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Expressions for the matrix element governing the emission of magnetic multipole radiation are given.
The effect of weak configuration mixing and the small additional contribution to proton matrix elements
(~5%) arising from the nuclear spin-orbit interaction are considered. For 34 transitions, even in nuclei
near closed shells, the theoretical matrix elements derived from pure configurations are too large by a factor
of two. The effect of configuration mixing reduces these. Choosing a é-function interaction of reasonable
strength leads to a reduction of ~259%, in the matrix element for 1ges — 2p1/2 transition in 39Y50%. The
(2p1/2)1 — (1go/2)™! transition in 35Srse®” is reduced close to the required 50%. The 1k11/2 — 2d32 matrix
element becomes ~259%, smaller. However, there are no data available for the nucleus 50Sng;!'5, with which
one would like to make comparison. Finally, the (1713/2)™* — (2f5/2)™! transition in ssPb125?7 has its matrix
element reduced by only ~6%,. Although the reduction in 39Y50* is somewhat too small, one cannot make a
positive statement that configuration mixing is incapable of explaining the experimental result since a two-
body force of a more realistic type may close the gap between theory and experiment. However,
for g2Pbi25%7 there seems no doubt that other effects, for example, meson currents, must be incorporated.

INTRODUCTION

N the nuclear shell model with j-j coupling one has
to invoke the existence of residual two-body forces
in order to explain the ground-state spins of nuclei
having more than one nucleon outside a core of filled
shells.! The wave function ¢ of a nucleus then no longer
corresponds to a pure configuration, but has admixtures
of wave functions representing other configurations
of the same spin and parity. For nuclei near closed
shells, the admixture coefhicients, «;, should be small
and the wave function can be represented by

=¢o+ 2 i, (1)

where ¢ is the wave function of the pure configuration
and ¢; those of the admixed ones. Correspondingly,
the expectation value of a nuclear quantity Q is altered
in accordance with

wlely)
=(po|Q2] eo)+ 2: (o] Q| i)+ i a*(@:i| 2| 00), (2)

where we have neglected terms in a2

The importance of these admixtures for the explana-
tion of the magnetic moments and the quadrupole
moments of nuclei, which could not be accounted for
on the basis of pure configurations, was first realized by
Blin-Stoyle? and Arima and Horie.® It is precisely the
linear terms in (2) (with a;~1/10) which account for
many of the large deviations of the magnetic moments
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of nuclei from the Schmidt values, and for the fact that
many quadrupole moments are factors of two or three
greater than the single-particle values. In addition,
weak configuration mixing is also important in deuteron
stripping,* beta decay,® internal conversion, /-forbidden
magnetic dipole transitions,® and electric quadrupole’
and octupole® gamma transitions.

The theoretical lifetimes for magnetic radiation,
assuming pure configurations, have been investigated
by several authors.®~! In particular, Moszkowski has
pointed out that the theoretical matrix element for
M4 transitions in nuclei away from closed shells is too
large by approximately a factor of three. This is not
hard to understand since the nuclear states involved
are far from pure. For nuclei near closed shells the
experimental value is larger; however, theory still
exceeds experiment by a factor of two. In this note we
shall investigate the effect of weak configuration mixing
on magnetic multipole radiation with emphasis on the
M4 transitions.

THEORY

Following Moszkowski,’? we write the transition
probability per unit time for radiation of multipole
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order L as

8w (L+1) 1(w)2L+1 1
T LLQLA) P 2ji+1
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c
where
W™ | M par [ i)

= (=11t V (§5:L; —mgms — M) |3,
V is the Racah form of the Clebsch-Gordon coeffi-
cients,!® 7w is the energy of the emitted gamma-ray, ¢
is the velocity of light, and j; and j,; the spins of the

initial and final nuclear states. For magnetic transitions
involving protons, My is given by

A Lerad (7]
Mry=——DL-[grad(rLV
e L1 .

