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Counter-telescope and recoil-coincidence techniques were employed to 

study the 9ae(9Be, 8B) 10Li reaction at 121 MeV. A .cross section of~ 30 nb/sr 

(c.m.) was observed, indicating a 10Li mass-excess of 33.83 ± 0.25 MeV. This 

d lOL. b ' unbo d t 9L' b 0 80 + 0 25 V correspon s to ~ e~ng un o ~ + n y • - • Me • 

Mass measurements of new highly neutron-excess ~uclei 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 

masses in the very light nuclei have proved particularly interesting since 

large discrepancies have been found between predicted and observed mass-

excesses. Two such cases have been the unexpected observations of the particle 

stability of 11Li [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 

T = 2 nuclei in the light elements are nucleon stable and have known masses z 

t Work performed under the auspices of the u.s. Energy Research and Development 
Administration. 

* Pr~sent Address: Nuclear Physics Laboratory, University of Oxford, England. 

* Permanent Address: Tel-Aviv University, Israel. 
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with the exception of 
10

Li, which has been established to be particle unbound 

[2,3] but for which a mass-excess has not been determined [4]. Studies of 
10

Li 

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

targets. . h I A I 3/2 . (9 8 ) However, by employ1ng t e oT = rearrangement react1on, Be, B , z 

h d d 10 . . th 9B (9 8B)l0 . t" we ave pro uce L1 v1a e e Be, L1 reac 1on. 

9 +3 . . 
A 121 MeV Be be~ from the Lawrence Berkeley Laboratory 88-1nch 

cyclotron was used to bombard a 0.68 mg/cm
2 9

Be foil. Typical beam intensities 

of 80 nA (4+) on target were produced by a Penning ion gauge source. Beryllium 

vapor was supplied to the arc by support-gas-induced sputtering of a piece of Be 

metal lo.cated just outside of the arc. 
8

B exit particles were identified by a 

detector telescope, subtending a solid angle of 0.3 msr, consisting o't two 

transmission (f,E) detectors, 53 and 45 ~ thick, a 210-~m E detector, and a 500-~m 

reject detector. The method of data handling has been described previously [5] 

and involves in part a comparison of two particle idenlification signals to reduce 

background; this comparison eliminated ~ 2~of the 9Be-induced events. 

Due to the low yield of the (
9

Be,
8

B) reaction, it was necessary to reduce 

the background from target contaminants and random pulse pileup by additionally 

requiring the 
8

B particles to be in coincidence with an event in a recoil tele-

scope. The recoil telescope subtended a solid angle of 15 msr and consisted of 

~E and E detectors of thickness 11 and 48 ~m, respectively, backed by a 500-~m 

reject detector. Figure.l(a) shows schematically the location of the detectors 

in the scattering chamber. A large recoil solid angle is required because the 

. l" 10 . 1 d . fl. 9 . . . 9 . . reco1 1ng L1 nuc eus ecays 1n 1ght to L1 + n, result1ng 1n a L1 max1mum 

breakup cone angle of about 10 degrees in the laboratory. The thickness of the 

AE d t t h 1" . t b k. d 12 (9 8 ) 13 d o e ec or was c osen to e 1m1na e ac groun from the C Be, B B an 

16 (9 8 ) 17 . . . d d . . h 13 0 Be, B N react1ons, 1n uce on target contam1nants, by stopp1ng t e B 
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and 17N recoil nuclei while permitting the 
9
Li recoil daughters to pass through 

into the E detector. Fast timing techniques were used in establishing the coin­

cidence between the 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 l(b) presents a particle identification spectrum of some of the 

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

within a ve~ broad 
8

B window, which also had a recoil coincidence and an 

energy greater than 70 MeV, are shown cross-hatched. (The 9Li + n threshold-was 

equivalent to E(
8B) = 75.8 MeV.) It is seen that·any 10B events tailing into 

the 8B region are totally eliminated by this requirement. 

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

40 6 . 8 38 at small angles the Ca( L1, B) Ar reaction to the ground and first excited 

38 . 6 +2 
(2.17 MeV) states of Ar, initiated by an 80.6 MeV L\ beam. In addition the 

28si( 6Li, 8B) 26Mg and 16o( 6Li, 8B) 14c ground state reactions were used. These 

reactions [7] have reasonable cross sections (5-10 ~b/sr) and populate discrete 

states yielding 8B with energies between 62 and 71 MeV, close to the energy 

of rv 75 MeV expected from the 
9

Be(9Be,
8

B)
10

Li ground state reaction at 14°. 

