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Abstract: We have estimated absolute p
Teactions on ®*Na and *7A] and ide;
between levels with known J, 7 a

levels with AT — 0 are indeed retarded with respect to the allowed 47 = 1 transitions. How-

ever, the existence of these forbidden transitions indicates a small am,
ture in the high-lying 7 < ¢ levels. ransitions is similar (o
t.hal in lighter nuclei, while the average rate of allowed is Ay 15 times slower here than in
lighter nuclei, We suggest that this i

1 t 1S 15 a consequence of the increased level density in the heavier
nuclei and the presence of isospin mixtures among the radiating levels.

-Tay transition rates for levels found as resonanced in (p,s)
ntified 37 (in *Mg) and 54 (in %Si) cases of dipole radjatj

on
nd T guantum numbers. Forbidden El transitions between

1. Introduction

Two isospin selection rules apply to dipole radiation in self-conjugate nuclei 1.2y

(i) E1 radiation AT = o transitions are forbidden,

AT =1 transitions are allowed;
(i) M1 radiation 47 < o transitions are, on the average,

~ 100 times weaker than AT = | transitions,

present, rule (i) will be relaxed.
e of the amount of foreign 7-
rt in the y-transition. The rules
of transition rates which allows

average isospin admixture,

This approach to the analysis of transition rates was pioneered by Wilkinson *)
who ap}?hed it to nuclej with 4 < 20. Ope of the problems in extending the surveys
to nuclei in the d-g shell has been the lack of information on T-values for the relevant
self-conjugate nuclei. However in the Previous paper ), we established the isospin
values for levels jn *°Ne, 2*Mg and 28g; and that informatiop - combined with the
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i i - will be
asured widths of the (p, y) reaction leading to mass 20, 24 and iB nuc:lixzoIlS i oe
Il:led for a survey similar to Wilkinson’s. Quite a large ?Ember 3 Zt;;??ndwidua“y
e i isti tudy **Mg an
te statistics to study
n measured and there is adequal ¢ ' 1 .
l:fas to reveal the possible mass dependence of isospin admixtures

2. The data

i iti ility d deca
1t is convenient to extract the intrinsic transition probz?bllltsy of t‘he measured o Yy
by comparing it to the Weisskopf single-particle transition ) estimate. We n
Yy

1
M = r"p/rwﬁsskupf‘ W

. _ . ious pa-
i The lifetimes were taken from the (p, y) r?actlons 6-8Y used in th)e pil“:l:;l?ls.l PI:O_
?§er5) If we make the simplifying assumption, I';>sT,, the flp, 3_‘,111165 : pro-
b rti&nal to (2J+1)I,. We only consider the cases whereh.t e e ottty
e . ifeti ined in this way
-%resonances are known. The absolute hfettl.mle; gfct:;nleifetime e v
' ithi he true partial y- 3
Sonly within a factor of two of . ¢
gzmi not necessarily be much smaller than the Partlcle decay deth. « vety scanty and
¥ The data for the y-ray decay of highly excited states of Tle a; yy wcanty and
i isti ther hand, man
i ingful statistical treatment. On the o :
‘\;':0 HOtbPern:;te:ST::;an :l“Mg and 288i; we include 37 and 54 case;, rcspetc.tlvc;z,
horc e idths and tranching ratios ac-
ider the J- and T-values, total y-ray wi

Wherelwiictoerrlz(ii:; Both the 2*Mg and 2®Si nuclei have a large number]Obet?;Zi
; ;::at:ei 6eand 10 M.eV excitation. Weak transitions to those stat.es may eba;m ;'oee; o

in :’ -ray spectrum recorded in NaI(T1) detectors. However, this prob:v eyhave iy
i bias rhe sample in any specific way since the levels also have SI‘{‘la“ I'y. e have th,e
t used the listed °8) y-ray branches except in two cases where dlpole. trans(; io st the
grs(e)und and first excited state were not observed and we instead ;Stl:)]lg.;t; 1\;:] navle
VIMIZ values. We have omitted transitions’} like 11.98 — (10.08+0. MeV 3t the
308 keV resonance in the >*Na(p, y) reaction where the energy rf)s(())1 Lon s I
sufficient to determine if the final state is the. T = 1 state at 10.077 ile;,el Mev e
:adjaccnt state with T = 0. In fact, no transition from a resonance