eh
+—npo-[grad(rLV.M)], (4)
2mc

where p,=2.79 is the magnetic moment of the proton
and ¥ * is the usual spherical harmonic. The analogous
neutron operator is obtained by replacing u, by
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un=—1.91 and omitting the term involving the orbital
angular momentum operator L. In order to be able to
apply the methods of the Racah algebra, it is convenient
to recast (4) in a somewhat different form. By straight-
forward application of the formulas given by Condon
and Shortley, one can show that

%
M= —2(—1)L+M(2L+1)L%(—e—)
2

mc

1
X m%,bz V(L'—l lL, Mﬂ%gM)[(/.Lp"L—_H)

X YL—-ImlLMZ_P‘pYL-—lml-]m{IrL—I; (S)

J being the total angular momentum operator.

We shall call transitions for which |j,—js|=L
normal transitions, and for these the term in the inter-
action proportional to ¥Yr_i™Jme cannot contribute
since Jmg does not change the total angular momentum
of a state. The matrix element for a single particle
(or hole) making a transition from an initial state
(1;1:) to a final state (I7;) then becomes

Wy =2(=)=up— (1/ L+ 1)1(2A-1) QLA+ D LQL— DE(:A1) 2 +1) (241) 27+ 1) /4n T

X () 2mc) V (L—11d;; 000)W (L—1 Lidi; U)W (Lijd 17 %L)fRf”I’"IRiT2d7’, (6)

where W is the Racah coefficient’® and R;, Ry are the
normalized radial eigenfunctions of the initial and final
nuclear states. This should be a good approximation to
the transition matrix element for nuclei in which the
initial and final states can be assumed to be reasonably
pure single-particle configurations.!®

We shall now consider the effect of terms linear in «,
Eq. (1), on the above matrix element. There are two
types of mixing which can contribute and we shall

discuss them separately.

Yiimi= ol (J2) Y tar D

mimomgM

(1) Like-Particle Mixing

Under this category we consider mixings in which the
neutron core is inert, if shell-modelwise the transition
is attributed to a proton. Thus if the initial and final
states have predominantly the configurations (j1)2/r+4;
and (71)%711j;, respectively, ji being a proton level
which is full, then the only mixing in the initial state,
say, which can contribute linearly to the matrix element
will be one in which only a single nucleon is different
from the final state, and so will be of the type (§1)2 s,
it being assumed that the spins ji1, jy, 7: couple to the
resultant 7;. The wave function of the initial state may
thus be written as

(=1)7Harictml (27 +1) (27411

XV (j1giT s mame — M)V (J jije; Mms —m)X ™ (5:27) Y5,m2Y5m,  (7)

where ¢o°(7:27**1) is the normalized wave function of the full 7; level, which necessarily couples to spin zero, and
xi1™(71%1) that of a hole in this level. Y, is a single-particle wave function of spin j, and J, which ultimately
must be summed over, is the resultant spin of j; and j;.
The contribution from this admixture to the transition matrix element is easily calculated, and for normal
13 G. Racah, Phys. Rev. 62, 438 (1942).

1 E. U. Condon and G. H. Shortley, Theory of Atomic Spectra (Cambridge University Press, London, 1935), z? 53.
15 The reduced matrix element for a transition involving holes differs from Eq. (6) by the phase factor (—1)&+1,
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transitions is given by
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WAl =2 s2as(— 1)1 (et/ 2me) (2L+1) (274 1)[L(2L—1) (2L:A4-1) (25141) (2L4-1) (2T +1) /4x ]!
XV(L=11d1; 000)W (7:LI 515 j1j){ (— 1) [up— 1/ (L+1) L (CA-1) (204+1) I
XW(L—1 LIdi; )W (g gy 3L) —ppl 7: (1) (25:41) T
XW(L—1Lj;ji; 1j)W(lijdija; L—l)}fRirL_lerzdr. (8)

