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New strongly deformed proton emitter: 117La
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The decay by proton emission of the117La nucleus has been studied via the 310 MeV58Ni164Zn reaction.
The nucleus has two levels that decay to the ground state of116Ba with Ep5783(6) keV (T1/2522(5) ms# and
Ep5933(10) keV@T1/2510(5) ms#. Calculations performed for a deformed proton emitter reproduce quite
well the experimental results confirming that117La is strongly deformed (b2;0.3). Spin and parity of the two
p-decaying levels have been determined as well: 3/21 for the ground state and 9/21 for theEx5151(12) keV
excited state.
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The study of drip line nuclei is very important, since
provides a unique tool to get spectroscopic information
nuclei far away from the stability valley. From the theore
cal point of view these studies permit a stringent test
models of the nuclear mean field and their dependence
isospin. Recently many proton emitters withZ.50 have
been found and their decay properties determined@1,2#. First
examples ofp emitters, produced via (p,2n) and (p,3n)
evaporation channels and located in the region 68,Z,82,
have been interpreted by means of simple WKB calculati
as being spherical. However, in the region 50,Z,64 the
predictedp emitters are expected to be quite deformed
their ground state (b;0.3) @3#, thus making their interpreta
tion more difficult due to the complexity of the emitted pr
ton wave function. Moreover, while many sphericalp emit-
ters are connected with other nuclei througha decay chains,
in the deformed regiona decay is rather uncommon an
only a very restricted group of nuclei has a measura
a-decay branch. This implies that in the 50,Z,64 region
one cannot use the daughter and granddaughtera decays to
tag the proton decay.

Finally, a complete explanation of thep emission process
should be able to describe this decay as a function of
deformation parameter. Thus it is very important to stu
and characterize thep emission from deformed nuclei in or
der to fine tune the theoretical description of this process

First experiments on109I @4#, 112,113Cs@4–6# performed at
Munich and Daresbury pointed out that for these transitio
nuclei an interpretation as spherical nuclei is not enou
Indeed calculations including the deformation parameteb
@7,8# have been able to give a coherent description of th
nuclei. Recent experiments@9,10# have measured thep decay
of well-deformed nuclei such as140,141Ho and 131Eu. All the
proton emitters below these nuclei and withZ.54 are ex-
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pected to have strongly deformed ground states, among t
117La is predicted to haveb250.29 @3#.

The measurement of117La decay by proton emission~a
first report is given in Ref.@11#! has been carried out at th
Legnaro National Laboratories. The reaction w
64Zn(58Ni,p4n)117La at 310 MeV, the target was a
mg/cm2 self-supporting foil. The beam was delivered by t
Tandem1 LINAC accelerator of Legnaro with an averag
intensity of 1.5 pnA. The experimental setup used the Re
Mass Spectrometer~RMS! @12# with its maximum solid
angle acceptance~10 msr!, together with a DSSD~double
sided silicon strip detector! placed one meter downstream
the RMS focal plane. Combining the RMSA/q selectivity,
the spatial and energy information given by the DSSD, a
an absolute clock~4 MHz! for half-life measurements, it is
possible to measure the decay properties of nuclei with h
lives between;50 ms and a few seconds~this is a well-
known technique developed and applied for the first time
the Daresbury RMS@13,14# and, later, at the Argonne FMA
@15#!. Among all the recoils focused on the RMS focal pla
~and detected with a parallel plate avalanche counter! only
those falling in the range (A21)/q2(A11)/q with respect
to the centralA/q path, are implanted in the DSSD. Th
DSSD has (40340) strips, 1 mm wide and a thickness of 6
mm. To reduce the high recoil energy that would saturate
amplifiers, a degrader foil of 2 mg/cm2 natural Ni was in-
serted in front of the DSSD.

The DSSD signals are treated differently on the two sid
in vertical direction (x side! strips are acquired separately
get both position and energy information, while in horizon
direction (y side! all strips are read together through a del
line ~2 ns per strip!. Preamplifiers for vertical strips ar
hosted in the detector chamber. Cooling of both detector
preamplifier supports is guaranteed by Peltier elements w
©2001 The American Physical Society04-1
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water circulation. Acquired events were those that produc
least one signal on thex side of the DSSD. Total measurin
time for 117La was 36 h.

