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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not nccessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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1 (°Be,®s) REACTION AND THE UnBOUND NucrIpE Orit

‘K. H. Wilcox, R. B. Weisenmiller, G. J. Wozniak,
* ] E . .
N. A. Jelley , D. Ashery , and Joseph Cerny

Lawrence Berkeley Laboratory
~ and Department of Chemistry
University of California
Berkeley, California 94720

August 1975

Counter-telescope and recoil-coincidence techniques were employed to
study the 9Be(gBe;sB)loLi reaction at 121 MeV. A cross section of A 30 nb/sr
{(c.m.) was obSérved, indicating a loLi mass-excess of 33.83 * 0.25 MeV. This

corresponds té loLi being unbound to 9Li + n by 0.80 + 0.25 MeV.

'Masé méasureﬁents of.new highly neutron-excess huclei provide
important tests of the theoretical relations used to predict the limits of
nuclear stability and the onset of new nuclear decay modes [1]. Experimental
massgs_in the veiy light nuclei have proved particularly interesfing sinée
laréevaisdrepanciés have been found betweén predicted and observed mass-
excesseé. Two such cases have been the unexpected observations of the particle

11

stébility of T'Li [2] and 14Be [3], which were predicted at the time of their

discovery to be well unbound.
If one excludes many-neutron systems and hydrogen isotopes, all

Tz = 2 nuclei ih the light elements are nucleon stable and have known masses

TWOrk performed under the auspices of the U.S. Energy Research and Development

Administration.
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with the exception of 10Li, which has been established to be particle unbound
[2,3] but for which a mass—-excess has not been determined [4]. sStudies of 10Li

are difficult since it cannot be reached by standard techniques on stable

targéts. However, by employing the IATZI = 3/2 rearrangement reaction, (QBe,BB),
we have produced 10Li via the 9Be(gBe,sB)loLi reaction.
9 3

A 121 Mev “Be' beam from the Lawrence Berkeley Laboratory 88-inch
cyclotron was used to bombard a 0.68 mg/cm2 9Be foil. Typical beam intensities

of 80 nA (4+) on target were produced by a Penning ion gauge source. Beryllium
vapor was suppliéd to the arc by support-gas—induéed sputtering of a piece of Be
metal located just outside of the arc. 8B exit pérticles were identified by a
detector telescope, subtending a solid angle of 0.3 msr, consisting of two
transmission (AE) detectors, 53 and 45 um thick, a 210-um E detector; and a 500-Lum
reject detecﬁor; éhe method of data handling has been described previously [s]
and involves in part a comparison of two particle idenfification signals to ré@uce
background; this comparison eliminated v 25%of the 9Bé¥induced events.

Due to the low yield of the (gBe,BB) reactioﬁ, it was'necessary to reduce
the background frém target contaminants and random pulse pileup by additionally
requiring the 8B particles to be in coincidence with ah event in a recoil telé—
scope. The fecoil telescope subtended a solid angle of 15 msr and consisted of
AE and E detectors of thickness 11 and 48 Um, respectively, backed by a 500-pm
" Yeject detector. Figure.l(a) shows schematic;lly the location of the detectors
in the scattering chamber. A large recoil solid angle is required because the
recoiling loLi nucleus decays in flight to 9Li + n, resulting in a 9Li maximum
breakup cohe angle.of about 10 degrees in the laboratory. The thickness of the

AE detector was chosen to eliminate background from the 12C(9Be,88)l3B and

8 .1 . . ' . -
l60(9Be, B) 7N reactions, induced on target contaminants, by stopping the 138
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and 17N recoil ﬁuclei while permitting the 9Li recoil daughters to pass through
into the E detector. Fast timing techniques were used in establishing the coin-
cidence between tﬁe 8B and its associated recoil and to eliminate inter-beam-
burst pileup. (A more detailed discussion of the experimental technique is
given in ref. 6.)

Figure 1(b) presents a particle identification $pectrum of some of the

data taken with the 9Be target. Those events for the entire experiment lying

within a very broad 8B window, which also had a reccil coincidence and an

energy greater than 70 MeV, are shown cross—batched. (The 9Li + n threshold was
equivalent to E(SB) = 75.8 MeV.). It is seen that any 10B events tailing into
the 8B region are totally eliminated by this reguireﬁent.

An energy calibration for the (9Be,8B) reaction was obtained by observing

at small angles the 4OCa(GLi,BB)38Ar reaction to the ground and first excited

(2.17 MeV) states of 38Ar, initiated by an 80.6 MeV 6

8Si(GLi,sB)stg and 16O(6Li,8B)l4C ground state reactions were used. These

.+ s s
Li z_beam. In addition the
5 : .
reactions [7] have reasonable cross sections (5-10 pb/sr) and populate discrete
states yielding 8B with energies between 62 and 71 MeV, close to the energy

99 8 10_, | . o
of v 75 MeV expected from the "Be("Be, B) Li ground state reaction at 14%.
Such a calibration procedure is convenient because 80.6 MeV 6Li+2 and 121 MeV

9_ +3 . . s s oas .
Be have essentially the same magnetic rigidity and charge-to-mass ratio,

