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Upper limit of the lifetime of 1B
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The lifetime of the neutron-unstable nucletf® was investigated to search for evidence of delayed neutron
emission(neutron radioactivity. The lifetime was inferred to be less than 191(68% C.L) based upon the
lack of 1B fragments observed in the fragmentation of 52 MeV/nucl&h nuclei.

PACS numbes): 21.10.Tg, 25.70.Mn, 27.26n

The exact location of the drip lines is one of the moststream of the targdf7]. Again, assuming we can interpolate
stringent tests of nuclear structure models. The predictionthe expected® yield from the observed®'™B vyields, and
for stability of nuclei along the proton drip line can be testedestimating the'®B velocity, we deduce &°B lifetime less
up to very heavy nuclei. Beyond the proton drip line, thethan 260 ns from this experiment.
large Coulomb barrier and the angular momentum barrier In order to determine an improved limit on thé8 life-
can lead to very long lifetimes for proton-unbound nucleitime we have carried out a new investigation of this nucleus,
(proton radioactivity [1]. Several of these ground state pro- combining several features from the previous experiments.
ton emitters have been observed and they serve as importafgre we utilize the fragmentation of a radioacti/e beam
probes of the drip line since the lifetimes are sensitive to théS the source of'B. Because the production &fB via pro-
nuclear potential2,3]. On the neutron-rich side of stability {©O" Stripping should have a much lower background of other
the search for neutron radioactivity, which arises solely dudSCtoPes than in the case GiAr fragmentation, a fragment

to the angular momentum batrrier, is extremely difficult be-Separator is not needed and a compsEt—E Si telescope

cause of the shorter lifetimes expected and the current ina ould be placed directly behind the target to detect and iden-

- S ify boron fragments. This combination of high production
cesg|b|llty tOf thf. neutror:j_c(jjn]i) Iu;e beyo;ﬂj~8 [‘L’.S]' ity i rate and detection efficiency, as well as a short flight path,
16 ne interesting candidate for neutron radioactivity 1Sy,y5 g improved lifetime measurement to be made.

B. This nucleus was first reported to be neutron-unstabl

_ 4817 € The experiment was performed at the National Supercon-
by Bowmanet al. who observed the isotopes~B but not  g¢ting Cyclotron Laboratory using a radioacti€ beam

'B [6] from the spallation of uranium by 4.8 GeV protons. produced from the fragmentation of 80 MeV/nucléd® on
This result was later confirmed by Langewhal. who stud- 5 g9g0 mg/crfi Be target. Thé'’C ions were separated using
ied the fragmentation of 44 MeV/nucleon Ar on a tantalumthe A1200 projectile fragment separaféit and focused onto
target[7]. More recently, Bohleret al. studied*®B produced  a secondary target of 114 mg/& located at the focal plane
via the multiparticle transfer reactio'C(**C,*2N)!®B [8].  of the A1200. The energy of the seconddf¢ beam was
They reported that the ground state 8B is neutron un- 880 MeV and momentum slits were used in the A1200 de-
bound by only 40+ 60 keV and thus is nearly particle vice at a dispersive focus to limit the energy spread of the
stable. Furthermore, the simple shell model picture for the&secondary beam ter 1%. A thick Cu collimator and a 300
structure of'®B suggests als,, orbital for the last neutron. pum Si detector were placed just in front of the secondary
The low neutron binding energy and thie= 2 angular mo-  target to collimate the beam and to identify tHE ions on a
mentum barrier may then yield a quasi-stationary grouncparticle-by-particle basis by measuring energy loss and time
state for'®B with a relatively long lifetime. of flight through the A1200 device. The purity of this sec-
By reexamining the previous experimental studies ofondary beam was 84% and the incident rate wa$00
168 we can estimate limits on its lifetime. In the work of counts/s. The influence of contaminant particles was re-
Bowmanet al. [6] the B fragments were emitted with 2 ~ moved off line via software cuts.
MeV/nucleon energy over a flight path ef 40 cm. From a The reaction products were detected in a four-element
combination of the'®B flight time with an estimate of the AE1—AE2—AE3—E Si telescope placed immediately be-
number of*®B that should have been observed relative to thehind the secondary target covering laboratory angles forward
15178 in this experiment, we deduce tH8B lifetime to be  of 15°. Boron fragments were identified and the total energy
shorter than~ 9 ns. In the work of Langeviet al,, fragmen-  was measured using the energy-loss information from the Si
tation products from reactions of the 44 MeV/nuclé§Ar  telescope detectors. SeversE elements were included in
beam were separated from the incident beam using a fraghe telescope to provide redundant particle identification in-
ment separator and were detected approximately 18 m dowriermation in order to reduce background events. The detector
thicknesses were 30@8m, 498 um, 5 mm, and 5 mm, re-
spectively, and the last element of the telescope was 5 cm
*Present address: Gesellschaft fchwerionenforschung mbH, from the secondary target. The detectors were energy cali-
Postfach 11 05 52, D-64220 Darmstadt, Germany. brated usingZ=5 andZ=6 ion beams of known energies
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FIG. 1. Particle identification spectrum for boron isotopes seen

