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CALCULABILITY OF THE N-P MASS DIFFERENCE IN GAUGE THEORIES

Joe Kiskis
Theoretical Division, Los Alamos Scientific Laboratory
University of California, Los Alamos, New Mexico 87545

ABSTRACT

The requirement of a calculable N-P mass difference leads toa con-
glderation of unified gauge theories. Future developments in grand
unified mod=21s may provide a realistic framework for the calculation
cf the N-P mass difference. The possibility that the relatively soft
ultraviolet behavior of QCD softens the divergence in the lowest order
electromagnetic mass shift is considered in detail. It is shown that
if the hare mass and QCD coupling are constrained to be independent
of the electromagnetic coupling, as is natural, then the lowest order
electromagnetic shifts of the renormalized mass and QCD coupling are
infinite.

I. UNIFIED GAUGE THEORIES

The universe would be a very different place 1f the neutron were
lighter and thus very much more stable than the proton. Let us take
the position that a splitting of this importance does not get its
observed value by accident, unrelzted to other properties of the 'com-
plete theory'". Thus, we begin with the assumption that the N-P mass
difference 1s ciilculable.

The further assumption that the mass difference is mainly electro-
mognetic (EM) leads, with rcagh calculation, to the conclusion that
the neutron is lighter. However, it 1is now commonly held that the
nucleons are made of u and d quarks. So ~he u-d mass difference
is e required imput ot any N-P wass difference calculation. Unfortu-
nately, indicaticns are that the d quark 1s heevier; the problem has
simply been paseed down a l»vel. From now on, w¢ will discuss the
problem at this level: the u-d mass difference (Aud).

Sinc~ the charges of the u and d quarks are different, there is
certainly an EM contribution to Aud. 1In lowest order, this contribution
diverges, and we ure faced with an ultraviolet (UV) problem. From now
on, the discussion will concentrate upon the calculability of the UV
contribution to Aud. Can we get a finite result, or equivalently, a
result that is not a free parameter after renormalization?

We have seen that the EM contribution 18 not calculable. A re-
lated observation is that EM explicitly breaks tlavor symmetry and not
in a soft way. Something to soften or cancel the EM UV contributfion
{8 needed.

One might hope that the relatively tame UV behavior of QCD could
soften the UV divergence. We will analyze this point in some detall
in Section II and phow that it does not work out. Compositce quarks



might have softer EM properties in the UV. However, resorting to this
argument simply passes the problem down yet another level (a ploy that
did not work last time). We will insist upon facing the problem at
the quark level.

Consider divergent contributions to Aud that could cancel the EM
one. QCD, being flavor symmetric, cannot cancel the nonsyumetric EM
contribution. However, the weak interactions are not symmetric and
could work. But to do so they would have to have the same strength
as the EM contributions in the UV. Thus, we are led to consider
electroweak unification!

The standard SU(2). x U(l) electroweak theory, while unified
enough to be renormaliz%ble, is not unified enough to mnke Aud calcu-
lable. There are gauge and Yukawa couplings that explicitly break
flavor symmetry. Aud is a free parameter.

Electroweak unification schemes with tighter structure could fix
the free parameters in the standard model and give a calculahle Aud.
Unfortunately models of this type seem to have phenomenological diffi-
culties.

We are left with the possibility of including SU(3) 1 and
unifying further: grand unified theories (GUT). The geﬁgrgi tructure
that a GUT must have to give a calculable Aud can be deduced from
Weinberg's work.2 1In short: the symmetry and representation content
of the fundamental fieclds must conspire with the requirement of re-
normalizability in such a way as to rgle out a countert2rm for Aud.
Aud is zero at the tree level for any“ choice of the Lagranglan para-
meters. But the residual unbroken symmetry does not prevent the
appearance of (necessarily finite) contributions in higher order.

The SU(5) model in its usual form gives a zeroth order relation
m,~my and a calculable Aed. Aud remains a free parumeter. S0(10)
ailows one to put all the first generation farmions in a single
irreducible representation. This is more interesting. A number of
schemesd for Higgs scalars, symmetry breaking, and fermion masses have
been discussed. With few enouyh scalars,there are man zerotin order
mass rclations. Illowever, my imnression is that scheme:: that are
restrictive enough to leave Aud calculable are not realistic.

