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ISOSPIN PURITY AND DELAYED- 	 17 PROPON DECAY: 	Ne AND 
33
Ar

*  

J. C.. 1ardy, John E. Esterl, R. G. Sextro, and Joseph Cerny 

Lawrence Radiation Laboratory. 
and Department of Chemistry 
University of California 
Berkeley, California 9 1 720 

August 1970 

ABSTRACT 

Beta-delayed proton and y-ray measurements have been used to study the 

decay.of 17 	33 Ne and Ar. Their lifetimes have been measured as 109.0 ± 1.0 msec 

and 173.0 ± 2.0 msec, respectively, and.abso1uteftya1ues have been determined 

for their s-decay branches. Precise level energies have been measured in 17F 

and 33Cl, and an earlier discrepancy concerning energies in 17F has been 

resolved. The log ft value for the superallowed decay branch of 17Ne has been 

measured to be 3.29 
+ 	which indicates an isospin purity- of > 95% for the 0.07 

lowest T = 3/2 state in 'TF. In addition, the antianalogue configuration is 

located in 17F 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-

gests an impurity of " 10% in the lowest T = 3/2 state in 33Cl. There is cir-

cumstantial evidence that this mixing occurs with four T = 1/2 states •which lie 

within 350 key of the analogue state. 
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I. INTRODUCTION 

The nuclei 17Ne and .33Ar are delayed-proton precursors. They decay by 

emitting positrons to levels in 17F and 33C1, respectively, many of which are 

abovethe proton separation energy. These decay branches are characterized by 

the further emission of "de].ayedprotons'! with discrete energies cor- 

responding to levels in the final nuclides l6o and 323  The protons are "delayed" 

by the preceeding 8 4 -decay and exhibit its half-life. By precise measurement 

of the energies and intensities of these proton groups it is possible not only 

to accurately locate states in the 8+_decay  daughter nucleus but also to deter-

mine the strength of the 8t-transitions  feeding them. 

If all the 8k-transitions lead to proton-unstable states, then.a simple 

measurement of the relative intensities of the emitted proton groups yields the 

absolute intensity (or ft value) of the corresponding 8+_decay  branches. In 

practice, this is generally not the, case. There are usually transitions to 

states below the proton separation energy whose total intensity must be deter-

mined before absolute transition strengths can be deduced. 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 8-tránsitions. With these methods it is possible to characterize even 

very weak 8+_decay branches with a precision not usually afforded byother 

techniques.  

Both, Ne7  and Ar15  have isospin T = 3/2 (T = -3/2). One of the decay
10  

branches observed from each nuclide fed its T = 3/2 analogue in the daughter 

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

ft " 3. 3), and to': the extent that the initial and final states are 
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truly analogous (i.e.,that they have identical wave functions and differ only 

in T), their ft-values can be, calculated--to a few percent—model independenily. 

Thus, any significant deviation of the measured ft-value from the corresponding 

calculation must arise from differences between the initial and final nuclear 

wave functions. The T = 3/2 final state is at relatively hi€h excitation in 

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

T = 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 configurations in the final state. 

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

and 33C1 are unbound to proton eniision, only T = 0 states in 

16 the residual 0 and 32S nuclei are energetically available. This.means that 

proton decay occurs only through isospin impurities in the wave functions involved-- 

presumably,: 	 17 mostly through admixtures in the T = 3/2 states an 	and 

33Cl. Thus, while the retardation of the c-decay feeding the analogue state 

yields quantitatively the amount of its isospin impurity, qualitatiye information 

about the actual configuration of the admixed components may be deduced, in r1n-

ciple at least, from the nature of the state!s proton deear. 

The sensitivity of our method for observing isospin impurities is deter-

mined by two factors. The first is the statistical accuracy of the experimental 

measurements, the second is the reliability of calculations for that small part 

of the c-transition strength which is model-dependent: the Gamow-Tellér matrix 

element. For the 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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prompted by the existence of rather accurate mass measurements for all four of 

1 
its lowest-energy members. These measurements indicate that the masses of 

members of this particular isobaric multiplet, when expressed as a function. of 

T, apparently show a small but non-zero dependence upon T 3 . One plausible 

explanation of sucha.cubicdependenceis that mixing occurs with'P =.1/2.states 

present in the T = ± 1/2 members of the multiplet and, if so, admixtures of 

up to 17% have been proposed. 2  There are experimental3  and theoretical reasons 

• for doubting that such a large isospin impurity exists for mass 9, and no simi-

lar dependence of the quartet masses on T3  has been observed for mass 13. 

Nevertheless, estimates 6  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 mixing in excess of 2% could occur for the T = 3/2 states which 

we observe at higher excitation in 17F and 33C1. 

17 	7-11 	33 	12-15 Delayed protons following Ne decay 	and Ar decay 	have 

previously been observed. These measurements 

were restricted by significant background, a limited observable energy range 

(Elab > 2.5 MeV) and poor resolution. In the present measurements we have 

attempted 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 hoped, the possibility of there being any significant unobserved proton 

groups. This was accomplished by transferring the delayed-proton precursors 

by means of a fast gas-transport system to a shielded counting chamber remote 

from the target position. A cooled counter telescope and particle identification 

ensured that optimum energy resoluti on was achieved and that only protons were 

recorded,. Gamma-ray spectra were recorded similtaneously.. In this way reliable 
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absolute ft values have been obtained for many branches including those which 

are supera.11owed, and the isospin purity has been determined for the T = 3/2 

states in 17F  and 33C1. For the latter, there is strong evidence that con-

siderable mixing does occur--perhaps totalling lO%--with nearby T = 1/2 states. 

V 
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II. ThEORY 

A. Superaliowed -dec&y and ISOSDIn Punt 

• 	The intensity of any allowed s-transition can be expressed in terms 

of its ft value.. The factor f is the "statistical rate function" which takes. 

account of the dependence of transition strength on the total energy release 

and nuclear charge. The partial half-life t is derived from experiment; it 

dep.ends 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 

strength can be directly related to nuclearmatrixelements:16'' 

- 2Tr3 (n 2)(h/mpc ft 	 ) 	. 	. 	. 	. 

— 

	

9(l). 2 +(G) 2 	. 	. 	. 	. 

6.19 x 10  
= 	 sec 

•(l) 	+l.ltl(c) 
(:i) 

Here g and gAare  the vector and axial vector coupling constants; the numeri- 

16 cal form of the equation results from using the best current values for 

and 	The symbols (1 ) and. (a) stand for the Fermi and Gamow-Teller 

matrix elements,respectively. The Fermi matrix element for a +_tra.nsition 

between an initial state 1i 1 (J.,T.)) with spin and isospin (J,T±), and a final 

state I1P(Jf Tf )) is given by: 

(i)4 f (Jf ,Tf )I 	T(fl) I 	(J1 ,T.) ) 	, 	. 	 (2) 
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where 	is the Isospin ladder operator which changes a proton into a neutron, 

and the smation over n ectends to all nucleons. Clearly the matrix element 

is zero unless 

Jf -J.=Tf -T1 =O  

For the decays of 'TNe and 33Ar,, T. = 3/2, and in the case of the super-

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

IXf(Jf ) > written: 

IXf(Jf) ) = aI1P(J,T = 3/2) ) + bI 1P(Jf ,T = 1/2) ) 	, 

where a2  + b 2  = 1. 

