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ABSTRACT — More than 300 electromagnetic transitions in ** Si, concer-
ning levels with well known J T and T are classified according to their character
and strength and examined from a statistical point of view. Reliable upper limits
are obtained for the transition strengths, based upon a quantitative eriterion and
useful as spectroscopic tools. Isospin selection rules for dipole and electric quadru-
pole radiation in self-conjugate nuclei are studied in * Si. Preferential decay to
highly excited energy states is found to be a characteristical feature of this nucleus.

1 —INTRODUCTION

The effect of isospin selection rules in 28Si was studied by
Lawergren [1]. Since then, however, a large amount of experimental
data obtained with Ge(Li) detectors was published, namely more
reliable spin and isospin assignments and decay schemes and lifetime
measurements. Therefore, the check of isospin selection rules rele-
vant to electromagnetic transitions in this nucleus can now be made
with a much greater experimental support.

Usually, the electromagnetic transition matrix element is splitted
into two parts [2]:

<JpMp;TpTas| Ho(L,M) + Hi(L,M)|Ja Mg;Ta T3> (1)

H, and H, being the isoscalar and isovector interactions, respecti-
vely. It can easily be seen that [2]:

— both contributions vanish unless AT=—0,+1;

(*) Results presented at the Conference of the Portuguese Physics Society
(Lisbon, February, 1978).
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Corria, P. M. — Isespin selection rules in 288i

—the isoscalar part can only contribute to AT —0 tran-
sitions ;

—the isovector part vanishes for AT —0 transitions in
selfconjugate nuclei.

It can be shown that the isoscalar contribution to El transitions
vanishes in all cases in the long-wavelength approximation [2].
This result can be considered as almost exact, because the effect of
the higher order terms, neglected in this approximation, is indeed
very small (for a 10 MeV transition in 28Si, e. g., their contribution
would be less than about 6.5>< 10 of the corresponding isovector
transition strength):

B (E1; isoscalar ) =0 (2)

Por electric quadrupole transitions, one expects [2] that E2, AT =1
are retarded relatively to E2, AT=( transitions by an average
factor equal to (¢, 4 €.)*[(¢p— €4 )* ¢, and ¢, being the effective
charges of the proton and the neutron, respectively. Therefore, the
expected retardation factor is 4, for ¢, /e=1.D and ¢,/ e=0.5,
and 9 for ¢, /e=—2 and ¢, [e=— 1.

For magnetic transitions, on the other hand, an estimate of the
average enhancement exhibited by isovector transitions when com-
pared with isoscalar transitions can also be obtained [2]:

(rp —wa—1/(L+1)*
(tp+pa—L/(L+1)7

(3)

where 1., and 1, are the magnetic moments of the proton and the
neutron, respectively, in nuclear magnetons, and L is the multipo-
larity of the transition. This expression gives enhancement factors
of 122 and 64 for L—=—=1 and L =2, respectively, but is not expected
to be very accurate.

Shortly, the following isospin selection rules to the electro-
magnetic transitions in 28Si can be derived:

A: E1, AT=0 transitions are forbidden.

B: EZ2, AT=1 transitions are retarded relatively to E 2,
AT =0 transitions by a factor of b to 10.

C: M1, AT==0 transitions are expected to be about 100
times weaker than the average M1, AT =1 transitions.
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These rules are not expected to be obeyed rigidly in actual
nuclei for several reasons [3], the most important of which is usually
supposed to be the isotopic spin impurity in the initial or final
states. Taking this impurity into account, a T-forbidden E1 transition
between states |@> and |4> will have a non-zero matrix element
of the form [2]:

itz
M (EL; Ty —Te :(})=Z§§H—\c’-f—>93hb(El;|T; ~Ty|=1) (%)

3 " <
L a - |

where V. is the Coulomb interaction, responsible for the isospin
admixture between states |¢> and |2>. The isospin impurity in the
excited state will be proportional to

<a|lV.|i>7% -
p it ia (5)
fi Ea'—‘Ef

In the past, isospin selection rules have been studied on statistical
collections of electromagnetic transition intensities (ref. [1], [4], [5], [6]
among others). The use of larger Ge(Li) detectors, associated with
better electronics and sophisticated data handling systems, have been
giving and will give information about many more weak transitions,
therefore distorting the transition strength distributions and lowering
their mean values. Although statistical studies can be delicate and
although refined nuclear models can account for individual cases of
electromagnetic transitions, it is nevertheless interesting to examine
the experimental data from a statistical point of view, by considering
the average behaviour of the transition rates. However, as can be
seen from expressions (4) and (b), it will not be legitimate to obtain
a mean value for the isospin impurity from the ratio of the average
T-forbidden and T-allowed transition rates, as it has been done in
some cases.

Even if the mean values of the transition strengths are rather
delicate quantities, that must be regarded carefully, their upper limits,
that can be extracted from the statistical collections, are quite reliable.
The biggest difficulty connected with these is the choice of an appro-
priate probability acceptance criterion, since there is no established
theoretical model for the shape of the distribution corresponding to a
certain type of transitions. However, because of the usefulness of
these upper limits in nuclear spectroscopy, it is worthwhile to make
an eftort to define them quantitatively.

Portgal. Phys.— Vol. 10, fasc. 1-2, pp. 5-33, 1979 7



ConRriEa, P. M. — [sospin selection rules in 238i

2—EXPERIMENTAL DATA SOURCES

Transition strengths were calculated by comparison with the
Weisskopf single-particle strengths [4]:

I'exp

|M|?—=——
I Weisskopf

(6)

It must be emphasized that only transitions between states of well
known and unique J™ and T values were accepted. Electric transitions
up to =3 and magnetic transitions of L—1 and L=—2 were
considered, both with AT==0 and 1. Mixing-ratios were never taken
into account, because there are not enough #-measurements in 28Si.
Transitions of the EL + M(L 4 1) type were supposed to be pure elec-
tric. Transitions of the ML 4 E(L 4 1) type were supposed to be either
pure magnetic (if the existence of an electric component with a
strength equal to the corresponding upper limit would not introduce
a carrection to the strength of the magnetic component greater
than 54 % (*)) or mixed; in both cases they were simultaneously
included in special ML and E(L+1) collections, denoted by an
asterisk. Transition strengths were only included in the statistical
collections (tig. 1 and 2) when their relative error (combination of the
errors in branching-ratio and lifetime or gamma-width of the initial
state) was smaller than b4 %.

The radiative widths of the (p,{) resonances were obtained from
the resonance strength, assuming that I', >>T'y, i. e.:

P aiL 7
T (7)

At least three cases are known [7] where this assumption is not
correct (resonances at E,-—1183, 1365 and 1647 keV), but correc-
tions for the known value of I', / 'y would not change the conclu-
sions obtained from the statistical collections.

(*) The choice of this limit corresponds to the fact that an error of 54 9% in the
transition strength gives a maximum corrective factor of 2.15, that is, the extension of
cne class in the histograms of figs. 1 and 2. In the same way, an error of 79 9, gives a
maximum corrective factor of 4.65, that is, two classes in those histograms.
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Most of the data used in this work (E,, T, J¥, t or oy and
decay scheme) were taken from Meyer et al. [8]. A few exceptions
are indicated below:

a)

)

d)

f)

g)

The energies of the bound states were taken from
Endt and van der Leun [9], as well as the lifetimes of
the bound states at 1.779, 4.979, 6.276, 6.879, 8.413,
10.901, and 11.445 MeV.

The lifetimes of the levels at 7.933 MeV (916 fs), 8.543
MeV (18410 fs) and 9.316 MeV (105 fs) were taken
from Gonidec [10].

The decay schemes of the levels at 7.%17 and 10.901
MeV were taken from Endt and van der Leun [9].
The decay scheme of the level at 9.702 MeV was
taken from Lam et al. [11].

Data concerning the resonance at E, — 1439 keV were
obtained from Forsblom [12] and Lyons et al. [13].
The J* value of the resonance at E, = 1724 keV was
taken from Tveter [7].

The strength and decay scheme of the upper member
of the doublet at E, — 1363 /1363 keV were taken from
Cunha et al. [14].

The strengths, J™ values and decay schemes of both
members of the doublet at E, — 1575/1579 keV were
taken from Gonidec [10].

A list of all the calculated transition strengths is presented in

table 8.

3 EXPRESSIONS AND DEFINITIONS

The transition rates, calculated by means of expression (6), were
classitied according to their character and intensity. The resultant
distributions are presented in figs. 1 and 2, as well as the mean
transition strength, defined by:

1
log <W>=—) n; log W; 8
g szg (8)
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For each collection, the error in the mean transition strength
(table 1) was calculated by the expression:

/2
¢ {log < W > }"—--;—,[an(z{ log w,-})'"’]1
s {log W; }=0.167 (half a class)

In these expressions, W; and n; are the central value and the
number of transitions of each class of the distribution, and N is the
total number of transitions of the distribution.