Currents. To change beams only a calculable adjustment in the cyclotron
frequency is needed; the energy of the beam was determined using a high-

precision analyzing magnet.
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The 12C(gBe,eB)l3B reaction was also studied separately, both to obtain
a calibration point at higher energies»and_to study the yield of the (?Be,ss)
reaction 6n a major target contaminant. A BB energy spectrum from this reaction "
at 14° is shown in fig. 2(a). The ground state population is too low (¢ 200 nb/sr) -
to be useful for calibration éurposes. However, the shaip peak at 81 MeV provided
a useful poinf; it corresponds to the region of éxcitation of a pair of doublets
[8] between 3.48 and 3.71 MeV, so that its enérgy is only uncertain to * 120 keV.
This, together with the (6Li,BB) déta, established an accurate energy calibration.

A spectrum of all the 8B data from reacti&ns on the 9Be target, repré-
senting 6950 UC of 9Be beam (fully stripped)}, is éhown in fig. 2(b). The same
data, with the additional requirement thaé each count be in coincidence with an
event in the recoil detector (located at 33° in the laboratory), are seen in
fig. 2(c). With this requirement, elimination of 8B nﬁclei arising from reactions
on major target contaminants waé essentially complete. ® Further, although isotope
resolution in the recoil particle identification spectra was poor, it was adequate
to show that all the associated recoils from the evénts in fig. 2(c) appear in
the region expected for 9Li nuclei.

Two . independent investigations were made Qf the 9Be(gBe,BB)loLi reaction
using these techniques. Good agreement between the two was seen and all Qata
presented here are a summation of both determinations. We have assumed of
necessity that the observed peak arises predominantly f;om the population of 10Li
in its grouhd state. (Based on simple particle-particle, hole-hole theorems, the
two lowest states of 10Li qguld be very similar to those of 12B, in which they

are separated by 0.95 MeV.) The width of this peak, approximately 1.2 * 0.3 MeV

FWHM, (c.m.), is of the correct order of magnitude for a single unbound state on
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the basis of neutron-tunneling calculations. At this angle of 14° the cross

section for population of the ground state of lO.Li was Vv 30 nb/sr (c.m.). The
' 9,9 8_.10_. .

observed Q value for the "Be( Be, B) Li ground state reaction was -34.06 *

10

0.25 MeV, corresponding to a mass-excess for ~ Li of 33.83 % 0.25 MeV.

The nucleus loLi is thus unbound to 9Li plus a neutron by 0.8010.25 MeV (using
the recent remeasurement [Q] of the 9Li maés), somewhét more unbound than the
current prediction [10] of 0.21 MeV based on the Garvey-Kelson method. It is

_also substantially more unbound than is indicated by the results of Abramovich
EE.El'[ll]' who obéerved an anocmaly in the 7Li(t,p)9Li excitation function
corresponding to an excitation energy of 21.185 MéV in 10Be. On the basis
of its small partial width, they assigﬁed'it as the T = Z'Analogue of the 10Li
ground state, thergby deducing that loLi should be unbound by 0.062 * 0.060 Mev.

An attempt’was also made with the_(gBe,sB) reaction to determine the
mass-excess of the 'I‘z = 5/2 nuclide 15B by reactions ort a 14C target. A 121 MeV
9Be beam was again used, bombarding a 100 Ug/cm2 carbon target enriched to
v 80% in 14C. "The experimental technique was similar to that described for the
9Be(gBe,sB)loLi reaction, except that a single recoil counter of about 20 Hm
thickness, backed by a reject detector, was used. 8B particles _ from the rela-

. tively high-yield 12C(9Be,88)l3B reaction were not sufficiently eliminated by the

recoil angle requirement to permit positive identification of any peaks due to

the formation of 15B. An upper limit of 50 nb/sr (c.m.) can be set for the

14C(gBe,sB)lsB ground state reaction at 14° in the laboratory. (Also see ref. 6).
These results on oLi add another lATzl = 3/2 nuclear rearrangement

8B) [5] and (113,85) [12] as demonstrated

reaction to such reactions as (7Li,
tools to employ (albeit not always successfully) in studying the spectroscopy
of new highly neutron-excess light nuclei.

We would like to thank Dr. M. S. Zisman for helpful discussions on the

: _ 9
experimental setup and John Bowen and the cyclotron crew for developing the ~Be beam.
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FIGURE CAPTIONS

- Fig. 1. (a) Schematic drawing of the scattering chamber setup showing
orientation of the detectors and target; the solid angles of the 8B
and recoil telescopes were 0.3 and 15 msr, respectively. (b) Particle

identification spectrum resultihg from the bombardment of 9Be by 121

. — . 8 . .

Mev 9Be. The location of high energy events in the B region having a
recoil coincidence is shown cross hatched. See text.

Fig. 2. Several energy spectra resulting from the bombardment of 12C and

9Be targets by a 121 MeV 9Be beam and observed at 14° in the laboratory:

12C 9Be,8B)13B reaction. (b) = The 9Be(gBe,BB)loLi reaction singles

(a) The (

events. (¢) A two channel sum of the 9Be(gBe,sB)loLi reaction coincidence

events.
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