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"; Isobarié Spin Non-Conservation In
{ The Delayed Alpha Decay of Na20

"R, D, Macfarlane,

McMaster University,
Hamilton, Ontario, Canada,:

and

A. Siivola, ,
Lawrence Radiation Laboratory,
University of California, -
Berkeley, California.

_ ‘Abstract: The delayed alpha emitter, Nazo,was produced in bombardments |

‘ reaction, ' The alphé'particle spectrum associated with the {31+-decay of Na

of Ne29 jons with various target_s by what may be a neutron-proton exchange -

20

 avas measured and four alpha groups were observed corresponding to transitions

from known 2% states in Ne?0 at 7.40, 7,82, 9.48, and 10.28 MeV to the

L grourid state of 016. Evidence was obtained giving support to the suggestion

that the 10, 28 MeV level is'the lowest lying T = 1 state of Ne20, The effect
: 1 , : _
of isobaric spin admixing on enhancing beta decay transition rates and hindering

alpha decay transitions is clearly seen in this study. .




1. Introduction

Thé delayed alpha emitter, Nazo, was first observed by Alvarez} and

- confirmed shortly afterward by Sheline?

. - This nucleide decays by pt-emission,
with a half-life of 0,385 secS to alpha particle unstable states of Ne20 at

‘excitation energies of 8-10 MeV, Prior to the work reported here, high

o  resolution measurements had not been made of the alpha particle spectrum.

We have measured the alpha particle spectrum associated with Na20 decay
and have found that each of the groups observed can be correlated with previously

" measured 27 levels of Ne?®, ©Of particular interest is a 2%, T = 1 state at

710,28 MeV in Ne20 which is significantly populated in NaZ0 pt.decay and which

alpha decays to the ground state of 016, a transition which does not conserve
isobaric spin, . |
2. Experimental Procedure

Bémbardments wére made with the lie avy ion beams of the Berkeley heavy"
ion linear accelerator (HILAC) and using a target assembly and detection system
designed for studying sﬁort-lived alpha e;xmitters. ' The details of this system are

f ! . .

describedvelsewhere‘l.\. A gqld-surface b?.rrier solid state aetector was used in

obtaining particle spectra. The energy of the heavy ions was varied using Ni

degrading foils placed close to the targets, The range~-energy curves of Roil

w

and Steigert were used to obtain the residual energy of the degraded beam?®,

Some simple dE/dx experiments were performed m order to identify the
particles detected, A thin Al leaf absorbe? of known th(i‘)clmes.a was placed bé-‘
tween the source and the dete.ctor., ‘and the dgcz‘eaée in the energies of the
various groups was measured and compared wi;th the expected atteauation for

. diffebrent types of charge‘ic'.i.particles.
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Calibration of the system for alpha particle energy was made using u234

».24.75 MeV (average) | 8, Am241 (5,48 MeV)7 and Dy!50 (4,23 MeV)®, Points

_ below 4 MeV were obtained using a calibrated pulse generator,

3. Results

3.1 Nezo bombard;nents

Our first observation of Na?0 delayed alpha activity was in measurements

- of the alpha particle spectra of the products of'Ru.96 + Ne20 and Pal02 Ne 20

"reactions using 80 to 200 MeV Nozo jons, We:had been usingbthese reactions

to produce very neutron deficient Te and Sb isotopes in order to determine whether

<, alpha or proton emitters could be detected in this region. With both the Ru?®

and PleZ

targéts, we observed alpixa. groups {established by dE/dx experiments)
at 2,14, 2,49, 3.80, and 4,44 MeV (lab). Further bombardments using Al, Ni,

and Cu targets and Nelzo as the projectile,. also prbduced these alpha groups with

' the same relative intensitiess This meant that the actiirity was associated with

. the Nez’o projectile and not with any parti'culvar target. This was confirmed by

bombarding the same targets with olé and F‘]'9 ions where only a very small

~ amount of the alpha activitva‘as observed. Meaningful excitation functions could

not be obtained since both the target and absorber used to degrade the beam

energy contributed to the production of this alpha activity, - The most likely

nucleide which could give rise to these alpha groups appeared to be Nazo, a

nucleide which decays by pF-emisaion to alpha particle unstable states of N e?9,

A'wa.r:ez:l established that the ali:ha particles had an energy greater than 2 MeV

- but a detailed spectrum has never been measureds

Half-life measurements of the stronger groups (2. 14 and 4,44 MeV) when

the activity was produced by the reaction A1%7 4 Nezo, yielded a value oi
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- 0.62 £0.06 sec., which is not in agreement with the reported value of the half-

20

life of Na“".

