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Abstract: We have performed the reaction 248Cm(4He,3He) usin; 98.5-MeV ~pha
particles from the IUCF cyclotron to populate high-j states in 24Cm. A tentative
assignment of the kl,n component of the 1/2+[880] Nilsson state has been made.

INTRODUCTION

The position of the k ,7,2 (4=8) orbital plays an important role in determining the
stability of superheavy elements. Because of its large degeneracy, it has a significant
influence on the magnitude of shell corrections in this region. The lowest component of
the k ,,n orbital, in a deformed prolate potential, is the 1/2+[880] Nilsson state [1] which
is expected to lie below 2 MeV in nuclei with N>152. As let, this orbital has not been
observed. Jn an earlier high resolution (d,p) study [2] of 2 lCf, we identified all of the
neutron single-particle states between the deformed gaps at N=152 and N=164. Using a
momentum-dependent single particle potential, which reproduces the observed level
energies in “Cf we calculate the energy of the 1/2+[880] orbital at -1400 keV in 25’Cf.
An angular mo~entum decomposition of this orbital indicates that it is 74% k ~T,2. Such
orbitals rue expected to be strongly populated in (4He,3He) reactions [3,4] due to the
angular momentum mismatch. Because of the intense radioactively associated with
250Cf, it is not possible to study 251Cf levels in the reaction ‘°Cf(4He,3He). For this
reason, we have carried out a study of the (4He,3He reaction with the longer-lived
isotone 248Cm. The nuclide 2249Cm is an isotone of 51Cf and hence the 249Cm level
ordering is expected to be similar to that of 25’Cf. A detailed article has been submitted
for publication [5].

EXPERIMENTAL RESULTS

The 24SCm(4He,3He) measurement was performed at the Indiana University
Cyclotron Facility. A beam of 98.5-MeV cx-particles with currents up to 25 pnA was
incident on a 110-pg/cm2 248Cm target on a 75-pg/cm2 carbon backing. The emerging
3He ibns were momentum analyzed by the K600 high-resolution magnetic spectrometer.
For this experiment, the spectrometer was equipped with a magnetic septum at the
entrance to allow operation at small scattering angles close to the beam. A brass
collimator at the front of the septum set the solid angle to 0.47 msr. Measurements were
made at eC~=4. 10, 6.10, 10.2°, 12.2°, and 16.2°. 3He ions that passed through tie
spectrometer were detected by a series of wire chambers and scintillators located parallel
to the spectrometer focal plane. Tuning of the beam line and spectrometer magnetic
elements for dispersion matching and focus yielded a minimum resolution of about 45
keV (FWHM). Momentum, as measured by position along the K600 focal plane, was
calibrated by observing the excited state spectrum from the 20sPb(4He,3He)2WPbreaction
without changing the spectrometer magnetic field settin s.
and first two excited states at 779 and 1423 keV in
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quadratic relationship between focal plane position and 3He momentum that was then
applied to the 249Cmspectra.
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used. The target thickness was 1.0 mgicm 2, leading to excitation energies of 77
MeV and 80 MeV, respectively, in the middle of the target. The total doses trans-
ported to the target were 1.3x 10’5 particles and 1.7x1015 particles, respectively.
The Fragment Mass Analyzer (FMA) was used to separate the reaction products

from the beam, and to disperse them by mass/charge state. The FMA was set
to focus mass A=155 and charqe state Q=28, with Q = 27 and 29 collected at
the same time. After passing through the focal” plane the products were implanted

into a Double-sided Silicon Strip Detector (DSSD), with thickness 65 pm, area

16x 16 mm2, and having 48 orthogonal strips on the front and rear. The time of
arrival, position and energy of the implants were recorded. This information was
then used to correlate with the position of the subsequent decays. At the front of
the DSSD were placed four silicon detectors, forming a seven cm-deep box. These
detectors served as veto detectors, providing a decrease in the background caused
by escaping alphas in the region where the possible discrete proton decay energy
lines were expected to be. Behind the DSSD was placed a large (5x5 cm2) 500
pm thick silicon detector, used to reduce the background caused by electrons and
@-delayed protons. The decay energy calibration was performed using the known
proton decay lines of 147Tm, EP = 1051 kev [6] and 147mTrn,Ep = 1119 kev [7],
produced in a separate reaction 58Ni+92Mo.
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Fig. 1. a.) The total decay spectrum vetoed with the box detectors and with the

