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ABSTRACT
A representation whiéh utilizes second-quantized operators for the three
quasi-particle states 1is introduced. In this representation the pairing plus
guadrupole interaction is approximately diagonalized in a j-sheil. The main
predictidn is that assoéiated with the opposite parity stategofularge spin in
the major}shells of medium &nd heavy nuclei there will appear extra low-lying

states which do not arise from particle-phonon coupling. The states are char-

. acterized by forbidden Ml transition rates.

* ! ' , :
- This work was supported in part by the United States Atomic Energy Commission
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I. INTRODUCTION
In the regions of\large deformation the strong coupling model,l which
predicts rotational bands associated with particle excitations, is succeséful
in accounting for the loWQIying states of odd-mass nucleil. In the spherical -
regibns the;e has‘been some success in studying the states of odd-mass nucléei

. *
in terms of particle modes, vibrational modes, and their interactions. The

most éystematic studies with such an intermediate coupling have been carried

5 |
)3 The states correspond to

out’using a pairing plus a qugdrupole interaction.
systéms of quasifparticles and phonons, with the quasi-particle-phonon inter-
cation arising from a quadrupole force.

Although it 1s possible to sys%ematically fit ﬁhe trends of the energy

levels, transition rates, and other properties of many of the levels, there

sometime§ appear rather low-lying levels which cannot be accounted for in this

f
*There-is now such a. large body of work on such coupling schemes»that it is
not possiblé to attempt a complete review here. References to the earliest
Work are given in Refs. 2 and 3, but there have been many calpulations recently.
In addition to the early work in which the interaction is linear in the collec-
tive variables, and therefore off-diagonal in the phonoh operators, there are
calculatiéns based on the picture used by R. D. Lawson and J. L. Uretsky, Phys.

Rev. }9@, 1300 (1957) in which the interaction i1s diagonal.in the phbnon inter-
action (and therefore sheuld involve higher order corrections to the linear
terms). This later modei was ﬁsed, e.g., in the calculations of A. de-Shalit,
Phys. Rev. 122, 1530 (1961). More recently, both the diagonal and off-diagonal'

63

terms in the phonons have been included in a calculation of the states of Cu

by V. K. Thankappan and W. W. True, Phys. Rev. 137, B793 (1965).
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céupling scheme., It is the purpose of this note to point out thaf there might.
be a simple treatment which can qualitétively account for what appears to be
the most notorious intruding states.

The Hamiltonian including a pairiﬁg plus a quadrupole interaction in
a single j-shell is used to demonstraté the effect. Single j-shell calcula-
tions with this Hamiltonién have been carried out previously for the 7/2 shell2
and the 9/2‘she11,4 so we shall not attempt completeness Eut rather study the

main effects on the overall coupling scheme. A new representation is introduced

which utilizes the methods of second quantization to allow one to calculate

- easily the approximaté energy spectrum of a pairing plus a quardupole interac-

tion in a j-shell and to show the relevance for realistic nuclei. The con-
clusion which is reached is that although well-developed phonons can appear in
even a single j-shell, several j-shells must be important for the success of

!

the intermediate coupling scheme in odd nuclei, and even in that situation

additional low lying states will occur which arise from a different mechanism.

- The relation of the present work to previous work is discussed, for such intrud-

ing states were recognized to be impbrtant to the early work on the development

of both the shell model and collective model.

IT.- SINGLE j-LEVEL

A. ‘Phonori-Quasi-Particle Interactions

The Hamiltonian being considered consists of a pairing and a quadrupole
interaction (J = 0 particle-particle plus J = 2 particle-hole force), which

approximates traditional effective forces in .a major shell,

» / ~
e o - T ( s X 1
H = /7//@A>/r//y z A4 @ =
/ , -
We now consider the special case of a single j-level. In the quasi-particle
second-quantized representation, which approximately diagonalizes the pairing

force,5’6’7

(]
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-8 the Hamiltonian
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7z

For a microscopic treatment of odd-mass nuclel in terms of phonons and

quasi-particles one introduées the quasil-bosons or phonons of energy hm .

7—

.‘ B, (éﬁ (1)

b;J ’ A;J ’)7'

i
in terms. of which the interaction becomes

5 + G QUPQTYITHY, /{/?j_;;
P (E Sta™)

Hoa = z C’ J /““+Zh”" o

oA (5)
X [(B"tf-.,z?)n/; 7 -£ ﬁffﬁff@gwﬂj r;qg,,n Y

The last term is generally neglected; With this Hamiltonian (generalized

to many neutron and proton j—levels) it has been possible to predict approx-

imately many of‘the properties of low-lying levels in spherical nuclei In

*
See Appendix I for notation.

