortfTm [Ep
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20 - FIG. 2. Calculated proton partial half-lives fdt’La, for spins
of 1/27, 3/2%, and 3/2. The horizontal lines represent the experi-
10 mental value with uncertainties.
WMHIM " WM\N\% which was very successful in explaining the decay rates of
0 —— e e |Lh‘jm the deformed proton emitter$’Eu, ***Ho, and***Ho™. The
0 1000 2000 3000 4000 interaction between the quasibound proton and the deformed
Energy (keV) core includes deformed nuclear, spin-orbit, and Coulomb

terms, with the parameters given in Appendix A of Hé&#].
The depth of the nuclear potential was adjusted to reproduce
the experimental energy, corrected for recoil and atomic
screening effects. Candidate deformed orbitals inclide
=3/2Y, K=3/2", and K=1/2". Pairing effects have not
been includedsee below.
—1051 0(3.3) keV and 1110.8(3.9) k¢\and a value of Figure 2 shows the predicted proton decay half-lives for

E,=806(5) keV was obtained. This value is not in goodthese spins, plotted as a function 8. The corresponding
agreement with the value d,=783(6) keV obtained in value of 8, was set to 0.38,. Smith et al. [15] have ex-
Ref. [8], also calibrated using the ground-state proton decajracteds, values of 0.24-0.27 fot?41221201185 from ex-
line from *“Tm. Despite this energy discrepancy it is mostperimental 2 excitation energies. These are consistent with
probable that both experiments have observed the same traifie predictions of Mber et al. [16] for these even-even
sition. Correcting for nuclear recojll1], the present data neutron-deficient Ba isotopes. Mer et al. [16] predict de-
give a proton decag value,Q,=813(5) keV. The ground- formations for the daughter nucledd’Ba of 8,=0.28 and
state-decay partial half-life oflla is predicted to have a B8,=0.09, and a''’La ground-state spin of 372 At this
value t;, ;=388 ms[12], yielding a ground-state partial deformation,J=3/2" andJ=1/2" are also expected to be
proton half-lifet,,,=26(3) ms. close to the Fermi surface. Thus, for deformatighs>0.2,

The g4, and ds, proton orbitals are expected to lie near as we expect is the case fot%Ba, theJ=1/2" option for
the Fermi surface in this region. WKB calculations using the'*’La appears to be ruled out. Under these circumstances,
real part of the Becchetti-Greenlees optical potenfti3] Fig. 2 suggests that the ground-state spinttia is either
give proton partial half-life predictions af,,,=86 ms for a 3/2" or 3/2". The experimental spectroscopic factors using
07, configuration and 234us for a wds, configuration.  B,=+0.28 andB,= +0.09[16] are 0.285) and 0.276) for
The g4, configuration can be ruled out since it implies anJ=3/2" andJ=3/2", respectively, with the uncertainties re-
unphysical spectroscopic factor well in excess of unity. Theflecting experimental half-life and proton energy uncertain-
ds» spectroscopic factor implied by this analysis equals 0.01ties. BCS calculations give a spectroscopic factor for the
This very low value indicates that the transition cannot beground-state decay of 0.6. For either spin the calculated
understood as occurring from a pure spherical shell moddbranching ratio for decay to the™2state of the daughter
configuration, but must be considered as originating from aiucleus is too small to be observed, since the excitation en-
deformed configuration. ergy is expected to be- 200 keV or higher.

Calculations of the decay rate fdt’La have been per- The isomeric state proton decay reported fbt.a in Ref.
formed using the adiabatic approach described in Refi, [8] was not observed in the present work. Accordinggp it

FIG. 1. Decay energy spectrum of all decays occurring within
the DSSD and below 4.5 MeV, for both the 295 and 310 MéNIi
beam bombarding 4°Zn target for a combined total of 24 h with
(a) no time gate andb) a 60 ms time gate.
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was produced with a cross sectienl/3 that of the ground- tion on the relative yields of these evaporation channels is
state peak at an ener@y,= 933(10) keV, or 150 keV above limited in this region of the proton drip-line, but where in-
the ground-state transition, with a half-litg,=10(5) ms. formation is known it suggests a facter30 reduction is
Such a peak should be clearly visible in Figojbut there is  more typical [5,17]. Generally speaking, odd-odd proton
no evidence for it. Our data indicate an upper limit on theemitters have very similar decay energies to neighboring
cross section for producton of an isomeric transition ofpdd-even proton emitters lying closer to stability and, for the
<10 nb, or~4% of the ground-state yield. [f8] the iso-  same proton configuration, have similar half-lives. However,
mer was identified as a 9f2configuration. This is an un-  the nearby I and Cs isotopes are found to have significantly
usual result since in previous studies of proton emitters proyequced proton deca@-values for the odd-odd partnés].
duced using heavy ion fusion-evaporation reactions, highthe nonobservation could also therefore be due to a rela-
spin states were produced more strongly than low-spin stateﬁvew low proton energy for**fLa, in which case(nonob-

stiur}gge;:?tbzgﬁ zzstiﬁgn;?:ég;gug;g?l l;(?c\)/t(t)rrf]ir;]i}]iai?e iSservable B-decay modes could become competitive. Proton
350 ms for B,= +0.28, implying a combined half-life ap- decayQ-value systematics suggest it is unlikely that the pro-

. , H)n decay is too short-lived to be observed.
proximately an order of magnitude larger than the measure
value In summary, we have observed the ground-state proton

A search for the proton decay df%.a was also under- 9€cay of La, confirming an earlier measuremdsi, but
taken during the same experiment. The 78 cm 2 thick do not observe the isomeric state decay reporte_d in th_at
%Mo target was bombarded by a 325 M&WNi beam for 29 work. Proton decay calculations for a deformed emitter indi-
h, and no identifiable proton peak was observed. This sets ifte that the ground-state spin bfla is 3/2" or 3/2".
upper limit on the cross section at that bombarding energy
for producing'*®.a at~5 nb for proton decays with half- H.M. would like to acknowledge funding by EPSRC. This
lives 20 pus<t,;,<20 ms. This limit could imply a reduc- work was supported by the U.S. Department of Energy,
tion in cross section by a factor of greater than 50 for theNuclear Physics Division, under Contract No. W-31-109-
1p5n compared to the g4n evaporation channel. Informa- ENG-38.
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