back detector is shown. b.) The decay spectrum correlated with implants of mass A
= 155 and with maximum time between implant and decay of t50 ps is shown. c.)

Same as b) but in addition a second decay was demanded as desctibed in the text.
In spectra b) and c) the vetos are still in effect.
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When correlated with mass A=155 and using a maximum time between im-
plant and decay of 50 p, a peak can be seen as shown in the decay spectrum in
fig lb. The energy of this peak was determined to be EP=1765+10 keV. This peak
is assumed to originate from the proton decay of 155Ta. The measured half-life for
this decay was 12+: ps. The continuum background is caused by real correlations
between ‘55Lu-implants and escaped alpha particles. The full energy part of the
155Lu decay alphas was used to obtain a correction for the pile-up effect caused by
the fast decay energy signal falling on the tail of the implant signal. This effect is
significant for decays faster than 20 ps.

The theoretical partial ~-decay half-life is of the order of t~~ w 1 s [8] which

is too long to be significant. The daughter 154Hf&decays with a half-life of t112
= 2 s [9] to 154Luwhich in turn ~-decays with a half-life of tl,2 = 1.12 s [9]. The
grand-grand daught~r 154Yb has a 9370 alpha branch, and it decays with a half-life
of t~/2 = 0.41 s [9] (see fig. lc). A total of seven correlations between 154Yb alphas
and candidate 155Taprotons were found. A maximum time between implant and
these alphas of 15 seconds was used, while at the same time rejecting those cases
where there was an A = 154 implant in a 4 second time window preceding the
alpha decay in the same detector position. The expected number of such random
correlations was calculated to be 2, based on the method given in ref. [10]. This
leads to an error probability of less than 0.5 % to accidentally produce at least
seven of the above-mentioned correlations. The relatively high calculated number
of random correlations is due to the high counting rates in the detector setup and
the required long correlation time of the second decay. The cross section for pro-
ducing 155Tawas deduced to be 60 nb at a bombarding energy of 320 MeV.

Table 1. Measured and theoretical decay properties of 155Ta are shown. The
predicted ground state to ground state decay QP-value is obtained using the mms
table from ref. [11].

Measured QP Liran-Zeldes QP Measured T112 WKB-Tl/z Proton
[keV] [keV] [p] [ps] orbit al

4.3 x 10-4 51/2

1776 &10 1371 12&.j 3.5 x 10-3 &/2
7.0 hlllz

Using the measured proton decay energy and WKB approximation the calcu-
lated half-life is tl/2 = 7.0 jLs, leading to a spin and parity of J“ = 11/2- for the
decaying state. From the ratio of theoretical and measured half-life a spectroscopic
factor of S~p = 0.58~~:~~is obtained. This is in good agreement with the theoret-
ical spectroscopic factor of S~~= 0.56 predicted by the low-seniority shell model
[3]. The measured excitation energies of isome~c states in heavier Tantalum iso-
topes are 102 keV (9+ is. - 2- g.s.) [13], 22 keV (11/2- is. - 1/2+ g.s.) [12],
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141 keV (9+ is. - 2- g.s.) [3], and 64 keV (11/2- is. - l/2~ g.s.) [3] for 156Ta,
157Ta, ‘58Ta, and 159Ta, respectively, suggesting that the same isomeric state lies
at most some tens of keV above the ground state in 155Ta. Using this estimate the
WKB-approximation gives a partial half-life much less than 1 ps fort = O proton

decay (see table l.), which is too short to be observed.
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