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ABSTRACT

It is shown that in order to take into account
the electromagnetic mass shifts of the baryons in
testing the baryon octet mass formuls; the mean mass
of each baryon isospin multiplet may be used.

*)

J.S. Guggenheim Foundation.
Permanent address : Physics Department,
Columbia University, IN.Y,

8968/TH. 429
25 May 1964



One of the most impressive predictions of the approximate SU

1,2) 2

symnetry of strong interactions is the Gell-Mann-Okubo formula relating

the masses of particles within an SU3 multiplet, In particular, the baryon
octet mass formula is valid to the same order as the observed electromagnetic
splittings in each isotopic spin multiplet. This raises the problem of how to
test correctly the accuracy of this forimla, because it is obtained in terms
of baryon masses without including the electromagnetic contributions. Let us

define a characteristic deviation ©m to the baryon octet mass formulae by

Sm=z+ Z-1/2(3A+3) (1)

where N,-',A and 2, are the masses of the corresponding baryons when the
electromagnetic interactions are switched off., We shall derive below two
relations, Eqs. (3) and (4), for §n in terms of baryon messes which include the
electromagnetic shifts obtained in the limit of exact SU3 symmetry., The
accuracy of the Coleman-Glashow relation 5) for the electromagnetic mass split-
tings among the baryon isospin multiplets justifies the substitution of the

observed baryon masses in relations (3) or (4) to obtain Om.

Since the electromagnetic interaction transforms like a scalar under

4)

multiplet are all equal in the limit of exact SU3

there is no electromagnetic mixing among states with the same charge but differ-

ent U-spin. Setting Y = g/\ +1/230 and 2z° = 1/2A- g 3°  for the

U=1, U3 =0 and U=0, U3 = 0 states respectively, we have 3),5)

U-spin °, the electromagnetic mass shifts & B of the baryons in a U-spin

symmetry.,  Furthermore,
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Z =/\ electromagnetic mass mixing 6). If we

where (3 [&n ) denotes the
set B = B+-6]Bq for the corresponding baryon mass, where B is the mass without

electromagnetic interaction, and the superscript g is the charge, we obtain by

combining Egs. (1) and (2).

«0 «t vl = | 3 n° 5
- - /;1 -k !‘J i — - — 5/\ + z
ém = Z-1 F 7 ) (3)
or alternatively
- - 5
Sm = L(PWN°) ¢ L(=+T7)- L (5/!°+E++ 7-27)
2" Py 2 (4)

Substituting the observed mean baryon masses 7), we find é;m = =12.4 MeV and

-12.9 from Egs. (3)“and (4) respectively 8). Note that Eq,. (4) is nearly

equivalent to substituting the mean mass of each isospin baryon multiplet in

Eq. (1) because the 2. hyperon mass relation

o _ + -
=4 (27 27) (5)
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is very well satisfied., However, Eq. (5) cannot be derived on symmetry arguments

9)

alone .

Similar considerations can be applied to include the effect of the
electromagnetic interaction in the GMO mass formula for other multiplets of
SUB' For triangular representations (for example the decuplet of baryon

resonances) the equal mass spacing rule should simply be applied to states with

the same electric charge.
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