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

readily obtains 

(1 2 = [T(T + i) - P1 T f ]a2  = 3a 
	

(5) 

where we have neglected the effects of mixing with states of T > 3/2. The 

matrix element has been squared.since.that: is the form in which it appears in 

determining the transition strength (Eq. (1)). The factor a 2  is the fraction 

of the final state 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 predominant isospin is T = 1/2, a 2  becomes a measure of the 

T = 3/2 isospin admixture arising from mixing with the analogue state. In such 

cases a 2 can be related by second-order perturbation theory to the off-diagonal 

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

	

= 3/2, T = _1/2 IHI 1 /2 , -1/2 ) = (E3/2  - E1/2 ) x a 	. 	( 6) 
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Here ET  corresponds to the energy of the state whose predominant isospin is 

T, and H contains all charge-dependent terms including the Coulomb interaction. 

It should be emphasized that we have assumed that the T = 3/2 wave function is 

the same for all members of a multiplet; this will be true provided the non-

Coulomb charge dependence in the nuclear force is also small. 

In the preceding discussion of the Fermi matrix element it has been 

unnecessary to specify any details of the wave functions except their total spin 

and isospin. The Gamow-Teller matrix element depends upon the evaluation of 

(ip 	(n) r+(n) I 	> and necessitates a specific model to describe the wave func- 

tions. Its selection rules require: 

i f  jil 
- 	

= 0,1 	 0 	/ > 0 

(7) 

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

17Ne and 33Ar, and a reasonable estimate for its magnitude must be made before 

the value of a2 , the isospin purity, can be extracted from the experimental decay 

rate. Calculations have been made 17  for 
(CY

)2 using the Nilsson model. where the 

relevant nuclear deformations were determined from measured magnetic moments. 

17 i Comparison with eleven experimental T = 1/2 mirror transitions 	n the range 

17 < A 39 indicated surprisingly good agreement between the predicted matrix 

elements ()2  and those values extracted from the experimental data; in all 

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

decay of. 37Ne and 33Ar yielded the following results:' 7  

Cr >2 = 0.11 	17Ne 
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By referring to.Eq. (1) and (5) it can be s.een that ( )2 will contribute only 

about 5% for 'TNe and 12% fr 33Ar to the total superallowed tr nsition strength 

(assuming a2  "-. i). Thus, even relatively large uncertainties in thethe model 

calculations will only affect the calculated transition strength by a few per- 

cent. 

Finally, it.is important to realize that if a 2 = 1, then 

ft.< 2.06 x 10 31  sec 	(T= 3/2) 	, 	( a) 2 	, 	. (9) 

and consequently any ecperimental violation of this limit can only be inter-

preted as arising from the presence of isospin impurities. 

B. Allowed p-Decay and Mirror Symmetry 

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

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

	

.... 	$- 	33 

	

deduce its intensity from the known mirror decay, 18 viz. 33 
t' 	> S, so that 

absolute intensities may be deduced for the other observed branches. The inten-

sity of an ordinary allowed transition is given by Eq. (i) where, of course, 

2 	 33 	+ <1) . = 0. As suming mirror symmetry, the decay Ar . -> 33  Cl g.s. should have 

the same ft-value as the 33p
ground-state decay. However, Wilkiason 19  has 

recently pointed out that known discrepancies between mirror transition rates 

are consistent with the existence of second class currents and, in particular, 

with an induced tensor coupling. 20  An analysis of existing data 19  comb±ned 

with more recent results 21  Indicates the expected proportionalIty: 

= 	- 1 M (w + W0) 
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where the superscripts "+" and "-" refer to positron and electron decay, respec-

tively, and W 
0 is the total decay energy. The constant of proportionality is 

". 5.2 x  10 MeV which, for the case of ground-state transitions in mass 33, 

indicates that () exceeds (ftr by." 6%. This value was used in the analyis 

of the 33Ar data, but to take account of the many uncertainties in the procedure 

a large error was adopted, i.e., 6= +0.06 ± 0.10. 

C. First-Forbidden s-Decay 

The nucleus 'TNe (J 11  1/2) exhibits weaktransitions to the ground state 

(5/2k ) and first excited state(1/2) of 17F. Both tranitions are firstforbidden, 

the ground-state branch ;benk unique rist .orbidden. Their weakness 	2% of the 

total decay strength) and the fact that the final states are proton stable 

prohibits.. our observing them experimentally., so again predictions must be made 

22. 17 based on the known mirror. decay of N. It is not, however, correct to assume 

Identical ft values for such transitions, since in general the energy spectrum of 

$-particles in forbidden decay differs from that for allowed decay. 

The generalized statistical rate function is written: 23  

=  f
Wo 

e W e  (w0 - W e) 2  F(Z,W)C d  We 	 (U) 

where n is the order of forbiddenness, (Z,W) is the Fermi function and C is the 

relevant shape factor. Fo±al1ôweddédày C 0 is.a ôonstantbut in first forbidden 

decay: 
(12). 

c1(w) 	1 .+ W + YWe + cW 2  , 
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where the coefficients 	axd c are complicated functions of six nuclear 

matrix elements which combine Ooherently, and some of which change s.gn in going 

from 	to 	decay. A considerable simplification results for unique first for- 

bidden decay (ie , where I J. J1 I = 2) since five of the ix natrix elements 
vanish. In that case b = 0 aria the,ratiof1/ has been calculated as'a function of Z 

24
and W, the only remaining matrix element having factored out. The situation 

is the same as for allowed decay except that f 1t rather than f 0t (or ft) is 

assumed identicalfor both 8-ad. c-decay. Th1Sr applIes to the ground-state 

decay branches (1/2 -* 5/2l)imass. 17. 

The decay branches leading to the first excited states of ' TF and ho 

(1/2 -'-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 

another is uncertain. In our analysis of the 17Ne 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 matrix elements as 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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I II. EXPERIMENTAL PROCEDURE 

The delayed-proton precursors 17Ne and 33Ar were produced by the reactions 
p 	 160(3He2n)17Ne and 32S( 3He,2n) 3 Ar initiated with external 3He beams from the 

Berkeley 88-in cyclotron. In.-order to examine their decay in an environment as 

free as possible from extraneous activity, a system was devised which permitted 

fast transport of the neon and argon isotopes from the position of bombardment 

to a shielded counting chamber. A detailed explanation of the equipment will 

be published separately 25  so only a brief description will be given here. 