See Ref. 3 for a discussion of the approximations involved in the QRPA which

gives fise to this Hamiltonian and for references on the application of the

random phase appfoximation to nuclear structure physicé.
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the present case this consists of diagonalizing the Hamiltonian (5) iin the set of

~
.

states

, I 1 AR .

s G+ G LT ASWHGD,

Even without attempting detailed fits.fhe fact that the general distribution

. of the levels is éualitatively predicted in this model is quite striking, with

the increased density of lévels near the phonon energy of the neighboring even-

even nuclel strongly suégesting the quasi-particie phonon coupling scheme.

Moreovér, the tendency for the q.-p.'s at the Fermi.surface to be more'weakly

coupled than the higher lying q{—pr's as predicted by the (UUfVV) factor in the

second term of the Hamiltoniani (5)~is.systématicallyfobsérved.  | |
Consider first the Hamiltonian in the intermédiaﬁefcoupling form.(5) for a

single jéghell with J large. Figufe 1 shbws a ﬁypicél case_éf-rather,Weék

coupling.gn which only onelfhonon is included. Only the level of spiﬁ J is

affected. The effect of éoupling with mére phonons will change the results

quantitetively but not qualitatively under conditlons in which tﬁe approxi-

mation can be expected to be useful. ' Note that fbr the nucleus at approxi-

mateiy the middle of the:shell Uj zij and the interact?ons vanish. Thus

in the cases where the j-level being considered the most impoftant in the .

majof shell the coﬁpling is weakest, leadiné to a.compressed level scheme &s

discussed in Ref. 3. In particular, the level 6f'spin j-1 is never singled

out.
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B._VThree Quasi-Particle States
Let us now return\to the Hamiltonian (3). For the situation in which
the j-shell is apﬁroximately half filléd, in whiéh case that J-level will be
most important in the low—lyiﬁg stétes, the Hamiltoniaﬁ can be takén to a good

‘approximation as

» R A A° 7’“/4 )
/‘/:zzw?%o(jma{;n *Xﬂ ’ ?+ /‘i( 7 ,«72] (7)

with

X =% Glap Q)= F grap

(7a)

We wish to diagonalize the Hamiltonian (7) in the one and three quasi-particle

i
!

states - i 4 . _ 3 "jr _+l‘ i.?
S %, Zc LA 1, %

neglecting the higher quasi-ﬁérticle states. Since the Hamiltonian (7) does
no£ mix one and three quasi—particlelétates, and‘since the diagohal element in
the one'quasi-particle’staté,éan be.absorbéd in the gap‘energxi= EEj by a re-
normalization of the palring force stfength, the main>consideratibn is the
diagonaiization of thé Hamiltonian in three quasi-ﬁarticle states.

This i1s most easilly accomplished by noting that we can find a fepresenta—

. tion in which the Hamiltonian (7) is approximately diagonal. Liet us first con-
o .

sider normalized states

7
VRGN

T

wiIggte, o
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J

. 1is the normalization constant
JlJ

where Yo is the g.-p- vacuum and N
a

~ .

(W Fod- 20T+ T377 5 7 7)) (9)

From the properties of the second éuantiied cperators from which the states
are éonstructed the states are glso antisymmetric in the three Fermions. If
there is a uniqﬁe state with spin ja then for any Ji (satisfying the triangle
relation with j and ja) one.has the proper antisymmetrized normélized state in
which to calculate the mﬁtrix elements. When there are several statés with
the same ja then one mgst take sﬁitabie ofthogonal linear combinations of the

states ¢J We would like to suggest that there is one repfesentation

JljaMa

which is most convenient: Define-

&
NZ d/ é?éu ‘ﬁ4«

o

: v
; yg

' ~¢#ﬂﬁ/ = CX{j‘?”g; VN -+”é %;zm/wb -
b AT <r/ Y Cw # (10)
ez NI A AR VA

and choose the constants a(u), b(“),;;. so that

.,,ffe; ' | : |
(it > 2 o
I.e., carry out a Schmidt orthogonalization process for the states ¢§ JaMy

' : 1vata
which are not orthogonal, starting with'Jl = 2. In the representation (lO)
one must find the matrix elements

Gt [702 = 3877 Vou. | (22e)
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with

~

,= xrj!.,ﬁ*‘)i/(f (A “’+A,,,]{A» +4 27 / I (12m)

In Appendix . IT it is shown that (exceﬁt for an energy shift which is the same
for all of the levels) all matrix elements of ﬁhe quadrupole interaction in the
representation (12) vanish except for the diagonal matrix element in the state.