To estimate the mixing coefficient ey, we assume a two-body interaction of the form

14 (1'1 —
One then finds!”
( —_ 1) J+i+i1

ajg=
Uy

r2)=—"Vb(ri—ry), 9

————A—E———Vo(21¢+1)(fRleRfrﬁ’dr)[(ZJ-l—l) (27:41)2L+1) (251 +1) (214-1) 25,41 T

X 2 QI+ OWUrjiligs; 3T)W (hjidifs; 3T)W (5T 8T ji; §ij) V (ki 55 000) V (I42:7 55 000), (10)
J3

where AE is the excitation energy of the admixed
configuration, and as used here is a positive quantity,
and the integral is over the normalized radial wave
functions of the states in question.

If one assumes AE to be independent of J, the sum
over J in (8) can be performed by making use of the
relation

(= 1? QDWW (jTaTjs; : 1)
XW(jiLJjs;j1je) = (—1)7stl—is—i

XW (jsLT3j1;jijo)-

Yimi= oo (Jr )X () e (fA) 8 X2

mimam3M

XV (T Jo; msM —m)V (jrjal 5 mame — M)X ™ (5127 Yiz™ oo (§2H) X5, (5,27),

(2) Unlike-Particle Mixing

This type of mixing will be used for transitions
involving holes only.!78 Suppose that (71)21(y5;)~!
and (w71)%1(v ;) are, respectively, the predominant
initial and final state configurations, where = denotes
a proton, » a neutron, and j; is a proton level which is
full in the unperturbed initial and final states. Then the
initial state can have an admixture of the configuration
(rg0)¥ (7 72) (vis)7L with 71 and j» coupling to angular
momentum L, and L and j; to j;. The initial state
wave function may be written as

(= ractisen (27+1) (21

(11)

where the notation is similar to that in (7). Only the term J=L will contribute to the matrix element since in
the final state the protons have spin zero. The additional contribution to the matrix element from this admixture is

given by

Wllmiye=—28(— 1) (ehr/2mc) [L(2L+1) (2L—1) (21:41) (251+1) (27:+1) (2l2+1) (252+1) /4n ]}
XV (L—1 Liz; 000){ (— 1)#+[1 (1+1) (20+1) PLup— (1/L+1)]
XW(L—-1 L.l1l1 s U)W (lijabego; L) — (— 1)t §1(514+1) (25:+1) PupW (L—1 Lj1j1; 152)

XW(l1jllzj2; % L—l)}lefI’_IRﬂ’zdr. (12)

In this case the mixing coefficient, 8, depends on the neutron-proton interaction, which we take to be of the

form

V(I‘l—l‘z) = —i(\;‘l—ﬂ'l 02) V,6(r1—

1'2)"‘%(1—01'02)V35(r1—1‘2). (13)

where V; and V, measure the strength of the interaction in the triplet and the singlet states, respectively.

16 For transitions involving holes, the coefficient of s in the reduced matrix element, Eq (8), is multiplied by (—1)7+/+L=i1 gy is
multiplied by (—1)7s+/+i1 so that the complete matrix element is again multiplied by (— Vit
17 See, for example, L. I Schiff, Quantum Mechanics (McGraw-Hill Book Company, Inc., New York, 1949), Chap. VII. The minus

sign is used in this definition so as to make AE positive.

18 See, for example, Strominger, Hollander, and Seaborg, Revs. Modern Phys. 30, 585 (1958).
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One easily finds that
(Vt— Va)

8rAE
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8= ————[QL+1)(2+1) (2/,+1) (20:A41) 2h+1) (271+1) (2l+1) 272+ 1) (- Dttt ; (275+1)

XW(l/jfllj1§ %-73)W(lijil2j2§ %Ja)W(].z‘Ljsjl; jfj2)V(lfl1J3; 000)V(l,'l2]3; 000) fRinRlR‘p‘?dr. (14)

It is interesting to note that B vanishes for a spin-
independent potential, V,=V,. This result is quite
general and holds independently of the é-function
approximation. To see this, one notes that the protons,
which were initially in a state of spin zero, are excited
to spin L. Hence only the Lth spherical harmonic in the
Slater decomposition of the (spin-independent) po-
tential* can contribute to 8. But the Lth spherical
harmonic connects states of same (opposite) parity
when L is even (odd). However, for normal magnetic
multipole transitions the parities of the initial and final
states are opposite for L even and the same for L odd.
Hence g=0.