The experimental arrangement used for the production of 33Ar is shown 

in Fig. 1. To produce maximum 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-current bombardment. No solid target satisfied these conditions, 

so CS2  vapor was 'used. At room temperature CS 2  has a vapor pressure of about 

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

the CS 2  flask and the 20cc target chamber operates, vapor fills the evacuated 

chamber which has 2.5 urn Havar foils at each end. At the same time valve 1 

opens and closes, filling a ballast chamber with about 1.5 atmospheres of he- 

hum. 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 towards a dry-ice trap. Here the CS 2  is condensed and the liquid 

collects above valve 3. The helium gas and argon contnue.past valve 4 which has 
0 	

opened, and into the counting chamber. When valve 4 closes the counting cycle 

begins. At this point valveá 1 and 1' reopen and a fresh bombardment begins. 

Valves 3 and. 3' are also opened to allow the trapped liquid CS 2  to drip into 

the liquid nitrogen trap and to allow the, line between valves 2' and 4 to 

bpumped 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 

pumped away. This entire sequence is repeated every second, so the CS 2  flask 

must be heated in order to maintain a temperature. of about 25 °C. A typical timing 

sequence is shown at the bottom of the figure. 

Two different techniques employing essentially the same equipment were 

used in the production of 17Ne. The first technique involved oxygen gas as the 

target the CS 2  flask.in Fig. 1 was replaced by a cylinder of compressed oxygen, 

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

valves 3 and 3' remained. The second technique used Ti0 2  solid targets. Six 

oxidized titanium foils were stacked 0.5 mm apart in a modified target chamber; helium 

gas periodically swept through valves 2 and 2 1 , picking up the recoil nuclei and 

transporting them past two liquid-nitrogen traps on their way to the counting 

chamber. In this configuration the line from the target chamber to valve 1' 

was removed. Generally when 'TNe was being produced, the length of time valve 

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

cycle time to accomodate 	 17 the shorter half-life of Ne. 

A pressure transducer was mounted in the counting chamber in order to 

measure the instantaneous pressure. The active volume of the counting chamber 

was conical, with a total capacity of "-. 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 thecounting period was 

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 transmission counter 

which, depending upon the experiment , ranged in thickness from 14 1
1m to 50 u'n, 



-13- 	 UCRL-19951 

and a 1.0 mm lithium-drift silicon E-counter. The signals from both counters 

were required to be in coincidence (2T 15 nsec) before being fed to a Goulding-

Landis partic1e identifier26 which produced an output signal characteristic of 

the particle type. Only events corresponding to protons (or, when desired, 

alpha particles) were recorded. The counters were cooled to -30 °C by means of 

a liquid-nitrogen cold finger. 	No obstruction was placed between the AE 

counter and the gas in the counting chamber; this permitted optimum resolution 

to be obtained. The electronic resolution (full width at half maximum) measured 

with a pulser was 35 keV and proton peak-widths of 145 keV were recorded for 

narrow states. The additional width of the proton peaks was due principally to 

the fact that even those protons originating from narrow states exhibit an energy 

spread caused by the momentum of the preceding positron. 

Witha 114 pm E-countér, a-particles with energies above '\ 14 MeV could 

be identified; to search for lower-energy o-particles, the energy signal from 

the LE-counter,in anti-coincidence with the E-counter signal, was recorded 

separately. 

The efficiency of the counter telescope was calculated by two 

methods. The first was by actual 

numerical integration over the active volume, and the second was by recording 

the proportion of detected events generated by a Monte Carlo computer program. 

The two calculations gave results which differed by less than 10% and the value 

adopted for the efficiency was (1.26 ± 0.13) x lO which corresponds to an 

effective solid angle of (1.58 ± 0.16) x 10 sr. With such an arrangement, 

the number of protons recorded was ".' 1 per pC of integrated beam current. 

Thus, at a typical beam current of 3 3.tA, about 2.5 X 10 events were recorded 

in a 214-hour run. 
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Lifetimes were measured by two methods. First, total energy signals 

corresponding to protons were time-sorted into eight groups of a 14096-channel 

analyzer, thus providing eight-point decay curves for all statistically sig-

nificant peaks In the spectrum. Seáond, a single channel analyzer was set around 

a prominent peak in the spectrum and these events were recorded in a 1400-channel 

analyzer operated In its multiscale mode. The channel address was advanced by 

a quartz-crytai oscillator, the cycle being commenced with the clOsing of valve 14. 

As a check of our systematic accuracy in measuring half-lives, the 

decay of 9C was observed, since its half-life had previously been determined 

27,28 quite accurately by two groups. 	The activity was produced using the reac- 

tion 10B(p2n) 9C at 143  MeV. the target bèin boric acid eciriched to 92.14 in 

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

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

were the Ti0 2  targets already described. Oxygen gas was used instead of helium 

to sweep the 9 C recoils to the counting chamber. No traps were used. 

Both decay studies required gamma-ray measurements. To fully examine 

the decay of 17Ne, it was necessary to investigate proton-gamma coincidences. 

For this purpose, a 2" x  2" Nal (Ti) crystal was mounted externally at the base 

of the conical counting volume, and coincident events (2T 50 nsec) were 

recorded two-dimensionally using an on-line PDP-5 computer. Similarly, to 

obtain higher resolution y-spectra necessary for deciphering the 33Ar decay, a 

45 cc Ge(Li) counter was mounted in the same external position. Energy reso-

lution of 4 keV at 1 MeV was obtained. 

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

56  of y-energy using the known 	spectrum3°  to establish the relative dependence 
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54 upon ener, and the calibrated31  ga soces: 203Hg, 22Na, Mn, and 6ocb to 

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

position in the counting chamber, the 6Co source was moved to various measured 

locations. Simple geometric formulae were used to interpolate between measured 

points, and the results were integrated over the active vOlume. The resultant 

overall efficiency evaluated, for example, at 800 keV was (5.6 ± 0.3) x  10-  

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-

tides and 388-keV y-rays emitted in the decay of 	The ratio of alpha- 

particles to y-rays determined using the efficiencies already described agreed 

with the previously measured value 32  to within 2%. 
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IV. EXPERIMENTAL RESULTS 

A. Identification 

Spectra of delayed protons observed following 45-MeV  3He bombardment of 

oxygen targets are shown in Figs. 2 and 3. The 50 i .E-counter used to acquire 

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

since they could not penetrate to the E-counter. By using a 14 4m LE-counter 

protons could be observed down to 1v 1.0 MeV as shown in Fig. 3; however, in this 

case protons 8.0 MeV lose too little energy in the EE-counter to be reliably 

observed. Figures 14  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 l'TNe  by the reaction 

1 	,3 	l7 	.. 	,-,- 	.1 0. FIe,2nj Ne is 2o.00 MeV. 	Only two other delayed proton precursors can 

be produced by 3He bombardment of 16; 
 these are 130 (threshold, 31.38 MeV) and 

9c (t)ireshold, 41.16 MeV). At 45-MeV  bombarding energy, production of 
13  may 

33 be arrticipated, but with a half life of 9 xnsec' 4  it should not be observed 

in th representative spectra shown in Figs. 2 and 3. This.conclusion is can- 

34 	13 firmel by comparing these spectra with that of 0; no common peaks are observed. 

