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. ISOSPIN PURITY AND DELAYED-PROTON DECAY: *'Ne AND SoAr

J. C.. HardyT,xJohn E. Esterl, R. G. Sextro, and Joseph Cerny

Lawrence Radiation Laboratory -
and Department of Chemistry
University of California
Berkeley, California 94720

August 1970 -

ABSTRACT
BetéQdelayed proton and y-ray measurements have been used to study the

1T 33Ar. Their lifetimes have been measured as 109.0 + 1.0 msec

decay of "~ 'Ne and
and 173.0 * 2.0 msec, respectivéiy, and.absolute‘ggfvalués have been determined
for their S-deéay branches. Precise level eneréies ha&e been measured in'l7F
d 3301, and an earlier discrepaﬁcy‘éoncerning energies in 17F has been

1T

an

resolved. The log ft value for the superallowed'decay branch of ~ 'Ne has been

. + 0. . . . . sl
measured to be 3.29 8 8$ which indicates an isospin purity of = 95% for the .

lowest T = 3/2 staté in 1TFr, 1In addition, the antianalogue configuration is
located in l7F and is shown to be the most probable. source of the small isospin
mixing present.in the analogue state in that nucleus. The log ft value measured

for the superallowed decay branch from 33Ar was 3.34 + 0.05, a value which sug-

33Cl. There is cir-

gests an impurity of v 10% in the lowest T = 3/2 state in
cumstantial evidence that this mixing occurs with four T = 1/2 states which lie

within 350 keV of the anaiogue state.
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' I. INTRODUCTION
The huclei 17Ne and 33Ar are delayed*protdn precursofs. They decay by
émittiné positrons to levels in 17FAand 33Cl,jreépectiveiy, mény of which are -
“above the proton séparatiqn energy. These decay branches,are charaétefized by
the further emission of ”delayed-protohsﬁ with discrete énefgieszcor—
respénding to levels in the final nuciidés i60 aﬁd 328. Thé protons are "delayed"
by the ﬁreceeding B+;decay snd exhibit its half-life. By precise measurément
of fhe energiés and intensities of these proton éroups it is possible not only
to accurately locate statés in the B+-decay daﬁghter‘nucléus but aiso to Qeter-
" minehthe strength of the B+-tranéitions feeding them.
| If ali”the B+—trahsitions lead to pfoton—unstable states, then.a'simpie
measurement of the relative intensities of the emitted proton groups yields the
absolute intensity (or fg.ﬁalue) of iﬁé corresponding B+-decay branches. In |
.practice, thié is generslly not thé,case. There are usually transitions to
states below the’proton separation energy whose totél inteﬁsity muét be deter-
mined before absolute transition étrengths can be déduced. ‘This problem may
- be overcome by observing y-rays from the de-excitation of proton-stable states 
and, where’this is not possible, by calculating intensities based on the known
mirror B+—transitions. With these methods it is possible to characterize even
very weak B+—decay branches with a précision not‘usualiy afforded by ofher
_techniques; 7.
Both 17Ne and 32Ar have isospih T=13/2 (T = —3/2,. One of the decay
10077 167715 . z ‘

branches observed from each nuclide fed its T = 3/2 analogue in thevdaughter.

Tz = -1/2 nucleus. Such superallowed transitions have very low ft-values (log

N

£t v 3.3), and to the extent that the initial and final states are
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- truly analogons (itgr,that they have identioal'wave functions and differ onlyv.
in Tz), their-gtrvalues7can be. calculated--to a few peréent~—model independently.
‘ Thus, any significant devietionvof the measured gtrvaiue from the corresponding
calculation must arise from differences between the initial and final nuciear
weve functions. The T = 3/2 final state is at relatively high excitation in

a T = -1/2 nucleus and consequently is surrounded by states whose isospin is

= 1/2. Such states, of course, are not present in the parent nucleus itself

so that any differences that occur between the analogue T = 3/2 states should be
due primarily to admixtures‘of T = 1/2-configurationslin the final state.

Although the T = 3/2 analogue states in the B+—decay daughter nuclei -

17 33

F and “7Cl are unbound to proton emission; omly T = 0 states in

16 32

the'residual "0 and S nuclei are energetically available. Thistmeans that

proton decay occurs only through 1sosp1n 1mpur1t1es in the wave functions 1nvolved-—

17

presumably,: mostly through admixtures in the T = 3/2 states in ~'F and

3301. - Thus, while the retardation of the B —decay feeding the analogue staté-,
yields quantitatlvely the amount of its isospin 1mpur1ty, qualitative 1nformatlon
about the actual conflguratlon of the admixed components may be deduced, in prin-
ciple st least from the nature of the state s proton decay

The sen31t1v1ty of our method for observing isospin 1mpur1t1es is deter—v
mined by two factors. The first is the statistical accuracy of the experimental
measurements, the second is the reliability of calculations for that small pert
of the B+-transition strength which is model-dependent:v the GamownTeller'matrix
element; Forvthe two superallowed decay branches which will be described here,
these factors are such that an impurity of 5% could be determined. How does

this,compare with the anticipated strength of mixing between states with different

isospin? Some calculations have been.attempted for the mass-9 isobaric quartet,
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promptea b& the existence of rather'accdraté méss‘measuréments for all‘four of
itsvlowest-ener;gy_v'members.l These measurements indiéaté that the.masses‘of
' members of thié_particulér isobaric mulﬁiplet, when expréssed as a fﬁnction_of
Tz’ apparentlj show a small but noﬁ-zerd depéndence upoﬁ Tés. Oné plausiblé
vexplanatioﬁ of suéh'a.cubiCudepeﬁdence'is that mixiﬁg“OCCurs with T =~l/2ustétes
preseht in thé Tz,= * 1/2 members of the mﬁltiplet and, if so, admixtures of

3 and theoreticalll reasons

up to 17% have been proposed.2 There are experimental
for doubﬁing'that_such‘a large isospin impurity exists for mass 9, and no simi-
lar dependence of the quartet masses on'TZ3 has been observed for mass 13.S

Nevertheless, esfimates6 of impurities present in the ground and low excited

states of nuclei with 16 <A < 34 range as high as 2% and it seems entirely pos-

sible that miiing in excess'of 2% could occur for the T = 3/2 states which
| | . e e 1T 33 | |
we observe at higher excitation in ~'F and ~~Cl.

Delayed protoné following lTNe-decay 7-11 33 12-15 have

and “TAr decay
previously beenFCbserved. "These measurements |

Wwere restricted by significant backgrouhd, a limited observable energy'range

(Elab 2 2.5 MeV) and poor resolution. In the present mgasurements we have
attemﬁted to reduce the background to negligible proportions and at the same

time to extend the range of observable energies down_to 1 MeV eliminating, it

was hopéd, the possibility of there being any significant unobserved'proton
 groups. ~ This wés acéomplishéd by transferring the délayed—proton precursors

by means ofia faét gas-transport system to a shielded counting chamber-remote
from fhe target position. A cooled counter telescope and particle identification-
ensured that‘O@timumAénergy;resoiution was:.achleved and that only protonévwere'

recorded. Gamma-rsay spectra were recorded simultaneously. In this way reliable
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absolute ft values have been obtained for many branches 1ncluding those which

are superallowed and the 1sospin purity has been determlned for the T = 3/2

1T 33

states in "'F and “°Cl. For the latter, there is strong_evidence that con-

siderable mixing does occur-~-perhaps totalling 10%--with nearby T = 1/2 stateu.
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II. THEORY

'A. Superallowed B-decay and Isospin Purity

The intensity of any allowed B-transition can be expressed in.terms
of its ijvaluer The factor f is the "statistical rate function" which takes'
account of the dependence ef transition strength on the total energy release
and nuclear chafge The partial half-life t is derived from experlment, it
depends upon the measured total half—life and the fraction of all decays which

proceed by the particular branch being examined. Expressed in this way, the

' oy . . 16,17
strength can be directly related to nuclear matrix elements: 7
3 21T3(2,n 2) (W7 /mg? ")
it = 2, 2¢.32
gV (1)° + gA (o
6.19 x 103 N |
= . sec . , . (1)

€102 4 141 (g)?

Here and .gA ere the vector and axiel vector coupling constants; the numeri-

By v ’ )
cal form of the equation results from using the best current valuesl for &y
and gA/gV. The symbols (1) and (o stend for the Fermi and Gamow-Teller
matrix elements,respectively. The Fermi matrix element for a B ~transition

between an 1nit1al state Iwi J » T )} with spin and isospin (J »T;), and a final

state IWf o f)) is given by:

<lv>'=v<f f,T)IZr(n)Iw(J 1,00 . o
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where T+Vvis the isospin ladder operator which changes a proton into a neutron,
and the summation over n extends to all nucleons. Clearly the matrix element

is zero unless

Jo=-J, =T, =T, =0 . o | - (3)

T 33

For the decays of 1 Ne and Ar,.Ti = 3/2, and in the case of thé_super—

allowed decay_branch, we consider an isospin-mixed final-state wave function

|Xp(5.) ) written:

[xf(;f) ) = alwg(J T = 3/2) ) 4 blw?(Jf,T =.1/2) )l R | (4)

f’

where' a2 + b2 = 1.