In addition to mixings in the initial state considered
above, one will in general, also have admixtures in the
final state, giving rise to additional matrix elements.
For this case the indices 7 and f are interchanged in
Egs. (8), (10), (12), and (14) and in addition Egs. (8)
and (12) are multiplied by (—1)Z,

The coefficients 8 for mixings in the initial and the
final states are simply related. To see this, note that!®

B=—(V)/A,

where (V) is the matrix element of V between the
perturbed and unperturbed states. For a potential of
the form given by Eq. (13), with V, and V, arbitrary
functions of [ri—r;|, one can easily show that the
kth term in its Slater expansion has matrix elements
in the two cases which are related by

<Vk>iinal <Vk>initial

(2ji+1)b @2j+1)t

—1)4H

(15)

Since j;, js (and therefore also ji, j») are states of
opposite (same) parities for L even (odd), only odd
(even) values of k will contribute in (V). Thus for L
even, B; and B have the same sign; since the coefficient
of B8 in Eq. (12) does not change sign on interchange
of (7)) and (4,l5), the contributions from both mixings
add. Although for L odd, the 3; and B; are of opposite
signs, their coefficients in Eq. (12) also change sign,
and so the contributions to the matrix element are
again of the same sign.

RESULTS AND DISCUSSION

In the previous section we set up expressions for the
transition matrix elements governing the emission of
magnetic multipole radiation under the assumption

that the configuration mixing involved was small.
Hence our theory is applicable only to nuclei having
a single particle or hole outside a closed core, for which
one can with some certainty assume relatively pure
single-particle configurations. The fact that away from
closed shells the configurations are far from pure is
vividly illustrated by comparing the (1go/2—2p1/2)
energy difference in the neighboring nuclei 3Y50* and
30Y %7, In the former' it is 915 kev, while in the latter,
only 388 kev. This shows that in 3Ys® what is
commonly called the single-particle level with the
neutron core having spin zero must in fact contain
large admixtures of configurations with the neutron
core excited to spin 2.

We shall now specialize the theory to M4 transitions,
According to the shell model, there are three regions
where isomeric states emitting M4 radiation should
exist; namely, where the (1go/s,2p1/2) levels lie  close
together, where the (1%11/2,2d3/2) levels are nearly
degenerate, and where the (1713/2,2f5/2) levels are near
neighbors.

(a) (199/202p1/2) Region

There are two nuclei exhibiting this type of nuclear
isomerism which have a single particle (or hole)
outside a doubly closed shell or subshell, namely,
39Y5089 and 3851'4987.

(%) 39Y50®

In this nucleus the 1gy; level lies 915 kev above the
21,2 level. The experimental half-life of the transition,
corrected for internal conversion, is® 20.4 seconds.
Assuming that the nuclear radius is R=1.2X10"1341%
cm and further (in accordance with Moszkowski’s
square well estimate'?) that

f R;(r/R)*Rr*dr=1%,
0

one finds from Egs. (3) and (6) a theoretical half-life
of 5.2 sec. Thus to bring theory and experimental in
agreement, one must reduce the theoretical matrix
element by ~50%,.