Nevertheless, this work is moving in a promising direction, and
future developments may yield a framework for a Aud calculation.

II. SU(3) x U(l)EM

color
We return now to the idca of softening rather thar canceling the
EM UV divergence. Recently Brodsky, Schmidt and de Tﬁrumnnda (RST)
suggested that the relavively solt UV behavior of QCD may give lowest
order EM sclf-cnergy .ntegrals that conveige on the scale of an eleventh
quark flavor mngs (if s.r! exists) rather than diverge or converge on
some grand unification scale as we have becnh discussing. This 1s based
on the obacrvation that the integral over the running mass



n q2
a(e”) = E(qé)( 2) : (D)
in q

del'q BEICE) (2)

will converge 1f ¥ > 1. This condition implies in turn that the
number of flavors n, exceed ten. Dine” has analyzed their argument
carefully. Craigie, Narison, and Riazuddin® have also discussed the
subject. 7 8

On the other hand, Collins’ and West have argued generally, using
the Cottingham approach, the operator product expansion (OPE), and the
conservation of the stress energy tensor that the photon loop integral

must diverge. The two arguments are rather different, but both claim
to include QCD to all orders. We have looked at this more carefully?

Consider the SU(3) lor X U(l) theory dimensionally regulated
(d=4-€) with min}mal subBraction. Egt g. be the dimensionless bare
coupling. So uf 2 g, appears in the Lagrangian. When the EM coupling
e 1s zero the connection between the bare (gB,mB) and renormalized
(gS,mS) parameters is

By = ZZ(gS,c)gS my = Z;(gs,e)ms . (3)

If the B function and mass anomnalous dimensions are

3 S 2
BS(SS) = -bgs + ... Ym(gs) ~ -agg + ... . (4)

then a renormalization group analy9159 shows that at fixed 8g and ¢ » 0
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Now turn on EM. It is naturul to ask if the renormalized g and m
that parameterize the theory remuin finite when EM 18 turned on with-
out changing the bare paramet.:rs g, and .  The Cottinghan-0OPE
approach effectively does this and answe?g "no"'. We will now give
another analys.s which does not give the photon loop such a special
role. We proceed as if the intent is to develope the theory to all
orders in e. The new relationghip between the bare and renormalized
paramcters 1is




8y -:zg(g.e.E)s mg = Z (g,e,€)m . (5)
Also
Blgse) = B(g) + eP(eg® +...) + ... (6)

Y (B,e) = Y:(g) + ez(D + dg2 +.0+... (D

Another renormalization group analysis shows that if we write

Z = ZS [1 + ezz ] and Z = Zs [i + ezz ] s
B B g m m m
then
lc D 1 <
lim z (g,€) == and 1lim 2z (g,e) = — - —-(d -a -) fne.
ce+0 B 4 b e+r0 B € 2 b
As discussed, we now require that g and be Independent of

e and chosen so that g and m are fin!te and equal to 8g and m

when e=0. In equations: S

S
Zs(ss.e)ss Zg(s,e.c)s

2> (gg,c)mg = z (8,e,6)m

S50 g and m are fixed in terms of gs, ms,e; and €. Further analysis

gives
2141 1
lim g g l1+e c{ Bs(gs) B }]

c+0 2

oln
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lim m m[1+e . {2 y Ym(gs) D}]
F =0 L. -4

Thus the luwest order EM shifts of g and m diverge. We feel that
this calculation most accurately expresses the Intuitive concept of
"electromagnetic mass shift".

However, thcre 18 a different approach that is vquivalent to thac
of BST. Rather tlhan ask for the EM shifts in the renormalized para-
meters with the bare parameters fixed, one calculates the EM shifts in
tl.2 bare parameters when the renormalized parameters are held fixed.
Then BB and mB certainly have an e dependence, and we find



1/2 2
iy (=5)" o[
€e=+0 2bg
a_
€ 2b 2
lim - (————) m [1 + e
e+0 "8 Zbg2

Thus the shift in the bare mass will be
and as BST have observed, this requires

N
]

finite only if

ng > 11,
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