Substituting this wave function into Eq. (2) for the Fermi matrix element, one

readily obtains

N2 o 2 .
(12° = [2(T + 1) - T, T,0la" = 3a—- " . (5)

where we have neglected the effects of higing with states of T 2’3/2, The
matrix elemeﬁt:has been'squared‘since:thatfis_the form in which it appears in
determining ﬁhe'trénsition strength (Eq..(l)). The factor a- is the fraction
-of the fina1 ;t€te wave function which has T = 3/2: that is, it is the isospin
purity of the.analogue state. Similarly, in the case of ordinary allowed decay
to states whose pred§minant isospin is T = 1/2, a2 becomes a measure of the

T = 3/2 isospin admixture arising from mixing with the analogue state. In such
qases a2 can be related by second-order perturbation theory to the off-diagonal

matrix element of the charge-dependent part, Hc, of the total Hamiltonian:

(1 = 3/2, T, = -1/2|Hc|1/2; -1/2) = (E

3/2 = Bypp) xa . (6)
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Here ET_ éorreépdnds fo the enérgy of the'gtate whose predominant isosPin'isi
T, and HC.'contains all charge-dependent terms inclgding the,Coulpmb interacfion.
It should bé emphasized that we have assumed that the T = 3/2 wave.function is
fﬁe same fqr all-members of a muitiplet; this will be trué provided the non-
Couloﬁb chargé déﬁendence iﬁ the:nuCIear force is also small;
In the preceding discussion of the Fermi matrix elément it has been
unnecessary to,sﬁecify any details of the wave'funCtions'excépt their total spin
and isoSpin.. Thé Gamow-Tellef matrix element depends upon the evaluation of
<wf|2; o(n) f+(n)|"wi‘> and necessitates a specific model to describe the wave func-

tions.  Its selection rules require:

|=0,1 - 0—F>0

f=0,1 : o - (7)

Thus, it contributes additional strength to the supérallowed decay branches from

11 33Ar, and a reasonable estimate for its magnitude must be made before

Ne and
the value of ag,vthe isospin purity, can be extracted from the experimental decay

7

rate. <Calculations have been mé.del for (o )2 using the Nilsson model where the

relevant nuclear deformations were determined from measured magnetic moments.
17 in the range
17 < A < 39 indicated surprisingly good agreement between the predicted matrix

elements (foz and those values extracted from the experimental data; in all

but two cases they disagree by less than 10%. The same methods applied to the

_ decay of 1TNe and 33Ar»yielded the following results: ™!
(632 =0.11 TNe -
= 0.28 B ' (e



8. R UCRL-~19551

By referring'to'Eqsif(l) and (5) it can be seen that (g )2 will contribute only

1T 33

about 5% for ~'Ne and 12% for ~“Ar to the total superallowed transition strength

2 1) Thus, even relatively large uncertainties in these model

" (assuming a
-calcﬁlaﬁions wiil_only affect the calculated transition'etrength by a feﬁ,per—
cent,

Finally, it is important to realize that if a2 = 1, then
£t <2.06 x 105 sec (T = 3/2) (0.)2 =0 , - (9)

and. consequently any experimental violation of this 11m1t can only be 1nter-

preted as arlslng from the presence of 1sosp1n impurities.

" B. Allowed B-Decay and Mirror Symmetry

The nucleus 33Ar can uhdergo an allowed decay to the ground state of

33Cl. Since this decay branch is not followed by particle or y-emission we must

deduce its intensity from the known mirror deca.y,18 yiz. 33P 8- 33S, so that
absolute 1nten31t1es may be deduced for the other observed branches. The inten-
sity of an ordinary allowed tran81tlon is given by Eq. (l) where, of course,

(1 )2 0. Assuming mirror symmetry, the decay Ar _§:;¢ Cl g.s. should have
the same _:f_“t_—ye.lue as -the 33P ground-~state decay.' However, Wilkinsonlg has
recently pointed out that known discrépancies between mirror transition rates
-erevconsistent with the eXiSfencelof second class currents and, in particuler,,

with an induced tensor coupling.zo' An analysis of existing detelgycombined

' withzmore_recent resﬁltsgl indicates the expected proportionality:

6 = %F - 1 « (WO+ + WOE) , (10)
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where the supérscripts "+" and "-" refer to positron and électron decay , reSpéc_

tively, and'Wé is the total decéy energy. The cbnstant of proportionality is

-3

V5.2 X 10 MeV*l which, for the csse of groundastate’tranSitions in mass 33,

vt - ' o n :
indicates that (ft) exceeds (£t)” by v 6%. This value was used in the analysis
of the SoAr data, but to take account of the many uncertainties in the procedure

a ia.rge error was 'adopted, i.g.; 6 = -4‘0.06 + 0.10.

C. First-Forbidden B-Decay
The nucleus *'Ne (JTT 1/2 ) exhibits weak transitions to the ground state
(5/2") and first excited‘statg,(l/Q 5 or 17p. Both tranSitions are first fofbidden,
thewground;state‘branchwbeimggunigue fifgt Forbidden. Théir weakness (V2% of the
total decay strength) and the Yact that the final states are proton stable .
prohibits. our observ1ng them experimentally, so again predlctlons must be made

17

based on the known mirror. decsay 22 of “'N. It is not however, correct to assume
identlcal ft values for such trensitioms, 51nce in general the energy spectrum of
B-particles in forbidden decay differs from that for allowed decsay.

The‘generallzed statlstlcal rate function is wrltten:23

, 2 - _ L
- W) F(z,wé)chd We o (11)

where n 1is the order of ferbiddenness, F(Z,W ) is the Fermi functlon and C 1s'the
relevant shape factor. For allowed' decday CO is a constant’but in first forbidden

decay:
(12).

. o,
: + : :
W ) = 1+a W+ b/we + oW
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where the cpefficiéhts ép b, and ¢ are coﬁpliéated fungtidns of six nuclear
matrix elements which combine deherently, and . some éf ﬁhich dhange sign in going
from B+ to B- decay  A con51dérable s1mp11f1catlon results for unique first for-
bidden decay-(i. e., where] J = J I -«2) since five of the ‘gix matrix elements
vanish. In that case b = 0 and thg.rgtlo'gi/ge has been calculated as’a function of Z
~and Wo,zh thg only remaining matrix element having féctored out. The situation

is the same as for allowed decay except that fit rather than ft (or ft) is

PN —t—

. G o . S . .
assumed ‘identical for both B- - and B =decay. This.applies to the ground-state

decay branches (1/2--+‘5/ét){innmass.17.

17 17

The decay branches leading to the first excited states of ~'F and ~'0
o + .

(1/27 +.1/2") involve five out of the six possible matrix elements, and without

‘model calculations for each. the exact relationship of the mirror decays to one

1T

another is uncertain. In our énalySis of the " 'Ne decay we have adopted an ft
value‘for this branch which is midway between the values determined by the
procedures relevant to allowed decays and to unique first forbidden ones.

Error bars were assigned, however, to overlap both limits. Only in the unlikely
event of strong coherence between matri#zelemenfs és they influence the shape

factor (Eq. (12)) will these limits be exceeded. What effect this could have

on our results will be discussed in a later section.
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III. EXPERIMENTAL PROCEDURE

The delayed-proton precursors 17

Ne and 33Ar were produced by the reactions
~l60(3He;2n)l7Ne and 328(3He;eh)33Ar initiated with external SHe Beams from the
Berkeléy 88-in cyclotron. In-order to examineztﬁeir-deCay in an enviromment as
free as possible from extraneous activity, a éystem wés déﬁised which permitted
fast transport of the heon gnd érgon isotopéé ffcm_the position of bombardment

to a shielded‘céunting chamber. ‘A detailed explanafion df the equipment will

p

be published”Separatéljz so only a brief description will be given here.

