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BETA-DELAYED PROTON DECAY OF ;30: . A VIOLATION OF MIRROR SYMMETRY

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

Department of Chemistry

and Lawrence Radiation Laboratory
University of California . '

< o o Berkeley, California 94720

August 1970

ABSTRACT

Beta~delayed prbtons,' > 1.2 MeV, were observed following the

Ela.'b

décay of 130, T = 8.9510.20amsec. Comparison of 13O decay-rates with those

S1/2

of the mirror nuclide “SB indicates a 15% deviation from mirror symmetry.

Recent work [lfLJAhas called atténtioﬁ to the existenée of deviations
ffom mirror ;ymmetry in beta-decay. Invthe'case of the well-studied mass-12
.'nuclei,‘the magnitudevof eléctromagnetic, second~forbidden, isospin—mixing,
and binding~eﬁérgy effects have been evaluated [1] and found insufficient to
explain thé observed deviation. This.lendsvsupport to the proposal [5] that

there is an induced tensor term in beta-decay. Since such a term is expected
: +

(£t)
(£t)~

particular interest to examine cases with large decay energies.

' + - :
to cause the ratio- to increase linearly [2,5] with (WO +'WO ), it is of ©

We have investigated the decay of 139 ana compared it to that [6] of its

o + - . :
mirror 133, since (WO + Wo ) for these nuclei is ™~ 30 MeV; this is larger than

_ for any studied decay [2] except mass 12. 13

“ .

0 is a'beta-delayed proton emitter
x\‘, . . X

* : - .
. Work performed under the auspices of the U. S. Atomic Energy Commission.

J o .
Present address: Chalk River Nuclear Laboratories, AECL, Chalk River, Ontario,

Canada.
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for which all the allowed B - decays, except that to the ground state, lead to

proton unbound levels in 13

N. In the ohiy'prévious study [7] of 13O deéay,.
' prOtons of energy less than 5 MeV could not be detected due to a rapidly.
rising low énergy background. YSiﬁcelsevergl important beta~decay branches
Were.consequently undetected,lno_detailed comparison Wifh the mirror décays
vwas possible. | |

The experimental téchnique was éimilar-to.that used previously [8] and -
will be describe@vin détail iaﬁér [9].  Briefly, a target of N2 gasﬁwas |
bombarded with a H3—MeV'§r6ton’beam froﬁ theABerkeléy 88-inch cyclétron;' At.
~ 1/2 sec intervals the gas wés sﬁept_with helium.into a shielded counting

th(p, 2n>13O

chamber 60 cm away. Theré, protons fromIlBO, produced by the
feaction, were detected and identified in a cooled AE-E counter telescope
which<fed‘a Goulding-Léndiévpartiéle identifier. The signél.from the 1L um
AE detector was requiréd to be < 1 MeV tb elimiﬁate backgrouﬁd éoihéideﬁces
between alpha—particles [lO] and multiply;séattéred‘béta—particles from the
decay of 8B, Identified protons werevfime—sorted inﬁd four gfoﬁps in a pulsg .
.height analyzer, thﬁs providing both lifetime and energy data.v Iﬁ addition,‘_,
the decay of a selected proton peak was recorded -with a hOO;channel multiscala; 
whose address was advanced by a quartz—crystal oécillator; | |
A protén-spectrum from the decay of ;30 is shown_in fig. 1. All peaks;
shown have half-lives of less.thanvSO msec—--much less than any light delayed-
érotoﬁ emitter other than 130. Ih.a second run, all the weak peaks eXcept thqée
vét 3.44 and 6.38 MeV weré'clearly observed. However, since the second run héd

seven times fewer counts than the illustrated run, the existence of peaks at._

3.44 and 6.38 MeV cannot definitely be ruled out. These proton peaks are assumed
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to exist in subsequent calculations, but since. the sum of their intensities

“amounts to only 0.7% of the total proton decays, any error fram this source

will be absorbed easily in our quoted uncertainties. All the remaining proton ;
groups can be assigned to known [11] states in 13N'as is shown in fig. 2 and

Table i. The widths of all assigned peaks were extracted and found compatible

“with the known [11] widths after correcting for the broadening due to nuclear

recoil following beta—decay;

- Our results for the.ﬁigher enérgy peaks of fig} 1l can now'be'compared
with proton resonance data.  for the 8.92- and 9;52—MeV_states, the fraction of
proton decays that leadé to the grouhd state of l2C_is.0.70iO.O7_and
0.65+0.12, respectively. This compéres well with the values of Fel/quf 0.66 .

and 0.58 derived [12] from elastic and inelastic proton scattering on 12C.

The energy of the decaj branch of the 7;39-MeV state to the first excited

state of 120 is too low for us to observe. Therefore the-fotal riumber of profdn

12

decays from this state was calculated using the decay we observed to the ~“C

ground state togethei'ﬁith the known [12-14] I ,/T of 0.09%0.02. Similarly,
the totél number of decays from the 10.35-MeV level was calculated using

the measured [15,16] Tei/T of 0.27+0.02. In this case, oﬁly-decay to the first
excited state was observed but this is consistent with the weakness of the
Bfe.decay branch andAthe known éroton branching. Airow-B'in fig. 1 Shows the.x

éxpected location of the ground gtate branch. Arrows A and C indicate the

'predicted location ofvproﬁpns from thé_known Jm = 1/2-, 10.78-MeV state.

'Ciearly they'weré'too weak to.bbserve.

