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Lifetime Measurements of Neutron-Rich Light Isotopes '4Be and '7C

M. S. Curtin, L. H. Harwood, J. A. Nolen, B. Sherrill, Z. Q. Xie, and B. A. Brown

(Received 16 September 1985)

P-decay half-lives have been measured for eight neutron-rich isotopes produced by bombard-
ment of a '8'Ta target with an '80 beam at 30 MeV/nucleon. The previously unknown half-lives of
' Be (4.2 + 0.7 ms) and "C (202 + 17 ms) have been obtained along with the half-lives of 9Li, "Li,
'~Be, ' 8, '"8, and ' 8. This experiment represents the first half-life measurements using the
Michigan State reaction product mass separator.

PACS numbers: 23.40.Hc, 21.60,Cs, 25.70.Np, 27.20.+n

We report here the results of the first half-life mea-
surements of light neutron-rich nuclei using the reac-
tion product mass separator (RPMS) at Michigan State
University (MSU). The MSU RPMS is specifically
designed for the study of exotic nuclei produced in
reactions utilizing intermediate-energy heavy-ion
beams.

To permit the study of lifetimes and decay schemes
of rare isotopes the RPMS physically separates heavy-
ion reaction products of interest from the more abun-
dant isotopes and focuses them to a small spot in the
focal plane. The components of the RPMS are indicat-
ed schematically in Fig. 1. By eliminating interfering
m/q species with defining slits upstream from the
focal-plane detector system and concentrating the iso-
topes under investigation into small detectors, the
RPMS provides a relatively background-free environ-
ment in which detailed decay studies can be undertak-
en. A complete description of the RPMS may be
found elsewhere. '

Utilizing a 540-MeV 'sO 5+ beam from the K500
cyclotron at the National Superconducting Cyclotron
Laboratory, we measured the previously unknown
half-lives of '48e and "C along with the half-lives of
9Li "Li, '2Be, '28 ' B, and 'sB during a single two-

day run. P-decay half-lives were obtained by use of a
technique which consisted of repeated measurements
of the time interval between the detection of a heavy-
ion reaction product and its associated beta particle.

This technique, similar to that employed by Murphy er
ai. ,

2 demonstrated the capability of obtaining half-lives
as short as a few milliseconds.

The properties of nuclei far from stability are funda-
mental to our understanding of nuclear structure in
that they provide crucial tests of the validity of shell-
model Hamiltonians which have been constructed
from data associated with near-stable nuclei. Beta-
decay properties of neutron-rich systems are of partic-
ular importance because they provide opportunities to
nearly isolate specific one-body transition terms which
either do not occur with significant intensity in exist-
ing near-to-stability nuclei or are masked by mixing
with other terms. As the predictive capability of
shell-model calculations improve comparisons between
predicted and measured properties may yield
discrepancies which can only be explained as a break-
down in the model-space assumptions. For instance,
Hamiltonians generated within the context of a spheri-
cal shell-model basis set can lead to large discrepancies
between experiment and theory which may indicate
the onset of new regions of deformation as was the
case for neutron-rich sodium and magnesium iso-
toPes.

Neutron-rich isotopes were produced by bombard-
ment of targets of beryllium and tantalum with a 30-
MeV/nucleon 'sO beam. Target thickness was chosen
so as to eliminate the primary beam while allowing the
neutron-rich fragments to pass through the target and
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FIG. 1. Pictorial dra~ing of the RPMS. The beam inflector magnet is the first component at the left, followed by the bel-
lows system and target chamber, aperture holder, quadrupole doublet, Wien filter (5 m long) with high-voltage supplies on the
top right-hand end, magnetic dipole, and pivoting "tail" with quadrupole doublet and focal-plane detectors at the right-hand
end.