(9)
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Fig. 1— Distributions of electric transition strengths. The vertical arrows below the
histograms indicate the mean strengths; the horizontal bars above the histograms indicate
the intervals correspanding to 68.3 %, of the total area, around the mean, The abcissas
are log(W) and the ordinates are the number of transition strengths accepted inside each
class. The amplitude of all classes is one third of an order of magnitude. The smooth
curves are computer-made fits to the most significant distributions, as explained in section 3.

For the statistically significant distributions, the transition
strength upper limits were calculated assuming that x—1log W; follo-
wed a function of the form:

f(.r}..:fr-.exp[—(a+&x+cx’+dx“)] (10)

10 Portgal, Phys, — Vol. 10, fasc. 1-2, pp. 5-33, 1979




CoRrriia, P. M. — [saspin selection rules in 255i

smoothly connected at both sides by decreasing exponentials, at the
central value of the first (last) class to the left (right) of which there
were no observed transitions. Rightmost values of @ were obtained,
which defined 99.0, 99.5 and 99.9 % of the area under these
curves: all adopted upper limits (table 2) define areas between 99.5
and 99.9 % of the total area. For these distributions, the intervals
corresponding to 68.3 % of the total area (around the mean) were
also obtained; they correspond to the horizontal bars in the histograms
of figs. 1 and 2 and to the value of ¢ in table 1.

For the other collections, the upper limits are quite arbitrary
and correspond only to values reasonably higher than the strongest

-
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Fig. 2 — Distributions of magnetic transition strengths (see fig. 1 caption for details).
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observed (and accepted) transition stength (values between brackets
in table 2),

The data in the diagrams (figs. 1 and 2) corresponding to pure
transitions can be directly interpreted, but those diagrams which
correspond to (possibly) mixed transitions, denoted by an asterisk,
must be regarded carefully, since mixing ratios were not considered.
In the discussion of the data the following quantities will be
considered:

@) Enhancement (or retardation) of (E, M) L, AT = 1 radiation
relatively to (E, M) L, AT — 0 radiation :

<|M 3 2>
fn'(F_’ ML — —[__M&!_Ir_‘, - (1 I)
= | M(J?, W10l =
In particular :
M L 52
f:‘a\ll: <|[ ,1[1,:||§___<0u 2 (“a)
<JMM1,UI> <al!>
4) Apparent enhancement (or retardation):
s 2
kg ML i!ligﬂw—"rz (12)
R % M(«é, M)L,0 o
¢) Mixing-ratios of E2/M1 radiation, with AT — 0 and 1:
< u 2 > I
9o = N
=< _Mi-’-”_“_/__l (13)
< ll A_[E?'O ‘2>
2 1
<BI>::‘—‘—*—]-2——-': | ~ 2
Mya> @ SiMeys['> 09
<|Mf22,1|2> ki o | ME:,:;P

@) Relation between the mixing-ratios of E2/MI radiation for
AT=0 and 1:

2 1
<8 >= . _
kgs 1 \ (15)
* 1+ T )_ -1
kgs <6 >)
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and the subsequent limit for < [8;| >

f‘l‘?' =3l
<|&|> <[!—”—1] (16)

‘g2

¢) Statistical factor G,y containing the angular and spin depen-
dence of the ML transition matrix element. Using the definition
quoted by Lawergren [1]:

<|I\"In.u,ol|2>_ 1.84+<G>1° (17)
= e e e i
< My P22 04 b Gy o

and simplifying it by assuming < Gy > — < G| > == G >>; as
done by that author, one obtains:

% 9,4‘1’1.8[:"-‘-.\11)”2
<Gro=— (13)
14 (Faa)'?

4—1SOSPIN SELECTION RULES

The values of the quantities defined in section 3 are presented
in tables 1, 2 and 3. Relatively to table 3, it was assumed that E2
radiation is not affected by isospin selection rules (kge=1; see
discussion in subsection %.2).

4.1—The dipole transitions

Lawergren [1] has considered a number of E1 transitions
(10 with AT=0 and 8 with AT=1) much smaller than that consi-
dered in this work (55 and 18, respectively). However, the value now
obtained /A, is in good agreement with the one given by that
author. It can be seen from table 3 that there is also agreement
with the values that can be obtained from the works by Skorka et
al. [5] an Endt and van der Leun [6]. Since rule A should prevent
any E1, AT=0 transitions, the value of k1 is somehow related to
the isospin admixture in 285i.

Figs. 2.a-d present data from 14 M1 transitions (1 with AT=0
and 13 with AT=1) and 108 M1* transitions (73 with AT=—0 and
35 with AT==1), to compare with the 36 used by Lawergren [1]
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(25 and 11, respectively). On the other hand, this author does not
refer any precautions taken into account for the effect of unknown
mixing-ratios, As a matter of fact, if we calculate the apparent
enhancement of M1 radiation, directly from the data of figs. 2.a, b,
we obtain £, — 14T 4, which is in much better agreement with
the value given in ref. [1] than k1 — 4D+ 30, obtained through
expression (11a). Table 3 shows that there is no serious disagreement
between the present value for Ay and those that can be obtained
from refs. [0], [6]. Anyway, the enhancement of M1, AT=1 radiation
relatively to M1, AT=0 radiation is found to be weaker than
predicted by rule C, showing once more that isospin admixture is
present in the 28Si nucleus (see subsectian %.2).

TABLE 2
Type of | Upper limits (W. u.) ¢)
radiation Present Ref. [6]
El, AT=0 5><10-3 3><10-3
El, AT=1 9< 10-2 10-1
E2. AT=0 102 102
E? . AT=1 (10) a) 10
ES AT=0 ‘ (2><10%) 102
ES, -AT=1 (50) b) -
M1, AT=0 (5><10-1)  3><10-2
ML, AT=1 2 10
M2, AT=0 ‘ (1) 101
M2, AT=1 ‘ (10%) 3
E2* , AT=0 5>< 102 =
E2% A T=1 ‘ 5>< 108 e
ESs ,AT=0 (5><10%) i
| E3* A T=1 (5><10%) -—
MiI*s, AT=0 2><10-1 -
Ml*, AT=1 2 --
M2%, A T=0 (5) o
M2%, AT=1 || (10?) 20
@) Several transitions with strengths between 2 and 5 W. u. can only be
accepted on the basis of a 79, error criterion.
b) Not illustrated. The suggested upper limit was found from two transi-
tions that can only be considered on the basis of a 799/, error criterion.
¢) See text (section 3) for definition.
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The fact that rule A is much more seriously violated than rule C
is not surprising, The effects of isospin impurities on M1 and E1
radiation differ greatly because the M1 transition operator has no
radial dependence; thus, the only isospin impurities relevant to M1
transitions come from states with the same configuration but one
unit different in isospin (if we write for M1 radiation an expression
similar to (4), states |#> will have the same configuration as |@>> but
will be one unit different in isospin), It must be expected, then, that
the E1 active isospin impurities present in a specific state have their
origin in states much closer in energy to this one than in the case
of M1 transitions; therefore, apart from the Coulomb matrix element,
the violation of the E | isospin selection rule must be easier than
that of the M1 rule, as can be seen from expressions (4) and (5).

4.2—The electric quadrupole transitions

Figs. 1.¢, d show an apparent enhancement of the E2%, AT -—
transitions (35 examples) relatively to the E2*, AT-—0 transitions
(V3 examples), which must be due to the assumption of «pure
electric character» of the (possibly) mixed E2/M1 transitions. This
indicates that the average mixing-ratios must depend on AT.

Unfortunately, the statistics of E2, AT =1 transitions is not
good enough to obtain a mean value. If we assume that E 2 radiation is
not affected by isospin selection rules (<[ME2, 12> <[ Mgy o[ >2;

TABLE 3
Present Ref. [1] Ref. [5] a)  Ref [6] )
Jegy 942 7 8.8 10
eagy 45430 10 ¢) 23 50
el R -(2.840.9) -3.7 -3.1 -2.7
<[& |>/<|3 |> 6+2 - - -
Max. val. of < [ | > 0.3 - - =

a) Calculations made over the
b) Calculations made over the

c)  See subsection 4. 1

Portgal. Phys. — Vol. 10, fasc. 1-2, pp- 5-33, 1979
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¢p/c=1 and e,/e=0), the values obtained for <|8|>/<[3:|>
and for the upper limit of <C[3:|>> (and, of course, the value
for kw,) are those shown in table 3. If, however, we assume
ke s—0.29(Skorka et al. [5], 20 < A<40) weobtain < [Bo| >1<B1|>=
—11+4% and <|3,|><0.15 (and ku:=130£80); assuming also
that Zre=(ep,—en)?/(ep—+€a)?, this value for kg implies that the
effective charges of the proton and the neutron are related as
ep/en=3.

