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ABSTRACT
The explicit expression of the Gamow-Te ller operator O, T, in terms of the
generators of the unitary group of 4 dimensions U, associated with s pin-is os pin

was given by Moshinsky and Nagel, We can therefore determine the matrix ¢lements

of the generators of U with respect to states
| , 2o
| {vl v vy },.JSTMSMT ) (1)

where {Hl v, v, } is the irreducible representation (IR) of U+ STMcM,. are, re-
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s pectively, the spin, isospin and their projections, and [indicates some extra
quantum numbers., The latter matrix elements can be obtained using the result of
Gelfand and Zetlin for the matrix elements of the generatars of U, [or states charac-
terized by a canonical chain of subgroups, and then obtaining the transformation
brackets between the chanonical chain and the states 1. In this article we carry
the last step and so have an exact procedure [or determining the matrix elements
of the Gamow-Teller operator with respect to supermultiplet states. An application

to F18— % was given in another publication.

RESUMEN

La expresion explicita del operador Gamow-Te ller 0, 7, en terminos de los
generadores de un grupo unitario de § dimensiones asociados con el espacio de
espin-isoes pin fueron dados por Moshinsky y Nagel. Podemos por consiguienie
determinar los elementos de matriz del operador Gamow-Teller si conocemos los

e lementos de matriz de los generadores de U, con respecto a los estados

1 {ﬂl v,v, v, }BSTMM . ) (1)

donde *rt'l v U, } es la representacion irreducible de u, (RI),STMgM,. son respec-

tivamente, el espin, isoespin y sus proyecciones y 2 indica algunos nimeros cuan-
ticos adicionales. Estos ditimos elementos de matriz pueden ser obtenidos utili-
zando los resultados de Gelfand y Zetlin para los elementos de matriz de los gene-
radores de U, para es tados caracterizados por una cadena candnica de subgrupos,
y a continuacicn obteniendo los parentes is de transformacion entre la cadena cand-
nica y los estados [. Hemos llevadoa cabo este dltimo paso y por lo tanto tene-
mos un procedimiento exacto para la de terminacion de los elementos de matriz del
operador Gamow-Teller con respecto a es tados de supermultiplete. En una publi-

cacién anterior se aplicaron estos resultados a la transicion Fl8—gls,
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1. INTRODUCTION

In recent publications!+2:3 the supermultiplet classification of the states
has come back into favor as an intermediate step in the SU, scheme. In this

classification the n particle states could be denoted by the ket?:
‘O.I,,{r.fluzt.-'sv“}ﬁST,]M) (1.1)

where {vl VY, } is the partition of n characterizing the irreducible representation
(IR) of the U, group associated with the four single particle spin isospin states,
L,J,S, T are respectively the orbital and total angular momentum, spin and isospin,

a, /3 are additional quantum numbers 2+3

2. MATRIX ELEMENTS OF ALLOWED BETA OPERATORS

We are interested in determining the matrix elements of allowed Beta oper-
ators with respect to the states (T.!). This is trivial f_or allowed Fermi fransitions
since the one body operator E t(I_), g = +1, where t(;_) is the ¢ component of

f=1 ¢
the isospin of particle 7, can be expressed in terms of the total isotopic spin which
is an integral of motion of (1.1).
For the Gamow-Teller allowed transitions the situation is not so simple.

The one body operator is given by,
p 20 SEST LS - (2.1)

(7)
where § g isthe g component of the spin of the particle i. The matrix element of

(2.1) with respect to states (1.1) can be reduced by standard Racah algebra* to
the matrix element
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({vlu21»3u4}ﬁ- S'T' M MHR;ql{ulvvau YBsTMg M)y (22)

We note that R— is a Racah fensar of arder 1 both in spin and isospin space. Applying

99
Raca’s? result to our matrix element we obtain the following expression,

a)
(a' L' {v v, e MS T’] M’ |R . IaL'{ﬂlvzy;;vq}ﬁSTMSMT;IM)=

L

s'=j=2]"+L#1 ‘ i . = '
= (=] [35:1] w(s'J s;;r.l)(ﬂMq\f M'Y(T1Mpgq H‘MTM

, wa j
<{tf1 1121;31'4},[3‘5 T ‘|l| R l” {1}1142031.{‘};351") 23)

where

)
({:flv2v3v4};?'S'T':M M. ‘R |{v1v21'3v4},35’1‘MSMT):

