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Taking the titanium isotopes as an example, the magnetic multipole excitation strengths are calcu-
lated in the single j shell model (f;,,). Expressions are derived for the summed strength in this
model for the modes with nonvanishing strength— M1, M3, M5, and M7. An approximate expres-
sion for this sum is obtained in which only the components of the wave function in which neutrons
and protons couple to angular momentum L =0 and 2 (v =2) in the ground state are included. The
signature selection rules for the nucleus **Ti are considered. It is noted that the M1 strength is
mostly concentrated in the lowest state (at least 80%). The higher multipole modes are more strong-
ly fragmented. For these modes, there is significant strength in the isobaric analog states, especially
for M5. A closed expression for strength to the isobaric analog strength in **Ti is obtained.

I. INTRODUCTION

In a previous work,! it was noted that an analogy could
be made between the behavior of M1 excitations in the
f1,2 region and those recently observed in the deformed
nuclei including, and in the neighborhood of, '*Gd. The
energies and M 1 strengths in the two regions were sys-
tematically similar, and the theoretical expressions in both
cases had the common thread of involving isovector tran-
sitions which did not change the overall isospin (except
for “Ti where all 1% states have T =1). The values of
B(M1) in the f;,, region were of the order of one single
particle unit and the excitation energy of the lowest 1+
state was about 4 MeV. These states have been called
scissor modes in the deformed region with a picture in
which the symmetry axis of the neutrons and that of the
protons oscillate with respect to each other. In the con-
text of boson models these states are of interest because
they do not occur in IBA-1, only in IBA-2.2~*

In this work we extend the work to higher multipoles
and we also consider the summed strength. The latter is
important to ascertain whether or not the strength for a
given multipole is concentrated in the lowest state. The
expressions for the summed strength will only involve the
ground state wave function and therefore will be less com-
plicated than the corresponding expressions for transitions
to individual levels.

Much encouragement for this further work comes from
the fact that an Orsay, Darmstadt group, and Michigan
State collaboration® has found the lowest 1% state in “°Ti
and 4.3 MeV with a strength B(M1)=1.0 p% (the
predicted value was 1.76 u% at 4.00 MeV). Not only that
but the Darmstadt group found that the 1% spin flip state
was at 10.2 MeV, quite far away from the “f,,, state.”
This gives us hope that in zero order at least the low lying
[7,2 states and the spin-flip states will not be hopelessly
intertwined and that the f;,, model will therefore be of
considerable use in correlating the data. Of course a resi-
dual interaction will mix the basic spin flip and pure f5,,
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states and there are other states like f7, ,12 Pz, that enter
for higher multipoles. Ultimately larger basis shell model
calculations will be done to get a more complete picture.
Nevertheless the single j model here will be shown to be
quite relevant.

We should remark that although in the original McCul-
len, Bayman, and Zamick (MBZ) paper® it was not possi-
ble to list all the energy levels and wave functions [and
indeed no states of unnatural parity (1*,3%,5%,7%, etc.)
were included], we were wise enough to write a technical
report’ in which all the wave functions were listed. With
modern experimental techniques, and especially medium
energy probes—pions, protons, and electrons, one can now
reach these unnatural parity states. This technical report
should therefore be a gold mine of useful information.

II. THEORY

A. General expressions

The wave functions of the titanium isotopes®~® in the
f7,2 model are

=3 DUL,LI(f3) (5,

L,L,

where DJ(Lp,Lnu) is the probability amplitude that in a
state of total angular momentum J the protons couple to
angular momentum L, and the neutrons to angular
momentum L, and seniority v.

We consider a transition from a J =0 ground state to a
state of angular momentum and parity A+ with A=1, 3,
S, and 7. In the f;,, model states with angular momen-
tum J > A do occur but they carry no (M) strength.

The magnetic operators for protons and neutrons are
written as MA(w) and MA(v) where m is the magnetic
quantum number. These are tensor operators of odd rank.
The operators are defined such that B(MA)
=32 __, | X} |? where X}, is the matrix element
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XA =yl | MA(m)+ML(v)|0) .

In fact, because the initial state has J =0, X2 is indepen-
dent of m and we can write

B(MA)=0QA+1)| X5 2.

