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THE DISCOVERY OF TWO ISOTOPES, = 'Be AND 1'B,
AT THE LIMITS OF PARTICLE STABILITY"
J. D. BowmanT, A; M._Poskanzér,vR.»G. Korteliﬁg++,'and G. W. Buﬁler+++

Lawrence Berkeley Léboratory
University of California -
Berkeley, California 94720

June 1973

Abstract:

AE—Eiand tiﬁe-of—flight techniéues weré usea to observe
the products of the igteraction Qf Q.S GeV protons with a
uranium target.. Two new‘isqtopes, lb'Be_a.nd. 17B, were observed

~ to be particle stable, and two others, lzLi and 16B were shown

1T

to be particle unstable. The new isotope ~ B recently had been

predicted to be particle stable, but the observation of lhBev
was surprising because it was thought‘to be unstable on the
basis of both theoretical pﬁedictions and previous experimental

results.

A few years ago it was believed thét all the particle stablé isotopes

3

of the elements up through boron héd been discovered.l‘ The energy by which

the heavier isotopes of each element were predictéd to be'uanund are listed

4-6

in Table I. In addition there weré‘experiments showing the particle

9 7 13_ 8 1k 9

He and lOHe, Be and Be. The lhBé result was from

instability of and

a heavy ion transfer experiment in which the yield was more than a factor of

ten lower than fhat expected_from systematics. A year ago; Thibault and
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- :
Klapisch5 recalculated the masses and predicted l'B bound by 0.6 MeV and l9B
bound by 0.2 MeV as shown in column 2 of the Table. The present experiment

173 to be the lightest

wasrstimulated by this recalculafion‘which predicted
undiscovered isctope. o

| The method of production used was the_interaction of high energy protons
with a uranium tdrget,'anlapproach which had been quite fruitful in the past.
A uranium target 28 mg/cm2 thick was placed in the 4.8 GeV external proton beam
of the Bevatron. Fragments were idenﬁified in a AE-E telescope in which the

- two detectors Wefe separated by 25 cm. The iime—of—flighf of the fragments
between the two &etéctdrs'waé recorded togethér withrthévAE and E values. The
time—of—flight and the E signals were used to identify the mass number of the
fragments, and the AE-E information wés:used to distinguish the elements. The
telescope of silicon detectors was ét.90°vto the beam and consisted of a 25-u

AE detector and & 67-p E detector, both collimated to 4 X 6 mm. The E detector
was at a distance of U2 cmvfrom the target with é veto detector immediately
behind it to reject particles which did not stop in .the E detectqr. All the
detectors were cooled to -23°C. Most of the electronics:including the pre-
amplifiers had been used in a previous experiment and has already been described.
The timing resolution (FWHM) in the present experiment for g fragments which
deposited 20 MeV in fhe E counter was 290‘ps, giving a mass resolution at mass
11 of L.4%.

13

A problem encountered in the previous experiment was the background
from accidental coincidences which obscured the interesting regions of possible
new isotopes. bThus, for the present experiment pulse width discrimination was

introduced to eliminate spurious events .caused by two pulses occuring within

8,10-12

13
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a time shorter than could be distinguished by a'piie-up.rejector. The time
between the leading edge and cfbss—dfér of éach signal was measured with a
resolution (FWHM) of 130 ps fOrt&elAEjdetector and 70 ps for fhe~E:detector.
Signals proportional to the pulsé widths were also récofded for eacﬁ_eveht.
They were correécted for walk with pulse height in the off-line data analysis
and then windows at 1/4 the peak height were set on these signals, whicﬁ reduced
the background a factor of 80.

In a data taking period of three weeks at an average beam intensity
of 6 X'lOll protons per pulse (10 pulses'per minute), 12 million events of the
elements Li through N were recorded. Stability over this long data collection
period was achieved by having two separate pulsers feed tagged simulated
events to the pfeamplifiers which ailowed two point“stébilization of the data.
Eﬁents were selected which had E éigﬁals_between 10 and 60 MeV, time-of-flight
signals between 10.6 and 2T ns, and met the. above réquirements of the puise
width discriminators. The wide enérgy window was achieved by gorrecting the
E signals fof thé déad'léyer on the E counter, and by correcting the time-of-
flight signals for walk with both E énd AE. TherE and time-of-flight signals
were then used to calculate the mass number (A) of each fragment. The AE-E
signals were used to cglculate a particle.identificétion signal and then the
calculated mass numbef'was used tojremove the mass.dependence in order to
calculate the atomic numbef (z). Thus,>a two parameter disﬁlay of yield versus
Z and A was obtained in which each isotope appeared as a mbuntain peak. It
was observed that there was a small amount of tailing of the yield to low Z.
This amounted to 0.1 - 0.4% at oﬁe Z lower and was evaluated at masses 10 and

12  where lo'Li}and 13Be were known not to-exist. Thus, by knowing the form of
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this tailing and normalizing it at the point one.half'Z higher, this sméll
effect c§u1d bé subtracted out wheﬁ taking maés yield cuts at constant Z._
These final graphsl_h afe shéwn in Fié; l‘fofithe elements Li,bBe,'and B;
Figure 1 clearly shows all the known particle stable isotopés of Li,
. 7.

