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ABSTRAí.T

'['he exp/icit ('xpres!;it)fl 01 the í,amofl'-Teller operatvr CT
q
7
1

ill terms (JI the

genera/ors o/ the unitar)' group 0/4 dimen-'.ions [/4 a.<;soriat("d u'ith ,"Phloi'<;(Jspill

was give'l hy ,\fosh¡'lsk)' aud .\'ag£'l, J.t'e can tb."e/or(' t/rtnmine the matrix elf"m:O'lt,,,

(JI the generatun 01 [/4li'ith respect to states

11)

u'here {tI t' l' tJ } is the irrrducible rr/"rs('ntation (JU) 01 U • ST.lfC'.\f,{, a,r, re.1 2 J <1 4 ,l

Work corri<!'d out _ith finonciol ossislonc~ from Ih~ Comision Nacional d~ En~'gía Nucl~o,

ond th~ Instituto NocionoJ d~ lo lnv~stigocion Ci~nlífica. Mé"teo.
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specJit'e/y. the Sphl, t••OSpitl and their projectúms, and j3 irldicate~ somf' extra

quantum numberso T/'e lalter matrix e/f'ment ••• an be oblained u!Sing Ihf' resull 01

(;('Iland and ZdJinlor Ihf' matrix elemeuts ollhe geuerator!S 01 U" lar S tales charac.

leri¿ed b) a caIHmical chaiu 01 s ubgrollf' .••• a,/(/ then obtainiug Ihe tra1l,"larmaliou

bra.kds hf'tu'eC"1 the .hano,¡ical chain and IhC' stalf's lo 1'1 this ar/iclC' lI'e carry

the last step ami so ha,'e au e) ..ac/ f!rocC'durC' lor determining the matrix elemeul!s

01 the (;amrJ(f'-TeJier opera/or Il'ilh respecl to supermultipld state!S. A'l applicatúAI

to ¡:18-o (J18 {l'aS gir'í'll in a,¡other puhlicatúmo

UESll.'lES

La e.\.pre, ••¡'íu e.\;1'lícito del opC'rodor (;am(AI'.TeJier U"q 7! erJ ((:rmhws de los

generadores de tm grupo unilario de 4 diffll'u, ••imle!S asociados crm el ('.••pacio de

espirl.isoespiuluerml dados por ,'1rl<;hillskv )' ,\.'ogl'lo Podemos por crmsiguienle

dl'tC'rmir¡ar 10.<;el('m('utos df' matriz del operador Camou'-TellC'T si couoceff/OS los

C'lemf'nlos de matriz dC' los gerlC'radores de (14 crm rC'specto a los C'stado.<;

(/)

drHldC' jI'" r' l' } 1',<;la re/Jresf'utación irreducible de l'.(RI',ST.\IS.\I.,. SOfI r~s/Jf'(-
1 2 J 4

lil'amf"ltC'. el espino iSOf'spin V 5145 pro)eccirmes y;3 indica algul/o,<; números "4án.

/;cos adirirmales. F.<;tos ti¡'limo.<; el('mf'nlos de matriz pUN/e'I!S('T ohtf',lidos utili.

zando lo!S rf'sultados de Cellal/d y Zd/in poro {o,<;f'/f'mf'utos de matriz de los gf'rle.

radores de 114para C'stados caracterizado,<; por rma radena caru"dca de subgrupos.

)' a continuari';" obteniendo los parinle!Sis de /ra'lslormació'l en/re la cadena ca'ló.

nica y los estado.<; lo lIf'mos ¡¡ef'ad,} a caho es/e úllimo paso y por lo tarl/o /ene-

mos U'I /"ocC'dimie,¡/o ¡"xacto para la de/e'rminacióu df' lo!S elemr,I/()$ de' matriz del

()prrador Gamorl'-Tr/ler cou respt'c/o a ('.<;tado.••de supermultiplete. /:'1 tma publi-

~a. ¡,ir¡ ar¡terhA se aplicarorl E'!Stos 1'1',<;ullar/o .••a la /raTls idrirl ¡: 111--o 0
111

•
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1. INTRODUCTION

In recent publicotionsl•2•3 the supermultiplet clossification of the stotes

has come bock into favor os On intermediate step in the SU] scheme. In this

clossificotion the n portie le stotes could be denoted by the ket2•j

where {!) tI tI V } is the partition of '1 choracterizing the irreducible re¡:resent:Jtion
I 2 3 4

(IR) of the U4 group ossocioted with the four single particle spin isospin states,

L,J,S, T ore respectively the orbital and total angular momentum, spin ond isospin,

a,j3 ore additional qucntum numbers2•3

2. MATRIX ELEMENTS OF ALLOWED BETA OPERATORS

We ore interested in determining the matrix elements of allowed Beta oper-

Ot0l"5 with respect to the states (1.1). This is triviol far ollowed Fermi tronsitions
11. (1) _ (i)_

s ¡nce the one body operctor l J _, q =: :t 1, where / _ is the q component of
j ~ 1 q q

the isospin of particle i, can be expressed in termS of the total isotopic spin which

is on integra I of motion of (1.1).

For the Gamow-Teller allowed tronsitions the situation is not so simple.