DSSD energy calibration was obtained from ana source
with three peaks, a pulser signal, and a knownp decay. The
latter one was the147Tm p decay which presents two proton
~1.051 MeV and 1.131 MeV! @5# and was produced afte
(p,2n) evaporation from the fusion reaction58Ni192Mo
(Ebeam5261 MeV! that was shortly run before the main e
periment ~during this run the natural Ni absorber was r
moved!.

The data were affected by a high noise background on
y signal that inhibited pixel analysis, therefore only t
analysis of the correlated recoil-decay events occurring in
same strip will be considered. This fact restricts the capa
ity to measure half-lives to values below 1.5 s for147Tm and
below 160 ms for117La.

Figure 1 gives an example of data from the calibration
on 147Tm: Decay events in a time window of~0–1! s from
the last recoil registered in the same strip are shown. The
energy peak is the ground state proton decay of147Tm which
has a half-life of 560 ms. Other peaks correspond toa de-
cays of nuclei produced in the reaction between the be
and the Mo isotopes withAÞ92 present in our target. Al
these well-known peaks@5# have been used for internal en
ergy calibration of the DSSD. Using shorter time gates~the
pertinent spectrum is not shown! the proton line from the
decay of the excited 11/22 level of 147Tm ~1.11 MeV and
360 ms) clearly appears in the spectrum.

During the 117La run RMS fields were chosen to focu
A5117 andq5301 recoils. Figure 2 shows the data fro
the 58Ni164Zn reaction. Panel~a! presents all decay even
in the DSSD. Already from this spectrum, with no time
mass selection, a peak is emerging at;800 keV. The peak
becomes evident in Fig. 2~b! where a time requirement o
Dt<100 ms between the implanted recoil and the sub
quent decay event has been imposed. Finally, in Fig. 2~c! a
further condition has been added on the recoilsA/q value
(A/q5117/301). Despite the high background, originatin
mainly from b-delayed particles, the peak at 783~6! keV
becomes more and more pronounced increasing the num
of conditions. Therefore this peak is attributed to the de

FIG. 1. Decay events from the58Ni192Mo reaction leading to
the knownp-emitter 147Tm. All the events collected in the DSSD
corresponding toA/q5147/271 recoils and occurring in a time
interval of 1 s after a recoil implantation in a given strip are show
The 1.05 MeV peak corresponds to the ground statep decay of
147Tm, other lines come froma decays of indicated isotopes.
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by proton emission of117La ground state to the ground sta
of 116Ba, all other possibilities are ruled out since they co
respond to nuclei closer to the stability line than117La and
therefore with much lower probability to decay byp emis-
sion. In addition, considering an overall RMS transmiss
of 5–10 %, a;60% efficiency for the DSSD, and the 7
events detected for this decay, a cross section of;200 nb for
the 117La ground state is deduced, in good agreement w
other experimental cross sections for (p,4n) evaporation
channels leading top emitters in this region@9,10#.

From the experimentalEp5783(6) keV value aQp-value
of 790~6! keV is obtained. Proton peak time analysis, illu
trated in Fig. 3~a! together with its fit, results inT1/25(20
65) ms. However, since the recoil counting rate per st
during the experiment was 5 Hz, the possibility of correl
ing a decay event to a wrong recoil in the same strip has
effect of lowering the level half-life by 10%. After this cor
rection the experimental half-life for this decay becom
T1/25(2265) ms.

In Figs. 2~b! and 2~c! a second proton peak can be seen
the region immediately above 900 keV. Though it is no
high statistics peak, its analysis gives positive results,
peak turns out to correspond toEp5(933610) keV and
T1/25(1065) ms~including the random coincidence corre
tion!. After the usual corrections aQp5(941610) keV is
deduced. This second peak is populated with;1/3 of the
783 keV peak cross section. The time analysis of the pea
shown in Fig. 3~b!. Experimental data do not show eviden
for a lines which might come from117La decay.

It can be seen that both experimentalQ values lie in be-
tween the range determined by existing mass predictions
calculations: Audi and Wapstra@16# give Qp5(47161021)
keV, Möller and Nix @3# predict Qp5501 keV, Liran and
Zeldes@17# Qp51011 keV, and Ja¨necke and Masson@18#
Qp51021 keV.

From Ref. @3# the 117La nucleus should be strongly de
formed withb250.29 andb450.1 and calculations done fo

.