Be, and B, and in addition, two new isotopes, lhBe and = B. In the two

parameter display these isotopes appearéd as peaks with the yield decreasing

17

in all directions; There are 150 lhBe events and 50 B events., As a final

confirmation, an examination. of all five raw data parameters for each event of

both isotopes showed the raw data parameters to be distribﬁted in a manner

15

similar to the adjacent isotopes 12Bé_and B.

Although fhe relative yields can not be taken as relative cross sections
because of the various cut-bffs, it ié stili'interesting to compare the yields
of isotopes differing by two mass ﬁumbers. Thevyield ratio for lb'Be/l2Be is
1/225 and for 17B/lsB is 1/100. These small ratios can be compared with the
corresponding two mass number ratios leading to isotopes slightly closer to
beta stability (llLi, lgBe, ll‘B,‘ and lSB) which are 1/20 to 1/40. Thus it
appears that iﬁ this light mass region, in contrast to the Na and K region,12
the mass yleld curve is steeper the further'one is from stability. In addition
for lhBe the ratio crosses the N = 8 neutron shell and one can have an addiﬁiénal
decrease in yield similar to thét obsefved12 at tﬁe N = EO'énd 28 shells for
the very neutron-excess isotopes of Na and K. ,
Nuclei krown to be particle unstable - 8Be, 9B, lOLi, and TSBe - ‘are

16

missing in Fig. l, and in addition it is clear from the figure that 12Li and B

13

are particle unstable, The case of ""Li is less clear. Although there are

11 . : . : ' .l :
1400 Li events and no 13L1 events in the two parameter display, there is a
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background in this region of about one event per isbtope. One expects the

13 1k

Li/llLi ratio to be smaller than the Be/laBe.ratio because 13Li is further

from beta stability and also crosses the N = 8 shell. Thus from these data

13

one can not conclude that Li is particle'unsﬁéble,'although ohe would nof
expect it to be stable because it is>predictéd to be unbound by many MeV.

After the appearance of the clear”peak'for l}"Be in Fig. 1, it was
.realized that the very recent measuremen.t6 of the mass of lhB drastically affécts
the prediction for-lhBe. Thibault and Klapisch had assumed s to ve just
bound, but Ball, Costa, Davies, Forster, Hardy, and McDonald6 found it to be
bound by 1.0 MeV. Using this mass and the'Garvey—Kelson-transvgrse relationh’15
one now happily predicts that lhBé.ié bound by 0.4 MeV as shown in the third
column of Table I. All of the otherfprédictions are stiil consistent with -
observations. The discrepency with the heavy ion transfer experiment9 remains

unexplained.

The isotope luBe has T = 3, & spin-parity of O*, and a predicted beta
17 | |

Qecay'energy of 17 MeV, while' 'B has'Tz = T7/2, a prdbable spiq—parity of 3/2‘,
and a predicted beta decay energy of 23'MeV.' Since beta decay to low lying levels
is parity forbidden when the neutroﬁ'is.in the s-d shell and the proton in the p
shell, both isotopes are probably delayed neutron emitters in 100% of their decays
and have half;lives in thé range of tens‘of milliseconds.v
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Table I. Neutron or Two Neutron Binding Energies™ (MeV).

1966° . gt Now®
He _ : unbound - 3.8 no change
10, - -.10.0 - k.9 . no change
12 o , “unbound . - - - 4.8 | - 3.9
133 | " unbound - 6.3 - - 4.5
13pe IR =33 - 2.3
14 ' . e ' , - '

Be : - 2.4 - 1.5 ' + 0.h4
16Be _ | wbound - unbound - - 2.4
l6B _ - 1.0 -1.2 SR no changé
173 - k.o o+ 0.6 no change
19 . _ '

B v unbound + 0.2 v no change

aListed are the neutron binding energies for the odd N isotopes and the two
neutron binding energies for'the_even N isotopes. |

PSee Ref. k.

®See Ref. 5.

dChanges caused by fhe recéntly measured mass of lhB. See Ref. 6.

o
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Figure Captions
Fig. 1. Mass numver distributions selected on the atomic numbers of Li; Be,

- and B. The arrows for the new and missing isotopes point to the expected

positions of the peaks based on the positions of the main isotopes.
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