X . '
state has been included in this survey ' ) ) displa
Since the number of data points available is comparatively large, we may display

i i Iso included
‘the results for each nucleus separately as in fig. 1 ll:l this ﬁgurg w.c ha[\llzta ;(;rely s
earlier results of Wilkinson 3) for light nuclei with 4 < 20 (i.e.

j i i data in fig. 1.

conjugate nuclei). One may summarize the e eded
> gF bidden E1 transitions are observed but they are, on the average, imp <
by oo in 28Si d to average of the allowe
by a factor of 2 (in 2*Mg) and 7 (in 2%Si) as compared to ¢ ot
transitions in these nuclei. Similarly, M1 transitions involving no change other P
are, on the average, 5 and 10 times retarded, respectively, as compared to o
transitions.

vat Li ssential

St *) study of the #*Mg(p, ¥)*"Al has indeed demonstrated thlat Li-Ge counters are essen ial
t *) stu / s < i :
T t:er:;eer[l‘tiﬁlation of p-ray decay to high-lying levels in the final nucleus,
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(ii) Dipole transitions with AT = 1 in 2*Mg and 28Si are, on the whole, ~ |5

times slower than in nu‘clei with 4 < 20, whereas dipele transitions with 47 =
have the same speed as in nuclei with 4 < 20, -0
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Fig. 1. Distribution of p-ray transition rates.

3. Discussion of E1 transitions

P N
P <ro§0ert;h (#) is similar to the trend found by Wilkinson *) among the nuclei with
< 20. The presence of the same trend i i
oo Tt nd in our data gives some further support to
Forbi iti
bidden El transitions may occur as a result of T-admixtures in the wave

function (¢) of the (llll[lal state. We call the
) amplitude of this admixture o
P bvi .
P h

@ = Y(T)+ Y ar(THW(T).

The admix i
e aemi ;:re .ma;' arl;,c from_ the Coulomb perturbation H{y. between this level
ospin T and an adjacent state of isospin 7" at an energy, separation of
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. Then, in first-order perturbation theory

Hrp

A

k- ilowing Wilkinson's procedure 3y, we deduce the average values of these quantities
e table 1). The separation energies drp are determined from positions of the
s cxciting levels used in this paper and also from the estimated positions of other
— 1 states as guided by the level systematics of 24Na and 28Al We find that 4,4 &
o, and ao(l) = ,(0). The Coulomb interaction in 2*Mg and 2%Si at = 12.5 MeV
- citation is then of the same order as those of lighter elements *); but the spread
L the values of Hip for 4 <20 is quite considerable. Since however the level
acing is less here than for tighter nuclei, the T-admixtures a>(T") are larger.

71

a(T’) =

TABLE 1
Average values of experimentally derived nuclear parameters defined in the text

El Mi
_ -
Nucleus Ayt «2(T") HEL {G»
(keV)
—3.8
—-37

. Property (ii), in the summary of fig. 1, may be the result of an increased con-
figuration mixing in mass 74 and 28 nuclei as compared to nuclei with 4 < 20.
1 Aln other words, the Weisskopf single-particle radiative strength is spread over many
3§ highly excited states 19), The radiating levels are typically at ~ 12 MeV excitation in
‘$**Mg and 2®Si. The bulk of reported 3) dipole transitions in nuclei with 4 = 20
pemerge from similar excitation energies, although thereis a large spread in the sample.
fFrom a rough estimate based on the statistical model, we obtain a factor 10-20 as the
Bratio between level densities in mass-28 and mass-16 nuclei at E, = 12 MeV. The
kevel density is roughly proportional to number of highly excited states that may
tadiate via dipole transitions to low-lying levels. This mechanism would thus account
: for the considerable slowing up the transition rates in nuclei with mass 24 and 28 as
% compared to lighter nuclei.

