LBL-16606 _ 3

Preprint

Lawrence Berkeley Laboratory

UNIVERSITY OF CALIFORNIA

LAWRENCE
4 . BERKFE! £V ABNBATARY
< SEP 27 1983
LIBRARY AND
DOCUMENTS SECTION
Submitted to Physics Letters
BETA-DELAYED TWO-PROTON DECAY OF 2°p
J. Honkanen, M.D. Cable, R.F. Parry, S.H. Zhou,
Z.Y. Zhou, and J. Cerny
August 1983
\

»F <

Prepared for the U.S. Department of Energy under Contract DE-AC03-76SF00098

,4:*3

90991=7141



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 necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



i
~a”

A

LBL-16606

Beta-Delayed Two-Proton Decay of 26p*

J. Honkanen+, M. D. Cable, R.F. Parry, S. H. Zhou++,

Z. Y. Zhou+++, and Joseph Cerny

Department of Chemistry and
Lawrence Berkeley Laboratory

University of California
Berkeley, California 94720

August 1983

Abstract:

Beta-delayed emission of two protons has been observed in the decay of

26p p two-proton sUmmed energy group at 4.914 MeV was assigned to the

decay to the 24Mg ground,state following the superallowed beta decay of

26P. The mechanism for two-proton emission has, in this case, been

shown to be a sequential process.

*This work was supported by the Director, U.S. Office of Energy
Research, Division of Nuclear Physics of the Office of High Energy and
Nuclear Physics, and by Nuclear Sciences of the Basic Energy Sciences
Program of the U. S. Department of Energy under Contract No.
DE-ACO3-76SF00098.



Beta-delayed emission of two protons has recently been observed for

™,

the first timel) in the decay of.zzAT. Observationz) of.
beta~-delayed single proton emission from another odd-odd, TZ = =2 v
'ZGP, showed this nucleus to exist and furthermore indicated
2s;

nucleus,
that the analog state in-the beta-decay daugnter, R is unbound to
two-proton emission by 5291 keV. We would like to report here the

26P .

observation of beta-de]ayed:two-proton emission from As opposed to

the complex beta;delayed two-proton emission of 22A1, the particular
26P decay observed is re]ative]y.simple'and, as such, is.well |
chafacterized by the experiments described be]ow.'

26p (tl/é?ZO ms) was produced via the 28si(3He,pan)20p
reaction (estimatedz) total production cross-section ?IOOnb) by
bombarding a natural silicon target with 110 MeV SHe beams of 3-7 uA
intensity from the 88-Inch Cyclotron at the Lawrence Berke]ey'Laborafory.
A helium-jet system was used to transport the recoil atoms through a 70 cm
long cépillary into a measuring chamber, where the activity was collected
on a slowly moving_whee].-A specially constructed solid state particle
telescope, described in more detail in Ref. 1, consisting of three |
elements (14um aEl, 170um aE2, and 500um E) was used te observe 4
beta-delayed protons at the collection point. The aE detectofe were
.fabricated such that the surface contact on one side was divided down the

center, effectively providing two two-element (aEl and aE2) telescopes

capable of detecting low-energy (1.0-4.5 MeV) protons in coincidence. The
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average angle between these telescopes was 40° with each side subfending
4.5% of 4n sr. The E detector, combined with either of these two-counter
telescopes (referred to as "left" and "right"), was used to detect
high-energy single proton groups as aEl, aE2, E coincidences. A schematic

diagram of the experimental arrangement has been given in Ref. 1.

Figure 1 is a summed energy spectrum of the coincident protons
observed in the "left" and "right" low energy telescopes with a 20 ns
coincidence window following a 600 mC bombardment. In addition to
two-proton groups from 22A1 decay, which was also produced in this
bombardment, a new group at 4.914 MeV (laboratory energy) was observed.
This group has been assigned to the decay of the 2651, T=2 analog state
(fed by superallowed beta decay of 26P) to the ground state of 24Mg-.
Conversion of the observed laboratory enerdy to the center-of-mass energy
(assuming the decay mechanism discussed below) agrees with the expected
value of 5.291 MeV for this decay. An arrow at low energy indicates the

expected location of the group corresponding to beta-delayed two-proton

decay of 26p to the 2%Mg first excited state.