In either assumption, the absolute value of the mixing-ratio for
the AT—1, E2/M1 transitions is predicted to be usually very
small. but the one of the AT=0, E2/M1 transitions is predicted to
be of the order of unit. It is interesting to remark that none of the
73 M1#* AT=—0 transitions considered could be supposed <¢pure»,
on the basis of the criterion expressed in section 2, whereas 9 of
the 35 M1* AT—1 transitions were supposed to be «pure»

4.3 Transitions of higher multipolarity

Figs. 1 and 2 include also some data on electric octupole and
magnetic quadrupole transitions, but the statistics is too poor to
draw any conclusions. A few transitions included in table 8 deserve,
however, a special reference.

4.3.1—The M3, AT =0 transition: 12.240 MeV, JF=—31,
T-—0-=0 JF—0+ T=0, with a strength of 6 W.u., resulting
from a branching-ratio of 0.1%, and the M3/E4, AT==0 transition
13.497 MeV, J* — b+, T=0 —11.780 MeV, J* =2+, T=0, with
a strength of | M3 |2 = 5.9><108 (or | M# |*=2.6>10") W u.,
resulting from a branching-ratio of 2.5%. Endt and van der Leun [6]
present in their compilation only one isoscalar M3, with a strength
of 0.55+ 0.02 W.u., extracted from the mirror pair 24Na/24Al
(0.47/0.4%4 MeV — 0).

4.3.2—The M2/E3, AT =0 transitions:

13 417 MeV, J®—1~, T—0 — 8.589 MeV, J*=3%, T=0
B.r.—=1.8% | M}, |*=5.56 W.u.

M2

| M, |2=1800 W.u.
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13,104 MeV, J*—=2%, T—0 — 8.413 MeV, J*=4", T—=0
B.r.=0.9 % | My, [2:-—3.2 W.u.

| MY [¥==1100 W.u.

13.034 MeV, J*—=2% T—=0 — 8.413 MeV, J*—4~, T—0
Boro=1% | MG [*—4.4 W.u,

M2
| M [2==1600 W.u.

12.974 MeV, J*—=17, T—=0 - 8.589 MeV, J*—3+, T —0
B.r.=5% | M¥ |2=6 W.u.

M2

| ME [*=2400 W.u.

4.3.3=The E3, AT =—0 transition: 13.108 MeV, J% =38
T=0—8.543 MeV, J*=6*, T—0, with a strength of | Mg 2 =
—4600 W.u,, corresponding to a branching-ratio of 40% [10].
The Ex==13.108 MeV is the upper level of an overlapped doublet
(E, = 1575/1579 keV) in the 28Al | p reaction, that was claimed to
have been resolved by Gonidec [10]. Tts (p,71) strength is reported
to be about ten times smaller than that of its partner. Due to the
calculated E3 strength it is reasonable to suppose that some (non
reported) troubles have occurred in the doublet resolution, either in
the assignment of the transition (it would not be confortable to
assign it to the lower member of the doublet, however, because in
that case it would be a very strong E4, AT=0), or in the estimate
of the branching-ratio or the resonance strength values, The J*
assignment can also be wrong.

4.3.4—The M2/E3, AT=0 transition: 12.901 MeV, J®*=02+,
T=0-18.143 MeV, J*=4", T=0, with a strength of [M*, |*=16'
(|M#3|*=6000) W. u., corresponding to a branching-ratio of 1% [14].
Once again such high, unreasonable, strengths can arise from
uncertainties in the resolution of the doublet (E,=1363/1365
keV; E.=12.901 MeV corresponds to the upper member): the
branching-ratio is too small to allow a reliable assignment about the
origin of the gamma ray.

18 Portgal. Phys.— Vol. 10, fasc. 1-2, pp. 5-33, 1979
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4 3,5—The following transitions:

13.248 MeV, J*—5 ", T=1-0, J*=0+, T=0
B.r.—0.1% |Mg;|?=8.5><10°W . u.

13.248 MeV, J*—5", T=1- 9.316 MeV, J*=38+, T=1
B.r.—1,2% |M%,[*=T76W.u.
IM*,[2=3.8>< 10¢W. u.

E3

The branching-ratios observed by Meyer et al. [8] are very small,
but any observable branch corresponding to these transitions (e. g.,
one tenth of the reported values) would still give too high strengths.
The E,=—13.248 MeV is the upper member of the doublet at
E,=1723/1724 keV. The lower member, with J*=3", was reported
to have no gamma-decay [15]. However, if this is not the case and
if the transitions observed by Meyer et al. [8] can be ascribed to the
lower member of the doublet, their characters and strengths will be,
assuming I'y==10 meV for both:

13.247 MeV — 0 E3,AT=0 |Mgs|®?=8 W.u,
13.247 MeV -+ 9.316 MeV E1,AT=—1 |Mg,;|?=2.5<10"*W.u.

which seem to be much more reasonable. Evidence in this direction
can be obtained from the work by Lam et al. [11]. These authors have
exhaustively studied the 13.248 MeV level and did not report these
transitions.

4.4 — The statistical factor Gy,.

A rough estimate of the expected theoretical value of G can be
obtained by averaging over all possible combinations of single-par-
ticle transitions in 28Si. This average value, <G>-—=—2 [1] is in
better agreement with the figure obtained in the present work than
with that reported by Lawergren. The arguments about the retarda-
tion of E2, AT=1 transitions relatively to E2, AT =0 transitions
(subsection %4.2) do not change appreciably the value given in table 3
(keg=0.29 would imply < G >=—(2.410.8)).
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5—SPINS AND PARITIES

The upper limits for the transition strengths, presented in table 2,
were used to restrict the possible spins and parities of levels with
unknown J*. Table 4 shows the relevant results, in comparison with
those of ref. [8].

TABLE 4
E, ‘ x assignments
(MeV) I Present Previous [8]
8.945 ‘ (4+, 5, 6+) T =(=)J
9.418 2+, 87) (2+, 8, 4+)
9.762 . (2,8,4) (2—4)
9.794 , (2, 3, 4+) (1—4)
10.210 (2+,37) (24, 8, 4+)
10.312 , (2+, 3) (44)
10.372 : (2) (8+) a)
10.916 ' (2+, 37, 44) m=(=)J
12.074 (2, 87) (2+)  b)
12,715 (2) (14, 2)
13,205 (2t (2, 3)+
13.230 2+, 37) 237) ¢)
13 984 3, 4) (2+:87)
a) Ref. [9] quotes J® = (3)F. b) Ref. [9] quotes J®=2(+),

c) Ref. [9] quotes J®=(2,3)*

6 —PREFERENTIAL DECAY TO HIGHLY

EXCITED STATES

A particular feature of the 28Si nucleus is the occurrence of many
strong gamma-transitions from (p,y) resonances to highly excited
energy states (see, e.g., ref. [16]). A picture of this can be seen in
tables 5-7 (only transitions whose strengths have errors of less than
54 % are represented).
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6.1—E1 transitions

It can be seen from table 5 that about 50 % of the full El strength
corresponds to transitions from the resonances to the levels at 9.316
and 9.381 MeV (J*=3*, T—1 and J*=2%+, T=1, respectively),
and that only about 15 % of the full strength corresponds to transitions
to g.s. or to the first two excited states. On the other hand, the E1

TABLE 5

FIMAL LEVELS ¢ MUIMAER: INIRNOY(MEY) JWL,T )
It P.007% G+,3 23 1770 24,0 3: 4.618 4+,0 fiz 4.979 B+.0
51 6£.276 3+,0 -1 6.69] O+, T £.879 3-.,@ ] f.889 4+.,0
9: T.381 2+,0 10: TetilT 24,0 11z T7.799 3+.,9 122 T.933 2+.,17
13: ®.259 2+,8 ta: B.328 1+,0 153 B.413 4-.0 16: R.543 6+,0
] B.5%9 34,2 18: BaD0AR 1-=42 19: 7.316 3+,1 202 9+381 2+.1
21t T.480 24,0 22: 9.782 5-,0 23: 12.188 3-,0 241 1P.41R 3+,0
7%: |A.ARR 3+,0 261 115787 2+,0

MATMALIZED STREMGTHS LESS THAY 2.A203% ANE REPRESENTED BY <;

FRAM A.0AAGS TN A.AAG5 AY .7 FROM A.7285 TO €.005 BY' :1i FROM

M.ARS TN A.EAS BY x; AMND FRNY f.05 TO B.5 BY >. THE SYMBOL T

NEFORE THE STREUATH IS FoR

e W R g ke ok kR

RECAY TARLE El TRANSITIONS ¢ A.1782=81 Y01, <>

A.TTD
Q'_rll 1
B0
0,700

3-5

-
-
=0
1

-

l=af

1A, jan
13195
12.217 2-,0
I-.0

TsT1
TR

v Y -
v
v
b

12.4%%
1D ABH
l’!."’\f. "\A"" -
12. 747
]"].ﬂ'_"\ J=yu® = > - -
12,974
12.9091
17.0234
13.851 2-.2 1
13104 7+,7
17.173 3-.0
13.7248 S=,1 "
11."’7’) _‘)-,-.'