The theoretical estimate of 5.2 sec assumes that the
proton configuration of the initial state is

(2p312)*(1f5/2)%(1gs/2)

1 See, for example, M. Goldhaber .and A. W. Sunyar, Phys.
Rev. 83,906 (1951).
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while that of the final state is
(2p3/2)*(1f5/2)5(2p12),

where we have written down the entire proton con-
figuration above the 28 shell, even though in zeroth
order the 2p3/2, 1f5/2 levels do not affect the transition
probability. To include the effect of configuration
mixing, we must take account of the admixtures in the
initial state of the form

(293/2)%(2p1/2) (1£5/2)°(1g9/2),
(293/2)* (1f5/2)%(2p1/2) (1g9/2)-

If one restricts oneself to excitations within the 28-50
shell, then these are the only admixtures which con-
tribute linearly in @ to the matrix element. The reduced
matrix element then is the sum of Eqs. (6) and (8).
Assuming harmonic oscillator wave functions for the
radial integrals, we find

and

=\1

()
X[ 2304 (AE);( ) (:J_ri)
1

8(?634 (AE)g( )

where (AE)3,» is the difference in energy between the
2p3;2 and 2p;,» single-particle levels; (AE)s/2 between
the 1f5/2 and 2py/ levels; and v is related to the nuclear
radius and comes from the harmonic oscillator wave
functions which are of the form R~exp(—v7?).

One can estimate V, from the experimental pairing
energies. For example, the 3p1/2 level which fills between
N=124 and 126 in lead should have a high degree of
purity. From the pairing energy of this state,® which
is 0.646 Mev, one obtains

Voly/m)i=

Since # is related to the nuclear radius, this quantity
changes with A. Using Ford and True’s? prescription
for the relationship between v and the nuclear radius
one finds that for A~90, V,(y/x)* should be ~3.5.
With this assumption, the square bracket in Eq. (16)
becomes

(V/fllmllllfz)—

.va"'"

] (16)

I‘p_”

2.8 Mev.

0.15
(AE)s

0.08
(AE)y

With (AE)3;2 and (AE)s;2~1 Mev, the matrix element
is reduced by ~239%,. Thus assuming a é-function
interaction between nucleons and'limiting oneself to
mixings lying within the 28-50 shell, one sees that the

2 J. R. Huizenga, Physica 21, 410 (1955).
2 W, W. True and K. W. Ford Phys. Rev. 109, 1675 (1958).

K. K. GUPTA AND R. D. LAWSON

transition matrix element is not sufficiently reduced.
One can argue that the 28 shell is not particularly well
defined and hence one should also include mixings
which involve excitations of a (1f;2) proton to the
(2p1/2) level. If this contribution is included, an addi-
tional term must be subtracted from the square bracket
of Eq. (16) which has the magnitude 0.19/(AE)7/2. In
this case (AE)72 is probably 3-4 Mev, and hence this
term tends to reduce the matrix element by an addi-
tional 59%,. However, the over-all effect of the con-
figuration mixing seems too small to reduce the matrix
element by the desired amount.

(’M,) 3881’49 87

In this case we have a neutron transition between
the 394-kev (2p1/2) hole and the ground-state (1ge/2)
hole. The experimental half-life?® is 1.86X10* sec,
whereas the theoretical estimate gives 0.4X 10! sec, so
that the neutron M4 matrix element must also be
reduced by ~50%. In this case the mixings which
involve only the 28-50 shell and contribute linearly
to the matrix element correspond to a proton excitations
from the (2p32) or (1fs/2) level to the (1ge2) state
together with a neutron switch between the (1go/2),
(2p1/2) levels. For mixings in the final state only, the
reduced matrix element is

320 /e
Wl = ﬂn(d)

(2r)y?  \2mc
TIN5 AV [\t fuptd
o+ SIe.
38406 (AE);\x/ \ 4,
L 143V/5 AV (y)%p,,—g]
"896v/6 (AE)s\1/  pn T

where AV=V,—V,, the difference in the singlet and
triplet potential strengths, (AE)s;»= (Ezpsja— Fige/2)
+0394, and (AE)5/2= (Elfs/z—Elg9/2)+0.394. Here
— E2p3/5 is the binding energy in Mev of a single
particle in 2p;3/2 level, and as defined with the minus
sign, E2p32>0, and similar definitions hold for the
other E’s. The additional energy, 0.394 Mev, corre-
sponds to the fact that in the admixed configuration
the neutron state which was originally a 1gs/2 hole must
be excited to the (2p1/2) hole.