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

from titanium (in the Ti0 2  targets). The principal peaks in the spectra have 

previus1y been identified as following the decay of 17Ne by threshold and cross- 

	

10,11 	 17 bombardment measurements. 	That all peaks were due to Ne decay was fur- 

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

statistical accuracy all peaks exhibit the same lifetime. 

A number of delayed-proton precursors can be produced by 3He bombardment 

of sulphur. At 35 MeV (see Fig. 4), however, only 33Ar (threshold, 19.50 MeV1) 
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can be produced, together with 130 (from carbon present in the CS 2  target). Pro-

tons from the decay of 	can be eliminated as they were in the 17Ne dis- 

35 	29 cussion, and no peaks from the known spectrum of S could be discerned. The 

possibility of delayed-proton precursors arising from reactions on light con-

taminants in the target was investigated by comparing the spectrum in Fig. 4 

with known delayed-proton spectra. 10,36  Only 17Ne, produced from an oxygen contaminant 

was observed, but it was a factor of lO smaller than the strongest 33Ar peak. 

Again, the principal peaks in Fig. 4 have previously been identified13 	as 

originating with the decay of 33Ar and all have the same lifetime within sta-

tistics. 

At 55-MeV bombarding enerr (see Fig. 5) the peaks from Ne are stronger 

and a 
.29 
 peak at " 5.4 MeV has appeared, but no additional peaks are bbserved. 

All numbered peaks have the same relative intensities (after subtracting known 

11Ne strength) except peak 11 which is much weaker. Its origin could not be 

established but it clearly cannot be 33Ar. 
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B. Energy- Measurements 

Energy calibration was initially derived from the spectrum in Fig. 5. 

Peak 19 and the peak labeled 	have previously been assigned1335 to 

protons emitted from the T = 3/2 analogue states in 33C1 and 29P, respectively 

These states have also been observed in proton resonance studies on 32 s rRef. 171 

and 28Si, [Ref. 381, and from those results the energies of our proton peaks 

can be calculated to have laboratory energies of 3.170 ± 0.0014 MeV and 

5.1437 ± 0.005 MeV,, respectively. Using pulser calibration points to establish 

the linearity of the scale and these two points to determine the absolute values, 

energies were determined for all peaks in Fig. 5. In particular, the energy.of 

the 'TNe peak at 14.6 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 corresponds to decay of the lowest T = 3/2 analogue state in 17F and 

its energy is accurately known. 1  Again, these two points 

permit energy measurements to be made for all peaks in the spectrum and, by extra-

polation, for those in Fig. 3 as well. Energies determined from these andseven 

other independently recorded spectra of 17Ne decay are listed in Table I, where 

the under-lined numerals appearing beThre the energies correspond to the peak 

labels in Figs. 2 and 3. The energies for delayed-proton peaks in the 33Ar 

decay were obtained from Figs. 14 and 5, and are listed in Table 

C. Half-Life Measurements 

By requiring that recorded events satisfy stringent E-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 exceptions already noted) appear in a given spectrum. Thus, measured life-

times should not suffer from possible systematic errors caused by an unrecognized 

additional activity as might those measured by other techiiques. 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 eigh b-point decay curves 

(for which a particular peak was integrated at successive times), and the 400-point 

curves multiscaled from a chosen peak orpeaks in the proton spectrum. In no 

case was.a second lifetime component required to fit the data. 

41 The averaged results from a series of runs are shown in Table III where 

they are compared with previous results. As a final check for any systematic 

errors the lifetime of 9C was measured and this result also appears in thetable. 

21,28 	9 Agreement with the previous results 	for C. is excellent. 

D. 17Ne Decay 	. 

In deciding the energy level responsible for a given proton peak, a cer-

tain ambiguity arises: Does it feed the ground state or an e.xcited state of the 

final nucleus, in this case 1609 Usually- the measured energies, when compared 

with known levels in the nuclei involved, are sufficient to resolve the dif-

ficulty. However, in the case of 17Ne decay a difficulty arises because the first 

two excited states in 160 are separated by only 80 keV. To clarify- this point, 

p-y coincidences were measured, as discussedin Sec. III. All observedprotons 

must be associated with 511-keV y-rays from annihilation of the positrons 

which feed levels in 17F. Since the 6.052-MeV  state in 160 is 0, it decays by 
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internal pair conversion, and protons leading to this state will be characterized 

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

portion of Fig. 3 is a spectrum of those protons coincident with 511-key y-rays; 

it was obtained simultaneously with the singles spectrum also appearing in that 

figure. Note that the relative heights of peaks 1, 2 and 3 are approximately 

doubled in the coincidence spectrum. This is expressed quantitatively in Table 

IV where the coincidence rates for these three peaks are compared to that for 

peak 10, the strongest in the spectrum. Their coincidence rate is greater and 

indicates that they most probably correspond to proton decays leading to the 

+ 	 16 
0 first-excited state of 0. 

• 	The measured energies listed in Table I confirm this result s:nce they 

too are consistent with peaks 1, 2 and 3 feeding the 6.052-MeV  state Lfl .160. 

This table lists the energies of levels in iTF  which account for the observed 

proton spectrum and these deduced energy levels are compared with previously 

i 	
42-16 obtained level energies n Table V. 	An interesting result of this com- 

parison is that our results resolve the discrepancy between Salisbury et al. 2 

and Harris et al. 	concerning the energy of the 3/2 states at 4.6 MeV and 

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, i and  9 

to the decay of the T = 3/2 analogue state 
147

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. 

These are listed in Table VI0 together with our experimental values or upper 
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limits for intensities where they fall within our range of observation. Calcu-

lated penetration factors 50  are also shown for each decay channel; it is evident 

that proton decay to the 1 state at 9.614 MeV.in  16 
0 is the only unobserved 

channel for which significant decay might occur. 

Relative intensities were measured for all peaks in the spectra of 

Figs. 2 and 3. The results were then used to determine relative intensities 

for the preceding c-decay branches using the assignments .made in Table I, and 

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

quoted on the branch to the T = 3/2 state at 11.97 MeV include the errors and 

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

l level in 160 at 9.614 MeV was assigned an intensity limit of < 0.05 based 

on its calculated penetrability and the observed intensity to the 1 state at 

1.115 MeV. Energetically allowed but experimentally unobservable decays for 

T = 112 states are indicated in Table I; their calculated penetrabilities are 

all significantly less than those for observed decays. Consequently, ignoring 

them will have little effect on the results. At worst, an additional unobserved 

proton channel will affect the intensity of the corresponding s-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 I MeV are shown in Table VIII. 

