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+ Abstract Submitted
o for the Conference on Nuclear Isdspin

- February.1969

- Isospin Purity and Decay of the T = 3/2 ‘Analogue
State in 1’F.¥ J. C. HARDY, JOHN E. ESTERL, R. G. SEXTRO,
and JOSEPH CERNY. Lawrence Radiation Laboratory,

‘Berkelex.--All allowed Q‘-decay branches of the T, = -3/2

nucleus '’Ne lead to states in '’F which are above the
proton separation energy. From the relative intensities
of the emitted proton groups absolute log ft values can
be determined for all significant branches, 1nclud1ng

the superallowed decay to its T = 3/2 analogue in 17p

(Ex = 11.197 MeV). We bombarded TiO, foils with a 45 MeV
’He beam and swept the recoils with helium into a well-
shielded counting chamber 15 feet away in V100 msec.
Particle decays were detected in a AE-E counter telescope

(FWHM = 40 keV) and particle-y coincidences were observed
‘using a NaI(Tl) detector. The analogue state was ob-

served to emit protons to the ground, first, third, and
fourth excited states of '°0. The log ft value for the .

;decay branch feeding it was determined to be 3.35%0.10,

indicating that the isospin purity of the state is 287%.

- Three states around 8 MeV have log ft values <k.2; one

may be the missing member of a pair of states involving
the "anti-analogue" configuration.

Work performed -under the ausplces of the U. S. Atomic
Energy Commission.

Submitted by:

John C. Hardy
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= 3/2 ANALOGUE STATE IN 7% ;0

J C. Hardy, John E. Esterl R. G. Sextro, and Joseph Cerny '

! Lawrence Radlatlon Laboratory, Unlver51ty of California
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The T, = -3/2 nucleus '’Ne S’decays to levels in '7F.]

i
i
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i first excited states, both first-forbidden, all branches
(lead to levels which are above the proton separation energy.

{From the relative intensities of the emitted proton groups,

labsolute log ft values can be determined for all significant
"17Ne decay branches with a precision not afforded by other
:methods. In particular, since the strength of the super- .
’allowed decay to the T = 3/2 analogue state is determined |
,predominantly by the Fermi matrix element, an accurate

‘evaluation of its log ft value provides a sensitive measure

-of the isospin purity of the state. Further, the particle ;
{decays of such an analogue state provide more details about?_

'1ts configuration and are of considerable general interest

(l) The observation of delayed-partlcle emission can be a'
‘selectlve and precise method for studying both propertles.g
'Of the previous investigations of !’Ne (2-4) only one (4) |

‘observed analogue state decays and, although incomplete in o

!state might be anomalously high. Any s1gn1f1cant‘dlscrep-
lancy from the calculated value (5) of 3.29 would imply .
'admlxtures of lower-lsospln conflguratlons into the analogue
i state.

E We wish to present here the preliminary report of a |
'serles of experiments which studied the decay of !7Ne. |
Targets of TiO; were bombarded in the external- hS MeV 3He
‘beam ‘of ‘the Berkeley 88-inch cyclotron producing '’Ne from |
the reactlon 160( ’He, 2n)17Ne. Six foils were stacked |

|
fthis respect, it indicated that the log ft value to this
) i

Atomlc Energy Comm1551on._

. This work was performed. under the ausplces of the U. S. !‘



' prev1ous g* ~delayed proton experiments.

‘| spectrum obtained when using a 14 u AE counter, and below
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L
0.5 mm apart and mounted in a 5 cc counting chamber. At
half-second intervals helium gas was swept through the tar-
get chamber picking up the recoil nuclei and transporting
“them through two liquid nitrogen traps to a well-shielded
75 cc counting chamber 15 feet away. The gas transport was’
.accomplished using a sequence of remotely controlled sole-
‘noid valves and resulted in a transit time from target to
‘counting chamber of V100 msec. After a counting period of
'350 msec the chamber was pumped out in preparation for the
'next cycle. The counting chamber was conical with a cooled
-(to -20°C) AE-E counter telescope mounted inteérnally  at the;
rapex and a 2" x 2" NaI(Tl) crystal mounted externally at

“the base. The AE counters used were phosphorus-diffused

‘silicon and ranged in thickness from 14 to 50 u; the 1 mm E
jcounter was lithium-drifted silicon. Energy signals from |
these detectors were fed into a Goulding~-Landis’ particle
lldentlfler after requiring a fast (27 = 10 nsec) - slow |

i coincidence between them. The total energy signals corre- i,
Ispondlng to protons or alphas were then time-sorted into
-elght groups of a pulse-height analyzer to provide lifetime
ias well as energy data. Coincidences (2T = 50 nsec) . {
i between identified protons and y's were also recorded and }
ithe energies of both were stored two dimensionally. !
i With this system the energy resolution (FWHM) for
‘identified particles was L0 keV; the spectra extended down
to 1 MeV for protons and’ I MeV for alphas without appre-
cisble background; and the counting geometry was such that
adequate statistics could be obtained for p-Y coincidences.]
These propertles represent a 51gn1f1cant advance over:

T O T

Proton spectra from the decay of '7e are shown in
both halves of Fig. 1. Center-of-mass proton energies
(+30 keV) are shown for all observed peaks, the. energy cal-
ibration having been determined from the peaks marked 4.0T7,
L.92, 5.47, and 10.60 MeV which are due to the decay (2,4)
of known states (6,7) in 17 at 4,698, 5.523, 6. 039,'and
11.197 MeV respectlvely ‘Protons following the decay of ;

'7’Ne should be characterized by its lifetime, and the llfe—g Vi

times for all peaks marked in the spectra were extracted i :

and found to be compatible with 115%5 msec. The best value

for the !’Ne lifetime taken from the present and previous.

(2-k4) results is 109+3 msec., ' . . .
In the bottom half of Fig. l is a singles proton '

. I S

.it is a spectrum recorded. simultaneously.of those. protons. :

o

!
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in coincidence with 511 keV ¥ rays. The chance rate was
negligibly small. Most of the coincident Yy rays result
from the annihilation of the positrons  feeding levels-in ©
'’F but note that the relative heights of the three peaks
below channel 110 are approximately doubled in the coin- i
‘cidence spectrum. This indicates that they must correspond‘
to proton decays to the first excited state (0%) of ?60
.which itself decays by internal pair conversion. The pro-
posed decay scheme is shown in Fig. 2; energies of levels
in '’F are taken from references (6,7) except for those at
6.43 and 8.86 MeV which are results of this work. ' In
"addition to measured energies and coincidence results,
caccount has been taken of the experimental peak widths to
insure that. they agree with the known (6) level widths.

‘ Since the width of the analogue state is "0.5.keV (8),
. the peaks attributed to its decay (those marked 3.28, 3. h8
‘4.52, and 10.60 MeV) are the narrowest in the spectrum.
.They indicate decay to the '°0 ground (12+4%), first

1 (26%8%), third (28%13%), and fourth (34*1L4%) excited étates; -

"No decay was observed to the 3~ second excited state of 160
‘nor was any o-decay- observed to the ground state of 13 N. g
:The upper limit for these decay modes was .determined to ber
:£10% of the total proton decays observed. Other possible |
proton and alpha groups woéuld be sufficiently below the

determined for the superallowed B*-decay is 3.35+0.10. i
: Since the model -dependent Gamow-Teller matrix element:
'is small ({o)? ~ 0.1) comgared to the model-independent ’
‘Permi matrix element ({1)
of the measured log ft from its calculated value (5) of

i 3.29 should be interpreted as. arising from admixtures of
configurations with T = 1/2 into the analogue state wave
function; such configurations would c¢ause a reduction in
the Fermi matrix element proportional to the percentage

determine the isospin purlty of the analogue state to be .

| 287%. B

; Detailed_calculations for levels in !7F and the
'B* ~decay feeding them have been reported by Margolis and
;de Takacsy (9). There is good qualitative agreement with
!
;below 10 MeV we observe nine; we could not have seen

| levels above 8 MeV fed by decays with log ft values 25.5.
i From these calculations, the' wave function for the ground _

i —

110765

! ,Coulomb barrier that their appearance is unlikely, and the | |
 |y-width is known to be small (8). The log ft value thus

3), any significant dlscrepapc&
admixture. The experimental log ft value thus was used to |,

our results: of the ten 1/2- and 3/2- levels predicted !’

L
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Fig. 2. Proposed decay scheme
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state of !’Ne and its (T = 3/2) analogue in !7F is well
represented by a (py2) hole coupled to the '®0 ground
state. The same components coupled to T = 1/2 will be

‘referred to as the "anti-analogue" conflguratlon. It is
. expected to be split between two 1/2- states in '’F; one is

. configuration. (Another 1/2- level without anti-analogue

165

1(3) T. H. Braid, A. M. Frledman, and R. W. Fink, Bull. Am

the state at 3.1 MeV, the other is calculated to be at

"6 MeV. The B*-decay to the former is correctly predicted |
,to be retarded but for the latter a log ft value of 3.k :
:(the lowest in the spectrum except for the superallowed
decay) is expected. Three states are observed around

8 MeV with log ft values <UL.2; it seems likely that one
. of these is the other state involving the anti-analogue:

contributions is also predicted at V6 MeV; this presumably
is the experimental level at 6.039 MeV.) Based on the

experimental log ft values. the components of the anti- =~ =
analogue configuration in the levels at 3.1 and A8 MeV are |
approx1mately 85% and 15% respectively.
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained In this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "person acting on behalf of the Commission"”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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