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CA.LCULABILITY OF THE N-P MS 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-
sideration of unified gauge theories. Future developments in grand
untfied modzls 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 maati 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 if the neutron we~e
lighter and thus very much ❑ore stable than the proton. Let us take
the position that a ~plitting of this importance does not get its
observed value by accident, unrel.eted to other properties of the “com-
plete theory”. Thus, we begin with the assumption that the N-P mass
difference tb calculable.

The further assumptim that the mass difference is nainly electro-
m.~gnetic (EM) leads, with rc~gh calculation, to the conclusion that
tll(’neutron is lighter. However, it is now commonly held that the
nucleons are ❑ade of u and d quarks. So ?he u-d mas~ difference
is e required Imput ot anj N-P mass difference calculation. Unfortu-
nately, indications are that the d quark is heevier; the problem has
simply been pas~ed down a lwel. From now on, wc will discuss the
problem ~ltthis level: the u-d mass difference (Aud).

Sincr’the charges of the u and d quarks are different, there is
certainly In EM contribution to Aud. In lowest order, this contribution
diverges, and we :Irefaced 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 is not calculable. A re-
lated observation ie tlmt EM explicitly breaks tlnvor symmetry nnd not
in a soft way. Something EO soften or cancel the EM UV contribution
In needed.

One might hope that the rel~tively tame UV behavior of QCI’) co~I1d

eoften the UV divergence. We will analyze this point in some dctall
in Section 11 and Phow that it doetinot work out. Composltc qunrk~



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
th. quark level.

Consider divergent contributions to Aud that could cancel the EM
one. QCD, being flavor syrmnetric,cannot cancel the nonsymaetric EM
contribution. However, the weak interactions are not synanetricand
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(1) electroweak theory, while unified
%enough to be renormalize le, IH not unified enough to mnke Aud calcu-

lable. There are gauge and Yukawa cohplings that explicitly break
flavor symaetry. Aud is a free parameter.

Electroweakunification mchemes with tighter structure could fm
the free parameters in the standard model and give a calculable Aud.
Unfortun~telymodels of this type seem to have phenomenological diffi-
culties.

We are left with the possibility of including SU(3) and
uniiying further: grand unified theories (GUT). The ge%$~~ utrucLure
that a GUT must hwe to give a calculable Aud can be deduced from
Weinberg’s work.2 In short: the symmetry and representation content
of the fundamental fields must conspire with the requirement of re-
normalizability in such a way as to r Ie out a countertzna for Aud.
Aud is zero at the tree level for anyY choice of the Lagrangian 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 -md and a calculable
f

Aed. Aud remains a free par-meter. SO(10)
a lows one to put all the first generation fsrmions in a single
irreducible representation. This is more interesting. A number of
schemess for ttiggsscalars, synmetry breaking, and fermion masses have
been discussed. With few enouJl scalara,there arc ❑ an. zeroth order
mass rclationso However, my impression is thaL schcmc:,that are
restrictive enough to leave Aud calculable are not.rcalistlc.

Nevertheleba, this work is moving in a proml~ing direction, and
future developments ❑ay yield a framework for n hud calculation.

11. SU(3) x U(l)EM
color

We return now to the idea of softening rathrr tha~ canceling the
EM UV dlvergcncc. Rcccntl.yBroclsky,Schmidt md dc ‘1’i:r:wmmd~f.~sl’)

wggcsted that the relatively soft UV bchavi.orof QCIJmay give low~st
order EM tiulf-cnurgy,,lt:egralsthat convelgu m the scal~ of an elevrnLli

quark flavor mnss (if S.F!IexlHtfi) rntlwr than diverge or converge on
-omc grand unificntlon ncale a~ we hnvc bcun dincumaing. ThiB lsbnsed

011the obmrvntlon that the integral over tlv’runninR maMM
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J
dqq m(q )

(1)

(2)

will converge if y > 1. This condition tiplies in turn that the
number of flavors

‘f
exceed ten. Dines has analyzed their argument

6 have also discussed thecarefully. Craigie, Narison, and Riazuddin
subject.

On the other hand, Collina7 and West8 ha~reargued generally, using
the Nottingham 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) x u(1) theory dimensionally regulated
(d=4-E) with min mal suk?;$~tion.

)
~t gB be the dimensionless bare

coupling. so PE 2 gB appears in the Lagrangian. When the EM coupling
e is zero the connection between the bare (gB,~) and renormalized

(gS,mS) parameters is

- z)8@gs - z~(8sBE)m~ .‘B % (3)

If the 6 function and mass anomalous dimensions are

BS(Q - -bg; + ... Y:(Q
2

=-ag + ,.. ,s (4)

then a renormalization croup analysisg shows ~hnt at fixed gS and c + O

Now turn on EM. It is n~turul to ask if the renormalizcd g and m
that parametrize the theory remuin finite when EM is turned on with-
out changing the bare paramet.<regB and .

7!
T!:c9Cottlngharn-OPE

approach effectively does thio and e.nawer “no . We will now give

another analys.s which doen not give the photon loop euch a special
role. We proceed a~ if the intent is to develope the theory to all— —.
orderu in e. The new relationship between the bare and rcnormalizcd
paramctere is



Also

‘B ‘ Zg(g,e,E)g ~ - zm(8,e,E)m . (5)

S(g,e) - fl~(g) +e2(cg3 + ...)+... (6)

Ym(8,e) = Y:(g) + e2(D + dg2 + .,.)+... (7)

Another renormalization group analysis shows that if wc write

%. # [1gl+e2z
6

and ‘=ZT+JZJs
then

lC
lti zg(g,~) = ~x and D

(
lim Zm(g,E)_~-~d-a~

)
A.nc.

E+() E+o

AE discussed, we now require chat g and ~ be hlependent of
e and chosen so that g and m are fintte and equal to gS
when e-o.

and m
In equations: s

Z:(8SSE)BS- Zg(g,e,c)g

z~(g~,c)ms - Zm(g,e,E)m .

So g and ❑ are fixed in terms of g., mc,ei and E. Further analysis
gives

lim g = g~
C+()

lim m = ms
F+~

Thue the lowest order
this calculation most
“electromagnetic mass

[l+e’:{+:Y:(8,m}] o

~ Shirts of t! and ❑ diverge. We feel that
accurately expresses thr lntuitivc concept of

shift”.

However, there is a dlffer(’nt approach that 1s uqulvalent to that
of BST. RaLllcrLl,anask for tlu’EM shifts i.nthe renormalizcd pnru-
meters witn the bare parameters rixed, onc cnlculntea the EM shifts in
tl.sbare parameters when Lllervnorrnallzedparnmctcrs are held fixed.
Then gB arid m certnlnly hnvc nn c

B
dependence, und wc find
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Thllsthe shift in the bare maaB will be finite only if ~ >1 ,
and as EST have observed, thic requires

‘f
> Ii,
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