The one body operator is given by,

n (i) (i)
~/ S ;;R_

j", 1 ;;' q qq
(2.1 )

(i)
where S is the q c",mponent of the spin of the IXJrticle j. The motrix element ofq

(2.1) with respect tostates (1.1) cOn be reduced by standard Rocah olgebro4 to

the motrix element
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We note that R_ is o Rocah tensa of ader 1 both in spin and isospin spJce. Applying
qq

Roco's" result to OI.X matrix elerrent we obtoin the follONing exp-ession,

( '[' { }e! •••••• 1 0)(1)1 ( }f3"a ~,t'l't)t' ;..;51'Ms,IITiJ.'tI R_ aL, tlf't' 1) SI.\tS'~TiPl)=
1 2 J 4 qq 1 2 J "

. . [ ]"S .• J - 2J + L+ 1 2J + 1 ." • , .. - l'= (-) __ • (S J SJ; 1.1) (J l.~q I J .11 ) ( I 1.111' q I l' '~T) x
21"+1

where

{ }
e •••• '1 (l)(I)I{ }f3( t' ti f) f) jJ S T ,'tIS,\1.r R - ti ti t' t' 51'.\ls MI'} =

1 2 3 " qq 1 2 J "
1

/(2s' + 1) (21" + 1)

(2.3)

('1'1111' q Ir' .II~)

As we can see trom the last express ion 011 the orbital part is contained in

the Rocah W ond Clebsch~Gordancoefficient (1) ond we obtoin o motrix element

which depends only upon states in the supermultiplet c1assification. •
The operators R_ are linear cambinotions2 of the generotors e'

qq •

r. r' = 1,2,3,4 of the 1/
4
group ond so (2.2) could be determined if we in turn could

obtain the motrix elements of these generators. To achieve this purpose we note

thot Gelfand and Zetlin5 determined explicitly the matrix elements of the gener~

ators af U
4
with respect to the states characterized by the IR of the chain of
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Groups U) u ) u ) U i.e., the Gelfond stotes
<1 J 2 1

(2.5)

where [h¡f." hu] Is the irreducible representotion of the Vf group 1 = 1,2,3,4.

The states in (2.2) are on the other hond classified by the IR of the chain of
(0') (.r) (u, 'T)

Groups U ) su x su where su ore the two dimensional unitary unimooulor
<1 2 2 2

groups associoted with the spin and isospin spaces separotely. To colculate (3)

we need then besides the Gelfand and Zetlin result6 the transformation brocket,

(2.6)

where t'¡= hi<l';= 1,2,3,4.
As the ket in (2.6) is an eigenstote of S2, T2, S , T it could be a questionn o

of fitst determining the matrix elements of these operotors with respect to the

Ge~fand stotes (2.5). As Sq' '[~ ate in turn linear combinations2 of the generators

C; which are given b/

_1 (C'+C')
12 ' , r = - _1_(e' + C')

¡ /2 I J

So

S =-,

1 (Cl + C' - C' - c')2 '¡ '2 • J ' <1

_1_(c' + c')
- 3 ,
12

ro

r.,

~(el + C3-C'-C')2 J J 2 4

= _1_(c' + c3)- , ,
12

S2 and 1'2 ore given by the following expressions in terms of these oper.

ators,
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5' = - 2, 5 + 5 (, + 1)'"} 1 O ' O

7" = - 27' 7' + 7'0 (To + 1 )
-1 I

, t
Using the hermicity property af the generators of V , (es) = eS I will's s

obtain far the motrix elements of 52 ond y2 with respect to Gelfond stotes,

ond

+ .\15(.\f5 + 1) Ó" I h
pq pq

(2.70)

,- (h" I(e'+ e'llh' )(h" I(e'+ e')jh )- -PtI '1 ) .pq pq '1 '3 -pq
h"pq

(2.7b)

where hpq is en intermediote state ond,

As we con see from the last expression the matrix elements af So ond "'0
ore diagonal with respect to Gelfand states, since they are only given in terrnS al

weight generotors, so we will hove to consider only 52 and .,.2.
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Using the closed expression obtained by Nagel and Moshinsky7 for the

motrix elements af the (1 generators with respect to Geltand states which is•
equivalent to the one obtoined by Gelfond ond Zetlin we orrive to the exp--essjons

for the metrix elements of these generotors given in toble 1, the rest of the motrix

elements of our generotas ore given in reference [2J.

Using these results the motrix elements (2.70) ond O.7b) ore final written

os in toble 11ond 11I.
Once we hove the commuting motrices 52 ond '["2 with respect to states (2.5)

chorocterized by o definite IR of {ti ti l' t' } of U , the unitory motrices that diago-
1 2 J 4 4

nolize them simultoneously ore precisely the coefficients (2.6). In this woy we

hove On exoct and explicit procedure fer colculoting ollowed Gamow-Teller motrix

elements with respect to states (1.1) in the supermultiplet c loss ificotion. An

opplicotion of this method wos given8 fer the transition between the ground stotes

of FUI ond 018, though due to On error in the colculotion the right theoreticol fl

value is 23t¡6seg. A progrom for the diogonolization of S2 ond ,["2 is in progress.
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