20

Ajparticle spectrum taken for the products of a Ne + M%7 reaction for .-

 a long bombarding time is shown in fig, 1. In addition to the four groups

mentioned above, there was an indication of a group or groﬁps between 4.6 and

5.2 MeV but the intensities of these were too low to establish their existence

"with certainty. Nothing was observed in the energy range 1 = 2 MeV where

the background was still low enough to detect weak . groups,

3.2 B0 ang B11 bombardments -

. “In order to determine whether the alpha activity observed in the Ne 20

20

bombardments was due to Na“", the alpha particle spectrum of this nucleide

i

was measured when it was produced by simple compound nucleus reactions, The

" reactions studied were Clz'(B 10, an'Nazo, Clz(Bu, 3n) Nazo. and B11 +-Blo.

- tained gréups with the same energy and relative intensity observed in the Né

 The products of the first two reactions yielded alpha particle spectra which con-

.20

bombardments and which decayed with a half-life of 0.39 % 0.05 sec., avalue

in agreement with the reported half-'life!og Na?'?. The B11 + 510 reaction did
not produce this alpha éctivity over a broad range of bombarding energies

[36 « 112 MeV (lab).g -« This established that the activity waé' due to an i;ﬁqto;:e 4
of Na. Esxcitation functions were obtained using the intensities of the more
prominent 2, 14 and‘ 4,44 MeV alpha groui)s to determine the relative yialé.,

_ s : _
The shapes of the excitation furctions, shown in fig, 2, are characteristic of

compound nu4c1eus reactions. For both t:he'C]'2 + Bn and C12 + B10 reactions,

the “activity: was not detected at low energies but became measurable at

energies near and above threshold energies for the C_J_:F,Z(B.1 1. 3n) Na20 and
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‘ ClZ(B 10, 2n) Na.20 reactions (23.8 and 12.4 MeV respectively)c). The relative

" intensities of the alpha groups were independent of bombarding energy. These

results showed that the alpha groups were associated with the same nucleide

o . and also established fhat thisg nucleide was Na.zo.

'~ experimental information has been reported for this nucleide but predictions

4, Discussion

4., 1 Interpretation of the half.life measurement on Nazio. The half-life of Mgzo

That the apparent half<life of N220 was longe'r than the truei half-life when

: Na.20 was produced in 2127 4 Ne?0 vombardments was intefprete& to mean that
' some Mgzo was also produced and a goovd fraction of the Nazo was in a state of

. ,tr'ansient equilibriﬁm with this z;ucléide. I£ this is the case, the apparent halfe

life obtained for Nazo(O. 62 sec,) is actually the half-life for Mgzo decay, No

\

‘have been made concerning its existence, s Zeldovich 'reported that it should be -

stable toward proton decay,  have an E gt of 9.4 MeV and decay with a halfs

. life of 0.7 sec. 10.

‘4,2 Mechanism of Nazo formation in Ne?o reactions

20

For the Ne™™ + A127_bombardments, Na20 (plus other nucleides which

eventualyly £€+ decay to 'Nazo) can be produced as a spallation product of the

target and projectile, When higher Z targets far removed from Nazo are used,’

20

it appears that Na20 is produced m‘ainly from the Ne“" projectile. Simple

~energy considerations suggest that the most plausible mechanism of formation

is a proton-neutron exchange between the target nucleus and projectile. Mzasure-

20

ments of the angular distribution and kinetic energies of the Na product would

- show whether this was indeed the mechanism,\"




"% compared in table 2 with previously measured energy levels of Ne

4.3 Delayed alpha decay scheme of Na

-5 a
20

The values for the alpha particle energies and their relative intencsitics

-are listed in table 1, |

Using these Qevalues and the alpha particle binding of Ne20 (4,730 MeV)

20

the energies of the alpha decaying levels in Ne“” can be calculated. These are

20 which co-
incide in efxergy together with their spins and parities, ‘A partial decay schemie

ghowing the alp'ha. transitions is given in fig.. 3.