A similar contribution to the matrix element comes
from mixings in the initial state. From the discussion
following Eq. (15) it follows that this gives an identical
contribution except that in the definition of the AE’s
the energy, 0.394, must be subtracted instead of being
added, since in this case the neutron configuration is
“de-excited” from the (2p1/2)‘1 state to the (lgg/z) 1
state.

The magnitude of the correction term depends on
the difference between the triplet and singlet inter-
action strength. For V,—V >3V, the value assumed
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by Pryce,? and taking AE’s™~2 Mev, it appears that
one can reduce the neutron matrix element by the
required 50%,.

() (1hyy22ds/2) Region

For neutron transitions between these two levels, the
reduced matrix element including the effect of weak
configuration mixing is given by

o Gl s ()
2mc 22528 (AE)s
5525 ( Vo )(v)*]
202752\ (AE);./ \x/ I
where (AE)s/, and (AE)z,, are, respectively, the energy
differences between the single-particle levels (2ds/2,2d3/2)
and between (1gr/s,2d3/2). Assuming these to be ~1
Mev, the reduction turns out to be approximately 25%,.

One would like to apply this result to s50Snes''%, but there
are no experimental data for this nucleus.

Wslonlgs) =

(¢) (liis2y2f52) Region

The nucleus gPby25?" exhibits an M4 transition of
the form (1213/2)(2f5/2)® — (1713/2)1*(2f5/2)® between
two of its excited states, of half-life 1.3 seconds.
Although one would expect an almost pure configura-
tion, since any admixture can arise only from excitations
across the 82 proton shell or the 126 neutron shell, the
theoretical lifetime on the basis of pure configurations
is only 0.32 second, again requiring a reduction by a
factor of two in the matrix element. One would not
expect to obtain such a reduction from configuration
mixing, since the AE’s involved are ~3-4 Mev. How-
ever, to be sure that there are no anomalously large
contributions, we have calculated the contributions
to the transition matrix element from the admixtures
corresponding to excitations across the shell. Including
only like-particle mixing, we find for the reduced
matrix element:

Wllonly:)y= “:' (ch) [

0.016
(AE)op

0.005
(AE)s)

0.006
(AE)1»

0.001
(AE)m
0.111 ]
(AE)1s )
where (AE)s/z, (AE>7/2, (AE)Q/Q, and (AE)u/z are the
energy differences between the single-particle level
17:13/2 and the levels 3d5/2, 2g7/2, 2g9/2, and 1i11/2, respec-

tively, and (AE);52 is that between the 2fs» and
17152 levels. Further, Vo(y/7)? has been taken to be

2 M. H. L. Pryce, Proc. Phys. Soc. (London) A65, 773 (1952).
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2.8 Mev. We see that although each of the contri-
butions from configuration mixing tends to decrease the
matrix element, the net effect is much too small, of the
order of 59, even if all the AE’s are taken as small as
2.5 Mev.

Mixings corresponding to proton excitations across
the 82 shell also give small negative contributions.
There are twelve mixings in both the initial and the
final states which can contribute. The one with the
largest numerical factor arises from the excitation of a
proton from the 1411/ level to the 14135 level, and this
gives a contribution

169575 (AV) ('Y)%(#p+8/5)
6443008 \AE/ \ 7 T
and even this gives a reduction of only 1-29%,.

One might argue that with so many admixed con-
figurations the original normalization of the wave func-
tions should be reduced from 1 to 1—> ;a2—> ;82
However, this is a small effect since in the case of
Pb27 each «; or 8;~1/20.