The'eXperimental arrangemeht used for the prbducfion of 33Af is shown

»in Fig. 1. To‘pfodﬁce méximum activity, it was necessary to run with as high

a beam current as possible on a target which would not deteriorate during pro-
longed high-éﬁrrent bombardment. No soiid target satisfied these éonditions,

.so CS2 vaﬁor ﬁas:used. At room temﬁerature 082 has a vapor pressure éf about

one half an atmosphere. Noting Fig. 1, when ‘solenoid‘valVe 1' between

the CS2 flask and the 20cc- target éh&mber operates, vapor fills thé evacuated
chamber whidh has 2.5 um Havar foils at eath end. At the same time valve 1

opens and closes, filling a ballast chamber with .abqut 1.5 atmospheres of he-
lium. After a predetermined bombarding time, valves 2 and 2' open and .the vapor,
together with the recoil atoms produced during bombardment, is swept by the
helium gas towafds a dry-ice trap. Here the CS_2 is condensed and the liquid
coliects abovebvalve 3. The heliui gas and argon continuepast valve b which has
opened, and into the counting chamber. When valve L4 closes the counting cycle
begins. At this point valves 1 and 1' reopen and a fresh bombardment begins.
Valvés 3 Qnd:3' are also opened to allow the trapped liquid 082 to drip into

the liquid nitrogen trap and to allow theiling bétween falves 2' and L tor

be pumped out in preparation for the next sequence;' After the counting cycle
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is complete, valve 5 is opened and the contents of the counting chamber are
bumped away.  This entire sequence is repeated every second, so the 082 flask .
- must be heated in order to maintein a temperature. of about 25°C. A typical timing -
sequenceiis shown at the bottom of the figure. ‘ ‘ f v
Two different technlques enploying essentlally the Same equipment were

17

used in the productlon of Ne. The first technlque 1nvolved oXygen gas as the

target : the 082 flask. in Fig. 1 was replaced by g cyllnder of compressed oxygen,

and the dry ice trap was removed although access to the vacuum pump through

valves 3~and 3! remalned. The second technique used T10 solid targets.‘ Six

oxidized titanium foils were stacked 0.5 mm apart in & m°dlfled target chamber; helium
gas perlodically swept through valves 2 and 2', picking up the recoil nuclei and
transportlng them past two liquid~nitrogen traps on their way to the counting |
.chamber. In this configuratlon the line from the target chamber. to valve 1'

17

was removed. ‘Generally when Ne was being produced, the length of time valve

3 remained open was reduced from v 700 msec to " 400 msec; this shortened the

cycle time to accomodate the shorter half-1ife or 1T

Ne.

A pressure transducei was mounted in the counting chamber in order to
measure the‘instantaneous pressure. The active voiume of the counting chamber
was conical, with a total capacity of v 65 cc. The transit time necessary for
gas to move the five metérs. from the.target chamber to the counting chamber was
" 100 msec, and the pressure in the chamber during the counting period was
v 35 Torr.

A counter telescope was mounted in the counting chamber at the apex of

the cone. It consisted of a phosphorous-diffused silicon AE transﬁission counter

which, depending upon the QXPerimeht » ranged in thickness from 14 pum to 50 um,
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and a i.O mm lithium»drift silicon E-counter. The signals-from both counters
were.requiredvto be in coincidence (2T = 15 nsec) befbré being‘fed to a Goulding-
Landis particlé identifier26 which produced an output signal chafacteristic of
the particle typé. Only evenfs corresponding to proﬁons (or, when desired,

alpha particlés) were recorded. .The countefs were cooled to —3060 by means of

a iiquid—nitrogén cold finger. :- No obstruction was placed between the AE
counter and the gas in the coﬁnting chamber; this permitted optimum resolution

to be obtained, The electronicvresolution (full width at half maximum) measured
with a pulsef was 35 keV andvprdton peaek-widths of U5 keV were recorded for
narrow states. vThebaddiﬁional width of the proton peaks was due principally to
the fact that even those protons ofiginating.from narrow states exhibit an. energy
spread céused.by the'mOmentumiqf the préceding positron.

With a 14 um AE—countér, a-particles with energies aboﬁe ~ L MeV could
be identified; td search for lower-energy a-particles, the energy signal from
‘the AE—counter,‘in_anti—coinéidence with fhevE-counter signal, was reé§rded ‘
separately.'

The efficiency of the counter telescope was calculated by two
methods. The first was by actuel o
numerical integration over the active voluﬁ;, and the second was by reéording
the proportién of detected eventé generated by a Monte Carlo computer program.
© The two caicﬁlations-gave résults which différed by less than 10% and the value
.adopted for fhe efficiency was (1.26 *+ 0.13) x 1073 which corresponds to an

2

effective solid angle of (1.58 # 0.16) X 10°° sr. With such an arrangement,

the number of protons recorded was v 1 per UC of integrated beam current,

>

Thus, at a typical.beam'current of 3 A, about 2.5 X 107 events were recorded

in a 24-hour run.
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Lifet;més-were measured by two methods. First, total‘eneféy signals
corfesponding forpfotons.weré'time—sﬁrted intoveight groups of a L096-channel
'anélyzer, thus»pfoviding eight-point deéay curveé fof all statistically sig-
nificant peaks in the spectrum. Second, a single channel analyzer was set around
a prominent peak‘in the spectrum.and fhese events were récorded in 8 hOO-chanﬁel
analyzer operatea in its multiscale mode._ The channel address was advanced by
a quartz-crystal oscillator, the cyclevbeing commenced with the closing of valve k.

As a Chéck of our systematic accuracy in méésufing half-lives, the
decay bf 9C was observed, Since its half-life had prgviously been determined

27,28

quite accurately by two groups. The activity was produced using the reac-

tion lOB‘(p,2n)9C at 43 MeV, the>target béiﬁg boric acid eariched to 92.L4% in

10 29

B. The material was pressed (at 2000 lb/ine) in 100-mesh tungsten screen,

and five such screens were stacked in the target chamber in the same manner as

‘were the TiOé‘tafgets already described. Oxygen gas was used instead of helium

to sweep the 9C recoils to the counting chamber. No traps were used.
Both decay studies required gamma-ray measuréments. To fully examine

1T

the decay of ~ 'Ne, it was necessary to investigate pfoton—gamma coincidences.
For this purpbse,‘a 2" x 2" Nal (T1) crystal was mounted externally at the base
~of the conical counting volume, and coincident events (2T = 50 nsec)'were
fecorded two;dimensionally using an onfline PDP-5 computer. Similarly, to
- obtain higher resolution Y-spectra necessaryvfor deéiphering the 33Ar decay, a
45 cc Ge(Li) counter was mounted in the same external position. Energy reso-
lution of v 4 keV at 1 MeV was obtained. |

The total efficiency of the Ge(Li) counter was measured as a function

56

of Y-energy ﬁsing the known “"Co spectrum30 to establish the relative dependence
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upon energy,,and the ca.librated3l gamma sources:v 203Hg, 22Na, ShMﬁ, and 6000, to

fix the absolﬁte scale. To determine the dependence of the efficiency upon

56

position in the qounting chamber, the Co'géurce was. moved to various measured
locétions. Simple geometric formulae were used to interpolate between measured
points, and fhé results_were integrated Qver the aétive volume. The resﬁltant
overall'éfficiency evaluéted, for example, at 800 kev was (5.6 * 0.3) x lO_h.

An additional check on the efficiency of the counter telescope and Ge(Li)
. counter was afforded by a simultaneous measurement of.the number of alpha par-
ticles and 3889K¢V Y-rays emitted in the décay of ghgcf.' The ratio of aipha-

‘particles to Y-rays determined using the efficiencies already described agreed

with the previously measured value 2 to within 2%.
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IV. EXPERIMENTAL RESULTS

A, ITdentification

Spectré of délayed protons observed follbwing.hSwMeV 3He bombardment of
oxygen targets are shown in‘Figs. 2 and 3. The 50 u AE~counter used to acquire

the spectrum.in Fig. 2 prevented protons with < 2.5 MeV from being identified

t

since they could not penetrate to the E-counter. By using a 1k um AE-counter

|
i

protons could_bevobserveq down to &~ 1.0 MeV as shown in Fig. 3; however, in this
case protons 2f8.0 MeV lose too little energy in the AE-counter to be reliably
observed. Figures 4 and 5 show delayed proton spectra following 3He bombardment
of CS, targets; the former utilized a 35-MeV 3He beam and the latter, 55 MeV.
_ The calculated threshold for production of %YNe by the reaction

16,3, 17, & o1 ~

0(“He,2n) 'Ne is 26.68 MeV.~ Only two other delayed proton precursors can
‘he produced by 3He bombardment of 160; these are 13O (threshold, 37.38 MeV) and

% (threshold, 47.16 MeV). At L45-MeV bombarding energy, production -of 13O_ma.y
33,3k

be anticipated, but wifh a half life of "~ 9 msec ‘it should not be observed

in th2 representative spectra shown in Figs. 2 and 3. This conclusion is con-

34 Of\lB

firmel by comparing these spectra with that 0; no common peaks are observed.