E. 33Ar Decay 

To establish the origin of observed proton groups, particle-y coinci-

dences were again recorded for the decay of 33Ar. No part of the proton spec-

trum appeared to be associated with 2.2-MeV 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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peaks (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 32S. Based on the energies of 

observed proton peaks, levels in 33C1 which must be fed in the -decay of 

33Ar were deduced and listed in Table II. Our energies are compared with pre-

viously known levels in Table IX where the agreement obtained is excellent. 

Observed intensities and the assignments in Table II were used to deter-

mine relative c-branch intensities, and these are listed in the second column 

of Table X. The observed proton-branching and reduced-width ratios for states 

above 5.6 MeV in 33C1 are shown in Table XI. The decay of the lowest T = 3/2 

state in 33Cl to the first excited state in 32b
is energetically allowed but 

of too low an energy to be detected by our system. However, the penetration fac-

tor calculated50  for such a decay channel is smaller by a factor of lO than 

it is for decay to the ground state. Consequently, only the ground-state pro-

ton decay of the analogue state was considered in determining the c-branch 

intensities shown in Table X. 

Since allowed +_decay  branches of 33Ar were expected to feed one 

excited state of 33Cl below the proton separation energy, y.-spectra were recorded 

using the G.e(Li) counter. A typical spectrum is shown ir Fig. 6. Since fbur 

time-sorted spectra were recorded in the same manner as for proton spectra, the 

identification of peaks was aided by lifetime measurements; energy calibration 

was obtained by using a 6Co source before and after each run. The origin of 

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

One y-ray, at 810 keY, is positively identified from its measured half-life and 

energy as following the decay of 33Ar. It corresponds tc de-excitation of the 

l8  first excited state0 	33 of Cl. No y-rays from the decay of other low-lying 
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states in 33C1 were observed 	they total < 7% of the 810-keV y-ray inten- 

sity). Since y-rar and proton spectra were recorded simultaneously, relative 

y-ray-to-proton intensity values were obtained by using the known efficiency 

of each detector (see Sec. III) and dead times determinèdby continuously record-

ing a pulser in each system. The result indicated that the y-ray intensity was 

(1.I2 ± 0.2 14) times that of all delayed protons. 
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V. ANALYSIS AND DISCUSSION 

A. 17N 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 

first forbidden -decar branches to the ground and first-excited states. of 17F. 

This is done by comparison with the mirror decay of lT using the techniques 

described in Sec. IIC. The relative proton intensities are then renonnalized 

to give the -b.ranching 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 statistical rate function, 

f(see Eqs. (i) and (ii)) taking intoaccount the finite nuclear 'size 

(R = 1.3 X  A '3  fm) and the effects of screening by the atomic electrons. 51  

The quoted errors include uncertainties in the measured intensities, lifetimes 

and decay energies, where the mass taken for "TNe was that calculated with the 

isobaric multiplet mass euation 1 :since there. are - no expërimëntal measurements of 

comparable accuracy. A decay scheme for 17Ne encompassing the present results 

is shown in Fig. 1. 

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

in the case of 11Ne 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 pr:èvious work [e.:.,Ref. 421. it 'should be pointed out 

that the proton peak at 2.825 MeV could not be positively assigned to the decay 

of any particular level: if it were assumed to feed the ground state of 16 

a new state in 'TF 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 associated withthe.decay of 1'TNe, and it was included in determining 

the intensities quoted in Table VII. 

Detailed calculations for levels in 17F,which include up to two par-

ticles in the (2s,ld)-shell and one hole in the ip-shell, have been reported 

by Margolis and de Takacsy. 52 There is reasonable qualitative agreement between 

our observed c-transitions and their - calculations: of the ten 1/2 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 log ft values 5.5. In the calculations, the 

wave function for the (T = 3/2) ground state of 17Ne and its analogue in 

is well represented by a (ip l/2 hole coupled to the lowest 0 (T = 1) state in 

mass-18 (e.g., the -ground.state of Ne). The same components coupled to T = 1/2 

have a form generally referred to as the antianalogue configuration, the major 

component of which is expected to be contained in the 1/2 state at 3.105 MeV 
11 + 

in -F. Though the 	 i -decay to this level s very weak,- this can be explained as being 

due to cancellations baused by details of the wave function. 53  In fact, these can-

ceflations 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 MeV 53  in a state which is fed 

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

at about 8 MeV with log ft values <- 4.23; 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 TTNe and 1TN. The 

method used is to calculate transition strengths in 'TN assuming strict mirror 

17 symmetry with the observed decays in 'TNe. A half-life for N is thus calcu- 

lated and compared to the measured value of 14.16 ± 0.0 14 sec, 14  yielding (see 

Eq. lo)) S = 0.15 ± 0.03. 	This is not in particularly good agreement with 

the value ô = 0.065 calculated55  from the apparent systematics 19321  discussed 

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

assessed, it will be necessary to remeasure the 17N lifetime and, preferably, 

to determine precisely the intensities of its individual c-decay branches. 

B. 33Ar Decay 

The ground-state c-decay branch from 3 ir was calculated by the tech-

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 

+_branching ratios and ft-values for 33Ar 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 this case not all braiihes necessarily correspond to allowed decay sine 

several with log ft >6.0 have been observed. In particular, the state at 14.751  NeV 

has previously been assigned J = 5/2, and the Intensity we observe for s-decay 

feeding the state requires negative parity (indicating first-forbidden decay) 

rather than positive (second forbidden). Assigned J 11  values for states below 

6 MeV are shown in Table IX where unique values result from previous measurements. 

All states we. observe above 6 MeY can be assigned as (1/2, 3/2) + except those 

at 6.0314 MeV and 6.125 MeV which may not be fed by allowed s-decay. 
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For the same reasons as those discussed for 17Ne decay, a single pro-

ton peak (at 1.97 MeV) could not be assigned to the decay of any particular 

level. It was included, however, in the intensities in Table X. 

The calculations of Glaudeinans eta.l. 5  for the levels in 33C1 consider 

only particles in the 2s112  and 1d312  shells. Below 9 MeV, sixteen levels are 

predicted to be 1/2 or 3/2k , compared to twenty-two allowed s-decay transi-

tions observed in this experiment. This disagreement undoubtedly reflects the 

contributions present from other orbitals and any more detailed quantitative com-

parison would not be justified. 

C. IsosDin Punt 

The ft-values measured for the superallowed decay branches from 17Ne 

and 334r are shown in Table XIII where they are compared with values calculated 

assuming (i) model calculations 17  and (ii) the limiting case, (a )2 = 0; these 

calculations have been discussed in Sec. hA. The isospin purity a 2 , expressed 

as a percent, is also shown. 