Thus one can conclude that in the case of Pb*7, weak
configuration mixing—and certainly near the doubly
closed shell all mixings are small—is not capable of

bringing the theoretical M4 lifetime into agreement
with experiment.

EFFECT OF SPIN-ORBIT INTERACTION

A proton experiences an additional electromagnetic
interaction because of the strong spin-orbit force.?
Assuming that the spin-orbit potential is a multiple, A,

of the Thomas term,
M2 14V
N |

Am2c? r dr

Veo.=—

with A>0 to give the desired level sequence, it follows
from gauge invariance that for a proton there is an
additional operator which can lead to emission of
multipole radiation of order L

Net 4V
i (— 1) LHM

dm?*  dr

Mg.0.=—

X[ Z V(L+1 lL mims M) YL+1m‘0'm2
(LA1)E mims

+I} Y V(L—11L; mymy M)V 1_™oms |.

mimsg

(17

Using the standard Racah techniques, one finds that
for normal transitions the first term in Eq. (17) gives

2 J. H. D. Jensen and M. G. Mayer, Phys. Rev. 85, 1040
(1952).
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rise to the reduced matrix element :

WM 0. [13) = (— 1).’"}"%(

eh
2me
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) (7:;2) ( f RJL(Z_I:Rﬂ?dr)L[(ZHQ 2l+1)(27,41) (20:4-1) <2ji+1)r

4o (L+1)

XV (LA-11d;5 000){[j:(ji+ 1) (27D PEW (L+1 Ljsji; 17)W (Lijidsjss 5 L+1)

=LA QLAD)TPW (L1 LI U)W (jdsgr; 310)}.

The second term in (17) gives a similar contribution
except that in the V’s and W’s L4-1is replaced by L—1,
and in the multiplicative part L[ (2L+3)/(L+1)7] by
[L2L—1)7T%

The effect of this term on the proton transition is
easily calculated. Assuming harmonic oscillator wave-
functions with the oscillator potential written as
V=—V,+3kr?, we find that the square bracket of
Eq. (16) should contain the additional term

(11) M2k (4m 1

60/ dm2c2\ 42 )Wp—% ’

For 1/y=7.3X107% cm? the value needed to make
S Ri(r/R)*Rp2dr=3% in 3Y5%, this correction term
becomes —0.05(Ni%k/4m?c?). Further, the quantity
(N2k/4m?c?) (2141) gives the energy difference between
the states with j=I/4+% and j=I—3%. Assuming Mi%k/
4m?c?*~1 Mev, the spin-orbit contribution reduces the
proton matrix element by 5%, bringing the theoretical
value closer to the experimental value.

In conclusion one can say that in all cases the effect
of weak configuration mixing is to reduce the M4
matrix element. For 3Y5® the reduction is ~259,
with a further reduction of 5%, due to spin-orbit
coupling. Although the calculated reduction falls short
of the required 509, one cannot make a positive
statement that configuration mixing is not capable of

(18)

giving an adequate reduction of the matrix elements,
for it is possible that a two-body force which is more
realistic than the 6 function might close the gap between
theory and experiment. For sSrs®” the effect depends
sensitivively on the difference between the strengths of
the triplet and singlet interactions. In this case one
seems to be able to get the desired reduction with a
value of (V,—V,) which is not in disagreement with
n-p and p-p scattering data.

On the other hand, for Pb*? one can with some
certainty say that the effect of configuration mixing is
not sufficient to explain the observed lifetime. In this
case one is, therefore, forced to consider possible
contributions from other effects, for example, meson
currents.

It is interesting to note that a somewhat similar
situation seems to exist for magnetic moments. An
adequate explanation of the magnetic moments of
medium weight nuclei can be given by considering
configuration mixing. However, the magnetic moment
of §;Bis®® requires a 5% admixture® to explain its
anomaly—a mixing much greater than seems reasonable
near a doubly closed shell.
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