1985 The American Physical Society



VOLUME 56, NUMBER 1 PHYSICAL REVIEW LETTERS 6 JANUARY 1986

into the RPMS, which was positioned at a scattering
angle of O'. The yield of neutron-rich isotopes was
substantially greater for the tantalum targets than for
the beryllium targets, which proved consistent with
preliminary results reported by Guerreau et ai. using
44-MeV/nucleon beams. 4 Reaction products were
separated and focused according to their mass-to-
charge ratio into a focal-plane detector system consist-
ing of a two-dimensional position-sensitive gas-
proportional counter followed by a bE-E solid-state
detector telescope. Horizontal and vertical position in-
formation was obtained in the gas counter through
resistive-wire charge division and electron drift times,
respectively. The bE-E telescope provided isotope
identification and consisted of a 300-mm2X100-p, m
(Si) detector backed by a 500-mm2X5-mm (Si-Li)
detector. During the experiment, lifetime measure-
ments were carried out by turning off the beam when-
ever an ion with Z ~ 3 was detected in the bE-E tele-
scope thus allowing the decay time of that ion to be
recorded. Elimination of the beam was accomplished
within 40 p,s of the detection of a heavy-ion reaction
product by a change of the rf phase on one of the dee's
in the K500 cyclotron. The duration of the beam-off
time interval was chosen to be several half-lives of the
longest-lived beta-decaying species hitting the detector
system, thereby eliminating the buildup of nonin-
teresting isotopic species within the detector system.
A scalar was used to record pulses from an 8192-Hz
quartz-crystal oscillator during the time period
between the observation of a heavy-ion reaction prod-
uct (tagged as a beam-on event) and its associated beta
particle (tagged as a beam-off event). The data associ-
ated with heavy-ion reaction products and their decay
products were written to tape for final analysis at a
later date.

The off-line analysis consisted of a histogramming
of the time-interval distribution between the detection
of a heavy-ion reaction product and its corresponding
beta particle. Isotope identification was achieved by
the coupling of m/q information (contained in the
vertical-position signal) with a particle identification
(PI) function assumed to obey the empirical relation2

(E+bE)1.78 Ei78.
which was evaluated with use of the energy informa-
tion from the b, E-E telescope. Histogramming of
t~o-dimensional focal-plane position vs Fp~ produces
islands corresponding to different isotopic species as
sho~n in Fig. 2. The adjustable dispersion of the
RPMS coupled with a set of horizontal defining slits
located just in front of the focal-plane detector system
proved an effective combination for the elimination of
isotopes with undesirable m/q values.

For the m/q =3 analysis, beta particles were re-
quired to lose more than —2.5 MeV in the Edetector
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FIG. 2. Two-dimensional histograms providing particle
identification for Z ~ 3. (a) Particle identification for the

m/q = 3.5 run. (b) Particle identification for the m/q =3.0
run.

to be included in the lifetime curve so as to eliminate
background events associated with 6He. For the

m/q = 3.5 run 6He was eliminated by the brass defin-

ing slits, thus allowing the beta energy threshold to be
reduced to —1.0 MeV. The remaining background
was small and believed to arise from long-lived species
embedded in the detector during previous beam-on cy-

cles. The decay curves of 9Li, "Li, '"B, '5B, and '7C

were fitted as an exponential decay plus constant back-
ground with use of a least-squares fitting routine. The
decays of '4Be and '2Be were complicated by a relative-

ly short-lived daughter product. For such mother-
daughter decays we required a second beta to follow
the first beta particle within approximately two

daughter half-lives in order for it to be included in the
mother's decay curve. The daughter's half-life was

also extracted by the histogramming of the time-
interval distribution between the first and second beta
particles. The resulting histograms are presented in

Fig. 3 along with their best-fit curves.
The present experimental results are compared with

previous measurements in Table I. There are two
cases of discrepancies outside the one-standard-
deviation uncertainties, '48 and ' B. In both of these
cases there ~as only one previous measurement, and
there is no obvious reason for the discrepancies. It is
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TABLE I. Beta-decay half-lives (in milliseconds) for the
neutron-rich isotopes measured in this experiment com-
pared ~ith previous measurements ~hen they exist.
Theoretical predictions for Gamo~-Teller beta decay are also
provided for comparison. The three theoretical half-lives for
"C correspond to the assumption of (~+,~+,~+) ground-

state J values for '7C in the calculation.