Possible decay mechanisms for the emission of these two protons can be
categorized as sequential or simultaneous emission. Sequential emission
is a two-step process in which a proton is emitted to a level in an
intermediate nucleus, which is unbound to subsequent emission of a second

proton; therefore, the individual proton spectra should show specific



proton groups corresponding to these transitions. Simultaneous emission
can be further divided into a) independent or b) diproton (ZHe) emission
(an unbound proton pair coupled to a 150 configuration). Gol'danskii
has shown3) for simple cases of decay that angular momentum barrier
penetration considerations favor 2he emission over independent
simultaneous emission. The individual protons arisiﬁg from 2He emission
are expected to be strongly correlated and would be emitted at a
relatively small angle determined by the 2He kinetic energy and the
virtual 130 state energy. In this case, the individual proton spectra
should show a broad distribution centered around £ =E .
P1 P

Figure 2 presents the individual proton spectra in the "left" and
"right" telescopes which comprise the 4.914 MeV two-proton group. These
relatively simple spectra show coincident groups at laboratory energies of
369915 keV and 1210+15 keV, indicating a sequential decay through a
single intermediate state. In fact, sequential decay is expected for this
particular two-proton transition since this T=2 isospin multiplet should

4) Jr=3", causing 2he emission to the ground state of 24Mg

have
(J“=O+) to be spin-parity forbidden. Because the emission of the

first proton causes a kinematic shift in the laboratory energy of the
second proton (since the second proton is emitted from a recoiling
nucleus), it is possible to determine the sequence of the decay by
measuring the proton spectra at two different angles. Results of a second
experiment performed with two separate telescopes (23um aEl, 270um aE2,

1000um E) mounted at 120° and each subtending 3.5% of 4= sr show a

kinematic shift for the 1.2 MeV individual proton group, which indicates

v
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that this group correspdnds to the secondvproton in the sequential
process. Thus the intermediate state in 2°A1 would lie at 3714221 keV
excitation and might correspond to the ‘knowns) 7/27 level at
3695.7+0.5 keV. The proposed decay scheme for 26p two-proton emission

is shown in Fig. 3.

The observed coincidence counting rate for two-proton emission will be
dependent upon the behavior of the angular correlation between the

protons. For the decay seguence assumed.ébove the angular distribution

" has been calculated (See Ref. 6) and is weakly peaked at & =90°. Since

the telescopes used all subtend very large solid angles, the angu]a}
correlation function also tends to be averaged out and is expected to
contribute less than a 20% correction to the relative detection
efficiencies. Also of intefest is the relative intensity of the 4.914 MeV
26p two-proton group to’the 7.269 MeV 26p single proton group
(observed originally in Ref. 2). Effective cross-sections for these 26p
decay modes are only a few nb and so preclude collection of the high
statistics necessary for a precise measurement of this 2P/1P ratio;

however, this ratio can be determined to be about 1.5 (within a factor of

two).

26P beta-delayed tWo-proton emission has been observed to occur

sequentially for the transition to the ground state of 24Mg, as is



expected from spin-parity conservation. Further experimentation is of
interest to obtain information about the angular correlation of the two
protons and to attempt to observe the decay to the 24Mg first excited .

state. For this decay, 2He emission is allowed and so might

contributé, Comparison of the results of the relatively simple 26P
decay to the more complex spectra obtained from 22p1 decay is also

proceéding.

We would 1ike to thank C. E. Ellsworth and Dr. E. C. Schloemer for

their valuable assistance on these experiments.
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Figure Captions

Fig. 1. A summed energy spectrum for two—proton coincidentes arising -
from 110 MeV 3He bombardment of 2831. The spectrum is
measured with two telescopes separated by an average angle 6f 40°,
Fig. 2. Individual proton spectra from the two-proton group shown within
the gate in Fig. 1. Parts (a) and (b) correspond to events in
the "left" and "right" te]escopes, respective1y.

Fig.3. Proposed decay scheme for the two-proton emission of 26P.'
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