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Abstract Our purpose with this article is to show how to calculaic ana-
litically the matrix elements of a Harniltonian of a bosons system,using
the technique of Coefficients of Fractional Parentage (C.F.P.)(l). The
bosons system considered is constitued by isovector s-bosons (J=0, T=I)
and isoescalar p-bosons (~=1,T-0. We also demonstrate how we can,
using such,a technique, reproducethe results for the system of interac-
ting p-bosons (21, in the totally symmetric case.

1. INTRODUCTION

Interacting s-p boson model with isospin, which considers the
nucleus as being formed by two types of bosons, namely isovector g-bo-
sons (J=0, T=1) and isoscalar p-bosons (J=I, 7=0), where J = total an-
gular moment and T = isospin, may have the matrix elements of its Ha-
miltonian reckoned in an analytical way, through the use of a technique
known by the name of Coefficients of Fractional Parentage (C.F.P.). A
Arima and F. lachello®, in the model of interacting s-d bosons, utilize
such a technique; yet, the results obtained remain in the dependence of
the calculus of the C.F.P. for the number of bosons to be used sincethe
same are not obtained analytically. In our case, we get analytical for-
mulae for the C.F.P. from symmetric states of.p-shell and we wuse such
formulae in the calculation of reduced matrix elements; the final results

will be a tri-diagonal matrix.



Still as an application of such a method we look upon a system
of interacting p-bosons and we secure, for a given interaction, that
the energies agree with the results of Chen for the symmetric case.

The group representing our model is group Us(J7), that may be

decomposed as:
Us (JT) D Us(T) x Us(J)

where the group U;(J) represents p-bosons system, while the group U,(T)

represents s-bosons system.

2. THE HAMILTONIAN OF THE MODEL

Let the Hamiltonian of one and two bodies be:
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Where:
bt = creation operator for bosons in }_ state
». = annihilation operator for bosons in Z state

T

In the case of s-p bosons system, we will be able to write the

Hamiltonian as:
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where:
Ns = number of s-bosons
IVp = number of p-bosons
+ .
s = creation operator of s-boson
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p+ = creation operator of p—boson

The symbols. (t,X tz)JT represented the tensorial product of two ten-

sorial operators. The matrix parametrized elements <( jlj 2 (t, t,),

JT | Vlzl(j;j';)(t{t;), JT> are given by:

u <(00) (11),0r{v,,|(00) (11),07> = <ss,07|V,,|ss,0T>

0T

e = <(11)(00),70|v,,1 (11) (00) ,00> = <pp,J0|V,,lpp,70>
Voo = <(00) (11,0017, 1 (11) (00) ,00> = <pp, 00|V, , lpp,00>
u_ = <(01)(10),11|v12](01) (10),11> = <sp,11|V12|sp,11>
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We will use the basis U,(T) X U,(J) to represent the states
of our Hamiltonian; in that basis the number of s-bosons and the number
of p-bosons are well defined. The notation used will be:

|

leNp> = [Ns(JsMsTsMTS)Np(J MTM,);d MT MT>

T
ppp p

3. THE METHOD OF COEFFICIENTS OF FRACTIONAL PORCENTAGE (C.F.P.)

To calculate the matrix elements of our bosons system, we'll
use the method of C.F.P.. In this method we consider a particle of the
particle system, separated of the others, and the symmetry required is
satisfied by the calculation of the configuration functions, asalinear
combination of the functions vectorially coupled of that separate par-
ticle and the permitted states of the other particles. The coefficients
which determine that particular linear combination are called C.F.P..

-1

ey @d) Gy M (4)

N -1 LWV N
li am> = EJ (a,9,)d7 |4 adil |75

asdy
where

E'N_] (alJl)jJ | jNai' = C.F.P.

a and a, are additional quantum numbers, which are necessary if there
are several states with the same value of J.

In the literature we find relations of recurrency for calcu-
lation of the C.F.P.; yet, we are interested in an analytic formula for
the C.F.P. of the states:
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where (¥) labels an entirely symmetric state in the N particle (bosons)
composing it. For procuring the desired analytical formulae, we use
the recurrency relations derived by Shalit and Talmi® in the seniority
scheme, making seniority equal to the angular moment, after converting

the result for the totally symmetric case. At that rate we obtain:

/
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From the formulae (5) and (6) and using the recurrency rela-

tion®,
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we secure the C.F.P. for the simultaneous separation of two symmetric

particles, as follows:
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Using the C.F.P. we can calculate matrix reduced elements in

a compact form, for:

w1, Tl > = () (20 an’ l; W )J|p ’V+”J| (12)
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In the case of s-bosons the calculation is identical, being
+
enough to change N by N, 3 by T and p(p*) by s(sh).

4. THE MATRIX ELEMENTS

With the C.F.P. obtained, we can show that:

u
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5. INTERACTING P-BOSON SYSTEM

Let's consider a system formed exclusively by interacting p-
-~bosons. Let's calculate the energy of that system for an interaction

of the type:



V=1 V. where V..=a+b3ﬁ..3. {16)

<j

In the representation of the occupation number, that interaction Is

written as:

vel 1 <ijlv,le s bbb,
7/,Jyk9’o" ¢ )

In the case of a p—bosons system, we have:

1/2
. 0 J0 |00
v = T ppa0lvy, lep, 0 L T5* )70 s p % p) (17)
J 2

By using the previous relation and the formulae obtained for the CFP,
we can show that:
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RESUMO

Nosso objetivo com este artigo, € mostrar como se calcula ana-
liticamente os elementos de matriz de uma hamiltoniana de un sistema de
bésons, usando a técnica dos Coefficients of Fractional Parentage (c.F.P)
(1). 0 sistema de bésons considerado, € constituido por bdsons isoveto-
riais s (J=0, 7=1) e bdsons isoescalares p (J=1, T=0). Mostramos tam-
bém, como podemos, usando tal técnica, reproduzir os resultados para o
sistema de bfsons p interatuantes (2), no caso totalmente simétrico.
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