We will use the same convention as originally used by
MBZ.% The Wigner-Eckart theorem is written as

(2 b )= (M g 4 | Jymp )72 [0M74]'2)

where the first factor on the right is a Wigner (or
Clebsch-Gordan) coefficient, and the second factor is the
reduced matrix element in this convention. It is related to
the more common “double bar” reduced matrix element
of Edmonds® (also de Shalit and Talmi,'° and Bohr and
Mottelson'!) by

|

@201 ) =1/(205 4+ 1)1 1) 4T

X (472 ]|0Y[¢74) .

We also use the unitary Racah coefficient U which is
related to the six-j symbol as follows:

Ulabed;ef)=(—1)*+b+e+d[(2e 4 1)(2f +1)]'/

a b e
d ¢ f|-
We now evaluate the matrix element X (’;. For conveni-

ence we define the single particle matrix elements .# {,‘ and
A with

M= Y MM Y)Y ,

X

etc.
Using the Racah algebra we find

X§= 3 DULLIDML,L,){UMLAL;L,0X (3 S [MMm)(H ] )8,

LL,L,

p(—DbetEath

We can simplify the above by noting the following relation

(2Lp+1) 172

A+L-L,
(2A+1)2L +1)

U(ALAL;L,0)=(—1)

U(ALAL;LnO)((j")L“[M"(v)(j“)L]L“)SLP'L} .

We further note, following de Shalit and Talmi,!© that the matrix element of an odd tensor interaction with nucleons

of one kind have the following seniority properties

((_] n)Ln"n[Ml(jn)Lv]Ln ) =80n,v ( [(j)v]Ln”[MA(j D)Lv]Ln) .

In other words, for particles of one kind the odd tensor interaction is diagonal in seniority. Furthermore, for states of
seniority v <n the n particle matrix element is equal to a v particle matrix element. In the f;,, calculation this has the
practical consequence that the n =4, v =2 matrix elements are equal to the » =2, v =2 matrix elements.

The matrix element X} can be written as follows

Xh=x3w=2)+Xxb(v=4),

172
(2Lo+1)

Ay 9y 172 Lol
X530 =2)=2/Q4+1)"" 3 | =

Lol

U(AjLqj;jL)

X DUALL)[DMLo,Lo)(— 1" Ho gd 4 (— 1) rophr, Low, ) HN18,28,,2 -

The last (v =4) matrix element applies only to the nucleus “Ti (or the cross conjugate °Cr). The expression is

LL,

X0 =4)=8, nn /(2 +1)12 {2 DL, Lv)DML, Lovg)8, 45

J{(2Ly+1)/(2L +19]'72

o,

X "V o) | }i"Lo)G " =V oj | }"Lovo)U(AJLoJo;jL )4 | .

Jo

In the last expression above we have introduced the coefficients of fractional parentage.

B. Summed strength

For nuclei in which there are no components with seniority higher than 2, such as “Ti and **Ti, we can obtain expres-
sions for the summed strength in each multipole, 3 B(MA). The expression is also approximately applicable to ‘%‘

iif
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we neglect the seniority 4 component of the neutron wave function in the ground state (of course the unnatural parity ex-
cited states can and will have large seniority 4 components).
We make use of the relation

S D*(L,Lgvo)D*(L',Lovy) =818

a

We obtain

LoLg 8v0v6 '

(2Lo+1)
S BAMA =4S |D°(LL)]20—1) | U(ALoj;JL) |2 | Ah | 24 | X D)

a Lo,L (2L +

even
—8 3, DUALL)D™LoLo)U(AJLqj;jL)U(MLj;jLo)AAAY .
Ly,L
We can simplify things further by noting

(2Ly+1)
2o

< (2L +1)

0

even

| U(AJjLoj;jL) | 2= +[14+(— D UAJIL ;)] .

Hence

3 BAMA)=43 | DULL) |14+ (=12UMJL;jD1/2( | A |2+ | 45|
a L

—8 3 DULL)DNLoLo)U(ALoj;JL)UMLj;jLo) A bMY .
LL,

This is our main result in this section.

C. The magnetic dipole case

For the magnetic dipole case only terms with L =L contribute. The Racah coefficients have the value

L L(L+1)
U(1jLj;jL)| ==L |
| UL | 4G+
Hence,
I./ﬂg—.///mz
BXM1l)=—>—"— |DYLL)|2L(L +1) ] .
? JG+1 %

Note that only the isovector combination enters. We could have obtained this result quicker by using the results of the
first paper in this series' where it was shown

2

B(M1)=3muk(g,—gn)* |3 DALL)DNLL)YVL(L +1)
L

Using
3 D'*LL)D'L'L")=8,,.
a

we obtain

3 BUM )=5mui(8p—&n)?

a

> |DULL)|*L(L +1)
L

(Zr;e finds that the lowest 1" state gets most of the strength. The percentages are 93.7 for **Ti, 86.0 for *éTi, and 80.5
for *°Ti.