1 (T\Mpq | T" M)
s s 1T )

@

<51.\{Sq|S'M§)({1111121'394},3'5"7"|HR ‘,H{vluzuav(‘};'?ST) (2.4)

As we can see trom the last expression all the orbital part is contained in
the Racah W and Clebsch-Gordan coefficient { |y and we obtain a matrix element
which depends only upon states in the supermultiplet classification.

The operators R— are linear combinations® of the generators C
qq
r,r' =1,2,3,4 of the U, group and so (2.2) could be determined if we in turncould

obtain the matrix elemenfs of these generators. To achieve this purpose we note
that Gelfand and Zetlin® determined explicitly the matrix elements of the gener-

ators of U, with respect to the states characterized by the IR of the chain of
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Groups UD U, D U, D U, ivey, the Gelfand states
by i V(R(E (4 (2.5)

where “’1! ... k] is the irreducible representation of the U, group /= 1,2:3:4
The states in (2.2) are on the other hand classified by the IR of the chain of

() (os ) ; ; 5
Groups U, > SUZ(U)X SU; where SU, """ are the two dimensional unitary unimedular
groups associated with the spin and isospin spaces separately. To calculate (3)

we need then besides the Gelfand and Zetlin result® the transformation bracket,
(g | (w0, 0,0, } BSTMg M7 ) (2.6)

where v, = 5..,i=1,2,3,4.

As the ket in (2.6) is an eigenstate of 52 §,+T, it could be a question

of first determining the matrix elements of these operators with respect to the

Gelfand states (2.5). As Sq+ T, are in turn linear combinations?® of the generators
'

(T: which are given by?

5§ semecs G008 ® £ TR ook g
1 ‘/2 1 2 1 ‘/5 3
£ = 1 et &gt pra gt 7 = L @htg! aid o)
0= ‘1 ‘2 4 &7y "3 Y
1 1 2 1 T L3
§. = El4 =i (€3 4
= \/5( 3 4) T-l_w- ((2 (4)

s? and 77 are given by the following expressions in terms of these oper-

ators,
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t
Using the hermicity property of the generators of U (Ci )

[
1

==25, 8 *+5,(5,11)

T' = =2T T + T, (T +1)

r

s .
= CS' will

obtain for the matrix elements of §7 and 72 with respect to Gelfand states,

and

(hyol 7| b

(hpg |57 by = ;f B(C2+ €Y [ bpgy (b l(€7 ¥ € By

bq

+ Mg (Mg + 1}85% g (2.70)

-5 " 2 4 ' " 2 4 |
pa) = by (g [(CT+ €3 [ B (Ppq [EE * €] gy 8
ba

t M (Mt 1) F-hp,q g (2.7b)

where b;q is an intermediate state and,

As we can see from the last expression the matrix elements of 8, and T,

are diagonal with respect to Gelfand states, since they are only given in terms of

2 . : 2
weight generators, so we will have to consider only §% and T7.
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Using the closed expression obtained by Nagel and Moshinsky’ for the
matrix elements of the U, generators with respect to Geltand states which is
equivalent to the one obtained by Gelfand and Zetlin we arrive to the expressions
for the matrix elements of these generators given in table I, the rest of the matrix
elements of our generators are given in reference [2].

Using these results the matrix elements (2.7a) and (2.7b) are final written
as in table II and III.

Once we have the commuting matrices s*and 17 with respect to states (2.5)
characterized by a definite IR of {vl v, v, r:q} of U, » the unitary matrices that diago-
nalize them simultaneously are precisely the coefficients (2.6). In this way we
have an exact and explicit procedure for calculating allowed Gamow-Teller matrix
elements with respect to states (1.1) in the supermultiplet classification. An
application of this method was given® for the transition between the ground states
of F1% and 0'®, though due to an error in the calculation the right theoretical ft

valve is 2346seg. A program for the diagonalization of §* and T2 is in progress,
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