FIG. 2. Decay events collected in the DSSD during the 3
MeV 58Ni164Zn run. ~a! shows all the decays.~b! displays decay
events occurring in a 100 ms time interval after a recoil implan
tion in a given strip. In~c! an additional conditionA/q5117/301

for the recoils is required.
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a proton emitted from a spherical nucleus should be u
only to fix a range for the possible half-lives. With a co
@19# based on a simple WKB spherical model theQp

nucl

5800 keV ~which results from the sum ofQp value and 10
keV electron screening effect! should correspond either t
T1/250.33 ms if the ground state were ad5/2 or to T1/2
5110 ms if it were ag7/2 level, these being the only cand
dates for the ground state configuration of117La in the
spherical approximation.

A calculation which is able to take into account th
ground state deformation becomes necessary to unders
117La structure. Using the approach of Maglioneet al. @8#,
which assumes that the emitted proton is moving in a
formed single particle Nilsson level and its wave function
obtained by solving exactly the Schro¨dinger equation for a
deformed Woods-Saxon potential with a deformed spin-o
term and realistic parameters, it is possible to establish
117La Fermi surface. At large deformation (b250.3 andb4
50.1) the ground state is likely aK53/21 state coming
from the sphericald5/2 level ~this result agrees with that ex
pected from@3#!. Figure 4~a! shows the result obtained pe
forming a calculation for this level using the method of R
@8#. The calculation includes theQp experimental error~gray
band! and the spectroscopic factor estimated as in@20#; the

FIG. 3. Time analysis of the 783 keV~a! and 933 keV~b!
proton peaks of117La.
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spectroscopic factor turns out to be 0.660.1 for deforma-
tions b25(0.220.4). The agreement with the experimen
results is good forb2.0.16 withb45b2/3.

Similar calculations performed for the second peak,
suming that this proton is emitted from aK59/21 state com-
ing from theg9/2 spherical level, give the result of Fig. 4~b!:
the agreement with experimental data is quite good also
this case, and the deformation for the level emitting the 9
keV proton isb2.0.24 ~always withb45b2/3).

It is worth noting that negative parity states originatin
from the sphericalh11/2 level, though lying close to the Ferm
surface, do not reproduce the data in either case.

At this point a few words on the relative population of th
two proton decaying levels are necessary. In fact one exp
that the higher spin level, being yrast, would have a hig
population than the ground state, opposite to the experim
tal observation. Two different explanations are possible. T
h11/2 band is the yrast band in neutron deficient Cs, La,
nuclei, and its decay might feed the 3/21 band. This would
explain our results on the proton intensities. However, th
is a second possibility of anM3 transition from the 9/21 to
the 3/21 state competing with the 9/21 proton decay. This
transition is indeed observed in121Cs @21#. For 117La a 150
keV M3 transition would have a partial half-life of;3.5 s
~Weisskopf estimate corrected for internal conversion!. Tak-
ing into account that maximum enhancement for anM3 is 10
@22#, the partial half-life becomes 350 ms, i.e., 35 tim
slower than the experimental 9/21 half-life. This result rules
out the second possibility.

Concluding, we have found that117La has twop-decaying
levels that populate the ground state of116Ba: the ground
state withJp53/21 decays via a (78366) keV proton with
T1/25(2265) ms, while the excited level decay, withEx
5151(12) keV~this value corresponds to the difference b
tween theQp values! andJp59/21, is characterized byEp
5(933610) keV andT1/25(1065) ms. Since the data do
not show evidence ofa decays, and since a possibleb decay
would haveT1/2

b ;338 ms@23#, we attribute 100% branching

FIG. 4. Calculated proton partial half-life as a function of th
deformation parameter for 783 keV~a! and 933 keV~b! proton
decay levels of117La. Gray bands reflect the experimental error f
the Qp

nucl values, while the horizontal dashed lines correspond
the experimental errors for the half-lives. For the ground state de
the value obtained from Ref.@3# is also indicated.
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to each of the twop decays. In addition117La is quite de-
formed in agreement with what is expected from@3#.

In summary, the decay by proton emission of the pro
rich 117La nucleus has been studied, characterizing the
ergy and the half-lives of the two experimentally measu
decays, and determining spin, parity, and deformation of
decaying levels.
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