Furthesr, delayed-proton precursors cannot be produced at this bombarding energy

from titanium'(in the TiO2 targets). The principal peaks in the spectra have

17Ne by threshold and cross-

17

previously been identified as following the decay of

10,11

Ne decay was fur-

bombardment measurements. That all peaks were due to

ther corroborated by the eight time-sorted energy spectra: within their

statistical accuracy all peaks exhibit the same lifetime.

3

A number of delayed-proton precursors can be produced by “He bombardment

33

of sulphur. At 35 MeV (see Fig. L), however, only ~~Ar (threshold, 19.50 MeVl)
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13

can be produced, together with ~~0 (from carbon present in the cs, target). Pro-

13

0 can be eliminated as they were in the » Ne dis-
35, 29

tons from the decay of

cussion, andbho_peaks from the known spéctrum f S'cbﬁld'be discerned. The
poésibility of aelayédﬁprotoﬁ precursors. arising from reactions on light con-

taﬁinants in'thé tafget was.investigated by cdmparing the‘spectrum in Fig. b

with known delayed proton spectra;lo’36 Only 17Ne, produced from an oxygen contaminant
was observed, but it was a facfor of lO3 smaller than the strongest 33Ar peak.

Again, the principal peaks in Fig. 4 have previously been identified.l3’lh as

originating with the decay of 33Ar and all have the same lifetime within sta-
tistics.
\ . 17
At 55-MeV bombarding energy (see Fig. 5) the peaks from ~— 'Ne are stronger
and a'298 peak at Vv 5.4 MeV has appeared, but no additional peaks are observed.
All numbered'peaks have the same relative intensities (after subtracting known
17Ne strength) except peak 1l which is much wesaker. Tts origin could not be

established but it clearly cannot be 33Arr
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B. Energy Measurements
‘Energy calibration was initially derived from the specﬁrum in Fig. 5.

-

Peak 19 and the peak labeled "“9S" have previously been é,ssignedl3’lh’35 to
29

protons emitted from the T = 3/2 analogue states in 3301 and P, respectively

These states have also been observed in proton resonance studies on 328 [Ref. 37]

28

~and " Si, [Ref. 38], and from those results the energies of our proton peaks

can be calculated to have laboratory energies of 3.170 * 0.004 MeV and |

5.&37 * 0.005 Mev,,respectively. Using pulser calibration points to establish
the linearit& of the scale and fhese two points to determinelthe absolute vélues;
energies wére determined for all peaks in Fig. 5. In particul#r, the energy.of
the TTNe peak at v 4.6 MeV was accurately determined and the result applied to

the analysis of Fig. 2, where it is labelled peak 10. Peak 17 in the spectrum

of Fig. 2 cor?esponds to decay of the lowest T ='.3/2 analogue state in 17F and

its energy is accurately known.l Again, these two éoints '
permit energy méasurements to be made for all peaks in the spectrum and, by extra-
polation,.fof those in Fig. 3 as well. qurgieé determined from these and seven
other independently recorded spectra of lTNe decay are listed in Table I, where
the under-lined nﬁmerals.appearing-before-themenergies,correspondfto the peak

33

labels in Figs. 2 and 3. The energies for delayed-proton peesks in the ~~Ar

decay were obtained from Figs. 4 and 5, and are listed in Table II.39’hO

C. Half-Life Measurements

\d

By requiring that recorded events satisfy stringent AE-E coincidence require-
- ments and identify . as protons, very little background due to electrons is

evident in the spectra. In addition, only protons from a single activity (with
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the~exceptibts.slready nbted) apteer in a given spectrum.>vThus;‘measured life-
times should hbt suffer from possible systematic errors caﬁsed by an unrecognized
addltlonal act1v1ty as might those measured by other teclnlques Nevertheless
the two methods described in Sec. III were both used:in s number of separate runs;
'no'significant difference was ever found between the eigtt—point decay'curves
(for which a pertieulaf peakbwas iﬁtegratedvat‘successive times), and the L0O-point
curves multiscaled from a chqsen peak or ﬁeaks”in—tﬁe preton spectrum. In no
ease'#asfa second lifetime componeﬁt required to fit the data.

The everaged results from a series of funs are shown in Table IIIhl wﬁere
they are compafed with ptevious results. As a fiﬁal cheek for any systematic

9

C was measured and this result also appears in the table.

27,28 9~

C is excellent.

.efrors the lifetime of
Agreement with the previous results for
D. 17Ne Decay
In deciding the eneréy levei responsible for a given proton>peak, a cer-
tain ambigﬁity'arises: Does it feed the ground state or an excited state of the
final nucleus, in this case l60? Usually the measured energies, ﬁﬁen'compared
with known leveis in the nuclei involved, are sufficient to»resolve the dif-

1T

ficulty. However, in the case of = Ne decay a difficulty arises because the first

two‘excited’states in_l60 are separated by only 80 keV. To clarify this point,
-Y coincidences were measured, as discussed in Sec. III. All observed'protons

must be as5001ated with 511-keV Y—rays from annlhllatlon of the positrons

17, 16

which feed levels in ~ 'F. Since the 6 052-MeV state in 0 is O » 1t decays by
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internal pair cbnversion, and protons leading to this state will be characterized

_by'twice the expected rate of coincidences with annihilation radiation. In the bottom

portion of'Fié; 3 is g'spectrum of those protons coincidenﬁ with 511-keV y-rays;
it was obtained simultanebusly with the singles spectrﬁm also appeéring in tﬁat s
f%gure. Note that the relativé heights of peaks 1, 2 and 3 are approximately
doubled in the coincidence spectruﬁ. This is expressed quantitatively in Table
.iV where the coincidence rates for these three peaks are compared to thaﬁ for '
peak 10, the strongest in thé spectrum. Their coincidence rate is greater and
indicateSAthét.théy ﬁost probaﬁly correspond to proﬁon dec;ys leading to the
0+ first—excited'state of 160.‘ |

The measﬁred energies listed in Table I confirm this result s: nce they
too are consisteﬁt ﬁith peaks 1, 2 and 3 féeding the 6.052-MeV state 1n'160.
This‘table’lists the energies df levels in 17F which account for the observed
proton spectruﬁ and these deduced energy levels are.compared with pfeviously

ko L6

obtained level'energieé in Table V. An interesting result of this com-

' périson‘is that our results resolve the discrepancy between Saliébury et al.

and Harris gE_g;.hS concerning the energy of the 3/2° states at 4.6 MeV and

L7

5.5 MeV. The effects of momentum broadening mentioned in Sec. III make dif-

ficult the extraction of precise level-widths from our data, but a comparison
between the widths listed in Table V and the proton spectra in Figs. 2 and 3

shows good qualitative agreement. In fact, the assignment of peaks 6, 7 and 9

. . )4 . >
to the decay of the T = 3/2 analogue state T can be based not only on their measured

energies but also on their observed narrow width. .

Many channels are energetically allowed for decay of the analogue state.

48-50

These are listed in Table VI together with wour experimental values or upper
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'limits-fOr intensities where they fall within our range of dbservation; Calcu-

lated penétrafioﬁ factorsso ére'also éhown for each decay chahnel; it is evident

tha£ proton deééy to the 1~ étate,at 9.614 MeV in 160 ié thé only unobserved

channel for whiéh significant deéay might occur. |
‘Relative intensitieé were ﬁeasured for all peaks in the spectra of

Figs. 2 and 3. The results werevtheﬁ used to determine rélative inténsities

for the preceding B+-décay branches using the assignments made in fable I, aﬁd

ﬁhese intensities are listed in the second column of Table VII. The errors

quotéd'on the branch to the T = 3/2 state at 11;97 MeV include the errors and

limits listed in Table VI; the unobserved protqn branch from this state to fhe

l60 at 9.61h4 MeV Vas assigned an intensity limit of < 0.05 based

.l_ level invv
on its calculated penetrébility and the observed intensity to the 1 state at

- T7.115 MeV. Energetically allowed but experimentally unobservable.decays for

T = 1/2 states are indicated in TableAi; their calculgted pehetrébilities are
all significaﬁtly less than those for observed decays. Consequently, ignoring
them will have little efféct oﬁ the results. At worst, an additional unobserved
proton channei:wili affect the infengity of the corresponding B-transition but
will not alter the intensities of other transitions beyond their stated uncer-

tainties. Finally, the observed branching and reduced-width ratios for the

four T = 1/2 states above 7 MeV are shown in Table VIII.