We may explain the observed difference in the rate of allowed and forbidden
B E] transitions as being due to the combined effects of the increased level density and
the isospin mixing. In this argument, the admixture of T = 0 components into the
T = 1 states can significantly effect the rate of the allowed E} transitions. Thus, the
allowed transitions will be slower here than in lighter nuclei (with 4 £ 20) where the
average admixture is less. On the same grounds, the forbidden transitions become
aster in **Mg and 2%Si than in the lighter nuclei. If we finally take into account the
retarding effect of the increased level density we arrive at a net result in conformity
with property (ii).
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4. Di

ion of M1 transition

Warburton !) has given a treatment of the ratio (R} of reduced rates of M| trap

sitions with AT = 0 and AT = 1, respectively. After certain simplifying assumptigy,
(cef. %)), one has s

_ | 18+(Go)?
| 9.4+¢Gp)

where G4y is a statistical factor which contains the angular and spin dependence of
the M1 transition matrix element. If we further simplify and put (G,> = (G5
we obtain the experimental values given in table 1. ’

We may obtain a rough estimate of the theoretically expected value of G by taking
an average of the G-values for some likely transitions in 2*Mg and 288, L.e. all possible
combinations of single-particle transitions between the 1d,, 1d; and 2s, states,
This average is {G) = —2 in good agreement with the value deduced from fig. 1.

5. Conclusions

We have shown that the evidence of y-ray transition rates support the T-assignments
of ref. ®). The T = 1 states have apparently only small admixtures of foreign isospin
components, and the main features of the transition rates may be understood if one
allows quite small 7 = 0 components in the T = 1 states and vice versa.
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‘ ract: Proton-gamma angular correlation measurements have been used to determine spins and
[ establish modes of decay for some of the low-lying levels in *°Cr. The spins of the 3.317, 3.621
and 3.786 MeV states are found to be 4, 1 and 5, respectively. Confirmation of previous spin
assignments to the 2,922, 3.156 and 3.692 MeV states are reported together with multipole
mixing ratios of relevant gamma rays from all six states. Branching ratios were measured f(lbl'
the above states and those at 3.838, 3.888, 3.927 and 4.123 MeV. The results are discussed in
Y relation to *¢Ti, a cross-conjugate nucleus in an (fz)® description, and the theoretical predictions
of McCullen, Bayman and Zamick.

NUCLEAR REACTIONS 5Cr(p, pp), E =6.33 and 6.45 MeV; measured
J(Ep:,E.,,G,,r,,). 50Cr deduced levels, J, multipole mixing ratios. Enriched target.

1. Introduction
|

This investigation is one of a series on the even nuclei in the 1f; shell. Assuming the
Ruivalence of nucleons and holes, both *6Ti and *°Cr have six nucleons in the 1fy

1l. Therefore levels of predominantly (f;)® configuration should occur at the same
pergy in both nuclei. Recent work *+2) in this laboratory on 46Ti has shown the
Ikistence of interesting levels at 3,158 MeV (spin 1), 3.048 MeV and 3.430 MeV.
he latter level has a major decay branch via the 3.048 MeV, 2.000 MeV (¢*) and
885 MeV (2+) levels to the ground states. The spins of the 3.048 and 3.430 MeV
pvels are probably 4 and 3, respectively. All these levels can be fitted into the theoret-
level scheme of McCullen et al. ), even though the levels of spins 1 and 5 are
uch lower in energy than predicted. McCullen has assumed a pure (f,})6 cogﬁ-
juration for these two nuclei and has determined the 1f; nucleon-nucleon interaction
from the observed levels of *?Sc.
E Previous work on 5°Cr has been the triple angular correlation measurements of
Mwin and Wilimott * ). Above 3.5 MeV excitation energy, the levels of S0Cr are
pften less than 100 keV apart, and therefore the (p, p'yy) measurements are extremely

difficult due to the poor resolution of the NaI(Tl) crystals. We have used the technique

of proton-gamma angular correlations and hence have been able to utilise the res-

olution of the solid-state proton detector (approximately 50 keV) to enable more of
* Now at Foster Radiation Laboratory, McGill University, Montreal, Canada.
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