Such a calibration procedure is convenient because 80.6 MeV 6Li+2 and 121 MeV 

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

and therefore the same cyclotron magnetic field and beam transport magnet 

currents. To change beams only a calculable adjustment in the cyclotron 

frequency is needed; the ene.rgy of the beam was determined using a high-

precision analyzing magnet. 
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12 (9 8 ) 13 . 1 . d 1 b The C Be, B B react~on was a so stud~e separate y, both to o tain 

9 8 
a calibration point at higher energies and to s·tudy the yield of the ( .Be, B) 

reaction on a major target contaminant. A 
8

B energy spectrum from this reaction 

at 14° is shown in fig. 2(a). The ground state population is too low ('V 200 nb/sr) 

to be useful for calibration purposes. However, the sharp peak at 81 MeV provided 

a useful point; it corresponds to the region of excitation of a pair of doublets 

[a] between 3.48 and 3.71 MeV, so that its energy is only uncertain to± 120 keV. 

This, together with the (
6
Li,

8
B) c;lata, established an accurate energy calibration. 

8 9 
A spectrum of all the B data from reactions on the Be target, repre-

senting 6950 ~C of 
9

Be beam (fully stripped), is shown in fig. 2(b). The same 

data, with the additional requirement that 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 nuclei arising from reactions 

on major target contaminants was 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 events in fig. 2(c) appear in 

th . d f 9 . 1 . e reg~on expecte . or L~ nuc e~. 

Tw • d d . . t' d f h 9 (9 8 ) 10 . . o ~n epen ent ~nvest~ga ~ens were rna e o t e Be Be, B L~ react~on 

using these techniques. Good agreement between the two was seen and all data 

presented here are a summation of both determinations. We have assumed of 

,necessity that the observed peak arises. predominantly from the population of 
10

Li 

in its ground state. (Based on simple par.ticle-particle, hole-hole theorems, the 

two lowest states of 
10

Li could be very similar to those of 
12

B, 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 
10

Li was 'V 30 nb/sr (c.m.). The 

9 9 8 ' 10 . 
observed Q value for the Be( Be, B) L1 ground state reaction was -34.06 ± 

0 25 . f 10 . f 33 + 0 25 • MeV, correspond1ng to a mass-excess or L1 o .83 - • MeV. 

The nucleus 
10

Li is thus unbound to 
9
Li plus a neutron by 0.80±0.25 MeV (using 

the recent remeasurernent [9] of the 
9
Li mass), somewhat 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 Abrarnovich 

~ al.[ll], who observed an anomaly in the 
7
Li(t,p)

9
Li excitation function 

corresponding to an excitation energy of 21.185 MeV in 
10

Be. On the basis 

of its small partial width, they assigned it as the T = 2 analogue of the 
10

Li 

ground state, thereby deducing that 
10

Li should be unbound by 0.062 ± 0.060 MeV. 

An attempt was also made with the (
9
Be,

8
B) reaction to determine the 

mass-excess of the T = 5/2 nuclide 
15

B by reactions o~ a 14c target. A 121 MeV 
z 

9
Be beam was again used, bombarding a 100 ~g;crn2 carbon target.enriched to 

'V 80% in 
14c. The experimental technique was similar to that described for the 

9 (9 8 ) 10 . . th . 1 '1 f ab 20 Be Be, B L1 react1on, except at a s1ng e reco1 counter o · out ~m 

thickness, backed by a reject detector, .was used. 
8

B particles.from the rela-

. 1 h. h . ld 12 (9 8 ) 13 . ff. . 1 1' . d b . t1ve y 1g -y1e C Be, B B react1on were not su 1c1ent y e 1m1nate y the 

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

the formation of 
15

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

14 9 8 15 
C( Be, B) B ground state reaction at 14° in the laboratory. (Also see ref. 6). 

These results on 
10

Li add another I~T I = 3/2 nuclear rearrangement z 

reaction to such reactions as (
7
Li,

8
B) [5] and (

11
B,

8
B) [12] as demonstrated 

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 
8

B 

and recoil telescopes were 0.3 and 15 msr, respectively. (b) Particle 

9 
identification spectrum resulting from the bombardment of Be by 121 

9 8 
MeV Be. 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 

9
Be targets by a 121 MeV 

9
Be beam and observed at 14° in the laboratory: 

12 9 8 13 . 9 9 8 10 
(a) The C ( Be, B) B react~on. (b) · The Be ( Be; B) Li reaction singles 

e t ( ) At h 1 f th 9B (9B SB)lOL. . . 'd ven s. c wo c anne sum o e e e, ~ react~on co~nc~ ence 

events. 
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