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D. Robaschik, A. Uhlmann

Calculation of the Coefficients of the Mass Operators

For normed orthogonal systems of operators the coeffici~
nts for SU(3) and SU(6) mass formulas are calculated and
lations between these coefficients are considered,

CALCULATION OF THE COEFFICIENTS
OF* THE MASS OPERATORS
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1. Using the experimental data (A, Rosenfeld et a.l./ Y ) we calculate
the coefficients of the SU(G) mass formulas (Beg and Singhlz/) for the 35- and
56-plet. The coefficients for the corresponding SU(3) subrepresentations have
been obtained too., The mass operator, as it is a tensor operator acting on the
representation n , consists of the I = J = Y =0 terms of the self abjoint
irreducible representations contained in the direct product a xa*.

=3
el
Cnxn*
To calculate the coefficients a, ~we use for the tensor operators the inva-
riant scalar product
S produ Tr(y t,)
n

) =
which allows us to obtain

In tables we collect:

Table 1 Tensoroperators for SU(3) mass operators

Table NI Coefficients of the SU(3) mass operators

Table III Tensoroperators for SU(G) mass operators

Table IV Coefficients of the SU(6) mass operators

Table V Connection between SU(3) and SU(6) coefficients ( 56-plet)
Table VI Connection between SU(3) and SU(6) coefficients (35-plet)

2. The table I of the SU(3) coefficients (J. Ginibre/%) shows that for
both, the linear and squared masses, the 27-contributions are small and vary by
going from one octet to another quite arbitrarely, Therefore the magnitude of
the 27-coefficients seems to be not a criterion for the preference of either
linear or squared mass formulas, However, the squared meson masses show

the nice wellknown regularity



a 0 =-184VZ , s, (10 =-183vZ , a2 @"=-185yT (103 Mev)2)

In ref./ 4/ it is assumed that the mesons AWZE T‘B/Z_B and D could be the 7 and
n  particle of a new 1¥ octet, Assuming the a  to be small also here, we may
conclude from the well satisfied rule (squared masses)

2%+ f +A1+2B =3 +3A,

that we have additionally _
a (1) = -134\/?5-.

It is therefore not unreasonable to assume &a universal octet contribution a, for

the squared meson masses,

Dealing with the 07, 1~ and 2% mesons only the coefficient a, may be

represented fairly well by
a =168 +287 ] (J+1) (n?) (103 (Mev)?)

which allows to write down a mass formula including these mesons (Barut/ 5/ ).

For the meson octet we have calculated the relations between the linear
mass and squared mass coefficients ( £, and s, )
2,2 2
s, = B’+ g+ E”_ .
= 3 g8 p2 _4 2 3
sg= 20, L + 10 ‘/5 £ 5 ‘/38_ Kz7+_g_‘/'g' e,
- -8 8 -3/ 3 g2 2203 92
s uz-g-vszz \/5281256-45127

27 1727 8 27 §

These relations point out that the nonvanishing of the 27-plet coefficient and the

negative sign of the octet coefficient allows sum rules both in m and m? ,

3. The SU(6) coefficients (Harari and Rasl'ﬁd/ 6/ , Bisiacchi and Fronsda.t/ 7 )
are collected in Table IV. It turns out that for the mesons the squared mass
formula and for baryons the linear mass formula seems to be more preferable,
The physical meson states are assumed to be given by the u-chain, This is
reflected by the relation

5a +2y2a - 3/3a = -
189 v 189, ¥ 313927 \/ﬁamsl 4a4oss +3340527

From the condition a, (0 ) =a, (17) follows

/2 - 2
"28405e = %o, (m®)

which is not very well satisfied, Building up the coefficients a and 406
8 8

(Table VI) one has to subiract two large quantities in a different

manner and for this reason the small deviations of the octet coefficients (1%)
becomes important, Bisiacchi and Fronsdal have given mass formulas for m~?
and derived the relations (in our notation)

% - .
\/—8405l=a“91 ‘/2"405:‘ V3a @?)

=a
5 109, 405 T189,,

which are very well satisfied by the experimental data. The corresponding
relations for the coefficients of the m?~ formula are unfortunately very complicated,
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Table I

Tensor operators for SU(3) mass operators

t =1
t¢‘= Y

2 ®
Lo, = Y6 - -4c,

o
1,.= %— IGa) + Y -4 <)

)
tu = 334G () + Y GOW-3CY)
To get normed operators with (W‘;,h\ﬂ =1 we form

m; = ok

where N

<1 oly
octet decuplet
t, 4 1
t,, ™ 1
'tg s ').E -
b | 3T %
| o - =

Coefficients of the SU(3)

Table I

mass formula

M= AM X0y Mg T M+ R Wy, A My

particles 4 %3 %3 27 *ea
0" mesons 368,3 -281 .5"§' - 12'517‘! -
linear 1% mesons 850 —1071? - -2 E -
2* mesons 1376 -z - 5% -
0~ mesons 167,7 -184 % - 7.6E -
square 1™ mesons 729 -183"7-5 - s 1% -
2* mesons 1904 -]z - 16 1% -
%* baryons  1150,2 51,81t -94,5TC -B.Bﬁ- -
linear 3¢ baryons 1383 - 147 0,61%  o,6l%
%' baryons 1762 1037 <2l 11 -
square 1% paryons 1934 - 418 29 % - 1%
units: MeV
103 (MeV) 2
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Table V

Connection between SU(3) and SU(6) coefficients (56-plet)

a,= 4 (2b,+5¢)

g = -11‘_-21 (77 &, +5¢q,)
Oyos,= 15 (~b,+c)

Uos, = 2T ( q“—'\_, "—g-_b,“—-Sch)
%9S, ";‘1——‘( "rbgs'-’-bs.*"—‘: )
n T Af T? n

ues :i 1‘—lc

a

ulﬂ'
o

Qaeos, = - %

Notation :
a 56~plet of SU(6)
b 2% octet of SU(3)
e 3/ ,+ decoplet of su(3)

10

Table VI

Connection between SU(3) and SU(6) coefficients (35-plet)

0= 4 Ok, 20qe34,)
A5 = .'4;_? (=TE Coyvaep +d )
q“.,‘a EL\"W (3b,-¢, -24,)

=A_ ( s (b, *%)*—-o\)

\ss‘
q’“u.' T§: (- bm*zczw)
Vos, = ”Hrs“ (~3b, +5¢, -24,)

Oyes, = é—ﬁi“ QH (3, =% ¢y) - $4 )
Aos,, = T;—? (b v "n)

Notation :

35-plet of SU(6)

b 0 octet of SU(3)
c 1" octet of SU(3)
4 = ord
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