E. -33Ar Decay
To establish thevorigin of observed proton groups, particle—y'coinci-

dences were sgain recorded for the .decay of 33Ar. No part of the pfoton spec-

trum_appearéd to be associated with 2.24MeV Y-rays from the de-excitation of the

32

first excited state in S, and it was thus concluded that all of the stronger
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pesks (numbers-6, 7, 10, 13, 18, 19, 20, 21, and 25 in Figs. 4 and 5) must cor-

. respond to proton decay to the ground state of 328. Based on the energies of

33

observed proton peaks, levels in ~~Cl which must be fed in the B+—decay of

33Af were deduced‘andvlisted in Table ITI. Our energiés are compared nith pre-
viously knonn_levels in Table IX ﬁhere"the agreemént obtained is excellent.
Observed intensities and the assignments in Table II were used to deter-
mine relative.8+—branch intensities, and these are listed in thé second column
of Table X. Thévobserved proton-branching and reduced-width ratios for states

above 5.6 MeV inv‘33

33

Cl are shown in Table XI. The decay of the lowest T = 3/2

32

state in ~~Cl to the first excited state in °“S is energetically allowed but

of too low an energy to be detected by our system. waever, the penetration fac-
tor calculatedéo_for such a decay channel is smaller by a factor of " th than

it is for décay to the ground state. Consequently, only the ground-state pro-
ton decay of fne-analogue state Waé considered in determining the B+-branch

intensities shown in Table X.

33

Since allowed B+-decay branches of ““Ar were expected to feed one

33

excited state of “7Cl below the proton separation energy, Y-spectra were recorded

using the Ge(Li) counter. A typical spectrum is shown ir Fig. 6. Since four
time-sorted spectra were recorded in the same manner as for proton spectra, the

identification of peaks was aided by lifetime measurements; energy calibration

56

was obtained by wusing a Co source before and.after each run. The origin of

each significant peak is marked in the figure and, in more detail, in Table XTI.

One Y-ray, at 810 keV, is positively identified from its measured half-life and

33

energy as following the decay of ~~Ar. It corresponds tc de-excitation of the

18,40 33

first excited state of "“Cl. No y-rays from the decay of other low-lying
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states in 3301 were observed (i.e., they total < T% of the 810-keV Y—réy inten-
sity). Sincé Y-ray and proton spectra were recorded simultaneously, relative
Y—ray—to-prbt&n intensity values were obtained by usiné the_known efficiency

of each q€ﬁect0r'(seé Sec. III) and dead times determined by éonﬁinuously recérdf

ing a puiser'in each system. The result indicated that the Y-ray intensity was

(1.42 * 0.2L) times that of all delayed protons.
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V. ANALYSIS AND DISCUSSION

A, lF{Ne Decay
In order to convert the relative proton intensities listed in Table VII

into absolute ft-values,it is necessary to determine the intensities of the

1T

s . + ' : .
first forbidden B -decay branches to the ground and first-excited states of ~'F.

This is done by comparison with the mirror decay of 17N ﬁsing the techniques

described in Sec. IIC. The relatlve proton intensities are then renormallzed

-

to give the B —branchlng ratios listed in the third column of Table VII. The
ft-values and their logarithms are then calculated directly and appear in the .
last two columns of the table. We have calculated the stetistical rate funetion,

T (see Egs. (1) and (11)) takihg'intO‘acceﬁnt the finite nuclear size

1/3 51

(R=1.3xA fm) and the effects of screening by the atomic electrons.

The quoted errors include uncertainties in the measured intensities, lifetimes

17,

and decay energies, where the mass taken for Ne_was.that calculated with the
isobaric multiplet mass equatibnlisince-thereyareeno expérimental measurements of
comparable aecuracy;':A decay scheme for-lTNe encomﬁessing the present results
is shown in Fig. T. o |

Log ft values less than 6.0 are characteristic of allowed decay, whieh
17

in the case of Ne indicates 1/2° or 3/2° for the final—state>spin and parity.

These assignments appear in Table V and again in the figure; where unique values
are given, they arise “from: previous work- [e_g-,Ref hal.- It should be’poinfed out
that the proton peak at 2 825 MeV could not be p051t1vely assigned to the decay

16

of any particular level: 1if it were assumed to feed the ground state of 0]

1T

a new state in ~'F must be proposed at low excitation energy, and if it were

assumed to feed an excited state it is not clear which one, or why the corresponding
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ground-state decay is unobserved. Nevertheless, there is no reason to doubt
that it is asSoéiated'Withltheﬁdecaj Of l7Ne, and it ﬁas included in determining
fhe.intensities quoted in Table VII.

Deteiled calculatidns-for levels in l7F,which include up to two par-
ticlesvin the.(QS,ld)—shell and one hole in the'lp-shell, have been reported
. by Margolis and de TakacSy.52 There is reasonable qualltatlve agreement between
our observed gt -trans1t10ns and their calculations: of the ten 1/27 and 3/2
levels predicted below 10 MeV, we observe nine, and we could not have seen levels
above 8 MeV fed by decays-with logvft values 2 5.5. 1In the calculatiens, the‘:

17 17

wave function for the (T = 3/2) ground state of ~'Ne and its analogue in ~'F

is well represented by a (lp 1/2) hole coupled to the lowest 0" (7 = 1) state in

18y Ne).” The same components coupled to T = 1/2

. mass-18 (.e.g., the ground state of
~ have a form generally referred to as the antianalogue configuration, the maJor
component of whlch is expected to be contained in the 1/2” state at 3. 105 MeV

in lTF. Though the B ~decay to this level is very weak, this can be explained as belng
due to’ cancellatlons cauged by details of the wave functlon 53 In fact, these can-
cellations can be used to deduce from our measured ft value that between 80% and

85% of the antianalogue configuration is contained therein. The remainder of its
"strength is‘predicted to lie at about 6 MeV52 or 8 MeV53 in a state which is fed

by a transition with a very low log ft value'(% 3.4). We observe three states

ataabout 8 MeV with iog'gz_values < L.23; it appears likely that one or several

of these contain the missing component. Since isospin mixing is expected to be
relatively large between the analogue state and its corresponding antianalogue

configuration, it is particularly interesting that some of the latter's strength'

lies so near in energy.
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Finally, we can compare the mirror\decays of ;TNe ahd lTN. The

' . sy o .1 . . ‘
. method used is to.calculate transition strengths in 7N assuming strict mirror

17 1T

symmetfy with the observed decays in ~ 'Ne. A half-life for ~ N is thus calcu-

5k

lated and campared to the measured value of 4.16 + 0.0k sec, yielding (see

Eq. (10)) §

0.15 * 0.03. This is not in partieularly good agreement with

19,21

the value § 0.065 calculated55 from the apparent systematics

discussed

in Sec. IIB. Howevef, before the significance of this disagreement can be

17

assessed, it will be necessary to remeasure the N lifetime and, preferably,

to determine precisely the ihtensities‘of its individual B—-deeay branches.

B.: 33Ar Decay ' . A

33Ar was calculated by the tech-

‘The ground-state B+—deeay branch from
nique described in Sec. IIB and, together with the relative Y-to-proton intensity
measurement,was used to renormalize the proton intensities in Table X. The

33

B -branching ratios and ft-values for ~~Ar decay are also listed in the table,

and many appear in the decay scheme shown as Fig. 8; they were calculated in the
same way as those for 17Ne.

.In fhis case not all branches necessarily cerrespond to allowed decay since
several‘With'ldé ft > 6.0 have béen observed. ' In partieular, the state at L4.751 MeV
has previously been assigned J = 5/2, and the intensity we observe for B-decay
feeding the etate requires negative parity (indicatingefirstAforbidden decay)
rather than positive (second forbidden). Assigned JTr values for states below
6 MeV are shown in Table IX where unique values result from previous measurements.
)+

All states we.observe sbove 6 MeV can be assigned as (1/2, 3/2)  except those

at 6.034 MeV and 6.125 MeV which may not be fed by allowed B-decay.

-
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For the same reasons as those discussed for 17Ne decay, a single pro-
ton peak (at 1.947 MeV) could not be assigned to the decay of aﬁy particular
level. It was included, however, in the intensities in Table X.

. The.calculations of Glaudeﬁane g§_§£;56 for the levels in 3301 consider
only barticlesviﬁ the 2s 1/ and 14

2 3/2 .
predicted to be 1/2 or 3/2 compared. to twenty-two allowed R-decay transi-

shells. Below 9 MeV; sixteen levels are
tions observed in this experiment. This disagreement undoubtedly reflects the
contributions present from other orbitals and any more detailed quantitative com-

parison would ﬁdt be justified.

" C. Isospin Purity

) The £Ejvalues measured for the superallowed decay branches from 17Ne
and‘3§Ar are shoﬁﬁ in Tabie XIII where they are'compafea with values calculated
assuming (i) model calculations® | and (ii) the limiﬁing case, (0O )2 - 0; these
calculatioﬁs-have been diseuseed in Sec. IIA. The isospin puritylaz, expressed
as a percenf,vis also shown.