With the exceptmn of me 10. 28 MeV level, the total widths of the levels’

x whxch are significantly populated in the p* decay of Na20 have been previously
" measured by nuclear reaction studiesllg In each case the total w1dth is
.essentxally equal to the alpha width because the partial widths for radzatlve

‘transitions at this excitation energy should not be more than ~100 ev. This is

based on single particle estimates of the lifetime of an unhindered EI transition.

' The relative intensities of the alpha groups then, '_are directly related to the beta

,brénching fractiofz o those levels, ‘

-

\

As shown in table 2, the major levels of Ne 20

" which are populatea by the

T decay of Na?0 and which alpha decay are all 2% levels. The ground state spin

.and parity of Nazo are not known, However, the most probable assignmcat tased

11

on F20 measurementst? is that it is 2%, Positon decay from Na20 to the 27

levels of Ne 20 should then fall into the classification of allowed unfavourcd transe

itions. To determine whether this is consistent with our data, we obtainzd

estimates of log ft values for the fransi’cions which involve delayed alvha particle
emission, The nucleide F? decays 100% to the 2+ level of Ne?0 at 1,63 MoV

and the log ft for this transition is 5. L. vWe ass1gne‘d this same log it valiue to
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20

Na“" decay to the 1.63 MeV level and to the 7.40 MeV 2% level which is alpha

particle unstable, No‘levels are known between these t\‘xzo 2% levels which

~would be'populated'by an allowoed beta transition fro;*n Nazo,, .' From the intensitieca -
of the alpha gfoups decay'ing from the 7.82, 9.48, | and 10. ZS'MeV levels relative
to the intensity fr'om.the 7.40 MeV level, ldg ft valﬁes and beta branching {ractions
were calculated, These are listed in table 3. The .log' it ;valués for the tranasitions
to the 7,82, 9,48, and 10.28 MeV levels are consistent’vwit.h the values observed '
for al;lowcd unfavoured transitioiis,_ |
' Efroxs in our estimates of these log it values and beta b;'anching fractiozﬁs

K

could arise from the‘presence of 17 and 3% levels below 10 MeV since these’

.20

would also be populated in Na“" decay by allowed transitions but would have

| extrémely small alpha widths for decay to the ground state of 016o No 1* or 3%,
"levels have been observed but the technigues which have been used for studying

20

the levels of Ne“" may have been fairly inscnsitive to the detection of these levels.

. The presence of a quadrup‘ole-y-vibratiorial band 'below 10 MeV for exarnple could

S give risec to a hvighly‘ excited 3% level.. If this level were significantly uooulated

N
in NaZ® decay a search for alpha dec‘a.y from this level to the ground state of

016 would provide one of the strongest tests of parity conservation in strony

~ interactions,.

‘ ‘ , 13 .
Analysis of the"lowolying energy levels of Ne20 by Litherlandlz, Hunt™”,

PearsonM, and k{uehncrls ‘has shown that they can be asc ribed to well-cceiined

. ’ . N . ~ PR ' * T ZO
sets of rotational levcls agsociatad vntn various modes of vxbratxon of the Ne

nucleus. The alpha dccaymg states at 7, 40 7 82 and 9,,(50 MeV have been

asszgned to cm.ferent rotational bandas.:
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- coméohent of the ground state of 016° Reactions of the type 016'(0, v) Nezo,,

4,4 Tho 2% level at 10,28 MeV o - e
Isobaric spin assifrnmeni:
This level was first reported by Pear.;on and Spe;;n']'6 who detected it by

the reaction 016 (a, \;) Ne;20 They assigned a epin and pazjity of 2% to this state

'~ and postulated that it was the lowest lying T = 1 state of Ne 20 on the basis of

radiative width measurements,

Levels in this regio;i of excitation have also been éxtensively studied by

. Hunt using the 'O‘.lé- (a, a) 016 reaction13. H.e'l did not observe this level but this

is the result to be 'éxpecte& if the state is indeed T = 1, Alpha particle elastic

scattering from this state could only arise from the very small isobaric impurity

!