D. The single particle matrix elements

The general expression for the M; matrix element in the ¢—O0 limit is!!
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M= (j[M*1172)
_ (2j;+D(2A+1)
(2j2+l)41r

172
. a1,
#r«(}zr’k J1)

X |8s

— o8 [ UM L I+ A= D G (-1 )

F(=17 2 o0 /0 + DIAM2A— DA+ 1), Gy + D2, + D]2

X1 (A=1)50]j27]

TR S 1
A—1 j, A
The free particle values of g; and g, are

81 8s

Proton 1 5.5855
Neutron 0 —3.8256

The values of the single particle reduced matrix elements for f,,, shell orbits are
a

A=1  —0.27667g,—1.66003g,

A=3 (0.66157g,+1.69485g)  (r?)
A=5 (—1.66463g,—1.10976g;) (r*)
A=7 3.57517g, (r%)

Note that A=7 is a pure spin mode. The increasing importance of the spin part relative to the orbital part with increas-
ing A has been emphasized by Heyde and Sau.'> We evaluate »*~! with harmonic oscillators using b =2 fm. The ex-
pressions are

(ry=3b% (r*)=4x3b*,

6 131946
(r >=TXTX7b .

We obtain

_/{A
A=1 —0.27567g, —1.66003g; e
A=3 11.90831g,  +30.50730g; punfm?
A=5  —659.1938g, —439.4635g, punfm?
A=7 36809.91g, unfm®

With the unquenched values of g; and g; we obtain the following values (in appropriate units)

2

M+ M

wt at ot M P n

P n P n P " M— My
—3.2054 1.0584 —4.2638 —2.1469 0.253
97.0212 —45.5564 142.5776 51.4647 0.130
—4121.39 2521.812 —6643.20 1599.58 0.058
206 160.3 —140820 346980.3 65340.3 0.035

T
E. Strength distribution in **Ti: Signature X 3 =—2/(2A+1)172
The wave function in the self-cross conjugate nucleus (2Lo+1) 72 o
has the properties DXL, L,)=(—1°*+*DXL,,L,) where X LEL 2L+ | YWMLLDALL)

0

s represents the signature. The value s =0 corresponds to
even signature and s =1 to odd signature.!*~'® The ex-
pression for X3, XDMLo,Lv)[ 45— (—17+* 4] .
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For odd signature the matrix element is proportional
to A ——J(,,, whlle for even sxgnature to (Mp+.Ay).
Since .,I( and J/ have opposite signs for electron probes,
the states of odd signature should, other things being
equal, be more strongly excited. For all intents and pur-
poses we can limit the sum over L to one value L =2 (we
must however sum over L,). This is in fact done here.

We now list in Table I the ratio

B(MMA) /(M5 M),

where the minus sign is for odd signature and the plus for
even. The list includes all odd multiples and all calculated
energies.

Concerning the fragmentation, we see that for the di-
pole case most of the strength is in the lowest state at 3.83
MeV. For the higher multipoles there is much more frag-
mentation. However, because the summed strength for
the dipole case is so small, there are individual transitions
for higher multipoles for which the strength ratios are
even larger. For example, the M5 strength ratio to the
T =3 isobaric analog state at 10.99 MeV is 15.93, whereas
it is only 5.47 for the strongest M 1 state.

We note that many of the states of even signature have
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large strength ratios, e.g., for A=3 the state at 5.29 MeV,
for A=5 the state at 7.76 MeV, and for A=7 the state at
5.92 MeV.

However, when we go to the next column on the per-
centage distribution of Table I, we see that the states of
even signature carry relatively little strength This is of
course because for these states B(M A) is proportlonal to
(vl*+.l )2 and Vl and .4 are of opposxte sign.
Indeed the percentage distribution i in this column is very
close to the pure isovector case .l =1, Jl =—1. For
the isovector case the states of even signature carry no
strength.

