PHYSICAL REVIEW D

VOLUME 9,

NUMBER 8 15 APRIL 1974

Electromagnetic mass differences in compensation theory*

Marcel Wellner
Physics Department, Syracuse University, Syracuse, New York 13210
(Received 7 June 1973)

A beginning is made toward developing a model where the electromagnetic mass differences between
hadrons are constrained by requiring the finiteness of certain processes to lowest order in all coupling
constants. The methods are taken over from a previously worked-out model, called compensation
theory, in which electromagnetic masses were neglected. Here it is shown how a certain process, if
assumed to be finite, yields the mass relation of Coleman and Glashow. SU(3) symmetry among the
hadrons is not even approximately assumed at low energy.

A Lagrangian model (“compensation theory”) of
the combined strong and weak interactions has
been developed over the past few years.'™ This
model is characterized by an algebra, encompas-
sing SU(3), for the weak currents, and by the
absence of SU(3) symmetry for the strong cou-
plings, i.e., for the strong interactions at low
energy. The model numerically predicts several
strong couplings by requiring the cutoff indepen-
dence of the individual terms in the strong-inter-
action Born series. Several mass formulas are
also deduced, notably that of Gell-Mann'and Okubo,
as well as some totally new ones. In the develop-
ment of the theory to date, electromagnetic and
weak mass splittings have been ignored, and the
strong couplings were taken to be exactly invariant
under isospin rotations.

This note is motivated by the curious fact that,
in compensation theory, the Gell-Mann-Okubo
formula could be derived without assuming even
approximate SU(3) invariance for the strong cou-
plings. This circumstance leads to the speculation
that many more results, usually derived from
approximate SU(3), may be obtained from com-
pensation theory as well. Here we demonstrate,
in particular, that the formula of Coleman and
Glashow* for the baryonic mass differences,

n-p+Zt—Z +E"-E°=0, 1)

does in fact follow from compensation theory
applied to one specific process. Here, however,
in contrast to the extensive and apparently com-
plete self-consistency of the previously developed
compensation relations, we can think of many
processes which no longer seem to compensate
as soon as electromagnetic mass differences are
turned on. Thus, the calculation presented here
only constitutes a beginning toward a complete
compensation theory of electromagnetic mass
differences: It selects a process whose analysis
will have to remain essentially unchanged through
future developments of the theory.
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In addition, the following points can be made:

(1) The derivation is quite direct and makes
almost no assumptions about the detailed nature
of the electromagnetic interaction.

(2) The lack of SU(3) invariance, previously
predicted for the strong couplings, plays an
essential role.

(3) One current used in the calculation is the
V-A version of the baryon number current. This
appears to provide a hint for a future enlargement
of the theory’s scope.

The derivation is as follows. We consider the
(virtual) decay of a charged pion (e.g., 7*) into two
W bosons, one of which is coupled through the
V-A baryon number current 8y _,, and the other
through the V-A, SU(3), F-type, isovector octet
current ®°. Explicitly, if electromagnetic inter-
actions are neglected, the internal quantum num-
bers are involved as follows® in these two cur-
rents:

®y_, « p¥p+m*n+ THITH 4 TTOL T TFE T

+ A*A +ETFET+E%ES, (2)
Py c n*p +V2T¥TO_Y2 ZO*TH 4 ETXEC,  (3)

The spin structure is § y*(1 +i7®)y’ for each term.
The effects of including the electromagnetic cou-
pling are assumed to be as follows, to first order
in o
(i) Some mixing is induced between Z° and A:

Z0. Z%cosy +A siny, @)

A —~Acosy — Z%iny, (5)
where

x=o(a) . ()

In this way one preserves whatever current alge-
bras one had before turning on a. Thus, ®,_, is
unaffected, but
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FIG. 1. A w* decays virtually into two W bosons. The
logarithmically divergent diagrams are shown to lowest
order in all couplings, with the possible internal bary-
ons. No Yang-Mills-type interaction between the W
bosons is considered in this paper.

®on= Php+0 (@)X (Z*A=A*E")y_4 +o(a?).
(7)

(ii) No degeneracy is left among the baryon
octet masses.