17

Evidently for Ne there is no indication of significant isospin mixing.

33Ar, on the other hand, the situation is not so clear. If the model calcu-

For
lations are to be belleved, quite considerable m1x1ng is indicated, and even

in the limiting case w1th (o >2 0,a poss1ble 1mpurityvremains. Further evi?

dence of isospin mixing between the T = 3/2 state and surfoundihg T=1/2 states

is provided by the measured log gz_values‘for'the latter states; these values become
progre351vely lower, the nearer in energy the states are to the analogue level

This effect is displayed in the expanded sectlon of Fig. 8. It is p0531ble to

calculate an -upper limit on the magnltude of the T = 3/2 component admixed into
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these T = 1/2 states by assumlng that the strength of the B ~decay feeding them is
derlved entirely from their T = 3/2 1mpur1ty._ (In essence, we are taking the limit,
(0 2 = 0.) For the four levels nearest the analogue state (i.e., those at

5.455, 5.675, 5.74k and 5.882 MeV) this corresponds to between 1% and 2% T = 3/2
strength in éach level. Certainly this is of the rlght order to account for

the strength mlss1ng from the analogue state itself. It is now possible to cal-
culate the charge;dependent matrix elements using Eq. (6); for the four levels

in question. these range in magnitude from 13 to 35 keV. A_survey of meésured

matrix elements'for ot states has been published by Bloox’ns-T

and it shows
that the majorlty of the twenty-six known examples lie between 1 ‘and hé keV.
Thus»the mixing we have suggestedvé even though it is an upper limit--is well
within the limits suggested‘by these other measurements. 'However, Because of
the proximity bf‘the interacting levels, the actual wave-function impurities in
our case are possibly much larger than for those surveyed.57

Althpugh the measurementlof a high log ft value for fhe superallowed>deC€Y
is incontroyertible.evidence for iéospin impurity in the analogue sfate, the observed
low log fg_values for surrounding decays are'only circumstantial evidence thaf
the ﬁixing has occurred wiﬁh the nearbva = 1/2 states. It is certainly pos-
sible that the Gamow-Teller matrix elements alone could account for the,decay
strength, and that they exhibit the observed clustering because of the presence
of a configuration at that excitation energy which is simply related to the parent-

58 In addition, mixing only occurs between

state wave function.

states of the same spin and parity, and of the four nearby T = 1/2 states only
+

two are known to be l/2+; we can only restrict the others to (1/2, 3/2) .. On

the other hand, if 5% to 10% of the T = 3/2 strength is missing from the analogue
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state, the expected size of the charge-dependent matrix element57 restricts the
source of the m1x1ng to nearby states._ For example, 57 m1x1ng with the l/2
state at 810 keV in 33Cl would imply & matrix element of ﬁzl MeV which is an order

of magnitude.higher than any known example.

D. Configurations of T = 1/2 Admixtures

175 o 33

Pfotoh dccay from a pure T = 3/é state in Cl is forbidden since
it cannct conserve iscspin‘(assuming the final state isvpﬁrely T = 0). Thus
by'examining the proton decay channels it may be poséiblé fo deduce the naturé
of the T = l/2.adhixture through which the decay procceds. For.a case‘éuch as

33

the lowest analogue state in °7°C1, decay only to the ground state of 328 is indi-

v cated on the basis of calculated penetrabllltles (see Sec. IVE) and no infor-

17

mation about the.wave function can be extracted. But for ~'Ne, a number of
states in‘;60 are energetically available and certain simple cohclusions regard-
ing the admixcd configuration can be made. Theiantianélcgue configuration
alluded to in Sec. VA has the form |(sd) (pl/2)3 1/2—’11/2,> where the notation
indicates two particles in the (2s, 1d)-shell and three particles (one hole) in
the (1pl/2)-she11 coupled to a total 5" T of 1/27, 1/2. If this were the

chief source cf T = 1/2 strength in the analogue state, then one would expect

to observe proton decay to levels in 160 which involve the configurations

)2 '

; 3,00 or |(sd) (pl/2)3 0). The calculations of Zuker et al.””

2
for states in 16O indicate that the ground state and the lowest excited states with
- + - : . - .
3,2 and 1 do indeed have strong components of this type and that the first
excited 0" state does not. This is in agreement with our observations (see

Table VI) and lends credence to the postulate that the antianalogue configuration

is responsible for T = 1/2 mixing.
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These 1deas can be extended quantitatively by taklng the total strength
for these conflguratlons in the ground and first four exc1ted states of l60;
the approx1mate values in ascending order of excitation energy are 3h%, 07 66%,
29%, ‘and h8%7 These are in good agreement with the trend of the reduced widths for
COrfesponding:tran51t10n3’as reflected by the numbers in the seéond to last eolumn of
: Table VI. Certainly the approximate-nature of‘thie calculation where the
details of (sd)- shell conflguratlons have been neglected precludes a flfm
conclusion. However, ‘there is strong indication that the antlanalogue con-
figuration plays the domlnant role. This agrees very well with the calculations
of'Welker and‘Schlobohm60 vwho take a very simple form for the analogue—sfate wave

function but reach the same conclusion. They also predict a very small (< 1%)

total impurity in the analogue state in agreement. with our results.
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Table II. Observed proton peaks following 33Ar decay

and deduced level energies in 3301.
Observed protbn énergies? corresponding to decay C Deduced level
to the following 328 states: . L 'energiesb in‘33Cl
g.s. 2.237 MeV 3.760 Mev  (MeV # keV)
6  1.692 %20 3973 t20
7 1.837 + 20 | 4,118 + 20
10 2.7k £20 4455 + 20
12 2.439 £35 - 4,720 * 35
13 2.566 tlIS - 'h.8u7 i 16
15 2.835 + 25 ’ - o . 5.116 % 25
18 - 3.165 +30 : - N ’ 5.6 £ 30
19 3.269 % 4° - ' 5.550 * 6°
20 3.403 + 20 1 1.126 %35 R  5.675 17
21 3.469 *30 2 1.26k *35 | “ 5.763 * 23
22 3.592 + 35§V 3 1.364 *30 5.882 * 31
23 3.751 35 b 1.519 *35. 6.034 * 25
24 ©3.859 t'35‘ 5 1.587 ¢ ko - 6.125 * 26
25 3.973 +20 ‘ X . - 6.254 * 20
27 h,98h.1 ko 1L 2,687 *30 ’ X T.228 £ 25
g§ . 5.189.#20 - 16 2.975 ko X 7.475 *18
29 5.342 %30 17 3.048 30 X 7.595 * 22
30 5.486 + ko _ X | X T.767 £ ko
31 5.803 20 22 3.502 £3589 2.022 30 8.08k +17
32 5.902 %25 22 3.592 #35° X 8.183 +25
33 6.029 %30 g 5 X | 8.310 £30
34 6.310 Lo 26 L4.106 *35 ¢ 8.609 * 27
35  6.688 30 X X  8.969 *30

| ( continued)
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Table II. 'Continued

unassigned proton peaks®: 8 1.9L47 % 30, ll 2,303 * 35

%411 observed ehergies are quoted in the center-of-mass system as (MeV * keV)

and are preceded by under-llned numbers relating them to peaks in the spectra of
Figs. M and 5. Those spaces marked "X" correspond to proton groups predlcted from
the deduced energy levels to be within our range of observatlon but which were.
not in fact seen.' Those marked "-" represent groups predicted to be outside

our range of observation (i.e., < 1.0 ‘MéV).
bThe level energles were calculated using 21. 005 0.004 MeV as the mass excess
of 3301, it is a welghted average of the results in Refs. 18, 39, and hO.

The energy of the lowest T = 3/2 state was taken from Ref 37 and corrected

. for the 33

Cl mass excess.
the weak proton peek at Ecm = 3.592 MeV is broad and could involve several
groups; it therefore appears more than once in the table.

®The possible origin of these peaks is discussed in the text.
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. Table III. Half-lives of 9C, lTNe, andr33Ar.

- Weighted average of - Previous

Parent . . : present measurements o results

(msec) oo (msec)

- ye | : ~7109.0 * 1.0 105 t 5°

' 103 + 7°

107 + 5¢

B 173.0%*2.0 . 182+ 5°
B 178 + 10°

% _ ©126.5 * 1.0 127 + 37

' 1126.5 + 26

®See Ref. 11.
See Ref. 10.
See Ref. L1,
See Ref. 15.
See Refs; 12 and 13.
See Ref. 2T.