(@)

il.e.,

%{ﬁ = O Lf pmony F <
(13)

e 2908 ﬂf/,;{ oY Lr-10Wz92390.)]

For spinfj > 7/2 there will be at least one three quasi-particle state of spin
J._such that either j_ < j-2 or j_ > j+2, so that the state'¢Ji "does not

a : a . a 2JaMg
exist and the representation must be extended. The quadrupole interaction is

weak in these states (See Appendix II).

Thus it haes been demonstrated that the pairing plus~quadrupole inter-

"action for.a single j-level is‘aﬁproximétely diagonalized when the quasi-parti-

cle corresponding to that J is 1ow -lying and that for each state J there is
one state Y(a)

3 which can be significantly affected by. the quadrupole force.
a

From Eaq. . (13) one can see that for a given nucleus it is the Racah coefficient

W(ijQ;jja) which determined the relative positions of the various levels ja
Finally we note that

W(Zg"":f. 6;)7,;).20 fon. /K’fﬂf“

wlagg2927) <

(aly
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Thus we‘see thaﬁ‘there is one lével, the one of ;pin ja = j-1, which is affected
much more than the other.levels. The results forvthe levels j = 7/2, 9/2, 11/2

and 13/2 are given in Fig. 2. The results are schematic but roughly indicate -

the results obtained from the parameters of Ref. 1. ZIExamples of the general

' conclusions which have been drawn here can be observed in exact diagonalization
of the pairing plus quadrupole force Haﬁiitonian in the three particlé states of

the 7/2 level2 and the 9/2 ].e(rel.LL

III. REALISTIC NUCLEI-TRANSITION RATES

A. Several j-Levels

J_ = 3-1
First let us note that the matrix element- Vda J-% of Bg. (13) is
roughly Qroportional to the spin J of the leevel._ This indicates that this

effect of lowering of three quasi-particle states by a large diagonal matrix.

5
i

element rathér than the phonon particle interaction will only be important:for
thé large-spin, opposite-parity leVel‘whigh appears in each major harmonic
oscillator shell of medium and heavy nuclei..

Moreover, the oppésité‘parity lével not only.tends to make a fairly
small contribution to the rhonon, but usually is extrémely'weakly coupled to
the phonon in the odd-mass nuciéi* and the corréépondéng one quasi-parﬁicle
state and the states of this quasi-particle couplea.to the phonon tendrto Be
quite pure. The results of the preceding section suggest that ﬁhere will be
one addltional opposite ﬁarity state of spin ja = -1 which can be quite low-
lying and yet not mix very much into the other étatésp' Of course there will
be some mixing.  In fact the j-1 level of the samé parity found from the one
guasi-particle plus one phohon is nof orthogonal to tﬂis state and could mix
quite strongly; - But to the éxtéent that the phonon is férmed from many levels,

this new state can be relatively pure.

. ' . :
This is apparent from the small coefficients C%, in Ref. 3.

12
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B. Electromagnetic Transition States

The characteristic feature of this new "intruder" state is to be.found
in the transition rates. The main transition which will be seen from this in-
truder state leads to the one quasi-particle state. The transition is a A = 1,

no parity change. Therefore one exbects Ml or E2 transitions to dominate. For '

 example, if the j-1 level were the spin orbit partner, which is a natural assump-

tion when cne too many of these states is found in experiment than can arise out
of the phonon-q.-p. coupling seheme, then the ML dominates.

The M1 and E2 transition operators are:

ok i"{'«‘ 'M)
,52(/”7,_ Z (ﬂ"/’/ﬁc;ﬁ 1/’1 (f?? v, V .g_( 9’£ o (A mﬁ%ﬂ) (i52)
2 = L. A2 U5 F{TO YY) (G T ) (1%
PHE 2);, Zy, R WOLED U5 IS 2 /}/_y, ) (o)

The tran51tlon matrix element which are pertlnent are

L]

= A GIBE Y 1 Giva: i) )
(,(,,,,fé (52}/55; m . ?/F Vag-T" UV(/Q//W%] m'[ owla}y2;
)<<£L“’ z}:ylj-; /«1756, (16a)
—o |  (6)
L m/ [//})j% M*) = & | i

