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) J. TOUCHARD
- . Laboratoire Joliot-Curie de Physique Nucléaire - Orsay

(ricevuto i1 21 Maggio 1962)

Summary. — The branching ratios from the higher excited states in
- spherical even-even nuclei are calculated using a simplified model, which
includes only a single j shell, and a pairing plus quadrupole residual
interaction between nucleons. The method is applied to the branching
from the 44 levels: it is found that the FE2 transition to the second
24 level can be enhanced against the con‘espondmg one to the first 24
level for more-than one 44- level

1. — Introduection.

It has been shown recently by Van LiesHOUT, Riccr and GIRGIS (') that
several spherical even-even nuclei exhibit an interesting regularity in the decay
of some higher excited states. If we consider, for instance, the E2 decay of
a given 4- level and introduce the branching ratio:

B(E2),,

F“’=B(E2),,’

(*) This research was sponsored in part by the Fondazione Beneduce, Napoli. It
is also a part of the research programme of the Nuclear Spectroscopy Group of Naples,
working under a contract between EURATOM and C.N.E.N.

() R.Van Liesrour, R. A. Riccr and R. K. GIRGIS: Nuovo Cimento, 21, 379 (1961).
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and suppose

- [B, B“:,’f'] = 0,,0,,

BY* acts then like the creation operator for a boson of spin 8; the approxi-
mation seems reliable only when the number of quasi-particles is small with
respect to the capacity £ of the shell.

iii) The quadrupole force is introduced according to the linearization
method (*11), i.e. only quadratic terms like B*B and BB (and Hermitian
conjugates) are taken into account. With the apprommatmns i), ii) and iii)
the Hamiltonian is written as:

H = ey + H2 9
H,,,—2E 3 B"™B?,
8FE2. U

Hz = 928 Z B:fH'.B(;) %ZQ"; Z ( )#[B&H- _|_ ( )uB(B) ][B(2)+ _|_ (__)uB(:)] ,
“
with ’
Q@ = (Y uwv VEGIr Y5> .

The second term in H, comes from the quadrupole force between two nucleons:
V,=—r'¥®-rnY®.
It we define a vector operator J by:

Jo=}(8f —8) =—J7,

. |
Jy=—5 (i +8)=—J7,

J, =38+ 3) =],

with
8,=3BPBY and 8,=3 (—)*B"B%

u 3

then ‘
H,=—bF++ 4E —31xQ%J,—2ixQ%*, .

(®) M. BARANGER: Phys. Rev., 120, 957 (1960).
(%) R. ARvViEU and M. VENERONI: Compl. Rend., 280, 992 (1960).
(11) M. KoBavast and T. MARUMORI: Prog. Theor. Phys., 23, 387 (1960).
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1378 ' G. SARTORIS and J. TOUCHARD

In order to find the normal modes of the system, we perform a canonical trans-
formation characterized by the operator U= exp[— 2«J;]. Expanding U into
& power series, ;the transformed Hamiltonian can be calculated with the
> help of the comimutation rule
Al 8! d ¢) 0 JANJ=1iJ, and is found to

i ‘be diagonal under the condi-

b A & ~ tion:
3T Lt fw 1. l ' .
. - ‘ ctgh 20 = 1— (2E/xQ*) .
c A . '
—_— 2+} 2E+hw ' . A
. We can then write the new
2F fw ‘ Hamiltonian as:
— 2" . U'H,U=—%2E—fo) + oS,
he : with
0 R
Fig. 2. — Energy spectrum resulting from a « pair- Fiw — OF L Z_Q_z
ing plus quadrupole » force coupling scheme. ' : E -

The following schematic energy spectrum describes therefore our system of
N interacting particles in the § shell (Fig. 2):

4) quasi-boson type excitations with _énergy 2E; operators B‘;?“’P;
B) phonon type excitations with energy %w; operators B®+;

'C) excitations due to the coupling of phonons and quasi-bosons.

It is clear that for large j several 4+ levels are obtained which lie above
an energy of order 2%w. In order to simplify the analysis of the various pos-
sible cages, we make the assumption that the quadrupole force is strong enough
to depress the 2'-+ two phonon level below the one quasi-boson level (fiw << E).

We have then four types of 4+ levels labelled by & —=a, b, ¢ and d:

a) One 44 quasi-boson (A band).

b) Three phonons coupled to I =4+ (B band).

¢) Two phonons coupled to I =4+ (B band).

d) A phoﬁon and a quasi-boson coupled to I =44+ (C band)..

We can then calculate the branching ratio ¥, for each type .
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3. — Electromagnetic traqsitions.