13.3461 3-,7

13.417 t=,72 .

R * > > T2
ny,0 s

st 0 4 @3 2 @& @ @& @ q 8
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2
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decay strength of the three represented T — 1 excited states (from the
total of 22) is about 30 % of the full E1 strength, in accordance with
isospin selection rules.

TABLE 6

DECAY TABLE M1 TRANSITIONS C @,188E+2]1 W.U. <> 18 )

1 3 5 T 9 11 12 15 17 19 21 23 25
2 4 6 B 18 12 14 16 1B 228 22 24 26 SUM

8.328 1+.,0 t

10.669 3+,0 T1
18.981 1+.,1 T2

11.445 1+,1 T8

12.291 2+,0 TIT2
12.331 1+,1 TI T> T1

12.542 3+,1 T2T1

12.664 4-,1 T3

12.917 2+.,1 T

13.248 5-,1 T7

N =W WRMN—-=

SuM 11 2] 2] a 1 2 2] 3 1 2 2] @ a

FULL S'M 3@

6.2—M1 transitions

Most of the pure MI transitions have AT =1 (see subsection %.1).
However, it is remarkable (table 6) that two of the T—0 excited
states (from a total of 10) contribute with about 15 % to the full M1
strength, corresponding once again to transitions to the levels at 9.316
and 9.381 MeV. Besides. 35 % of the full Ml strength correspond to
transitions to g.s., in comparison with 65 % corresponding to levels
with excitation energy higher than 7 MeV.

6.3—E2 transitions

The E2 strength is mainly concentrated in the g.s. rotational
band (0— 1.779 MeV —4,617 MeV): 40 % of the full E2 strength
or even more if we consider also the decay of the fourth member of
the band (8.543 MeV). There are, however, two strong E2 transitions
to highly excited states (13.173 MeV—9.702 MeV and 13.427
MeV —10.418 MeV), which, by themselves, contribute with about
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30 % to the full E2 strength. There has been an intense search (e.g.,
ref. [10] and references therein) for a second rotational band in 28Si.
As can be seen from table 7, there is no clear evidence of this.

TABLE 7
DECAY TABLE E2 TRANSITIONS ¢ D.250E+02 Y.'. <> 10 }

I 3 5 T 9 1l 13 IS 17 19 21 23 'BS
] 4 6 B 18 12 14 16 1B 20 22 24 26

v
=z

1.779 2+.0 5

A4.619 4+,2 9

4.979 @+,0 4

6.691 2+,0 >

6.880 44,0 >

7.38] 2+,@ >

T«417 2+,02 > 2

B.259 2+.,0 * > 1

9.702 5-,0 *

12.872 2+.,0 * * >

12195 3-,0

12.291 2+,8 >

12.439 2+,0 * *

12.475 4+.,0 >

12.552 4+.,0 - > > > >
12.726 2+, > >

12:.817 4+,9 H >
12.855 4+.,9 *

12.901 2+,7 ’r > >

12.917 2+,1 T1

12.924 2+,1 T>

13.234 2+,0 > >

13.124 2+,0 *

13.173 3-,0 2
13.417 1-,0 >

13.427 5+.,7 > ]
13.826 2+.,0 >

13.973 2+,0 >

WOV TR IIII—I—-~RIDLON

FULL SUM 35
7— CONCLUSIONS

The isospin selection rules for dipole transitions in self-conjugate
nuclei seen well verified in 28Si. However, the results obtained show
a certain amount of isospin admixture, Hindrance factors of 9+2 and
(at least) 45+30 were obtained for electric and magnetic radiation,
respectively. The E2/M1 mixing-ratios are affected by the isospin
selection rules, the average value for AT =0 transitions being about
(at least) six times greater than the corresponding value for AT —1
transitions. On the other hand, an upper limit of 0.3 was obtained
for the expected absolute value of this last quantity.
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Reliable upper limits of transition strengths were obtained for
several types of electromagnetic transitions in 28Si, on the basis of a
quantitative criterion, and qualitative estimates were suggested for
other types. Possible spins and parities of some levels of 28Si with
unknown J¥ could be restricted to a smaller number than previously
by considering those upper limits.

It is a pleasure to thank Dr. C. M. da Silva for the stimulating
discussions at the beginning of this work. It must be stressed that
this work would not have been possible without the cooperation and
friendship of J. D. Cunha.
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B.680E+0]
@.256E-02
#.399E-02
2.6225-23
B.4THE-00
a.127E-21
B.511E-03
B36AT=A0
0.419E-83
B.9715-03

B.l45E-02
P.683E-02
@.123E-01
B.5M%=Z=-01
P.2312-82
B.356%+70
A1 THE-02
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A.3KE-03
A.23E+A0
A+31E-03
A« TE-0A3
R.9TE-A3
A.90E-083
LI B oL
?.162-02
B.H95E-A3
A.295-02

B.55E+02
A 14E-03
A.T6E-A4
A 46E-04
A.21E-02
. 60E-24
R41E-D4
A.T3E-04
A.42E-P2
A 15E+D1
A.80E-04
2.39E-23

B.R55-01
B ROE-04
8.47E-04
A.11E-02
. 465-04
A.1RE-23
7.99E-04
. 65E-04
?.5RE+30
B.15E-013
2.13E-082
B.31E-03
@.255-72

B.36E+01
#.81E-A3
B+ 13E-82
B.37E-23
M.29E-03
M. 4NE-D2
f.31E-21
7,200 .my
B.25E-03
A.58E-43

2.872~-03
A.21E-02
B.735-02
2.30E-01
A«B3IE-N3
Me13E+27
@.115-082
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E2
M3
E2
E2
£2
£2
E2
E2
E2
E2

M2
M2
M2
E2
M2
M2
M2
E2
M3
M2
M2

M2
M2
EZ2
M2
M2
M2
M2
M3
futed
E2
M2
M2

E2
E2
E2
E2
E?
E2
M2
E2
E2

E2
M3

E2

2.147E+0202
2. 166E+06
2.117E+27
B.25BE+00
A 442E+0D
B.H436E+AR
P.A1BE+BA
P.110E+@1
P.104E+3]
R.329E+01

P«326E+02
@.329E+02
B.113E+B2
P.150E+@1
2.1B82E+02
2.195E+02
P+ 4D6E+B2
2.282E+2]
2.188E+@7
P.83BE+B2
B.6A3E+Q23

2.107E+D22
B+ 164E+02
A.310E+02
2.250E+@22
@.122E+03
B.4T6E+R2
@.325E+02
B.480E+06
@.138E+@3
2.962E+00
©.28B2E+R3
B.441E+04

@.118BE+202
B.347E+00
2.109E+00
B.1@1E+70
@.276E+01
@.139E+20
@.113E+02
B.159E+27
B.642E+07

B.312E+00
A, 150E+04

B 321E+07

B.46TE+70
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e
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Ay54=-01
B.61E+05
A.TIE=-A1
@.16E+00
B.2TE+P0
A.26E+0R
B.37E+00
B.66E+20
f.63E+00
7.20E+01

A.59E+01
. 68E+01
B.60E+021
2.38E+00
B.96E+0]
A. 1BE+D2
B.21E+R2
2. 15E+0!
A.99E+26
B.44E+02
A.17E+23

B.34E+01
@.62E+01
B.19E+002
2.91E+21
B.45E+02
B.29E+02
A.20E+02
P« 29E+06
B.5PE+D2
@.5BE+00
@.17E+23
B l4E+D4

@.37E-01
A.11E+20
M. 66E-D1
A.61E-01
A.BRE+A2
A.BR4E-D]
B+ 68E+01
A«95E=-01
@.39E+20

A.97E-01
F+90E+03

B.12E+00

@.28E+30
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B.328
8.589
2.316
9.381

2.295
1779
4.618
6.889
7.381
Ta417
7799
7.933
8.32%8
9.316
9.381

124331
B.000
1779
6.691
7.381
T.417
7.933
B.328

12.439
2.000
1.779
4.61%9
6.276
6.889
7.417
74799
T.933
B.328
9.316
9.381

12.475
1.770
4.618
6.276
7.381
7417
7.799
7.933
8.259
B.589
9.316

12.489
2.000
1.779
4.618
6.276
6.879
7.381
Bs413
9.381

28

14,02
3+.0
3+.1
24,1

3+.0
2+,0
H4+,0
A+,0
2+.0
2+,0
3+,0
24,0
1+,
d+,1
24,1

1+,1
A+,0
2+.,0
a+,@
2+.,0
2+,0
2+,0 -
1+,0

2+.0
3+,0
2+,9
44,0
3+.0
N+ ,0
2+,0
3+,0
2+,0
1+,2
3+,.1
2+, 1

4+,0
P+,0
4+.,0
3+,08
24,0
24,7
34,0
2+,0
2+,0
3+,9
3+,1

3-.0
B+,0
2+.,0
44,0
3+,0
=20
24,0
4=,0
2+, 1

CorrEa, P. M. — Isespin selection yules in 28Si

nT=0¢ M1
DT=0 Ml
nT=1 Ml
DT=1 Ml
TO:
NnT=0 Ml
DT=0 Ml
DT=0 M1
DT=0 Ml
DT=0 Ml
DT=8 Ml
DT=0 Ml
DT=@8 E2
oT=1 Ml
DT=1 Ml
TOs
DT=1 Ml
DT=1 M1
DT=1 M1
DT=] Ml
DT=1 ™l
DT=1 M1
DT=1 Ml
TO:
DT=@ =2
DT=0 M!
DT=A E2
DT=0 Ml
DT=A E2
DT=0 Ml
DT=0 Ml
DT=8 Ml
DT=3 Ml
DT=| Ml
nT=1 Ml
TO:
DT=@ E2
DT=0 MI
DT=0 Ml
oT=0 E2
DT=4 E2
DT=0 Ml
DT=RA EZ2
NT=0 EZ2
DT=R M|
DT=1 Ml
TO:
DT=0 E3
DT=@ EI
DT=0 EI
DT=@ EI
DT=@ M]
DT=8 EI
DT=0 Ml
DT=1 EI