The M1 matrix element vanishes while the E2 is given in Eq. (16a). Typical
results for the B(E2)'s are given in the .table. In that table B(EE)S . is
calculated by assuming tﬁat the transition is between the spin orbit doublet

states j, j-1 with the orbital'angularxmomentum I given by the quasi;particle J-
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~

C. Discussion and Conclusion

In the intermediatg coupling picture for .spherical nuclei, associated
with the large-spin opfosite barity j-level in the shell are predicted levels
of the same parity and spins j, j+1, and jfZ'at an egcitation energy of the
vibrational phonon energy, hw, above the quasi-particle j. It is observed in
the present work that one state of three a; quasi-particles'éf spin j-i is
very much lowered in energy by the quadrupole interaction. Aithqugh the state
of spin j-1 forméd from a phonon and the quasi-particle q; is not orthogonal
to this level, the result is an extra level of that spin which is much lower-
lying than predicted in the conventional‘treétment. This should Be a charac-
teristic and systématic feature of Qdd-mass nuclei, The low-lying 7/2+ states
in the 'odd-mass Ag isotopes aﬁd the 5/2° stafe in VSl.are examples.’ This
9/2" state which appears in the diagonalization~6f one and three quasi-particle
states by Baranger and Kuo,8 which:is the most dfamatic-difference from the
calculation of Ref. 3, is also an éiample of this state associated with'the
11/2-‘she11 model level. Recently, a low-lying 9/2° state in Te'?® has beén
observed9 with a very retarded Ml transition rate, in addition to a second
9/2° state which can be identified with the state in Ref. 3. |

A characteristic feature of this intruder state is the complete
absence of Ml transition, so the E2 will dominate. The Ml transition from the
j-1 state arising from one q.-p. and one phonon also will tend to be reduéed,
although not so much. As a resuit oné will see an extra state of the spin |
j-1 corresponding to the'lafge oppogite pérﬁy j-level, with the amouﬁt of M1
depending upon the miiing‘of the two states but in any case much smaller than
sing1e4partiC1e. An estiﬁate of the B(E2) is given for the most important |

cases.,
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The‘empirical fact that in odd-mas§ nuclei in which 'a level of spin j
is presumably being filleé there is a competition between a spin j and spin
j-1 level for the ground state was recognized as importént during the earliest
days of the j-j shelllmoéel.. The calculations with a zero-range force10 showed
that the level j is lowest,.in.agreement with.the usua1~ru1e in spherical nuclei.
Although the level j-1 can become the ground state for a finite range force, in
the single j-level calculation the range must be more than twiée as large as the
currenfly accepted range of the effective interaction in order for the spin j-1
ievel to cross below the level of spin j.ll’12

In the present work it is the quadrupole force which reproduces this
effect of a long rangé force. However, the results are quite different, as
might be expected since the quadrupéle force is a long range force in the angular
space and there is no exact corréspondence'between the range of the two body force
and the effect of the quadrupole component. For example, the relative positiong
of the levels j and j-1 are much more sensitive to the relative amount of pairing
and quadrupole force in the treatment useé here than to the range of the effeétiye
interaction in the conventional shell model tregthent. ‘This can be seen by
11

comparing the results of this note with those of Kurath.

The possible connection between the appearance of the j—l_level as

~ground state and the onset of deformation has been pointed out by Bohr and

Mottelson.13 They have stressed the difficulty in predicting the ground states

of j-1 type in a conventional spherical shell model with traditional forces. More
recently there has been both e%perimental and theorétical3 evidence for insta-
bility toward deformation of some of these nuclei in the regions wheré levels
which must be identified as this j-1 character are the grpund state or very low-
lying. On the other hand, it seems that especially for A>80 there are regions

of nuclei in which the coupling scheme is best described as spherical, but in

\
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which there appear these low-lying intruder states. It will be extremely
interesting to have systematic ekperimental information on these states, which
are associated with the deforming quadrupole interaction and yet are low-lying
in spherical nuclei, | .