IQ 200 400 600 IOOO This Previous
Isotope measurement measurement Prediction'

V)
UJ

ID

'Li
11Li
12Be
14Be

B
14B

15B

17C

173 +14
7.7+0.6

21.3 + 2.2
4.2 +0.7

20.0 + 1.5
12.8 +0.8
8.8 +0.6

202 +17

175 +1b
8 5+0 2b

24.4+ 3.0'

20.41 + 0.06d

16.1 + 1.2'
».0+1.0f

76
2.3
8.6
2.8

13.6
11.1
7.4

(422, 297, 242)
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'Present calculations.
bReference 3.
'Reference 5.

dReference 6.
'Reference '7,

fReference 8.
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FIG. 3. The beta-decay half-life data from this experi-
ment along ~ith their best-fit curves. The curves represent
least-squares fits to the data ~ith assumption of a functional
form given by a simple exponential plus a constant back-
ground. In each case the time scale for the data extend to
larger times than displayed in this figure in order to deter-
mine the background accurately.

possible that the background under the '4B decay
curve in Ref. 7 was underestimated, leading to the
larger value for the extracted lifetime. In Ref. 8 no
decay curve for tsB was shown so that it is hard to
compare the quality of the fits in this case.

For the neutron-rich nuclei investigated in this ex-
periment the dominant decay mode is through
Gamow-Teller beta decay. Partial half-lives corre-
sponding to Gamow-Teller beta decay are predicted
within the framework of a spherical shell-model for-
malism (details of which are given in Ref. 9). Shell-
model calculations were carried out in the PSD model
space in which the Op3t2, Optt2, Odst2, Istt2, and Od3t2
orbitals are active. The residual-interaction matrix ele-
ments connecting the Op. shell orbits were taken from
the results of a fit to Op-shell energy levels in the
A =10-15 mass region obtained by Millener. to The
matrix elements connecting the lsOd-shell orbitals
were taken from the recent fit to lsOd. shell energy
levels in the A = 18-38 mass region obtained by Wil-

denthal. " Finally, cross-shell matrix elements con-
necting both the Op and lsOd orbitals were calculated
with the residual interaction of Millener and Kurath. '2

Single-particle energies were chosen to reproduce
single-particle states in A = 17 nuclei and single-hole
states in A = 15 nuclei with the assumption of a closed
Os-Op shell configuration for '6O. Half-lives predicted
by these calculations are presented in Table I.

On the basis of the systematics of the comparisons
between experimental Gamow- Teller beta decay
strengths and those calculated with similar types of
shell-model wave functions to those employed here
(see Brown and Wildenthal'3 and Snover et al. t4), we
expect about a 60% reduction of the decay strength or
a corresponding 67'/o increase in the half-life. In Table
I we find that only the half-life of '2B, which lies
closest to the value of stability, is in accordance with
this expectation. The experimental half-lives for 9Li,
"Li, and '28e are all over a factor of 2 larger than
theory. Our model space for these nuclei is restricted
to the Op shell. Any larger than average 1 s0d shell ad-
mixtures in the initial state could explain the longer
than average half-life, since these components cannot
contribute to the transition to the final state. Indeed,
it is well known that some Osld configurations occur
very lo~ in excitation energy in this mass region and
even appear as the ground state in "Be. A similar ef-
fect occurs in the most neutron-rich Na and Mg iso-
topes (see Fig. 1 of Ref. 9) presumably because of a
close degeneracy between Oplf and lsOd configura-
tions. This shortcoming of our calculation can only be
improved if we allow for some Os 1 d admixtures in our
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model space.
In contrast, the experimental half-lives of the nuclei

with N ) 8 ('4B, tsB, and '7C) are closer to the theory
and even smaller than theory in the case of '7C. In our
model space, these nuclei all have the active protons in
the Op shell and the active neutrons in the 1s0d shell.
These half-life discrepancies, as well as other problems
associated with this type of configuration (Ref. 14),
might be impmved by a hetter determination of the
cross-shell residual interaction between protons and
neutrons. In order to do this it is important to have as
much information as possible on the energy levels in
this region with Z & 8 & N, and a measurement of the
final-state decay schemes for the nuclei which can be
studied with the RPMS would be invaluable in this re-
gard.

In conclusion, the first half-life measurements of
light neutron-rich nuclei using the MSU reaction prod-
uct mass separator has resulted in the measurement of
eight half-lives, two of which represent first-time mea-
surements and three of which are second-time mea-
surements. All beta-decay histograms presented in
Fig. 3 where obtained during ten hours of data taking.
The RPMS proved extremely effective in the elimina-
tion of unwanted reaction products at the focal-plane
detector system, thus providing a relatively back-
ground-free decay curve. The measurement technique
demonstrated the possibility of determining half-lives
as short as a few milliseconds. Future studies on the
beta decay of exotic nuclei will be aimed at providing
branching-ratio information against which shell-model
calculations may be more vigorously tested.
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