_however, can proceed via T = 1 states of '\TeZO because the isobaric spin impurity

component of the highly-excited intermediate state can be quite large,

Our results show that. the gt decay of N220 to the 10 28 MeV level of Ne20

is highly favo’ured over transitions to loWer lyinzv' states having the same spin

and parity and to«states just above the 10 28 MeV level The reason for this

enhanced beta transztzonv is undoubtedly due to the fact that the 10.28 MeV level’

is the iov;x?est lying T = 1 state of Ne?C and is the T, = 0 state of the mass 29
isobaric triplet,

The presence of a T = 1,127 1level at 10, 28 MeV affects the propertics.of
the 2% level at 9,50 MeV, as éne would.ex‘pect;' This level elastically scatiers
alpha particles so it must, theréform have a 1arge.T = 0_componentov However,
our results show th%‘.t it is preferential}y populated over lower lying 2% stazes i

20

Na {3+ decay which indicates the presence of a significant T=1 impurity

'component {rom the 10,28 MeV,.
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4.5 Comparison of the calculated and experimental énergy of the first T = 1 |
| state of Ne?o : |

Wilkinson has devélopgd éﬁeﬂzod for calculating the position of the first
' T = 1 ztate of self conjugate nucle'i. making use of experiz"nentalljr determined

. ground state mass ciifferer;ces of ‘i:hc Tz = +1 and .TZ = 0 isobars oi" mass number
A, and the mass differences of the (A.- 1} mirror pairs to obtain the Coulomb -
energy correction”. Thé difference between the calcglated énd experimental
- energy (4) has b‘eeg .interpr.ete'd by Wilkinson as being dué to a measure of the
'relative‘étrengths of the nen and n-p singlet forces,

For Nezo,. the x;e;:essary atomic raasses needed fqr the calculation are
known with a fzigh degree of precision 9., The assignment of .thelfirst T =1
state is now Imown Qitﬂ certainty an& its position has been m.aa,sﬁred wi’ch

20

) rela‘cively high precision. From these data, a pAreciSe value of& for Ne¢“" can .

- be obtained, ' The value of A is defined as:

1

- b Eo_p (calc) - ET‘_,_I- {exp) f

Using the mass tables of KSnig et Ialg, and making the necessary
_corrections for the difference between the neutron and proton masses, and
effect of nuclear radius on the Coulomb energy, a value of 10,219 £ 0,005 is

- : obtained for Eq_; {calc). Comparing this with the experimental energy, a
value for 4 of -~-(‘)o 0.6 i'O.Qll MeV is calé:ulated, The experimental energy
and the éélculated result are quite close as it was in the cases considercd by
Wilkinson, 7This agfeemeﬁé ig, of coi:.rse° a reflection of the well«c;stablished

charge independence of nuclear forces. The value of 4 for Ne20 35 negative,

however, whereas for the nucleides considered by Wilkinson, an average

Sy
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AT 18 ,
- procedure used by Wilkinson show that the alpha width of the T = 0 level 2

- work and are listed in table 377, From our measurements we conclude that the

" width of the 10,28 MeV level is <10 keV. The Coulomb barrier is mainly

-9 -
positive value was obtained, an indication that the n-p force is slightly stroager

than the n-n force. - It would be difficult to determine the reasons for the nega«

‘tive A for Ne20, Another nucleide in this region, F18 2160 has 2 negative

A (-0,046 £ 0,0 14) so that there may be some effect peculiar to the region

around Nezo.. The fact that some nucleides in this region are now known to be

- deformed may have some bearing since deformation will alter the nuclear Coulomb
‘ energy.

% 4.6 Alpha widths

The total widths {essentially the alpha widths) of the 7,40, 7,82, and 9.48

20

MeV 2t levels which are populated in Na ﬁ+ decay, are known from previous

10

1

‘responsible for the low values of /7for the 7.40 and 7,82 MeV levels, For.

_levcls above ~ 8 McV the alpha barrier~penetrability factor apprcacheo u:m,y

and the w1dths for'sever‘al levels above this enerﬁy approach 1 MeV, The width

of the 9,48 MeV 27 level (24 keV) is quii:el low and must be due tothe T = 1

. impurity admixture from the 10,28 MeV level, Calculations made following the

- 9.48 MeV should be reduced to ~ 16 keV due to the presence of a 2%, T

D
-

[

HE

~

‘state at 10,28 MeV,

The 10,28 MeV T = 1 level is in-a region of excitation where' large

by

isobaric spin impurities of levels may be expected due to the high densi’cy o

states, The origin of the T = 0 impur ity of the 10 28 MeV which allowo\j.t to

alpha decay to the ground state of O16 may be the 2t level at 3,50 MeV or

higher lying 2t levels which have not been identified.