The author would like to thank Drs. N. Stone and D. Shirley for dis-
cussion of their experimental results on Telzs. He would also like to acknow-
ledge helpful discussions with é‘number of theo;ists at Berkeléy during the

summer, 1965. He is grateful for the hospitality extended by the Lawrence

Radiation Laboratory during this period.
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APPENDIX I. NOTATION
The notation is eééentially that of Ref. %, but differs in some details.
) ) : + . * .
The shell model particle creation operator bjm and shell model vacuum lO) are
+ - _
) defined as bjmlo> ="|jm), the one particle state with the other gquantum numbers
n, Z,.etc. suppressed. Condon and Shortley phases are used throughout (b and b’
. . + .‘
satisfy Fermian commutation rules bj'm’bjm + bjmbj'm' = ajj, 621, Bmm,).. The
Bogoliubov transformation is the form of Eq. (2)
+ T ,€+594ﬂ01
Aoy = G b YT by
. . : 6 o . 2,3
is equivalent to, e.g., that of Belyaev and of Kisslinger and Sorensen. It
results in posibive values. for both Ujm and ij. With the definition
| ' : 2+m A
: o( = () Ly s
i Witt ' ‘ : I-1
i 5&“” p ‘ ( )
h (e ) oo +Q,, Q=" h '
where Oﬁm = 3m? 7 Fny 5 Fym = SJJJ 621' 6mm’ , the operators
&j—m are Condon and Shortley operators and can be«coupled gquite simply.
With these we define
—f-
LA el SN
— y s N
4 ;’/ . / 7 4 (I'2>
. where the notation [ ] signifies vector coupling i.e},
‘ ' L . v
Y . | [O((j/ O/l’" —7/1/1 - Zc’}.} “eyay Mep 0{;4/;0‘7' 0(07 M-m
ot _‘ .
: with Ci iLm being a Clebsch-Gordan coefficient. In terms of these operators
J - ! . .

we define: |
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(1-4)

(1-3)

(1-0)
M AT
. + . L
The operators A,,, are the same as those used in Ref. 3. The operator ﬂjj'
differs by a factor C-l)f The a.j, and bjj;‘differ in that
4 / “u
AT, = N,
}y &

APPENDIX II. -

In this appendix we give some of the details of the calculation

A. Representation for a Single j-Shell

The states of the system which we wish to include are the one quasi-

rarticle state and the three quasi-particle states
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"
'_j . . . : |
<, Z, o (1)
o TP |
X, o, K. : ' -.
Loy =7 T ga e (11-2)
P : . .
For j < 7/2 there is no more than one state for each ahgular momentum (i.e.,
there 1i$ no more than one state for each ja'and ja # j). For j = 9/2 there 18
~no more than one state for each ja’ but ja = J = 9/2 appears.. This state.
+ o+ '
[Oﬁ Oﬁ aj ]J =3 YO contains seniority one as well as ‘seniority three components.
‘ a
For spins j > 11/2 the spin j, does not uniquely determine the state. We would
. 1like to find a convenient representétion for the complete set of states (of the
subspace which is being considered):’
Let us take as an example the case where there'ére two states of the
spin j_ (e.g., the j-1 levels for j = 11/2 and 13/2). Defining (see Egs. (8)
sand (9) in body of paper) ' . )
=N [AZ, ] (3
903/—(/7&/"/&. 3} ;
¢ e > j_
<70J(jr/"f;7\) T Jo M,
In particular we call the state with Ji =2 the Q-state which is thus defined
(assume j, ja’ and 2 form a triangle) by
In the traditional way of forming antisymmetrical states one must sum over all
]
of the splns of the antlsymmetrlzed uwo-partlcle wave function, using fractional
. parentage coeff1c1ents. With second quantized operators one only needs the

number of terms equal to the number of states of the same spin. Thereby the
‘calculation of matrix elements as well as the states themselves is greatly

facilitated. We negléet considerations of spurious. states, assuming that they

are spread over the states arising from several j-levels;'
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. |/
& z o2l tq7s .
. .\= (ﬂ - /. yA . o
gjj ‘] GIMA\ - ZJC\Y/%Q..- /“2”70 E/—i;} 0(0] ]Mc& o ( II—5>
In the exgmple being conéidered there is one other state of spin ja' We lgok ¢
for constants a and b suqh that -
@ 2 2 ‘ |
rr =~ Lo/ P
L= & Pt b Trgatin o
and that
O
NPV ) =1 II-
< gyjm//fﬂ/ /{7 ) o | (1I-5a)
‘ i , | .
3 \/ ‘7’;7 /'m/ u)/ﬂ,h/fﬁ> o L . (II-5b)
The overlap between two states Cbg . and (bg,. *is given by
. : 1d a 1daly
+ / L
<{/‘7 ‘,?A z‘v[”,, fj/ //&> (7 /V:]-; < [[A D( “;Z/A,} ks ,j ‘-’( [,t:\/i.;}>
Syor - 20203 T 1) W(\ng Trspla) (11-6)
/4
{ [/«-z(zcﬂl///(?);y; ;Niyn(zwm 77952, f—yf?
Using Egs. (II-6), (II- 5a), and (II- 5b) onhe finds that
- Lo Via ;- .
I RS P (7/ ¢ A ‘ II-
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where