TABLE 8 (contianation)

P.156E-22
2.2235-72
B.6M3E-31
2.204E+07

A.120E-01
@.758E-02
@.723E-03
A«3I69E-D2
B.377E-02
A 14TE-A2
@«6B9E-A]
?.293E+00
A.144E-21
@.385E-P2

A.6035-3]
A.8B9E-32
2.260%=71
A.118E+D@
2.127E-9]
AH4965-71
A.353=-01

Ae345%-01
A1 12E-33
B.1T3IE-21
B 177E-0A3
A.396E-81
B.932E-084
B.166E-02
B.1942-03
@.255E-83
P 1B7E-01
A.9295-03

P.572E+00
B.T2MT-AY
@.733E-83
P.7TT7TAE-B1
B4186E+07
P.239E-02
P+455E+00
B.T27E+00
B.5955-M3
B.166E-02

D.109E+01
@.267TE-03
P.266E-03
2.299E-83
2. 185E-01
@.154E-03
@.723E-A2
P.7T97E-03
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2.93E-03
A.13E-02
R.22E=-31
B.64E-01

B.49E-02
A.26E-02
B.455~233
Pel4E-B2
B 14E-B2
P.9AT=-53
B.42E-B3
B.18E+RO
A.R9E-B2
A.24E-92

N.19E-31
P.30E-02
Be1AZ-91]
B.44E-D1
@.7TE-02
A.18E-01
A.21E-21

A.12E-0A1
P 43E-04
A.6TE-22
@.11E-23
B.24E=-9]
P.57TE-04
B«.64E~A]
A«12E-23
2. 16E-03
A.J6E-A2
#.57E-03

B.18E+02
A+ 43E-073
@.44E-03
Bel6E-2]
B.11E+09
P4 145-02
A.27TE+23
R+ 44E+D2
A.36E-03
B.10E-B2

B+ 6BE+BC
P.85E-24
n.85E-04
D.73E-04
A.59E-02
B.56E-04
#.26E-02
P+29E-83

E2
E2
E2
E2

E2
E2
E2
E2
E2
s2
E2
M3
E2
E2

4]
n

1 mm
v I R ]

E2
M3
E2
M3
E2
E2
E2
E2
E2
E2

M3
E2
E2
M3
M3
E2
M3
M3
Ee
E2

M2
M2
M2
E2
M2
E2
M2

P.581E+70Q
P.822E+002
B.343E+72
2.121E+R3

@.545E+00
P.64BE+22
P.125E+70@
Q.7TIE+R20
2.800E+0A
B.366E+00
B.182E+00
B.134E+26
2.818E+021
2.22RE+0]

B.366E+29

2.243E+02
P.265E+01
2.129E+02
Bl11E+A2

B.497E-32
B.204E+04
P.234E-01
B.926E+04
R.186E-01
@.3RTE+72
B.481E-01
@.7T60E-21
@.551E+01
2.501E+0@2

?.36BE+25
A.588E-01
@.961E-21
P.214E+05
B.524E+05
@.551E+00
M. 159E+06
B.295E+06
@.199E+00
A.BI9E+Q0

B.106E+02
@.195E+0A2
8.234E+02
2.296E+01
8.267E+02
@.219E+01
8.374E+33
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A.30E+00
AL49E+00
B.12E+02
@.3BE+22

@.18E+00
A.22E+20
2.77E-01
D.30Z+00
2.31E+020
A+ 23E+20
A.11E+00
2.83E+95
A.5BE+AL
. 14E+D)

A« L 4E+ 70

A.9PE+D 1
B.16E+3]
A 4BE+D ]
P.67E+01

A.19E=-D2
A.TRE+ED
Bel4E-D1
B.STE+24
A.11E-01
@.15E+90
P.37E-81
Ae4TE-31
B.19E+21
A.31E+DD

A1 2E+05
B.36E-01
A.58E-31
A 13E+AS
A.32E+35
@.33E+820
A.IEE+AS
Q. 1BE+D6
B.12E+082
B.51E+A0@

B.34E+01]
P.62E+01
B.B6E+D]
Q. G4E+DO
B.98E+31
B.BRE+20
B« 14E+23
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12.542 3+,1
1.779 2+.,0
4.618 44,7
6.276 3+,7
6£.879 3-,2
6.8R89 4+,
7799 3+.0
T+933 2+,0
R.589 3+.,72
.480 2+,7

12.552 #4+.,@
1.779 2+.,08
4.618 4+,0
6.276 3+.9
£.8A9 4+.,0
T.381 2+,0
TetilT 2+,8
T«799 3+.0
7.933 2+,0
R.259 2+,0
F.316 3+,1

12.684 a=,1
1.779 2+.,0
44618 4+.,0
6276 3+.,7
5.879 3-,0
65889 4+,0
B.413 4-.,7
B.589 3+,7
9.702 5-,0

12.726 24,9
B.008 RA+,9
1.779 2+,0
4.979 A+,3
64274 3+,0
6.879 3-.0
74381 2+,2
T«933 2+.,0
Be259 2+,0
Ba5R89 3+,
9.316 3+,1
9.381 2+,1

12.742 3-,1
0.000 O+,7
1.779 2+.0
6.276 3+.0
6.979 3-,9
T417 2+,0
7799 3+.,0
T+4933 24,9
B.413 A-.0
A.589 3+,0
9.316 3+,1
2.381 2+,1
9.772 5-,0

Portgal. Phys.

CorrEa, P. M. — [sospin selection rules in 255i

TO:
nT=|
DT=]
nT=1
oT=1
DT=1
DT=1
nT=1
DT=1
DT=1

TO3:
DT=0
DT=0
nT=0
oT=0
nT=n
oT=0
nT=0
DT=@
DT=a4
DT =1

TO:
DT=1
DT=1
DT=1
DT=]
DT=]
DT=]
DT=1
DT=]

TO:
DT=0
nT=0
nT=0
DT=0
JT=0
oT=0
DT=0
OT=0
DT=0
DT=1
NT=]

TO:
DT=]
nT=]
nr=|
nT=1
DT=1
DT=]
NT=)
DT=1
DT=l
DT=0
DT=0
DT=]

M1
M1
Mi
El

M1
M1
Ml

E2
M1
M1
M1
E2
E2
M1
E2
E2
M1

E3
El
El
Ml
El
El
E1l
M1
El
El
El
E2

TABLE 8 (continnation)

B.1252+07
R.208%-0]
B.20AE-01
A.233%-03
@.350=-22
B.192E+02
P.985E-01
R.102E-01
2.955E-21

2.612E-01

2.138E-7A3
2.5342-03
A.379E-A3
2.150E+00
2.38A%+MA
?.182E-83
B.343E+00
A.3045+09
?.B93E-A3

B.936Z-0|
B.242E-04
R.1755-02
A.170E-32
A.4089%-273
P.2T6E+0D
?.326E-02
R.272E-A)

B.127E+7A7
0.234E-02
2. 145E+70
B 646503
BSR4
B+349E-B3
A.727E~-83
@.2995-03
B.942E-A3
B.773E-0A2
R.1ATE-A2

A.Blan+0a2
B.963E-94
#.6372-03
2.2172-01
B.1275-A3
B.169E-03
0.4M2E-03
@.258E-082
@.2325-03
B.571E-B3
B.571E-83
B.37ME+01
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A.42E-31
B.8AE-72
7.705-92
A.14E-03
2.222-22
A.THE-D]
#.352-91
P.63E-A2
@.59E-01