. . 6 FIG. 2. Total energy spectrum ofB ions observed from
in the fragmentation of®C.

16C-induced reactions. The arrow indicates the predicted peak en-

produced from thé®0 fragmentation reaction and separated®'dy for B ions produced by fragmentation.

with the A1200 separator. A second part of the eXpe”men}ragmentation peak energy, suggesting that these events arise

was carried out using a secondary beam of 815 M&w P . .
from a combination of transfer reactions and fragmentation.

ions, in place of’C, to produce particle stabféB ions via h e
proton stripping. This fragmentation reaction should cIoserThe broad width results from a combination of the energy

resemble thd’C— %8 reaction and provides an estimate of spread of the secondary beam, the large angular acceptance

- ; of the fragment telescope, and the intrinsic width associated
th%éﬁritéﬁgnggﬁij section fdrC, as well as a test of the with the stripping reactions. The events below 700 MeV

Figure 1 shows the particle identificatiéRID) spectrum arise from more dissipative collisions. The total number of

for Z=5 isotopes measured in the fragment telescope in thgjentmed B ions is 133, of Wh'Ch. 69 are in the hlg.h—claner.gy
case for the'®C incident beam. These data correspond t eak(above 694 MeY corresponding to the least-dissipative

events fromd.87x 10° incident'5C ions. The PID spectrum fragmentation transfer one-proton stripping reactions. This

was constructed using theE1 + AE2 + AE3 andE detector yields a cross section of 2tD.3 mb which is well within the

energies following the algorithm of Shimoaa al. [10]. The range of +-10 mb expected for one-nucleon-removal cross
sections in this energy regime.

data were further restricted to events with the appropriaté -

energy loss in each of th&E detectors(to minimize back- b TT)e SID spegrum f(_)rZ—_IS f_ragrrr:ents _f“’”_‘ the tar:get
round eventsand the fragments were required to stop in ombardment of'C proleqt| €s IS shown In F|g. 3. .T ese

g data result from®.05x 10° incident projectile ions. It is not

thel:!a}s% detector element. . Pt , surprising that a'®B peak is absent, owing to the known
*B are the most prominent boron isotope arises particle instability of**B, and we find that>'®B are again

from one-proton stripping of the incidedfC beam, while : . i
the lighter boron isotopes probably are predominantly pro:[h.e domman'g boran isotopes. We expect t%at ]tﬁfb lons
duced from excited®B fragments which deexcite by neutron &> predominantly from the neutron decay @ projectile-

emission. A few counts, probably corresponding to back-"ke fragments produced via one-proton stripping of i@

ground events, can be seen in the regioA?dfB in the PID beam. An examination of th&B total energy spectrum in
spectrum. Since these fragments are not expected to be
strongly produced in the fragmentation &fC, a likely 120
source of these background events is multiparticle hits in the 13 15
fragment telescope which can have similar energy-loss sig-
natures as the heavy boron isotopes. The probability of mul- 90
tiparticle hits is enhanced by the large solid angle of the
fragment telescope, and represents one limitation of the ex-
perimental method.