Evidently for 17Ne there is no indication of significant isospin mixing. 

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

lations are to be believed, quite considerable mixing is indicated, and even 

in the limiting case with (a >2 = 0,a possible impurity remains. Further evi-

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

is provided by the measured log ft values for the latter states; these values became 

progressively lower, the nearer in energy the states are to the analogue level. 

This effect is displayed in the expanded section of Fig. .8. It is possible to 

calculate an.upper•1imit on the magnitude of the T = 3/2 component admixed into 
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these T = 1/2 states by assuming that the strength of the -.decay feeding them is 

derived entirely from their T = 3/2 impurity.. (In essence, we are taking the limit, 

( 	= 0.) For the four levels nearest the analogue state (i.e., those at 

5.1155, 5.675., 5.7414 and 5.882 MeV) this corresponds to between 1% and 2% T = 3/2 

strength in each level. Certainly this is of the right order to account for 

the strength missing 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. k survey of measured 

. matrix elements 	+ , for 0 states has been published by Bloom 57  and it shows 

that the majority of the twenty-six known examples lie between 1 	and 140 keV. 

Thus the mixing we have suggested - even though it is an upper limit--is well 

within the limits suggested by these other measurements. However, because of 

the proximity of the interacting levels, the actual wave-function impurities in 

our case are possibly much larger than for those surveyed. 57  

Although the measurement of a high log ft value for the superallowed decry 

is incontrovertible, evidence for isospin impurity in the analogue state, the observed 

low log ft values for surrounding decays are only circumstantial evidence that 

the mixing has occurred with the nearby T = 112 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-

state wave function. 8  In addition, mixing only occurs between 

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

two are known to be 1/2; 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 element 57  restricts the 

source of the mixing to nearby states. For example, 5 mixing with the 1/2k  

state at 810 keV in 33C1 would imply a matrix element of " 1 MeV which is an order 

of magnitude.higher than any known example. 

D. Configurations of T = 1/2 Admixtures 

Proton decay from a pure T = 3/2 state in 17F or 33C1 is forbidden since 

it cannot conserve isospin (assuming the final state is purely T = 0). Thus 

by examining the proton decay channels it may be possible to deduce the nature 

of the T = 1/2 admixture through which the decay proceeds. For a case such as 

the lowest analogue state in 33Cl, decay only, to. the ground state of 32S is mdi-

cated on the basis of calculated penetrabilities (see Sec. lyE) and no infor-

mation about the .wave function can be extracted. But for 17Ne, a number of 
16  

states in 0 are energetically available and certain simple conclusions regard-

ing the admixed configuration can be made. The antianalogue configuration 

alluded to in Sec. VA has the form (sd) 2 (p112 ) 3 ;l/2, 1/2) where the notation 

indicates two particles in the (2s, ld)-shell and three particles (one hole) in 

the (1P1/2 )-shèll coupled to a total J, T of 1/2, 1/2. If this were the 

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

16 	. 	
i to observe proton decay to levels in 0 which nvolve the configurations 

J(sd) 2 (p112 ) 2 ; J,o ) or I(sd)(p112 ) 3 ; J,0 ) . The calculations of Zuker eta. 59  

for states in 160 indicate that the ground state and the .lowest excited states with 

3, 2 and l 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 ideas can be extended quantitatively by taking the total strength 

for these configurations in the ground and first four excited states of 16; 

the approximate values in ascending order of excitation enerr are 	0%, 66%, 

29%, and 1 8%. These are in good agreement with the trend of the reduced widths for 

corresponding transitions as reflected by the numbers in the seàond to last column of 

Table VI. Certainly the approximatenature of this calculation, where the 

details of (sd)-shell configurations have been neglected, precludes a firm 

conclusion. However, there is strong indication that the antianalogue con-

figuration plays the dominant role. This agrees very well with the calculations 

6o 
of Walker and Schlobohm who take a very simple form for the analogue-state 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 33C1. 

Observedproton energiesa corresponding to decay 	 Deduced level 
32 	 . b. 33 to the following S states: 	 . 	energies in -Cl 

g.s. 	 2.237 MeV 	 3.780 MeV 	(MeV ± key) 

6 1.692 ± 20 	. 3.973 ± 20 

7 1.837 ± 20 14.118 ± 20 

10 2.17 11. ± 20 4.11.55 ±20 

12 2.439 ± 35 . 	. 4.720 ± 35 

13 2.566 ± 15 - 14.8147 ± 16 

15 2.835 ± 25 - . 5.116 ± 25 

18 3.165 ± 30 - 5.446 ± 30 

19 3.269 
± lt  - 

. 5.550 ± 

20 3.11.03 ±20 1 1.126 ± 35 5.675 ± 17 

21 3.1469 ± 30 2 1.261 ± 35 5.763 ± 23 

22 3.592 
± 35d 

3 1.364 ± 30 . 5.882 ± 31 

23 3.751 ± 35 14 1.519 ± 35 6.0314 ± 25 

214 3.859 ± 35 5 1.587 ± 4o - 	. 6.125 ± 26 

25  3.973 ± 20 x . - 	. 6.25 11. ± 20 

27  4.9814 ± ItO 14 2.687 ± 30 X 	 . 7.228 ± 25 

28 5.189 ± 20 16 2.975 ± 40 X 7.475 ± 18 

29 5.342 ± 30 17 3.0148 ± 30 X 7.595 ± 22 

30 5.486 ± Ito x x 7.767 ± Ito 

31 5.803 ± 20 22 3.592 
± 35d 

9 	2.022 	± 30 8.084 .± 17 

. 2. 5.902 ±25 22 3.592 ± 35d x 8.183 ±25 

. 6.029±30 x 
S  

8.310 ±30 

34 6.310 ± ItO 26 14.106 ± 35 x 8.609 ± 27 

35  6.688 ± 30 x x 8.969 ± 30 

(continued) 
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Table II. Contjnued 

unassigned proton peakse: 8 1.947 ± 30, 11 2.303 ± 35 

aAll observed energies are quoted in the center-of-mass system as (MeV ± key) 

and are preceded by under-lined numbers relating them to peaks in the spectra of 

Figs. 4 and 5. Those spaces marked "X" correspond to proton groups predicted from 

the deduced energy levels to be within our range of observation, but which were 

not in fact seen. Those marked "-" represent groups predicted to be outside 

our range of observation (i.e. , 	0 MelT). 

The level energies were calculatedusing 21.005 ± 0.004 MeV as the mass excess 

of 33C1; it is a weighted average of the results in Refs. 18, 39, and 40. 