A.205-01
B«H1E-04
#.20E-A3
A 14E-03
P.56E-8]
M. 1 AF+A7
B.62E-D4
A.13=+00
2.1 1E+00
A54E-03

B.57TE-21
B ISE-B4
A.56E-713
P.102-32
A.15Z-23
A.%9%-7]
B.1%E=-P2
A.16E-91

A.39E-01
A.TIE-A]
B.51E-01
A.38E-93
M. 195-04
@.21E-@3
M. 43E-23
2.18E-22
M.56=Z-23
A.27E-02
A.63E-23

A.50E+30
@+33E-74
B.225-03
B.TH4E-22
AL 49E-04
2. 65E-04
A152-A2
A+ 16E-02
B.BOE=-M4
@.22E-0A3
8.22E-A3
@.23E+01]
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E2
E2
E2
Mz
E2
E2
E2
E2

E2

E2

£3
1Mo
M2
E2
M2

Eg

M2
=2

E2

E2
M2
E2
E2
E2
E2
E2
E2

M2
M2
E2
M2
M2
M2
E2
M2
M2
M2
M3

@.S545E+01)
D.IBTE+D]
A«264E+21
2.330E+A2
@.552E+0272
@.430E+02
@.215E+02
P.330E+01
B.5138+02

B.3RAE+PA
2.1108E-2]
. 6R4E-21
B.595E-01
A ARHE+DS
2.196E+06
B.229E-01
R 116E+06
2.119E+86
A.A30E+00

A.6ME6E+B]
B.170E+21
A.195E+83
A.256E+27
@.557E+n2
B.769Z+72
B.891E+83
B.156E+22

8.983E-71

@.783E-01
B.TLIE+R]
D.616E-01
@.159E+2a
@+.756E-921
B.277TE+00
8.335E+21
@.48B1E+02

@.365E+01

@.691E+P2
@.319E+01

P.203E+022
B.314E+02
@.7BTE+B2
2.695E+24
B.609E+02
P.221E+73
B.229E+M3
?.288E+77
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=
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£5)

A.1BE+03]
A 6OAF+0R
P 10E+01
. 2AE+ A2
B34Z+00
A1 TE+D2
A.BIE+A|
B20E+A]
A.32E+02

A1 2E+024
A41E-02
2.25E-71
A.090T-n)
A 15%+05
2.39Z+05
2.14=-21
A.A3E+05
A AH4E+ DS
A.26E+TI0

A.ATE+A]
B RE+A]
B« GIE+A2
A.15E+20
R.21E+02
B.25E+72
P.2905+A2
M.OUE+D]

A.39E-21

Re4rE=-0]
A.25E+21]
2.37E-2]
A.95E=-71
B.45E=-01
2. 16Z+00
Rel2Z+01
G.29E+77

2.122+01
A+23E+P2
B.11E+01
A+ TRE+D]
2.12E+02
A.302+042
A.43E+07
@.23E+02
A.AS5E+Q2
A RET+AD
B.1RE+0T
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18.18a

l2.802
A.000
L7779
A4.618
6.276
64879
6. 989
T417
R.8117
7.316
9.3%81

12.817
1.779
HaeB18
6.276
£.889
A543
8.589

12.855
1.779
HNe6B18
6.276
6.879
£.829
7.2381
Tetil7?
7.799
g8.580
9.316
10,418
17. 668

12.921
a.am0
1.779
heB1B
6:276
64889
Ta8417
T7.799
7.933
B.413
B.589
9.316
9.3%1

12.917
1.779
4.A18
6.276
6. 889
7.381
7417
T.799
8.259
B.589

3-,0
F+,0
24,0

A+,

3+.,0
3-,10
A+,7
2+.,0
f=s7
3+.1
24,1

A+, 0
2+,9
4,0
34,9
4+,0
6+, 7
3+, 2

f+, 0
2+,0
H+,0
3+,0
3-,0
H+,0
24,0
24,0
3+,0
A4+, M
34,1
3+,7
be £

2+,9
A+, 8
24,0
44,0
3+,0
A+,0
2+.,8
3+, 7
2452
=27
3+,0
34,1
2+51

2+ .1
2+,
aA+,n7
3+.,0
H+ a0
24,7
24,0
3+,92
2+,
34,0

CorrEA, P. M. — isospin selection rules in 288i

DT=1 M1
TO:
DT=@ E3
DT=0 EI
DT=@ EI
DT=0 £}
DT=@ Ml
DT=0 E1
DT=@ EI
DT=0 Ml
DT=1 =1
D=1 El
TO:
DT=@ E2
DT=0 Ml
DT=0 Ml
nT=0 Ml
DT=p E2
DT=2 Ml
TO:
PT=R E2
DT=A Ml
DT=0 Ml
DT=0 EI
DT=@ M|
DT=0 E2
DT=0 E2
DT=0 Ml
nT=0 Ml
DT =1 M1
DT=8 Ml
DT=0 MI!
TO:
DT=@4 E2
DT=a@ M|
DT=0 E2
NnT=0 Ml
DT=2 E2
nT=0 M1
nT=0 Ml
DT=0 Ml
DT=8 M2
DT=A Ml
nT=1 M
PT=1 Ml
TO
T =1 Ml
DT=1 E2
oT=1 Ml
DT=1 E2
oT=1 Ml
DT= Ml
DT=1 Ml
nT=1 Ml
T=1 M1

TABLE 8 (continnation)

B.4535-02

B115E+0]
f.286E-7]
ABISE-04
B.4@83E-04
A.4TAE-D1
R.122E-03
A.419E-03
A«BR5E-A2
A.2217=-273
A.3IV3E-23

A.132E-P2
@+817E-93
@.147E-23
A.197E-02
B.208E+00
B.57TAE-92

A.102E+02
2. 6025-02
A.473E-21
B.66ME-04
A.T92E-A2
Bell44E+ND
A, 149E+707
A«117E-31
B. 686E-02
D392 =%
@.581E-@2
P.1B87E+02

B.134E-92]
Be.4432-02
B.1975+202
Be151E-91
B+ TIZE+DA
B.231E-722
B.5T4E-N2
A.155E-02
B« 159E+02
Be475E-02
Q.248E-01
P437E-01

A 150=+02
Be212E+7]
Ba4717=-"1
B 1T5E+01
@.Bla=-02
BeSIIE-AL |
B.2£875-7]
B.246%-01
P 9R9E-0]

++ B.28E=-87

+= B TIE+0D
+- D.96E-04
+=- M.32E-R4
+- N.25E-3y4
+- A.16E-21
+- M. 46-94
+- M.16E-03
+- B.31E-02
+=- M, 14E-03
+- B.19E-03
+=- A.48E-023
+- B.26E-03
+- M.53E-84
+= P.62E-%3
+=- A, 75E=-01
+= 0. |RE-@2
+=- M.J3E-2]
+- B.192-02
+=- B.15E-31
+=- R.ANE-Q4
+- B.29E-02
+~- A.RTE=-7]
+- A.9ME-A1]
+- D.43E-A2
+- P.A1E-02
+=- A.14E-9]
+- 0.35E-92
+- 2.39E=-91
+= @.38E-032
+- B.99E-023
+- R.56E-01
+- P.34E-32
+=- B.215+928
+- P.135-22
+- B.16E-72
+=- @.855-03
+=- D.87E+7]
+=- A.26E-22
+- B.7T1E-02
+- A.12E-21
+= B.49E=0]
+= B.TOE+AG
+= A, |RE-A}
+- B.112+31
+- P.50E-82
+= D.2AE-D]
+- B.16E-01
+~- R.155-01
+- A.3TE=-21

.E2

M2
M2
M2
E2
M2
M2
E2
M2
M2

M3
E2
E2
E2
M3
E2

M3

E2
M2
E2
M3
M3
E2
E2
E2
E2
E2

E2
M3
EZ2
M3
E2
E2
E2
E3
E2
E2
E2

E2
M3
E2
M3
EZ2

E2’

E2
E2

E2

0.348E+D1

2.107E+02
?.565E+01
B 429E+D1
P.6TSE+A1
.15B8E+02
?.655E+02
B.216E+01
#.823E+02
A.117E+33

@.7B4E+B2
2.613E-01
A.173E-01
7.2B83E+00
2.819E+25
De161E+A]

2.598E+34
. 44TE+PD
A.550E+@1
A.838E+81
A.112E+01
D.346E+05
2.362E+05
B.231E+31
2.190E+01
B.158E+02
B.493E+01
2.113E+03

A.181E+09
B.2@TE+A5
@.1T7T3E+01
Be lUBE+DH
P.38TE+39
B.111E+11
B.317E+02
B.6B5E+04
R.129E+01
B.973E+2]
B.17BE+02

P.609E+7|
2.222E+06
B.539E+01
B.34TE+06
Do 134E+T]
P.885E+031
B+SISE+7]
@.571E+21
B.266E+72

-
+ -
+ -
+ -
+ -
+ -
+ -
+ -
+ =

¥
+ =
*
+=
+ -
A

=
+ =
+ =
#=
=
+ =
*=
+ =
+ =
+ =
+ -
* =

+-
* -
-
+ -

+ -
o
T
* =
+ =
+ -

s
-
i
=
+ -
+ -
o =
=
+ -

P.21E+21

B.36E+A1
A.21E+01
2.26E+01
A.23E+081
P.6RE+0]
A.25E+02
2.82E+00
@.53E+32
B.72E+22,

A.28BE+D2
2.19E-91
A.63E-02
A.B9E-31
A.30E+D5
B.S51E+@0

B 19E+04
B+ 14E+020
P.18E+01
A.51E+21
Q.41 E+A0
D21 E+05
A.22E+05
B.B5E+00
B.11E+01
A.5BE+08]
P.30E+01
As41E+B2

@.41E-81
A+59E+P4
A.39E+00
D 42E+DS
2.21E+022
?.32E+00
F.17E+22
M«33E+04
2.TIE+00
A«2RE+@1
B.51E+01

B.20E+01
2.83E+05
P:20E+01
7.21E+96
#.51E+00
2.33E+01
?.31E+01
2.35E+81
7.105+02
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B8.4R0
13668