' S s 63/5: V!/('Z';”fj ‘z""}"ﬂ?v(;?q)
S o [ L1~ g 0257 0 i1 85y 325 790 )]}

v/

\§7
i
|

Thus the states Y(a) and W(B) form the complete representation for this
example.
We wish to find the energy spectrum in the Hamiltonian of Eg. (3) in
the representation :
J e
o

D) AJar

(11-8)

When the q.-p. J Is low lying, Uj ~ Vj so one can simply treat the Hamiltonian (7).

Therefore, the problem is to diagonalize the operator:. .

o |
e ""4;4:2'-}(/4; "?’-U B

in the states (II—8). Makihg use of the identity
%4 e b o - (1I-10
[ ’_7] k(;]}& 7>s : h ( )

in the representation (II-8) the Hamiltonian can be written

+ o j ( . 171— F ‘}(- Z{"\': \C &
- - - - + ,‘_.....\i'.ﬁ )
H = 2By Kguclym = 22X LA, Agpde Tt ! ﬁz?,;?

‘ | Rl (11-11)
oo T BN, X[ 4/ g 1o | |
12 4 ’
< :
* In ﬁriting (II—ll) we‘make use of the fact that the n?j term just renormalizes

the quasi-particle energy, which we indicate by4replacing EJ by E'j. Since

-



~18- 4 UCRL-163L1

[ ;} ,,( G =2 _ (11-12)
only the three g.-p. states must be considered. However, from the manner from’

which the states Y(a), Y(5>, etc were constructed it immediately follows that:

A —
[,f A ? FO e mf (11-13)
{r(f /‘}ﬁ (A\ : ’
From this follows the results of Egs. (12) and (13).
Finally, one must consider those three quasi-particle states of spin ja
- , + +
such that they cannot be formed by coupling a q.-p- '03 to A?j. One must extend

the representation’to, e.g., ' , : o :
: £ . .
t ; v’*} f}‘ . .
': CARI A -

! &5
' I S S
'y ci o= g , ) (11-14)

From Eq. (II-6) and some manipulation one can show that the interaction energy

in these states involves Racah coefficients .which are small. For example, the

diagonal matrix element for the state Y(“)i'is
A E(""f}'v, \,ﬁvz{z;{? ¢; ?}7,\) - (1I-15)

which is small. Thus the energy shift of the state ja = j-1 is considerably

1

larger than that of the other states.

v,
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B. Several j-Levels

Note that if we extend these considerations to the situation in which
there are several j levels the plcture is not altered much when the large-spin
opposite-parity quasi-particle is low lying. From parity considerations the

new unperturbed states which must be considered .are

{...g

) 2 "47 ’Z’(r/ ™ /{ ’.\j’—: d!'—} .
%"44,. =N i ‘;]fjl a{;«v J‘G‘ (11-16)

where Jj;, jé £ 3. Since-the terms analogous to the second term in Eq. (13b) is
not present in these new matrix elements and.since the j's are smaller than j,
the new matrix elements are all smaller than the la?ge ja = J = 1 matrix element
discussed above and are of varying‘sign. Therefore the conclusiohs reached for
the sing;e J=shell should not bhe seriously modified by the inclusion of the
other sfapes. |

i

Moreover, one cannot simply add these additional interactions, since

" they have already been included in part in the phonon-quasi-particle interaction.
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FIGURE CAPTIONS

Quasi-particle interaction with phonon for a single j-level, with

one phonon'included.

The’approximation low-lying eigenstates of a pairing plus quadrupole

interaction in a pure 7/2; 9/2, 11/2, and 13/2 levels, as determined

. from Eqns. (13 and (13) in the tekt. The energies roughly correspond

to those obtained with the parameters of Ref. 3. The states for which.
ja’ ji and 2 do not form a triangle are placed at the unperturbed

three-quasi-particle energy.
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~ TABLE

E2 transition rates compared to single-
‘particle. See text for definitions.

j BE2)/B(ED),
772 9.12 (2UjVj)2
9/2 17.6 (2Uj"\7j)2
11/2 29.7 (zujvj)2

1372 6.0 (zujvj)2
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