We list the percentage of total strength for various
choices of .,l" and .#*. First we use the values as calcu-
lated in subsectxon D usmg the un uenched values of 4}
and g;. Next we choose.l =1, #;=0 (J{ =0, #*=1
will give the same answer). Then we cons1der the isovec-
tor extreme .l = —.//" and finally the isoscalar extreme
M=}

Concemmg the table’s third column of the strength
ratio

B(MM/(AAT 4}
it is of interest to compare the sums for the different mul-

TABLE L. Calculated MA strength in **Ti.

Percent of total strength®

B(MA) /(M pF M) M My My=1 Mp=1 My=1
A E (MeV) % 10? as calculated M =0 My=—1 Mo=1
1 3.83 5.471 87.53 87.53 87.53 0
7.67 0.555 8.88 8.88 8.88 0
13.82° 0.228 3.66 3.66 3.66 0
Sum 6.25
3 3.01 3.698 16.78 11.78 17.91 0
5.29° 9.327 5.51 29.70 0 86.72
6.04 9.737 44.15 31.00 47.14 0
7.03 0.503 2.28 1.60 2.43 0
9.04* 1.428 0.84 4.55 0 13.28
9.95 0.487 2.21 1.55 2.36 0
10.99° 6.225 28.23 19.82 30.14 0
Sum 31.4
5 4.58* 1.98 0.43 3.96 0 7.92
5.10 0.541 2.04 1.08 2.16 0
6.61% 13.56 2.97 27.01 0 54.02
6.95 4.160 15.65 8.29 16.58 0
7.76* 9.551 2.08 19.03 0 38.06
7.81 4.316 16.25 8.60 17.2 0
9.37 0.144 0.55 0.29 0.58 0
10.53° 15.93 59.99 31.74 63.48 0
Sum 50.2
7 5.56 4.594 50.51 26.15 52.30 0
5.922 6.595 2.57 37.54 0 75.08
6.97 0.023 0.25 50.13 0.26 0
8.29* 2.187 0.85 12.45 0 24.90
8.39 2.215 24.35 12.61 25.22 0
11.71° 1.952 21.45 11.11 22.22 0
Sum 17.6

State of even signature.
YT =3 state.

“Only L =0 and L =2 components of the ground state wave function were included in the calculation.
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tipoles. Such a comparison is meaningful because in this
ratio we have divided out the single particle reduced ma-
trix elements. The values of the sums for A=1, 3, 5, and
7 are, respectively, 6.25, 31.4, 50.2, and 17.6. We see that
the M5 sum is, in the sense, a factor of 8 larger than the
M1 sum.

In the last column of Table I we consider the isoscalar
case .//Ig=1, ./lﬁ:l. For this case all M1 transitions
vanish. All transitions to states of odd signature vanish.
Since there are relatively few states of even signature some
of them carry considerable strength.

Clearly then different probes, e.g., 7%, 7, electrons,
and protons should excite these states quite differently. It
would be of great interest to try to excite as many of these
odd multipole states as possible. To see which of these
look promising we return to the percentage distribution
for .#, and .#, as calculated with the electromagnetic
operator.

Clearly the lowest 1+ state in “*Ti should be seen easily
by electron scattering. Richter’s group has seen the corre-
sponding state in *6Ti.> The 17 state has been identified
by Rasmussen from Bartol using resonance fluorescence.!’

For A=3 the lowest state, calculated to be at 3 MeV
though not predicted to be the strongest, is at a sufficient-
ly low energy to be seen. In passing, it should be
remarked that the presence of an unusually low lying 3+
state in “*Ti has been cited as evidence of triaxiality of
this nucleus. Such a low lying state appears quite natural-
ly in a shell model calculation. Another state at a calcu-
lated energy of 6.04 MeV which is predicted to carry 44%
of the strength certainly looks like a promising candidate.
Certainly, the 3* isobaric analog state at about 11 MeV
excitation should be looked for. The calculation gives it
28% of the strength.

For A=3 the lowest state, calculated to be at 3 MeV
though not predicted to be the strongest, is at a sufficient-
ly low energy to be seen. In passing, it should be
remarked that the presence of an unusually low lying 3%
state in “*Ti has been cited as evidence of triaxiality of
this nucleus. Such a low lying state appears quite natural-
ly in a shell model calculation. Another state at a calcu-
lated energy of 6.04 MeV which is predicted to carry 44%
of the strength certainly looks like a promising candidate.
Certainly, the 3% isobaric analog state at about 11 MeV
excitation should be looked for. The calculation gives it
28% of the strength.