12.924
e.000Q
1.779
4.618
6276
6.691
6+879
6.889
7.381
T«al17
7.799
7.933
B.259
R.328
B.5R9

18.668

12.974
2.000
1779
4.979
6.879
T.a17
2.589
?.316

12.991
2.000
1.779
44618
6£.276
6.879
T«799
7.933
B.4l13
B+589
9.316

13.@34
2.209
1.779
4.618
6.276
6.879
6.889
7.381
75417
T«799
7.933
B+259
B.413
9.316
9.381
94872

13.051
f.00@

Portgal. Phys.— Vol. 10,

R+,0
3+,9

24,1
A+.,0
24,0
N+,R
3+,1
a+,7
=20
A+, 0
2+,
24,0
3+,0
2+.,0
2+,0
14,8
3+,0
3+,0

1-,0
B+,0
24,0
@+.0
3=,
2+.,0
3+,0
34,1

3-,0
B+,0
24,9
A+,7
3+,0
3-,9
3+.,0
2+,0
A=20
3+.,0
34,1

24,0
A+,0
24,07
44,0
3+,
3-,0
44,9
24,7
24,7
3+.0
24,7
2+,M
H=s 8
3tal
2%
2+,0

2=,0
A+,0

Corria, P. M. — Isospin selection rules in 255i

DT=1 Ml
DT=l Ml
TO:
DT=] E2
DT=] M1
DT=] E=2
nT=1 Ml
DT=1 E2
DT=1 EI
DT=] E2
DT=1 Ml
DT=1 Ml
DT=1 Ml
DT=1 Ml
DT=1 M1
DT=1 Ml
DT=1 Ml
DT=]1 Ml
TO:
DT=0 EI
DT=0 EI
DT=@8 EI
DT=0 E2
DT=8 EI
DT=@ M2
DT=1 M2
TO:
DT=8 E3
DT=2 EI
DT=@ EI
DT=0 EI
DT=@ MI
DT=@ EI
DT=@ EI
DT=0 MI
DT=8 £I
DT=1 £l
TO:
NT=0 E=2
DT=8 Ml
DT=0 E=2
DT=0 Ml
DT=0 EIl
nT=@¢ E2
nT=0 Ml
DT=0 Ml
nDT=0 Ml
DT=0 Ml
nT=0 M1

nT=0
DT=1;
nT=1
DT=0

TOt
NT= M2

TABLE 8 (continuation)

AeTH4RE=-7]
B.243E+00

A ARLT -0
2.125E+00
B.587E+20
7n.373E-71
A.2355+03
.1 66E-03
B.138E+7]
A.386E-71
B.262%-92
2.1332-0]
B.529E-31
B.324E-01
B.677E-02
B.296E-01
8.763E-01

B.779E-R5
Ae1525-05
B.125E-24
B.761E-31
A1 245=74

8.595E+21

B+ 14TE+R2

B.514E+00
A 6Q2E-05
B«314E-74
@.112E-34
B42B4E-P2
A.1P7E-B3
@.713%-85
B.2531E-02
2.1695-03
2.193E-02

B.572E=-A7
Bl A25=-02
@.1755+273
P.25TE-A3
BT -mn
N1 RBRE+30
Ball5e-72
2.131%-72
P.637%5-23
A.18472-77
9.17232-92

B2 T+28

+ -
+ =

-
+ =
+ =
+ =
P
+ =
IR
*=
+ =
i
+ =
—
+* =
+ -
=

+ -
+ -
+ -
+ =
+=
+* -
+ =

+=
-
=
+-
+ =
+=
+ -
+ -
=
+ -

+ -
+ -
+ -
+ -
+ -
+ =
R
+ =
+ =
Y
+ -
4+ -
s
S
=

B.46E-01
A 155+00

M. |9E=G2
B 4DE-01
D.225+00
e lA4E-0I
M VAE+AD
A.1AE=-B3
M. 83Z+73
A.104E-31
A.16E-A2
A.TIE-A2
A.20E=9]
A.20E-91
B4l E-D2
A.18E-21
A.46E-21

A.48S-25
%.R3IE-A6
@.64E-A5
@.42E-01
A.ARE=-A5
B.33E+81
B.HIE+O1

B.31E+00
A 22E-05
B.12E-04
A.6TE-A5
A.B4E-A]
PAPE-B4
@+43E-05
A.94E-273
A.6IE-A4
P.63E-03

A.3qE=-01

B:+51E=-23

A« 55E-%1
A+ I5E=-71
A, O F-04y
Bs61E-R1]
RaA2E-D]
Ao fTE=-27
B+3RE-07
A 6TE-2T
AeNSE-7]
A+ 26E+R]
B.50E-213
A+ 1 2E-02
R.9RE-03

Ao 14E+70
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E2
E2

M3
M2
E3
E3

M2
M2

E2
M2
M2
E2
M2
M2

B.319E+022
B.2425+03

B.53T7TE+R1
A 61 3JE+05
A.425E+81]

0.206E+02
P.273E+06
A.A33E+A1
P.436E+27
A.250E+81
A.107E+B2
2.750E+3]
B.162E+01
B.TI3E+21
@.756E+82

@.548E-B1

D1 4BE+DS
B.182E+81
2.237E+84
A.B44E+D4Y

B.217E+00
2.203E+01
2.110E+81
@.303E+P02
2.18PE+02
2. 126E+21
A.6B8E+07
A.395E+02
@.549E+03

A.HR46E=-71
.1 TRE+AS
A.2RAE-7
A.AT1E+7]
2.321E+95
B.1RIE+27
A.209E+09
B.11TE+2D
@.356E+07
2.272E+722
P.158E+84
B«303E+072
B.128E+2]
B.650E+07

+ -
+ =

+ -
+ =
+ =

Y
* -
+ =
gt
Yo
+ =
i
-
e
=

4o
+ -
T o
=

=
+-
=
+ =
+ =
s
i
.

+ =

L B N N
U '

+ + + +
LI B I |

B 19E+02
2.15E+03

M. 1 6E+B]
2. 23E+85
A 16E+A1

A.12E+02
Al TE+Q6
MN.23E+21
A.26E+27
A« ISE+B1
P+.39E+01
A45E+01
A.9BE+20
Q. 4BE+D]
A.46E+22

A.30E-01

A+BlE+R4
2. 10E+21
A« 13E+R4
A.46E+B4

2.81E-81
2.76E+00
A« 6TE+DOD
@.11E+20
P« 6TE+B1
2.77E+00
P« 23E+00
8. 15E+02
2.21E+83

A.20E-01
F.56E+04
A.1TE-21
@.25E+0@1
M. 1 2E+35
P.66E-01
AeTEE-D1
A.TRE-D1
A.13E+020
A.99E-P1
A.95E+@3
A.18E+00
. 46E+00
2.39E+00

31



1.779
6.27H
£.879
T.381
7.799
7.933
B.3728

S4,02
4,0
3-,9
24,9
34,7
24,0
1+,

13.1084
n.one
1.779
6.276
6879
7.790
R.413
R.580
9.316

4,2
A+.,0
24,7
3+,08
3=
A+,0
=22
G+, 8
3+,1

13.108
A+618
8543

17.187

3=,
fi+, 7
A+, 7
3-,0

13.173
f.000
1.779
A.618
6276
7381
Tall7
T+ 799
7316
J.702

3-,0
A,
24,0
N+, 7
A+,0
2+,
2+.0
3+,
d+,1
5-.,0

13,188
B.000
1.779
£.276
7.39]
7.799
7.9233
9.259
10. 668

O+, 1
A+, @
2,0
d+,0
2+, %
3+,82
2+,0
24,0
J3+,7

5=l
B4,0
2+.,0
A+, 7
3+,7
N+,0
fi=,0
34,1
S5=,0

13.248
n.5%0
1.779
44618
6276
5. 889
B.413
9.316
9.702

13.272
7.096
1.779
7.933
9.316
9.3%]