Figure 2 shows the total energy spectrum of 1P iso-
topes from the'®C fragmentation. The cutoff at the lowest 30
energies is due to the requirement that ¥ ions enter the
last E detector in the fragment telescope. The arrow in the 0 A L L
figure indicates the energy fdrB fragments with the same 0 20 40 60 80
velocity as the incident beam, after accounting for the energy
loss in the secondary target. This is the peak energy we ex- Mass (arb. units)
pect from simple fragmentation. Events from the transfer re-
action 12C(*C '*B)'*N would peak about 20 MeV higher.  FIG. 3. Particle identification spectrum for boron isotopes seen
The data show a broad pe&fll width at half maximum in the fragmentation of’C. The PID windows used fdfB and*B
(FWHM) ~ 30 MeV] about 8 MeV above the predicted are shown.
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ergy spectrum for thesé®B candidates with the expected

15 energy for fragmentation products shown by the arrow.
5 (a) Clearly, most of the events are well below this energy and we
2 10F see no analogous high-energy fragmentation-transfer reac-
a2 tion peak as was seen for the one-proton-stripping product of
5 18C. Estimating that thé®B events would peak at8 MeV
3 5T above the fragmentation prediction with a FWHM of 30
- MeV, as seen in thé®C—1B case, we find four events
1 nl'l 1 : I : which continue to satisfy all of the conditions f&iB frag-
257 ments arising from the least-dissipative fragmentation trans-
£ 5F () fer reactions. Assuming these events B& we can use the
Q - calculated stopping time fol®B fragments in the fragment
a 1r telescope690+69 p9, as well as an expected yield 5B
g 1of ions of 4.4 mb(from the '°B yield), to calculate &°B life-
3 : time of 17021 ps. However, under the present experimen-
5[ tal conditions it is impossible to positively identify these
[ events as®B. In all likelihood they result from background
0 processes and our calculated lifetime represents an upper
600 650 700 750 800

limit on the actuaf*B lifetime.

This new limit of the lifetime does not put any constraints
on the decay energy dfB other than that it be unbound. A
simple shell model calculation assuminds, orbital for the

FIG. 4. (a) Total energy spectrum of%B candidate ions ob- |ast neutron yields lifetimes of 35710 '®s and 1.x 10713
st_erved from C-mduceci3 reactions. The arrow |nd|cates.the pre-s for decay energies of 10 keV and 1 keV, respectively.
dicted peak energy fot°B ions produced by fragmentatiorb) In summary, we have measured boron isotope fragments
Total energy of °B ions seen in the fragmentation §C. from reactions of 51 MeV/nucleolfC and 52 MeV/nucleon

1c with a '°C target, using a short-flight-path, large-solid-
Fig. 4(b) shows a similar structure as in Fig. 2 with a high- angle target-detector geometry. From {8 yields we infer
energy peak containing- 230 counts. This yield corre- one-proton-stripping cross sections of 2@t3 mb and 4.4
sponds to a 40.3 mb cross section, similar in magnitude 0.3 mb for'®C and'’C, respectively. Furthermore, for the
to the one-proton-removal cross section observed¥or case of''C fragmentation, we have set an upper limit of 0.1

On the other hand, if thé®B lifetime was long enough, mb for the yield of neutron-unstabtéB ions identified in the
some!®B ions would survive until detected in the particle fragment telescopébased upon four countsvhich corre-
telescope and would be identified ¥8 in the PID spec- sponds to an upper limit on the lifetime &fB of 191 ps
trum. In fact, we do see 67 events in tH8 window of the  (68% C.L). This limit is approximately 50 times lower than
PID spectrum in Fig. 3. Most of these events arise fromthe previous experimental limit.
background events, probably due to multiparticle hits. How-
ever, we can significantly reduce this background by looking We would like to thank B. Alex Brown for the shell model
at the total energy spectrum. Figur@¥shows the total en- calculations of the predicted lifetimes.
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