An interesting behavior for the M5 and M7 modes is
worth mentioning. As seen in Table I the sum of the
strength ratio B(MA)/(.#%+.#%) is the same for states
of even signature as it is for states of odd signature. This
comes from our approximation of keeping only the
D%2,2) term. By examining the expression for the
summed strength the reason for this behavior becomes
clear. The second term, proportional to nglﬁ, will van-
ish because 2+2 cannot add up to 5 or 7. The first term
is then the only finite term. It is proportional to
Mi+ 4% which can be written as (M — ML)
+ 5 (M p+# ), ie., half isovector and half isoscalar.

We thus see that in the single j shell mode the different
multipoles behave in rather different ways—from the very
high concentration of strength in the lowest 1% state for

00—T—T—TT 7T T T T T T T T T
80 ]
60 |- M1 1
aol .
20 ]
£ o:?’ ! —L:
e ]
S 40} -
i
@ 208 | ' ]
— O ! ' —1
260- ‘
o M5 ]
F 40 -
% 20} s
5%l 1 ]
860 .
$40f M7 .
a
20 I -
Oty v v v oo T
O 1 2 3 4 56 7 8 9101 1213
E (MeV)

FIG. 1. The percent, to a given state, of the total strength for
each multipole, A=1, 3, 5, and 7 is shown. The single particle
matrix elements of the M A operators are calculated with base g
factors. The results are very close to what one obtains in the
isovector case .# = —.#/y,.

the dipole case (80%), generally strong fragmentation for
the octupole mode, high concentration in the analog state
for the M5 mode (60%), back to substantial concentra-
tion (50%) in the lowest 7 state for the M 7 mode.

F. Closed expressions for the magnetic multipole strengths
to isobaric analog states in “*Ti

The ground state of **Ti has isospin T'=2. The T =3
states of the f5,, configuration for A=1, 3, 5, and 7 are
predicted to be at excitation energies E*=13.8, 11.0,
10.5, and 11.7 MeV, respectively. These states are analogs
of states in *8Sc, which have in the single j shell model,
unique configurations

P =1f1,:f 771" .

Because of the uniqueness of the “*Sc wave functions
one expects the coefficients D*(L,L) for the T =3 states
in **Ti to have simple closed forms. We write the wave
function for **Sc in a form similar to that for **Ti. We
obtain
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Uais = 3G Loj | 1~ Pialini D5V},
Ly

= S (G Lo | 1/~ DUGALGLN i HG DT .

Loy
even

Using a relation from page 4 of the MBZ technical re-
port’ one can show that

G~2Loj |}~ =[(2Lo+1)/28]'2.
We thus expect D*L,L,) for T =3 states in **Ti to be
proportional to

V(2Lo+ DU (jjALg;Lj) ,

and indeed by imposing the normalization condition

3 |DMLLy) |2=1
LL,
even

|

172
2L +1

B(MMA)p_3=(#*—
( Jr=3 (u/(P D

M2

> DYLL)
L

This is the main result of this section.
With the further approximation that only the L =2
part contributes, we obtain

B(MA)r_y~(#5— 42?2 D%22) |25
X [14+ (=D U (Ajj2;i)] .

From the above expression we can readily understand
why the strength ratio for different multipoles is so dif-
ferent. The factor

[14+(—=DAUAjj2;i)]
has the following values

A=14, A=53,

A=3 8, A=7%.

This factor is smallest for A=1 and largest for A=5
consistent with previous discussion.

Note that for A=5 and 7 the summed strength for these
modes is proportional to [14+(—1*U(Ajj2;jj)]. Thus
the ratio of analog to summed strength for these states is
proportional to [14(—1*U(Ajj2;jj))]. For A=5 this
factor is 2 times larger than for A=7. More generally,
we can show in the large j limit that, for odd A, the above
factor is a maximum for A =~V'2j.

G. Comparison with Lawson wave functions

The expressions for the transition strength depend very
strongly on the coefficient D%22) in the **Ti ground state
wave function

¥=3 DYLL)[LL]°.

T
we find

Lo+ 1) 122

DMLL,)=
(LLgy) 7

U(jjALy;Lj) .

This expression is symmetric under the interchange of L
and L,. The expression for X for “*Ti involves a sum
over Lj. Since all the dependence on L, is now explicit
this sum can be performed. The expression for B(M;)
becomes

2

[14+(=1D*UGIL ;)]

Recall that Lawson!® was able to obtain wave functions
in the f7,, region by constructing intrinsic states then
projecting out states of good angular momentum Al-
though he used deformed model ideas, Lawson'? restricted
the intrinsic wave functions to have only f;,, com-
ponents. A com 8parison was made between the MBZ (Ref.
6) and Lawson!® wave functions, and it was emphasized
that the overlap was large.