(iii) The pion couplings are no longer SU(2)-
invariant:

|g(pP 1°)| | gnmn®)| =0(a), etc. ®)

The process m* - (®y.,)(®v_4), to first order in

J;

the strong (Yukawa) couplings, is illustrated in
Fig. 1, with the possible intermediate particles.
(The reader will find in Ref. 2 a discussion on the
legitimacy of thus isolating the first Born approxi-
mation.) No assumptions need be made about the
magnitude of the ® and ® vertices, except that
they are nonzero. They clearly are not electro-
magnetic but could be weak or superweak. They
must therefore be considered as mere probes of
a dynamic situation which they themselves do not
cause. Although it might seem mysterious that
mass formulas can be derived in this way, it
should be remembered that in previous work the
weak (and electromagnetic) couplings allowed us
to derive mass relations commonly attributed to
the medium-strong interactions. All masses and
strong couplings are assumed to possess their
true nondegenerate physical value even without the
presence of photons. This is consistent with the
“ordinary” form of quantum electrodynamics,
which does not try to “explain” electromagnetic
mass differences.

If we isolate the (logarithmically) divergent parts
of the processes shown in Fig. 1, we discover that
the clockwise and counterclockwise loops make
identical contributions, which add up to yield the
following compensation relation ( = requirement
for a finite amplitude) between masses and cou-
pling constants:

(0 - p)gnpr*) + (5 - EOg(E-E0n*) + W2 cosy)[(Z~ - B9)g(ZTo%*) - (2°-Z")gZ°Z 7")]

+ (2 siny)[(E~-A)g(Z7An*) - (A -Z*)g(AZ"7%)] =0. (9)

If this equation is written to order «, one can set

gnbn*)=V2 gun, (10)
2ETET)=V2 gax, 11)
2= T*)= - g(ZZT %) =gy, (12)
gEAr*)=g(AT 1*) =gz, . (13)

Thus, (9) gives
(n -D)gnn+(E" - E°)€zx +(Z7 = Z")8zz

+(28in))(@ - A)gza=0, (14)
where we recall from Ref, 2 that
ENN Cxx8rp= W) (E7Y):(-Z7Y). (15)

In the usual derivation of the Coleman-Glashow
formula, one may consider, at first, two sym-
metry-breaking interactions: a medium-strong
SU(3)-breaking parameter k, and an electromagnet-
ic one, @, which breaks SU(2). The mass dif-

—
ferences are then studied when x and @ are simul-
taneously but independently small.

In our case, there is no parameter k because
SU(3) is not even an approximate symmetry for
the strong couplings. However, we can with equiv-
alent effect set the masses N¥E = Z~A equal in
the coefficients of Eq. (14). The result, taking (15)
into account, is

n-p+E--2°4+ZT* -7 =0,
precisely the broken-SU(3) result.

What is the significance of the present approach,
and to what extent is it really new? It may at first
be thought that, since our assumptions involve
SU(3), there is nothing remarkable in the fact that
we reproduce the Coleman-Glashow formula. A
closer look at the derivation reveals, however,
that we make use of an explicit “anti-SU(3)” input,
Eq. (15), whose nature is essential to the result.
This considerably strengthens the two conjectures
that (a) compensation theory will turn out to be equiva -
lent to the standard broken-SU(3) theory in those
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calculations where the latter is successful, and
that (b) the strong-coupling predictions of compen-
sation theory indeed should not follow SU(3).

In conclusion, it should be observed that two
possible hints emerge concerning the future evolu-
tion of the theory:

(@) In Ref. 2 it was shown that a current ®y_,
led to an imperfectly compensated weak process
involving the K mesons. But since ®y._, is essen-
tial to the present derivation, it appears that some
rather minute tampering with the postulates
(most likely the inclusion of additional elementary
particles) will be needed in the future.

(b) In this paper, we consider the pair of cur-
rents ®y_,, ®y_,. Equivalently, we could have con-
sidered the V +A versions without affecting the re-
sult. Most other possible pairs yieldnodirect infor-
mation about mass differences because a knowledge

of some coupling-constant differences would also
be required. However, some pairs such as (®3._,,
Yy-4) do yield mass relations if one postulates that
they, too, correspond to compensated processes.
These mass relations are, in general, at variance
with the facts and with conventional SU(3) theory.
For example, the pair (¢*,%Y) would imply 7 - p
+E°- =7 =0 if compensation were postulated. Thus,
with the theory in its present form, the class of
compensated processes is smaller with electro-
magnetic perturbations than without. Why does the
(#*, ®) pair play a privileged role? It is not un-
reasonable to speculate that we shall have to invoke
the SU(3)-singlet nature of ®, or else the related
fact that the “complete” Y, #°, and 9° (see Ref. 2,
Appendix D) should involve mesonic terms as well
as baryonic ones, while ® could be entirely re-
stricted to baryonic terms.
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SStrictly speaking, a negative-parity, SU(3)-singlet bar-
yon L should be mixed with the A (see Ref. 2), but our
argument is not modified by leaving it out, as will be
done here for simplicity.