A4,
24,0
24,0
3+,1
2+, 1

32
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CoRrREA, P. M. — Isospin selection rules in 288i

nT=0
DT=0
DT=0
nDT=0
NT=0R
NT=0
nT=0

£l
M1
El
£l

£l

El

E
E
E
E
ot
E

Ml

ES
E3
M2
El
M1
M2
Ml

TABLE 8 (continuation)

Bel27E-22
AJSINE-AY
B YRA==-7]
A 1572-03
2.2815-07
BTLAE-79
Av182E-R3

@.2025-71
P.36TE-23
P.151=Z=-02
AaTHIE-T4
A.I9IE-N2
Ma321E+71
A.B60E-02
A 157E-0]

A ABRE=BS
A 46AS+B4
2.683=-722

Ae 6RAT+AA
A« 1BTE-%4
B.5)6E-75
A298E-24
A 69TE-T5
2.986E-0A5
A 3UNE-04
B.301E-03
R 4275401

P 722E-A2
A TTOE-01
Al 17E-11
P.263E-12]
Al TAT=-"]
B.17T7E-231
B.1555-7]
B.625L-01

B.34°9%4+77
Al 747402
Aa3257=-21
AebART+A]
BHINT-03
Ae241E~A2
P TRE+R2
PTA3T+07

LB AT+ AN

B.55%%-73
A.34995-03
@.135%-A2

N.2605-83

+ -
i
+ -
* -
+ -
+ =
+o=

£
+ -
o
+ =
=
=
+ =
+

=
+ -
=

* =
+ -
$=
=
+-
=
+ -
o
=

+ -
+ -
+ -
+ -
+ -
+ =
+ -
+ -

.
4=
=
=
T
+=
TS

P

¥i=
4=
+ -
=
+ =

Re4lE-03
A.3IE-24
R.1B6E=-2]
AeISE=-M4
Ael17E=-P3
A 43E-04
. 11E=-727

R.365-02
A TAE =74
Me515-03
R.238=-M4
A.75E-03
A.255+01
B+ |BE-B2
2.31E-P2

B 1 E+0A
A«31E-25
N« 19%-05
2.95%-05
A. 42E=-25
@+36E-75
B.13=-04
B.97E-04
2. 14E+21

7.45E-02
B.275-0]
A 463-02
B.175-21
M.115-71
P.11E-31
0.97E-0A2
7.39%-a1

A.21z+07

BelOT+N2
Ru2AT=2Y
Ba30E+7 |
A. 1 6E=-R]
2. 15C-07
A 4SE+22
B.245+97

N 1OE+AC
N+ 18E-73
B.15E-03
P«SIE-03
Be16%=-03

M2
M4
E2

M2
M2

M2
M2
M2
M2

Mmammmmm
M0N0 0N

M2
E3
M2
E2
ok |
%]

M2
M2
M2
M2

B.4531E+02
A.532RE+71
R.643E+01
A«222E+02
A.461E+02
A 1 24E+02
B.369E+02

Ao l44E-D]
. 163E+00
P.266E+01
B.704E+DD
2. 112E+84
A.215E+21
B.552E+01

A.253E+00
A.2H2E+ 7
A 422E+0]

@.373E+00
R.320Z+002
P« 2B4E+0]
B.301E+020
8.135E+0A1
P.SAPE+D]
B.918E+22
A+255E+07

B.3A2E+21
B.123E+0]
?.393E+21
A.301E+2]
B.323E+01
B.322E+B]
P.496E+02

B.145E+937
P 198E+T]
B.1R2E+7y
B.HyR9E+AD
A.520E+00
A.375E+05
B.298E+03

B.192E+72
B.619E+122
D:392E+03
B.7T7BE+22

¥
-
-
.
-
+ -
* -

+ =
=
+=
+ =
+ =
=
-

=
+=
+ -

+ -
+ -
+ -
+* -
-
+ -

oot

e

¥=
=
i
o
=
+ -
* =

s
-
S
=
+=
=
Fa

-
Fim
v
-

P.15E+82
R.32E+8]
2.21E+21
P.13E+02
A.2BE+P2
B.TSE+BIL
A.22E+82

A.30E-02
B.55E-01
A.26E+01
B. 1 3E+BN
A.BTE+A3
B.ASE+AD
A.11E+31

Ze16E+00
B.13E+10
A.21E+21]

A.12E+00
A« 12E+00
B.21E+AD
P.57TE+00D
B.SPE+ER
B« 20E+@1
B.295+02
A.B2E+86

B.11E+02]
A.49E+30
A 1SE+2]
B.19E+01
R.20E+2]
R« 20E+0D1
A«31E+02

F«BTE+RE
B.125+01
P« 61E+03
A.18E+@2
2.31E+00
A.232+05
A.95Z+02

M. 63E+D1
P.23E+82
A+ 15E+83
RATE+O2
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13.361
2.299
1«779
4.618
6.276
6.989
T.381
T 417
T.799
7.9233
8.589
9.316

13.417
2.9P00
1.779
A4618B
6.276
6.879
T417
B. 589
9.316

11.788@

13.427
4.618
6£.889
8.543
B.5R9
12.418
I1.78%

13.886
A.200
1.779
4618
6+276
9,480

13.9723
.00
1779
4618
6.276
T+38!
8.328
A.589
9.316

3-.0
A+.,0
24,7
A+, 8
A+.,0
4+, 0
24,0
2+,0
34,7
24,7
3+.,0
3+,1

1=,
A+, 0
24,0
4+,0
34,0
3-.8
2+.,0
3+,0@
3+,1
2+,0

S5+.,0
44,0
e
f+, 0
3+,0
3+,0
24,7

24,0
A4,
24,2
A+.D
4,07
2+,0

o4,0
B+,0
S4+,0
A+, P
3+.,0
24,7
1+.@
3+,9
3+,1

CoRRriEA, P. M. —- [sospin selection rules in #38i

TO:
aT= E3
DT=A EI
DT=0 EI|
DT=0 Kl
pT=8 E|
nT=0 E|
DT=9 El
NnT=0 EI
DT=23 £l
oT=0 EI
DT=1 El

TO1
DT=0 EI
DT=@ EI
DT=08 E3
DT=A M2
DT=08 EZ2
DT=A EI
DT=2 M2
DT=1 M2
DT=@ EI

TD1
DT=0 Ml
DT=8 Ml
DT=0 Ml
DT=A E2
DT=0 E2
DT=8 M3

TO:
DT=@ E2
DT=@ M|
DT=@ E2
DT=@ Ml
DT=@ Ml

TO:
DT=8 E2
DT=2 Ml
nT=8 E2
DT=0 Ml
DT=A Ml
DT=@ Ml
DT=8 Ml
DTe=] Ml

TABLE 8 (conclusion)

B.2855481
P.385Z-04
CIRRRRALL
Beli255=004
Aa A8 =04
el 538E=A4
2:206R=43
B275E=04
943338=94
A5 BE=A4
Be9HNE=R]

P.1T4AE-04
P.245E-04
A.568E+02
P.137E+02]
BG.199E+00
M. l46E-04
P.546E+01
@.261E+02
R.152E=-A2

2.189E-021
P.1442-01
P.364E-722
Ae121E+71
B.2172+02
B.5B6E+79

f.322E-02
@.552E-22
0.600E+03
B.178E-02
B@.371E-02

B.721E-92
@.651E-7A2
D724+
B.125E-31
P.306E-A2
B.508E-92
A.439E-01
@.86BE-22

F
=]
bu
$m
+=
-
=
k=
4=
.
o

e
+=
£
-
$ive
ri.
=
.
-

+ -
P
+ -
+ -
+ =
+ -

"
-
*is
+-
¥=

+ -
+ =
+ -
+ =
+ =
+ -
+ -
+ -

A.11E+91
P+99E-05
Aati| B=MY
Ae | AT=Ry
PeNE=0
el oY L
MeT7AE=04
Ao |TR=0
D« 2AE~B4
Ay E-7Y
P+.31E-83

PSAE=-AS
A TRE=-A5
A.215+00
A.5AE+20
B.73E-01
B.88E-05
f.33E+21
B96E+2]
P.56E-03

B.61E=-02
A.4TE-A2
A.22E-02
B.ASE+2D
M.80E+Q]
B.22E+79

A.20E-02
R.19%-02
R.21E+020
P+« TBE-B3
2.23E-02

A.S4E-02
B«33E-02
A.37E+22
A+ 6HE-N2
R 17E-%2
A.28Z-G2
A« 23E-A1
A+ 48T-02
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M2
M2
M2
M2
M2

M2
M2
M2
M2

142
Ma
E3
M3
M2
E3J

=
|

M2

EZ
E2

E2

E2
E?
E2
E2
E2

7. 1A3E+01
046572409
D« IBAE+D]
0, 698E+AL
941532401
2+.290E+02
B+ A04E+D1
3.513E+71
B« 1BIE+22
342625403

f.B20E+02
B.HA3IE+DT
A 226E+03
B:.335E+05
2.184E+01
@. 18PE+04
P.119E+85
A.257E+P4

B.123E+21
R.1TRE+D]
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