However overlap comparisons can be deceiving. More
relevant are the comparisons with measurable quantities.
Here we will compare the summed strengths for magnetic
multipole excitations in the two models.

The appropriate intrinsic state for **Ti is

Afr sk =51k =—3)0A f1.k =T f1,k=—7) .

This can be written as

=3 Gjs—+ | Lo)ijj —j | L'OXLL'00 | JO)[LL'} .
From this we can see that
DYULL)awson< (7575 —75 | LON5 37 —7 | LO)

X(LL00]|00) .

Hence,

YeLawson= —0.7929[00] +0.5835[22]

—0.2135[44]+0.0329[66] ,

whereas,

Ympz= —0.9136[00] +0.4058[22]

+0.0196[44]1—0.0146[66] .
The quantity | D%22)|? is equal to 0.165 for MBZ
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(Refs. 6 and 7) and 0.341 for Lawson.'® Thus we expect
the summed strength to be about a factor of 2 larger for
the Lawson wave functions than for those of MBZ. A
more detailed calculation shows that the summed
strengths for the M1, M3, M5, and M7 modes are,
respectively, factors of 3, 2.5, 2.2, and 2.5 larger. The
difference is due to the lack of pairing in the Lawson cal-
culation.

III. CLOSING REMARKS

We have considered magnetic multipole transitions in
the single j shell model. Although this model is far from
complete it should have sufficient validity to give a rough
picture of what is going on and to direct experimentalists
to energy regions where interesting results should appear.
The model should be especially relevant to low lying exci-
tations and for the excitation of isobaric analog states.

We have obtained results not only for the individual
transitions but have also obtained formulas for the
summed strength for the relevant odd multipoles A=1, 3,
5, and 7. Whereas one could not possibly describe most of
the odd multipole states in terms of only L =0 and L =2
couplings of neutrons and protons, the summed strength
involves only the ground state wave functions, and for
8Ti the L =2 component D%2,2) is the only relevant one
[D%0,0) is of course large but L =0 cannot contribute
due to an angular momentum selection rule].

We have noted a varied pattern for the different mul-
tipoles. For A=1 the lowest state is the one most strongly
excited. For A=35 the isobaric analog state is the most
strongly excited state.

We are able to completely understand the isobaric ana-
log state excitation strength for the various multipoles in
“3Ti because the wave functions can be determined in
closed form and the sum over L, can be performed to
give a closed expression. This expression is proportional
to

[1+(=D*UAGL;j)]? L =2 dominantly .

This is smallest for A=1 and largest for A=5 (for odd
multipoles).

In a previous work! we noted an analogy between the
lowest 17 states in the titanium isotopes and those occur-
ring in deformed nuclei in the region of *®Gd (such
modes were first prediced by Loludice and Palumbo'® and
Suzuki and Rowe?). The energies and excitation
strengths of these scissor modes in the two regions are
systematically similar. In the f;, model, though, the ex-
citation involves almost equal mixtures of spin and orbital
excitation, whereas for the heavier nuclei the orbital most-
ly enters. The 17 state has been found in *Ti at 4.3 MeV
via electron scattering by the Darmstadt group,’ and via
proton scattering by the Orsay and Michigan State colla-
boration.® The energy and B(M 1) strength in electron
scattering (~1 u%) agrees pretty well with the f,,
model. However a comparison of the proton and electron
scattering results suggests that the orbital contribution is
larger than the spin contribution, somewhat more than is
predicted by the f7,, model, even allowing for a respect-
able amount of spin quenching.

This experimental result may be a manifestation of the
general trend in which the residual interaction causes the
wave function to go from the j-j limit towards the L-S
limit.

At any rate, we hope that this work will stimulate fur-
ther experimental work to help locate the odd multipole
states, and further theoretical work to help understand the
systematics of odd state spectroscopy.

Before closing we should take note of work in other
parts of the periodic table on higher multipoles. These in-
clude works by Scholten et al.,2!~2* who also find that for
higher multipoles, e.g., A=3 and 5, the lowest state does
not necessarily get the most strength. It would appear
that even for higher multipoles there is a strong analogy
between the behaviors in the deformed and in the single j
shell approximations.
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