€3ee Ref. 28.
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Table IV. Results of proton-y (511 keV) coincidence
' measurements for ye decay.
zi::on Proton-singles Proton-y(511 keV) ‘coincidences
(MeV%y' counts coincidence counts _sin%%es
1 1.434 289 * 20 12,1 + 5.3 4.2 + 1.9
2 1.771 638 + 28 39.7 £ 7.1 6.2 % 1.1
3 2.163 177 + 15 7.3 + 3.3 4.1 + 1.9
10 L.880 8889 * 95 266.4 + 16.8 2.5 £ 0.2

vaThesé numbers have been corrected for the chance- and background—coincidenée

counting rate.
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, o | ) N
Table VII. B+ branching ratios and ft values for 17Ne E_ lTF.

Energy level Proportion of Branching ratio e a

. - - £t log ft
in 17F Proﬁon.emi331ons ‘ from 17Ne o L
(Mev) : (%) (%) - (sec) ‘ (sec)
0.000 - S - © 0.53 % 0.16° (8.85 % 2.70)x106 6.95 + 0
0.500 - ' 1.1+ 0.5° (3.56 + 1.60)x10°  6.55 £ 0
3.105¢ v-o,h9 +* 0.07 0.48 * 0.07 (é.78 £ o.hl)xlo6 6.44 £ 0
4.609 16.5 0.7 16.2 0.7 (3.91 + 0.18)x10" k.50 % 0.
5.480 : :sh.9 £0.5 5.0 + 0.7 (7.19 * 0.16)x103 ' 3.86 * 0.
6.037 ©10.8 *0.2 10.6 0.2 (2.61 # o}oT)xloh b2 o,
6.L406 : _" 0.36 + 0.10 ' 0.35 +0.10 (6.24 + 1.82)><105 5.80 £ 0
7.708 0.18 £0.05 0.18 £0.05 (k.70 +1.30)x10° 5.6T # 0.
8.075 6.94% + Q.1 6.83 +0.11 (9.19 +0.29)x10°  3.96 + 0.
8.436  6.61 +0.26  6.51 +0.26  (7.02 *0.34)x10° 3.85 % 0.
8.825 \'_ 1.93 +0.06 1.90 + 0.06 (1.68 * 0.08)x10" 4.23 * 0.
+ 0.10 + 0.10 . o, * 0.1y, 3 + 0.
11.197 , 0.72 _ 4.5 0.71 _ 4 55 (1.93'_ 0.29)X10 3.29 _ 4
[E, = 2.825]% 0.55 % 0.05 0.5k %0.05 °

a‘I’he gﬁ_values,are calculated using (16.517 + 0.026 MeV as the mass.excess1 of
and (109.0 * l.d)msec as its half-life. .

bThese ratios are calculated by comparison with the mirror 171\1 decay.

®This energy .is '_the average of our present result with those listed in Table V.-

4,
The center-of-mass energy of this proton group is listed since the level from

which it originates is uncertain.
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Table VIII. Particle branching ratios from T =5l/2 states in lTF.

17F'St;te Observed rélative_branchingf. 72(6.05)/\'(2(0.005a
(MeV) _ratio [150(6.05)/160(0.00)] '
7.703':' ’ | <5.0 <o
8.075 - ' 0.49 + 0.02 19
8.1436 - . 6.0 t 0.5  ‘  ey
8.825 . B2+1.2 S 52

aYQ is the reduced;width. This ratio is obtained from column 2 by

dividing the branching ratios by their respective penetration factors.

T



Avmscﬂpnoov

o~ .
% "On "FOM 998 IO (Ad)gpe
M "§T "Joy d9g
m *ASW 700'0 F $00°Te
Juiaq sS90X9 SsSBRW Homm U3 JO qUNOOOB a¥e3 09 ‘AIBSS909U 9J9UM ‘DPI1DSII0D USSQ IABY SIINSSI snoTasxd ﬁﬂ<@
o VHH oTqey, ur asadde sqTnsax 939Tdwoo ano ¢saeq xoxxs stqereduwod
Yita hﬁmﬂo._“?whg ,@GP.HOQO.H U=29(q SABY L3 x3us -3BY3 2A0Q0B suou 90UTS UMOUS aas AP W MOToq STSAT 9SOyl %HQO.G
S (ye/efe/T)  TEF 2egts T00*0 g ¥ %88°¢S TE ¥ 288°¢
BT 9% qNL G 0400 9F €L = €z €9L°S
(L2/€°,2/T) LT % SL9°S 10010 0T ¥ 959°¢ LT % 6L9°S
e/t = 1 2/t m F 086G ,Hﬂoo.o 97 066°S
& +N\H 9 ¥ &6 2e0'0 9 F &SNS _ 0€ 7 ofn*g
_ R4S ¥ TIT'S ¢T00°0 1§ TIT°S 1§ OTT'§ G2 37 9TT'S
Le/E nFoEgthe 200°0 > nF LEgTh €9 N 9T 5 Lhg'n
_2/s w1 F TSl 200°0 > w3 TGL'Y oL'H GE 3 0zl'h
+m\m ¥ ety c00°0 >~ F TR ittt h 0Z 7 SSh°q
J2/€ AR $00°0 0T % 6TT'q RERA n% €Ty 023 QTR
K743 €5 £96°€ 600" 0 ¥ 2g6°¢E 3 H86°€ 02 7 £L6°E .
( ASK) (ASH) (AN T ASH) (A%Y T wozv (A9 5 ASW) (AT 5 ASK)
M A3asus el I3Y30 UOpI0H o.mm.mm Tpug siTnsay
94T i Myow sNoTADIg ussaad
o8BI9AY q :

mmpﬁﬁmmh snotasad yaIm wo

29

UT ASW 9 MOT9Q STSAST PaaLasqo Jo uostaedwo)n

‘XTI 3TA®L



UCRL-19951

-49-

. ‘pogBIaA® q0U 9J9M SOTSISUS oM} 2Yq N0
.@.mH?H w,o,... qouuso S$33TqnOp PIATOSSIUN Mo.%pﬂﬂpﬂmmom 9Y3} 9OUTg *S93B3S SWBS 3Y3 IJUISSS u.ﬁm 9M 31BUSL m.mo,ﬁmd.m.nm
1eadde 11 saxew .m..qu.nwgu.,.h@umﬁ.wvhaum@o uT pue .mmr.nm.pmnm n,..w_.,pﬂmamwnwm 2U3}. € SS3TOYIIDAY - ...ﬂwmm. wox g ,.h.m.om@|+.m
pomoTTe £q poJ mn...ﬁwpr ITOU3 YJTA JUOQSTSUOCD 30U 9B QT °JOU UT S99835 9s9Yy] poudrsse sorqiged pus suids ws&m .

o . ‘LE 3oy 998 mmwmﬁmamvmwmw
"6E "FY 995 (TDcc(PSHe)Sze,

pPoNUTIUO) *XI 9748y



~50- ~ UCRL-19951
‘,Table X.  g* branching ratios and ft values for 33Ar‘ 8" > 3301.
En?rg§3levela' }?roport%on‘of. Branéhigg.ratio EEP ‘ ' log £t
in °C1 . proton emissions ~from “TAr
(MeV) - (%) (%) (sec) (sec)
0.000 - 18.1 + 1.9 (1.06 £ 0.11)x10°  5.03 * 0.05
6.810 . 48.1 * 3.6 (2.7% + 0.21)x10%  L.L + 0.03
©3.983 1.19 * 0.05 0.4 + 0.0} (5.14 + 0.55)x10°  5.71 + 0.05
4.123 1.26 * 0.05 0.43 + 0.05 (k.32 + 0.53)x10°  5.6L + 0.05
L. hh2 T.41 £ 0.13 2.50 * 0.26 (5.75 % 0.64)x10 L.76 + 0.05
4. 751 0.14 *+ 0,02 0.0L47 + 0.008 (2.45 + 0.43)x10°  6.39 + 0.08
L.838 0.92 * 0.05 0.31 * 0.0k (3.46 * 0.43)x10° S.SA + 0.05
5.111 0.24 £ 0.03 0.081 £ 0.013  (1.06 # 0.17)x10°  6.03 ¢ 0.07
5.455 1.68 £ 0.06 .0.57 t;o.o6 (1.11::r.o.13)x105 5.05 + 0.05
5.550 78.9 + 0.8 26.7 + 2.7 (2.18 + 0.24)x10° 3.3k + 0.05
5.675 1.63 * 0.06 0.55 + 0.06 -~ - A(9.h + 1.1)><1o'4 ~4.97 + 0.05
5.7k 1.09 + 0.0k 0.37 + 0.04  (1.31 # 0.16)x10° 5.12 * 0.05
5.882’ 0.68 f 8:;2. 0.23 f 8:33' (}QSE ; é.g$)xlo5 | 5.26 + 0.18
6.034 0.08 + 0.02 0.027 + 0.007 ' (1.35 + 36)><106 6.13 + 0.12
6.125 0.05 + 0.02 0.017 # 0.007 (1.96 + 0.92)x106 6.29 + 0.22
6.254 1.73 = 0.06 1 0.58 + 0.06 (5.01 % o.6o)><1olI 4.70 + 0.05
7.228 0.12 + 0.02 0.041 + 0.008 (2.23 + 0.47)x10 5.35 + 0.09
7.475 10.86 + 0.0Y4 0.29 +0.03 (2.24 +0.29)x10° L4.35 + 0.06
7.595 0.7h + 0.04 0.25 £ 0.03 (2.17 + 0.31)x10 4.34 + 0.06
T.767 0.03 + 0.01 - 0.010 * 0.003 (L2 + 1.3)><105 5.62 + 0.14
-~ 8.08k 0677038 023t 8(13 (ot * 98T)xa0"  u.05 ¢ 0.20