CThe energy of the lowest T = 3/2 state was taken from Ref. 37 and correèted 

for the 33C1 mass excess. 

dThe weak proton peak at E cm  = 3.592 MeV is broad and could involve several 

groups; it therefore appears more than once in the table. 

eThe possible origin of these peaks is discussed inthe text. 
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table III. 	Half-lives of 9C, 17Ne, and 33Ar. 

Weighted average of Previous 
Parent present measurements results 

(msec) (msec) 

17Ne 109.0 ± 1.0 j05 ± 

103 ±Y 
lOT ± 

33Ar 173.0 ± 2.0 182 ± 

• 	126.5 ± 1,0 127 ± 

126.5 ± 29  

aSee Ref. 11. 

bs Ref. 10. 

CSee Ref. iti. 

d
See 

 
Ref. 15. 

e See Ref S. 12 and 13. 

'See. Ref.  

gSee Ref.  
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Table IV. 	Results of proton-y (511 keV) coincidence 

measurements for iT  Ne decay. 

• 

• 
Proton 

Proton-singles Proton-y(511 keV) coincidences energy 
counts • 	 a coincidence counts singles 

(%) 

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 4.88o 8889 ± 95 266.4 ± 16.8 2.5 ± 0.2 

These numbers have been corrected for the chance- and background-coincidence 

counting rate. 
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Table VII. branching ratios and ft values for 'TNe 	> 1F. 

Energy level Proportion of Branching ratio a  
17 in 	F 

proton emissions 11 
ft -. lo 	ft g - 

from Ne 
(MeV) (%) (%) (see) (see) 

0.000 - 0.53 ± 0•10 (8.85 ± 2.70)X106 6.95 ± 0.13 

0.500 - 1.1 ± 0•5b (3.56± 1.6o)xlo6  6.55 ± 0.21 

0.49 ± 0.07 0.48 ± 0.07 (2.78 ± o.41)xlo6 6.44 ± 0.06 

4.609 16.5 ± 0.7 16.2 ± 0.7 (3.91 ± 0.18)10 4.59 ± 0.02 

5.480 54.9 ± 0.5 54.0 ± 0.7 (7.19 ± 0.16)xi0 3.86 ± 0.01 

6.03 10.8 ± 0.2 10.6 ± 0.2 (2.61 ± 0.07)xl0 4  4.42 ± 0.01 

6.406 0.36 ± 0.10 0.35 ± 0.10 (6.24 ± 1.82)x10 5  5.80 ± 0.13 

7.708 0.18 ± 0.05 0.18 ± 0.05 (4.70 ± 1.30)0 5.67 ± 0.12 

8.075 6.94 ± 0.1 6.83 ± 0.11 (9.19 ± 0.29)x10 3  3.96 ± 0.01 

8.436 6.61 ± 0.6 6.51 ± 0.26 (7.02 ± 0.34)X10 3.85 ± 0.02 

8.825 1.93 ± 0.06 1.90 ± 0.06 (1.68 ± 0.08) xlo4  4.23 ± 0.02 

11.197 0.72 0.71 (1.93 3.29 

[E = 2.825] d 0.55 ± 0.05 	0.54 ± 0.05 

a1he ft va1ués are calculated using (16.517 ± 0.026 MeV as the mass excess' of 17Ne 

and (109.0 ± 1.0)msec as its half-life. 

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

¶[Tflj5 energy is the average of bur present result with those listed in Table V. 

dThe 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 1/2 states in 17F. 

State 	Observed relative branching y?(605)/*2(000)a 

(MeV) 	 ratio [ 160(6.05)1160(0.00)] 

	

7.708 	 < 5.0 	 < 

	

8.075 	 Q.19 ± 0.02 	 7.9 

	

8.36 	 6.0±0.5 	 57 

	

8.825 	 8.2 ± 1.2 	 52 

a2 is the reduced width. This ratio is obtained from column 2 by 

dividing the branching ratios by their respective penetration factors. 
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Table X. 	branching ratios and ft values for 33Ar 	> 33C1. 

Energy level s' Proportion of 	Branching ratio 	 b 
in Cl 	proton emissions 	from Ar 

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

0.000 - 18.1 ± 1.9 (1.06 ± o.11)x10 5  5.03 ± 0.05 

0.810 - 148.1 ± 3.6 (2.714 ± 0.21)1O 14.1414 ±0.03 

3.983 1.19 ± 0.05 0.140 ± 0.014 (5.114 ± 0.55)x105 5.71 ± 0.05 

14.123 1.26 ± 0.05 0.143 ± 0.05 (14.32 ± 0.53)x10 5  5.614 ± 0.05 

14.14142 7.141 ± 0.13 2.50 ± 0.26 (5.75 ± o.64)xlo 14.76 ± 0.05 

14.751 0.114 ± 0.02 0.0147 ± 0.008 (2.145 ± 0.143)xl 6  6.39 ± 0.08 

14.838 0.92 ± 0.05 0.31 ± 0.014 (3.146 ± 0.143)x1O 5.514 ± 0.05 

5.111 0.214 ± 0.03 0.081 ± 0.013 (1.06 ± 0.17)x106  6.03 ± 0.07 

5.1455 1.68 ± 0.06 0.57 ± 0.06 (1.11 ±0.13)x10 5  5.05 ± 0.05 

5.550 78.9 ± 0.8 26.7 ± 2.7 (2.18 ± 0.214)10 3.314 ± 0.05 

5.675 •1.63 ± 0.06 0.55 ± o.o6 (9.14 ± i.i)Xio 14.97 ± 0.05 

5.71414 1.09 ± 0.014 0.37 ± 0.014 (1.31± O.16)xiO 5  5.12 ± 0.05 

5.882 0.68 0.38  
0.23 (1.814 :x1o5 5.26 ± 0.18 

6.0314 0.08 ± 0.02 0.027 ± 0.007 (1.35 ± 0.36)x106  6.13 ± 0.12 

6.125 0.05 ± 0.02 0.017 ± 0.007 (1.96 ± 0.92)x106  6.29 ± 0.22 

6.2514 1.73 ± 0.06 0.58 ± 0.06 (5.01 ± o.6o)o 14.70 ± 0.05 

7.228 0.12 ± 0.02 0.0141 ± 0.008 (2.23 ± 0.147)x10 5  5.35 ± 0.09 

7.1475 0.86 ± 0.014 0.29 ± 0.03 (2.214 ± 0.29)x10 14.35±0.06 

7.595 0.714 ± 0.014 0.25 ± 0.03 (2.17 ± 0.31)X10 14.314 ± 0.06 

7.767 0.03 ± 0.01 0.010 ± 0.003 (14.2 ± 1.3)x10 5  5.62 ± 0.114 

8.0814 0.67 0.23 ('.o7 14.05 ± 0.20 

(continued) 
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Table X. 	Continued 

Energy levela. Proportion of Branching ratio 

in 33C1 proton emissions from 33Ar log ft 

(MeV) (%) (%) (see) (sec) 

8.183 O.1 0.38  o.i ± 0.30 

8.310 0.0 ± 0.01 0.011 ± O.0O (9.5 ± 2.2)Xl0 4 4.98 ± 0.10 

8.609 0.05 ± 0.01 0.017 ± 0.00k (5.2 ± l.)XlO 
4 

4.71 ± 0.12 

8.969 0.01 ± 0.005 0.003 ± 0.0015 (1.22 ± o.6 1 )xlo 5  5.09 ± 0.25 

{E 	= 1.9171 d 0.01 ± 0.02 0.024 ± 0.001 

aThe valuesb:élow 6MeV are averages tken:from Table IX. Above that energy they 

are from the .present work only. 