The multiscaled lifetime data were analyzed using least-squares

tééhniques. ‘The deduced half-life of l30 was 8.95%0.20 msec. Since 8B was
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v expeéted.fc be a contaminating activity, the.smail obser§ed,background was fit‘ _

with half-lives ranging from lSO‘ﬁsec to infiﬁity_with no resulting-varietien"

in the measured 139 lifetime. Our result egrees with the-previoﬁs [7] value.of

8.7+0.4 msec; so a weighted'aVerage of 8;9i0.20 msec was used for further | o

analyéie. | | | v
The ft values for lBB.deca& were'ealculated [17] from the relative

intensities of Jones et al. [6] and the'feeently messured [18] halfélife of

17.33%0.17 msec. The results are listed in Table I. IAssuming perfecﬁ mirror

symmetry for these transitioh.rates'and eorreetiné‘for"édditional.obServed

decay branches, the halféiife of l3O was predicted to be 7.74%0.16 msec [19].

The ratio of the true half;iife to the predicfed one is 1.15%0.03, indicating }

'é significant departure ffom mirror symmetfy. Itealso reflects the ratio |

+ v
£t | |
£==2—-, providing that the effects causing asymmetry are state independent [5].

(£t) , , .
Individual f&;values to all observed states in l31\1 Wefe calculated

‘from the measured protdn intensifies and'the half-life, assuminé that the

ratio of the mirror ground state £t values was 1.15. The‘reéﬁits are compared
with £§ values from l3B decay in Table I; they compare well with the rele%ant EE
mirror decays. However, the contrary assumptlon of equal ground state ft's
leeldS a partial half-life for the ground state branch alone of 8. 78+0 11 msec;
a value 1ncompat1ble with the observed half-1ife of l3Qf The ratlo of Ef:§

' requlred by our results agrees well with that predlcted by a linear fit [2] to '

+

(WO + W 7) in eleven llght mlrror nuclel.

*)

Alloved log ft values have been observed for all known [11] Jm = 5/2-;;

: . 1 ‘ : 13 R4
3/2-, and 1/2- levels through 10.35 MeV in 3N and this fixes the Jm of 70 - .. =

_és_3/2— in agreement with the prediction of the simpie shell model. The
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Jﬂ = 5/2-, 10.35-MeV state is not predicfed by intermediate.coupling
’calculétions and has been éxplainéd [20] as resulting from théje#citation Of,
two huéleéns from the 1p shell into the 1d shell. The fairly high log ft
value for this state gives somé support to this hypothesis.

The present méaéuremént of mirrof asymmetry is consisﬁént with the
.knowh_data'on masses 8 and 12, and with them accurately determines the
.rglationship between.%%%%: values and (Wo+.+ Wo_) at high dééay energies. |
Since asymmetries cénsistent with zero have been observed at ldw'decay energies

[2,4], it is now of importance to establish the form of the relationship over

‘@ range of‘intermediate energies.
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Table I. Beta-decay of 13y and a comparison with its mirror, B,
By state Jm “Ep(c.m.) Relative % of all 34 s
(Mev)® (MeV) Intensity B-decaysb log f_tb ' log £t°-
g.s. 1/2- —_—  88.1%3.4 4,10+0.02 4.04+0.01
3.509 3/2- 1.565d' 100 10.7+3.1 4.52%0.13 4,45+0,05
- ei ’ § £
' 1.010 3. 414 | .
7.387 : 5/2- 5.480.05 0.33£0.10 o.h0ip.19 .5.22+0.23 5.3310.09
. 3 2.56+0.05 1.5+0.3 o o 1k o ’
- .73t0. ' : +
.8.92 1/2 »6.98d o 3.550.38 0.54%0.16 L 73.9 1k h.59+q.08 |
. 3.12£0.05 ~0.43%0.15 , )
_ _ ,18+0.
9.52 3/2 | 7.58d 0.8+0.18 o.13§o.oh 5.18+0.1 - > 5.0
1 3.97%0.05 0.13+0.07 -
10.35 5/2- 8.4 ' ‘O 0540 O3f 0.019+0.012 5.8 0.3
©3.4020.05%. . 0.320.1 0.030£0.016
6.38+0.05" 0.46£0.10 0.050+0.018

Ln66T-T40N
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FOOTNOTES ‘TO TABLE I

Energies, spins, and parities taken from ref. 11, except as noted.

The ground state ft was taken to be 1.15 times that of 13g.

) 13

Calculated from the data of ref. 6 using a "B half—life of 17.33%0.17 msec.

Used to détermine»tﬂé énérgy calibration.
)Calculated value, unobserved in this experiment.

Calculated using the knowﬁ ratic of the elésfic and' inelastic widths.
)Our relativé intensities agree with those of ref. 7 for the two peaké observed
ih that work. |

Weak proton groups observed in this work, but not positiveiy attributed to

0 décay.
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' FIGURE CAPTIONS

Fig. 1. Delayed proton spectrum following the decay of 130. The unbracketed
energies were used to calibrate the spectrum._yThe arrows indicate the
location of allowed but unobserved decays. A1l peak energies explicitly
shown are in the center-of-mass system.

. ' . ‘ o . : . 13 13

Fig. 2. Comparison of the decay schemes of the mirror nuclei 0 and ""B. The

spins, parities, and energies are taken from previous work as are the half-
N ' 13 _ ) 13 -

life and decay of ~“B. The log ft values for the excited states of ~~0 were

obtained using the ratio of ground state ft's indicated in the figure.

La
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LEGAL NOTICE
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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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