" N,
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Table 1

Summary of Results of Alpha Energy Measurements

E, (MeY) lab v‘ ' » Qg (MeV) c.m. Relativel I;rlmtensity*'
2.14%0.02° 2.67%0.02 . 100

|  2.4-9 0,03 309 £0.03 | 5
.\'3.éo‘i‘o.03" 4.;751‘0.03.. | | - Le6
s4atoor  5.55 toj01 o o2l

. % Normalized to the intensity of the 2,14 MeV
group which was arbitrarily set equal to 100

-7
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Table 2

Assignment of Alpha Groups to Known Levels of Ne 20

0

© Ne?0 Excitation Enérgy (MeV) ' o Known Levels of Ne2 11

(from alpha energy measurements) ' which coincide in energy

Energy T i_(keV)
- |

740002 . U mes 2 e

“7.82%0,03 .. C 7.8e . 2t z

- 9.48%0,03 . - 950 = 2t 24

‘10.28%0.01 .. . 1027 2H(T=1) < 10




Na28(2t)

Table 3

Estimated Log {t Values and Beta Branching
Fractions Related to thé Na20 Decay Scheme

Beta
Partial ' Branching
-Transition =~ Level (Nezo) Ep““ max tl/z (Sec) Log ft Fraction
—s2t ' 1,63 MeV 12,7 MeV  0.41 - 5.1 . 0,94
—2t 740 0 609 L8 . 5.1Y . ~0,047
—2t 782 6.5 . ~160 6.3  ~0,002
—2t 9.48 4.8 ~500 6,1 ~0,0008
— 2 10.28 4.0 ~38 . 47 - ~0.,01

% Assumed value taken from F20 decay

~
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B ' - ' Figure Captions
) Figure 1 The alpha particle specfrum associated with the delayed
o 20
alpha decay of Na
Figﬁre' 2 Excitation functions for the production of Nazo by clz 4 Blo_

~and C12 +pll reactions. Ex refers to the centre-of-mass

10

‘ energy of the B"~ and Bl projéqtiles

| F_iguré 31 B Pa.vrti‘,al. decay scheme for Na20 showing the transitions which -

involve alpha decay to the ground state of olée.

a
-

a




an)

17 ',K

A\

—~

annel

in
[}

3
i

Counis/c

133 803 073
250

200

»100

_‘50

*

. Ne .

E "20 (MeV)

M{\<' ' v
Peak channel
1047 counts

2.14 eV

2 AQ Fﬂev )

9 lojo 1080

@4?nmv : P

ﬂ

3.80 MeV l

264 | 320

/ e L

c # . .‘ L] o, R .e

o \J A WP P R O Sk B S AT A | STl B R o
.

305 4300 486

B, (Mev) .

| i) { a,‘ re. ( :

1UB-252%



(crbwrdfyfuni?s) -

Yield

16

-

e

Sl ‘ -
2n threshold \
' 3n 1hrleshold O

\\\;“Oﬁm;.

|

i i | | :

D S 12, 10 o 20%
3 7 o C"+B -=Na "
2.14-MeVi™ . RETORNT 033
group = o, O C“+B'"'-=Ng"“"
o ‘po O -

o SR \\%M%MV;
4.44-MeV . JTOUP

— S gioup -

A g
'.

O
Ol

O 10

20 . 30

Eg MeV (c.m.)

“ﬂ@wl

“

O

50

MU.33797

o



~10.63- 1107
(.93 _
102702 71 _10.30:57)

9.50:2%

Na

20

ety P AL
28788 Ty T A
;‘.Qr’.:—,d:.é,' f\ L"W il ]

: '_"7_.__.5.53‘;3—_.5_-_&2:_'-_._.

4.97:2"

. 4'.25:;1*

1.63:27

0:0‘*'

NeZO

-;74;2« 5

153 (27)

MUB-25248



o ) € / ‘ ‘ i : N . t, . .
S . _ ( o
’ - N . ‘ ) . i N
’ ’ .ol <
! o i : ) . ) l o
. £, . ; . ] o “ ' -
“ .
- 1
A S - * - ’ ’ 3 - IS -
) . | |
.
. .
‘
: i - |
.
: i
- E