(continued)
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Table X. .Continued

UCRL-19951

Energy levela._

vProporﬁioﬁ of  Branching ratio b

in 33Cl proton emissions from 33Ar gEac log £t

(MeV) (%) ' (%) (sec) ' (sec)

' +0.38 o+ 0.13 | + 1.37y, ok .

8.183 0.41 _ 539 0.1k _ 507 (17h7__ 0.75)%¥10° kT # 0.30

8.310 0.05 + 0.01 . 0,017 % 0.004 (9.5 i’2.2)x1oh 4,98 + 0.10

8.609 0.05 * 0.01 0.017 * 0.00kL (5.2 % 1.u)><1oh ‘ h.?; + 0.12
- 8.969 0.01 * 0:005 0.003 * 0,0015 (1.22 % 0.6h)*105 5.09 * 0.25
(e = 1.9471 ¢ 0.07 * 0.02 0.024 + 0.007 ﬂ

%The values below 6 MeV

are from the present work only.

bThe ft values are calculated using (-9.400 * 0.050)MeV as the mass excess of

33

, isobaric mass formula and the results in Refs. 1 and 37.

“This ratio is calculated by comparison with the mirror

dThe center-of-mass energy of this proton group is listed since the level from

which it originates is uncertain. .

33P decay.

are avé:ages}tékenlfrom Table IX. Above that energy they

Ar and (173.0 iv2.0)msec as its half-life. The mass was calculated using the
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Table XI. Particle branching ratios from states in 33Cl.

334, gﬁéervéd relative XSLE:%EL? . Observed relative xéi};lﬁl?.
ranching ratios Y<(0.00) branching ratios vy=(0.00)

(Mev)  [Fs(2.20)/%8(0.00)] 12+ 32+ [25(3.78)/%%(0.00)]  1/2* 3/2%

5.675 0.027 * 0.011 ! 0.h41

5.7Lh .0.052 * 0.017 83 0.50

5. 882 > 0.87 > 960 > 6.9

6.034 2.7 % 1.7 1400 12.4

6.125 . 2.8t 2.7 1180 11.8 T -

6.254  <0.028 < 8.3 <o0.09

7.228 - 2.1*o0.8 67 = 2.5

7.&%5 : 6.26 + 0.0 5.9 0.27

7.595 . - 5.7% 0.8 121 5.6

7.766 i b oL L ©0.36 * 0.06 5.1 28

8.084 <16 < 19 < 1.k

8.183 < 2.5 ©< 36 <22

8.310 = < 0.15 < 1.3 <013

8.609  0.48 0.28 3.-6 . 0.36

8.969 < 2.0 < 13 <15

ayg is the reduced width. This ratio is obtained from the observed value by dividing
each branching ratio by its respective penetration factor,so assuming either 1/2+ »

33Cl. The interaction radius was taken to be

or 3/2+ és,the J" for the state in
5.2 fm.
bNoAlimit could be set on the intensity of this branch since it coincided with

another proton group.
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Table XII. Y-rays observed following bombardment of CS2 with 35 MeV_3He.

Observed y-rays Transition- » Previously measured:

| ??Sp°n?i?;?A ‘ ¥ Energy B* half-life
(kev) - N  (kev) . (sec)
66511 > 3hAr(B )3h (Y)3h01 '66h.6 +0.3% | . ib
617 2 - 30g(g+)30* (3%  677.8 s 0.9° 1.4¢
717.3 t0.8% 105(g*)105% (1) 10 T17.3 * 0.8° 19.4°
810 t2 330 (8%)331" (v)3301 810 t 3T 0.1738
k2 t2 L) 28 () 285 1041.7 + 0.6" 1.67"
1177 £ 2 | 3hoam(g*)3hg® “()3%"  1a77.0 £1.2° 1.57°
1267 + 3 3 (B+)31P*(Y)3iP 1266.1 + 0.2° 2.61°
1290.79 * 0.06% lho(s*)l)*N (yp.E. ) 1296.79 £ 0.060 71.09
1801.80 +* o.o6§ o 'lho(6+)th (vyS.E. ) 1801.80 + 0.069 71.09

®H. D. Graber and G. J. Harris, Phys. Rev._;§§,_l685 (1969);

bValues queted:in Ref. 18 are 1.2 *+ 0.3 sec and O.8S”i 0.10 sec. Our results
indicate a half-life of 0.91 % 0.65 sec.

“See Ref. 18.

dUsed'a.s calibration.

er. Lauritsen and F. Ajzenberg-Selove, Nucl. Phys. 78, 1 (1966).

fAverage of resﬁlts quoted in Refs. 18 and LO. |

€obtained from the present delayed;proton results.

E. K. Warburton, J. W. Olness, and A. R. Poletti, Phys. Rev. 155, 1164 (1967).
iD E. Alburger and D. H. Wilkinson, Phyo Letters 32B, 190 (1970).

JF. AJzenberg—Selove, Cal.: Tech. Report LAP 82 (unpubllshed)
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Teble XIII.  Isospin Purity of lowest T = 3/2 states in 75 ana 33c1.

Superallowed ft-value feeding

. aralogue state: - Isospin
Nucleus : <o ' ' a Limit purity 5
Exper}mental | Calculatgd (ie. (o )2= 0) = 100a“)
~ (sec) ' (sec) (sec) : (%)
e (1.93 f g'ég)X1o3 1.96 x 10° <2.06 x 10° > 95%
3301 (2.18 *+ 0.2L)x10° 1.82 x 107 < 2.06 x 10° o P

81 £ 9% [95 _ {0

85ee Ref. 17.

Prye bracketed value applies if (o »2 = 0.
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FIGURE CAPTIONS
Fig. 1. A schematic diagram of the apparatus used for the production of 33Ar
from the reaction 3 S(3He,2n)33Ar. The' sequence of valve operation.is shown

at the bobbomi ralve on times are:indicated.

Fig. 2. \Spectrum of dela&ed protons observed in a counter telescope wibh a
50 un AE counter following h54ﬁev 3He bombardment of TiOg. Tne proton
laboratory energy is 1nd1cated at the top All peake are ideatifiedeith‘

175

the decay of Ne, and are numbered to correspond w1th the data in Table I.
Fig. 3. Spectrnm.of delayed protons observed in a counter telescope with a
.lh nm AE.counter.' The conditions are the same as in'Figlbl, The histogram at
the botton of this figure-represents thoee events which were observed in
coincidence withFSll—keV Y—rays. (When two—cbannel arerages are taken, no
' peaks appear between those numbered 5 and 6).
Fig. h;. Specbrum of delayed protons‘observedvin a connter telescope with a
1L um AEvcounter following 35-MeV 3He bombardment of CSQ. The protonvlabora;
tory energy is indicated at bhe bop. All numbered peaks except no. 11 are
identified with the decay of 33Ar, they correspond to the data in Table II.
- Fig. 5 Spectrum.of delayed protons observed. under the same conditions as for

3He beam was used for bombardment

Fig. 6. Spectrum of y-rays observed following 35-MeV 3He bombardment of C82

: Fig. 4 except that a 55-MeV

The parent and the decay energy -in keV is marked for each significant peak; a
more detailed description is given in Table XII.

17 17

Fig. 7. Proposed decay scheme of Ne. The ~'F level-energies abovevh MeV are

the values determined from the present experiment (except the 11.197-MeV state).
Fig. 8. Proposed decay scheme of 33Ar. - The 33Cl'level—energies below 6 MeV are

average values determined from the present and earlier experiments (see Table.

IX). -Above that energy the values are from the present work only.

1 ) i ) . i il
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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: ‘ ' v

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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