The F2 transition operator .4} = Zr Y (a) can be written, in second

quantized form, after having performed the quasi-particle transformation as:

Vd(z) _ Q[B(°)++ ( )pB(z)] + QEﬂ+ (2)
with

(= ') G T
(B = 2, <ijmm’ |28 B Yo
= (—)""‘ﬂ—m-
By the canonical transformation U, the operator B®* becomes
Ut B U = cosil a B — (— )” smh «B?, .
One gets therefore:

Uﬁl“’U Q ((A)b]l o — sinh oz)[B“" + CP1— gAY,
NO = — [BFy]P+ 2(1 — cosh 20) M + sinh 2« Ny + sinh 22 0 + -
’ 4+ 2(1 — cosh ac)P"’ +2(1— cosh o) @+ 2 sinh « B + 2 sinh o T,

jﬁf’=5{? ;?’ 27} [B"-”"'C‘”]ﬁ” R ,——————5<28+1 {7 2 s} B('H'C‘z’]“”

8£2
IN:,” —_5 {? ;?’ j} [Be+BO+]® QY — Z \/5 23 + 1) 22 3} [CWBH®
. ' . 82
op —5{; > rowowy Rp=3VE@ + 1| f sy,
d 83£2 .

rp—3vi@+ 0| | Hoveen,

a;éz
with
G(u) S ( )}t B(a)

_‘The' expressions for the operators M, N ... T have been obtained forming
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commutators of J, with [*y]?, and making use of the angular momentum
recoupling rules (12). ~

One gees that the transitions @, and d, are strictly forbldden, ie. F,=0
and F,= co. For the B band transitions (b and ¢) one must evaluate (*):

B(E2) = }|<I = 2| 4P| I = 4> 2.

Using known results for matrix elements of product of tensor operators and

the selection rules for matrix elements of the B“ operator, one finds

1 {cosh « — sinh )2
— — $o2
B=gt e —Gea
16 cosh? 2«
—_ 2 .
. 49 f ctg* ¢ (cosh o — sinh «)?’
with
f =100{? 2 2.137
igil
= co8 (p/2),
v = — (—)’ sin (p/2) .

It is also interesting to evaluate the usual branching ratio

P = B(Ez)zﬁ.vrvnk
o B(E2 )2’,~+0+ ’

which is found to be exactly 2F,, together with the value & of B(E2),, .,
in units of a single particle estimate B(E2),, for (§)?_, — (f)%,., transition,
which can be expressed as

1

=71 sin? gp(cosh o — sinh e)? .

=°l‘\ﬁ

4. — Discussion.

Our assumption #iw/E <1, or equivalently yQ®/GS2>$%, leads to y values
much too large as compared with the actual values used for instance by Kiss-

(12) A. R. EpMoNDS: Angular Momentum in Quantum Mechanics (Princeton, 1957).

(") Strictly speaking, the 2’4+ and the 4+ two-phonon levels are degenerate, and
therefore no transition between them can occur. However, we may always evaluate
B(E2) for the tramsition O;, and suppose that the “degeneracy is slightly removed
as is the case in actual nuclei (see Fig. 2).
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LINGER and SoRENSEN (). But it is well known that a single j model is not
able to depress strongly the 24 level. Thus our assumption must be consi-
dered only as simulating such a strong effect., We choose as a tentative value
#iw = 0.8 E. On the other hand, the quantity f varies quite smoothly when
j increases, and one can take a mean value f= 0.4 without affecting signifi-
cantly the order of magnitude of the branching ratios F,.

The single parameter left is then:

1— (fw/2E)?

&= @N/Q)1—N[20)’

which deseribes the occupancy of the shell (a large & occurs ab the beginning
or at the end of the shell, and &, = 0.84 at the middle of the shell).

A

60
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100 £

20—
&
100 2

10—

F=iry

2

0 | —_ £
084 10 20 30

Fig. 3. — Branching ratios F, and enhancement factor &# vs. shell occupancy.

In Fig. 3, we have plotted the quantities of interest against the para-
meter & If we exclude the region of large & where the model is inadequate,
we can point out the following trends:

i) The branching ratio ¥, is of the order of some units (and even larger
when approaching the middle of the shell), whereas F, remains always <1.

il) The quantity /2 has a value 0.2 to 0.6, and the factor # cannot
be large if j§ is not large.
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In the middle of the shell, & has its maximum value (*), FO#O and F,
a8 ¥, becomes infinite. We approach then the situation of the vibrational model. -

-

‘5. — Conclusion. -

It is thus verified that even within the limit of validity of such a simple
model there exists among the possible ones a group of 4-- higher excited levels, B
for which the proba,bi]ify of E2 ti‘ansition to the 2'4- level is enhanced with
respect to that to the first 2+ level (type a and b). We also find other 44
levels for which the opposite situation occurs (type a and e¢). "

As has been mentioned above, the model discussed here can only prowde
qualitative indications. A more realistic treatment should include séveral par-
ticle levels §,, j.y Ji, ... With reasonable wvalues of the various parameters.
Further calculations in this sense are in progress.

* k&

‘We wish to thank Prof. M. JEAN and Prof. R. A. Ricor for suggesting the
subject of this note and for many stimulating discussions.

(*) It can be remarked that for a pure ‘pa..iring force, F /£ has its maximum valuev
0.25 at the middle of the shell, and that our quadrupole force gives an additional
" enhancement by a factor 2.5.

RIASSUNTO (%)

Si calcolano i rapporti di branching dai pin alti livelli eccitati nei nuclei sferici
pari-pari, facendo uso di un modello semplificato, che comprende un solo strato j,
ed una interazione residua di coppie e di quadrupolo fra i nucleoni. Si applica il
metodo al branching dai livelli 4*; si trova che la transizione K2 al secondo livello 2+
pud essere ‘esaltata rispetto a quella corrispondente. verso il primo livello 2+ da piu
di un livello 4+.

(%) Traduzione a cura. della Redazione.
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