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

33Ar and (173.0 ± 2.0)msec as its half-life. The mass was calculated using the 

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

This ratio is calculated by comparison with the mirror 33P decay. 

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

which it originates is uncertain. 



5.615 0.027.± 0.011 84 o.41 

5.744 0.052 ± 0.017 &3 0.50 

5.882 > 0.87 > 960 >6.9 

6.034 2.7 ± 1.7 1400 12.4 

6.125 . 28 ± 2.7 1180 11.8 

6.254 < 0.028 < 8.3 < 0.09 

1.228 2.1 ± 0.8 67 2.5 

7.475 0.26 ± 0.04. 5.9 0.27 

7.595 5.7± 0.8 121 5.6 

7.766 b - 

8o84 < 1.6 < .19 < 1.4 

8.183 < 2.5 < 36 < 2.2 

8.310 < 0I5 < 1.3 < 013 

8.609 0.48 	0.28 3.6 - 	0.36 

8.969 < 2.0 < 13 < 1.5 

0.36 ± 0.06 
	

4.1 	28 

-52- 	 UCRL-19951 

Table XI. Particle branching ratios from states in 33C1. 

33 	Observed relative 	)f2(2.2 	
Observed relative 

branching ratios 	Y2(000) 	 branching ratios 	y (0.00) 
(MeV) 	[ 32S(2.24)/ 32S(o.00)} 	1/2 	3/2+ 	[ 32s(3.78)/ 32s(O.00)] 	112 	3/2k  

is the reduced width. This ratio is obtained from the observed value by dividing 

each branching ratio by its respective penetration factor, 5°  assuming either 1/2k  

or 3/2k  as the J7r 
for the state in 33C1. The interaction radius was taken to be 

5.2 fm. 

No limit 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 CS 2  with 35 MeV 3He. 

Observed y-rays 	 Transition 	 Previously measured: 
respOnsible 	 + y Energy 	 half-life 

(keV) 	 (ceV) 	 (sec) 

665 ± 2 3Ar()3Cl***(y)3C1 66.6 ± 0.3a •b 

677 ± 2 30s()30p*(y)30p 
677.8 

± 0.9  

111.3 ± 0•8a 10c()0B*(y)10B 717.3 
± 0•8e 

810 ± 2 33Ar()33C1*(y)33Cl 810 ± 

1O2 ± 2 18N.(8+)18F**()18 ioi.i 
± 06h 

1.67' 

1177 ± 2 3Clm()3S**(Y)3S* 
1117.0 ± 

1.2  157C 

1267 ±• 3 31s(+)31p*3 1266.1 ± 0.2c 2.61c 

1290.79 ± 0.06d 1o(+)1N*(DE)14N 1290.79 ± 0.06 

1801.80 ± 006d 1o(+)lN*(sE)l4N 1801.80 ± 0.06 71.0 

H. D. Graber and G. J. Harris, Phys. Rev. 188, 1685 (1969). 

bvaiues quoted in Ref. 18 are 1.2 ± 0.3 sec and 0.85 ± 0.10 sec. 	Our results 

indicate a half-life of 0.91 ± 0.05 sec. 

Ref. 	18. 

dused as calibration. 

e 
T. Lauritsen and F. 

/ 
Ajzenberg-Selove, Nucl. Phys. 78, 1 (1966). 

Average of results quoted in Refs. 18 and 40. 

gObtained from the present delayed-proton results. 

hE 	K. Warburton, J W. Olness, and A. B. Poletti, Phys. Rev. 	155, 116 	(1967) 

'D. E. Alburger andD. H. Wilkinson, Phys. Letters 32B, 190 (1970). 

F. Ajzenberg-Selove, Cal. Tech. Report, LAP-82 (unpublished). 
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Table XIII. Isospin Purity of lowest T 3/2 states in 'TF and 33C1 

Superallowd ft.yalue feeding 

Nucleus 
.alogue state 

Limit 
Isospin 
purity 

Experimental a Calculated 
(ie 	2,. 

2 
0) 	= lOOa ) 

(sec) (see) (see) (%) 

(1.93 	)x103  1.96 X  lo 3 < 2.06 x  1O > 95% 

•33 
(2.18 ± 0.2It)X10 3  1.82 X  10 3 < 2.06 x  lo 3 81 ± 9% [s io%' 

aSee Ref. 17. 

b  
The bracketed value applies i 	

j 
' f 	0 / 	= 0. 

V 
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FIGURE CAPTIONS 

Fig. 1. A schematic diagram of the apparatus used for theproduction of 33Ar 

from the .rcaction 32S( 3He,2n) 33Ar. The sequende of valve operatIon, is shown 

at the bottom:. valve on times areindicated. 

Fig. 2. Spectrum of delayed protons observed in a counter telescope with a 

50 pm txE counter following 45-MeV  3He bombardment of TiO 2 
	The proton 

laboratory energy is indicated at the top. All peaks are ideatified with 

the decay of 17Ne, and are numbered to correspond with the data in Table I. 

Fig. 3. Spectrum of delayed protons observed in a counter telescope with a 

114 pm tE counter. The conditions are the same as in Fig. 1. The histogram at 

the bottom of this figure represents those events which were observed in 

coincidence with 511-keV y-rays. (When two-channel averages are taken, no 

peaks appear between those numbered 5 and 6). 

Fig. 4  Spectrum of delayed protons observed in a counter telescope with a 

14 pm AE counter following 35-MeV 311e bombardment of CS 2 . The proton labora-

tory energy is indicated at the top. 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 

Fig. 14 except that a 55-MeV  3He beam was used for bombardment. 

Fig. 6. Spectrum of y-rays observed following 35-MeV 3He bombardment of CS 2 . 

The parent and the decay" eñergyiñ keV is marked for each significant peak; a 

more detailed description is given in.Tab.le XII. 

Fig. 1.  Proposed decay scheme of 17Ne. The 17F level-energies above 14 MeV are 

the values determined from the present experiment (excpt the 11.191-MeV state). 

Fig. 8. Proposed decay scheme of 33Ar. The 33C1 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. 
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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 
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 con tractor 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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