PHYSICAL REVIEW VOLUME

135,

NUMBER 6B 21 SEPTEMBER 1964

Y, *+— ¥,* Mass Difference

RoBERT Socorow* AND SipNEY COLEMAN
Lyman Laboratory of Physics, Harvard University, Cambridge, M assachusells
(Received 13 May 1964)

The V,*t— ¥ *~ mass difference is calculated, taking account of the contributions from (1) scalar-meson
tadpoles, (2) intermediate states involving one ¥;* and one photon, and (3) intermediate states involving onc
Z and one photon. The sum of these yields a mass splitting of between —8.5 and —10.8 MeV. The experi-

mental value is —1737 MeV.

ECENTLY, it has been proposed! that the domi-
nant contribution to both the medium-strong and
the electromagnetic mass splittings of the strongly
interacting particles comes from a class of diagrams
involving scalar meson tadpoles. [Figure 1(a) shows
such a diagram.] The medium-strong splittings come
from diagrams involving a hypothetical isospin zero,
hypercharge zero meson #’. The electromagnetic split-
tings come from the neutral member of a hypothetical
hypercharge zero isotriplet y’. Because these particles
are part of the same unitary octet, we may use unitary
symmetry to obtain an estimate of the electromagnetic
mass splittings in terms of the medium strong ones (to
within a multiplicative constant). We may improve this
estimate by adding to it the contributions of the leading
nontadpole diagrams, those which involve in the usual
dispersive analysis of the electromagnetic mass problem,
the intermediate states of lowest mass.

This method is capable in principle of calculating all
electromagnetic splittings in terms of experimental form
factors and one unknown parameter. It has been
applied? to the baryon and pseudoscalar meson octets.
Good agreement is obtained with the baryon splittings
and with the pion splittings. Poorer, but still reasonable,
agreement (the right sign but only half the right
magnitude) is obtained with the kaon splitting. These
results are encouraging, but they are only half a dozen.
We feel it is important to check the tadpole dominance
hypothesis by applying the method to as many electro-
magnetic splittings as possible. In this note we apply it
to the computation of the recently measured® mass
difference between the charged states of the ¥,* the
$+ Ar resonance at 1385 MeV.

In our computation of the difference between the
mass of V** and that of ¥1*~, we include the contribu-
tions from three mechanisms: (1) Scalar meson tad-
poles [Fig. 1(a)]. The magnitude of this contribution
can be calculated with no free parameters if we accept
the analysis of baryon and pseudoscalar meson mass
splittings in terms of tadpole dominance.! It is —6.1
MeV. (2) The V* pole [Fig. 1(b)7]. As a consequence
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of unitary symmetry this has no effect on the difference.
(3) The Z pole [Fig. 1(c)]. This involves the unknown
2V *y form factor. Unitary symmetry tells us the value
of this form factor at zero-momentum transfer in terms
of the known NN*y coupling. We assume its shape is
given by a single pole. As the mass of this pole moves
from the mass of the p to the mass of the ¢, this con-
tribution moves from —2.4 to —4.7 MeV; we use these
as lower and upper estimates.

The sum of these three terms yields a mass splitting
of between —8.5 and —10.8 MeV.* The experimental
value? is —1747 MeV.

The remainder of this note is a more detailed ex-
planation of these calculations.
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Frc. 1. The three leading contributions to the electromagnetic
mass splittings within the decuplet. The dashed lines represent
photons, the wiggly lines scalar mesons, the straight lines baryons,
and the double lines decuplet resonances. These diagrams are
obtained by writing the expression for the decuplet self-energy in
terms of the scattering of unphysical photons off decuplets; the
latter process is then approximated by including all poles in s, ¢,
and #. Thus the blobs represent form factors with all particles
except the photon on the mass shell.

*We may apply the same methods to a calculation of the
N*+— N*= gplitting; we obtain the same splitting to within a few
tenths of an MeV.
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(2) Scalar meson tadpoles. Let gp be the coupling of
the scalar meson octet to the decuplet. Then the
medium-strong mass splitting between, say, the ¥Y;*
and the N* (1238 MeV), is given by

Yi*—N*=—gpV3(n'), M
while the desired electromagnetic splitting is given by
Vit =Y =4gp(r®), (2

where the name of a particle denotes its mass, and (y’)
and (r®) are the vacuum expectation values of the
associated scalar fields. According to the fit to the
baryon masses of Coleman and Schnitzer?, (x')/
(n')=0.018. Thus, the contribution of tadpoles to the
Y **+— V% gplitting is —6.1 MeV.

(2) The Y1* pole. There is only one way of coupling
8 to 10®10; thus all electromagnetic form factors for
the decuplet are proportional to the charge. Hence the
diagram of the type of Fig. 1(b) for the Y1*+ is equal in
magnitude to that of the same type for the ¥,*-, and
there is no effect on the difference. This is a fortunate
cancellation: If we approximate the ¥1* by a Rarita-
Schwinger® field of spin £, the diagrams under consider-
ation are at best quadratically divergent; their values
depend sensitively on the way in which the ¥;* becomes
soft at high energies, and their proper calculation re-
quires a detailed theory of the dynamics of the decuplet
resonances. Further, even if we are willing to assume a
one pole form for each of the form factors, we only know
the values of one of them (the charge form factor) at
zero momentum transfer; we know nothing of the vari-
ous anomalous moments except that, judging by the
example of the nucleon, they are likely to be large.

(3) The = pole. Gourdin and Salin® are able to
describe many phenomena involving the electro-
magnetic interactions of the N* with a phenomeno-
logical interaction Lagrange density of the form

L= (fe/ [Ty, ys ¥+ Trysy W P, 3)

where ¥ is the nucleon field, ¥, is a Rarita-Schwinger®
field of spin § associated with the N*, F# is the electro-
magnetic field, u is the mass of the pion, and fis 0.37.7
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Unitary symmetry tells us that the ¥1*Z*y coupling is
given by an interaction of the same form with the same
coupling constant, and that the ¥Y;* 2~y coupling
vanishes.? In order to evaluate Fig. 1(c), we need to
know the form factor that describes the coupling for
photons off the mass shell ; we will assume it is given by
a single pole:

F(#)= [ (8 — M), @)
A lengthy but straightforward Feynman calculation®

yields the following expression for the electromagnetic
mass of the ¥1* (and therefore for the splitting)

m® f2e? 7
dm= |:3x3—~ Sa2y+-xyi——a?+4ay-+-GF
1927%u? 2
I+y 1+y
+H In——- (y4+4y3)ln-ﬁ:| , (5)
x Y
where

x=M?my«? , Y= (mzz—mwz)my*—z y
1
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If we place M as the mass of the p, m is —2.4 MeV; if
M is at the mass of the ¢, m is —4.7 MeV. We use these
numbers as lower and upper estimates. [ Since we have
no experimental or theoretical information about F (%),
this is at best just an educated guess. However, we
remark that if we applied the same procedure to the
p-n difference, we would obtain estimates such that the
number obtained from best fits to the experimental form
factors would indeed lie between them. ]
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