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The question of "naturalness" of atomic parity conservation for left-right —symmetric unified theories is

examined. It is shown that the previously proposed patterns of spontaneous symmetry breaking do not offer a
"natural" solution for such parity conservation. It.may, however, be possible to secure this naturally if left-

right —symmetry breaking in the neutral sector has a dynamically radiative origin.

Jesuits of recent atomic parity experiments, '
when compared with the present theoretical cal.-
culations, ' appear to show that the strength of
atomic parity violation in neutral-current inter-
actions may perhaps be one to two orders of mag-
nitude smaller than G~. (if not smaller still), in
contrast to charged-current interactions where
the magnitude is known to be of order G~. Such
a dichotomy between charged- and neutral-current
interactions is not permissible within the simple
"left-handed" SU(2)~ & U(1) theory. ' However, it
can find a simple explanation (as can the entire
body of currently known neutral-current data)
within the left-right-symmetric theory' SU(2)~
x SU(2)R x U(l)~, ~, proposed sometime ago with
the primary motivation that nature must be i n-
txinsically symmetric between left versus right.

The left-right-symmetric theory~ SU(2)~ & SU(2)~
x U(1) (as well as all its quark-lepton-unifying
extensions, e.g. , the one based on4 SU(2)~ ~ SU(2)~
x SU(4)z, z or' [SU(4}]4jhave the distinguishing
feature that for every left-banded (V -A) current
coupled to the gauge particles (W ~, Ws~), there
must exist a parallel (V+A) current coupled to
a distinct set of gauge particles (W'„, W'„-) wi. th
equal strength (g~" =gs' '). Parity violation at
low energies arises in this class of theories due
to spontaneously induced mass splittings between
TV~'s and IV~'s.

The dichotomy between the degree of parity vio-
lation in the charged- versus neutral-current
sectors can arise within this theory, if the spon-
taneously induced mass asymmetry between the
charged gauge particles (W~, W~) is large, while
at the same hme the mass asymmetry between
the neutral members (W~ s') is small or "zero*'

To see how this may come about, ' consider Higgs
fields E„=(1,3, I'=0) and E~=(3, 1, 7=0) trans-
forming as vectors under SU(2)z „. Tbe appropri-
ate vacuum expectation values contribute only to
charged W' masses, but not to the masses of the
neutral ones. Introduce also the scalar fields
8 .= (1,2, F=+1) and C = (2, 1, F =-+1) transf or ming
as. spinors under SU(2)~ „. These contribute
[through their vacuum expectation value (VEV)] to
the neutral as well as the charged 8' masses. Thus
with

but

one woUM obtain a large mass asymmetry be-
tween. the charged W's, even though that between
the neutral ones (W,, ~') may be small or "zero".'
Correspondingly. parity violation in the charged
sector would be large [O(g~'/Bm, „+')—= O(G„/W2)],I
while that in the neutral sector would be vanish-
ingly small. In the limit (B)=(C) and with gz=gz,
neutral-current interactions would acquire the ef-
fective parity-conserving form (VV+RA). Allow-
ing for fimte O(n) radiative corrections" to (g~
-g„}/g~ parity violation in neutral-current pro-
cesses would arise (in this case) in order G'"'o.
(where GF /V2:g~ /BBf ~, and SF' ~, is the mass
of the lightest neutral weak-gauge particles).
[Note, unlike standard SU(2) && U(1) vectorlike
theories, ' an interact~on possessing VV as well
as AA pieces would distinguish between neutrinos
(v~) and antineutrinos (Pz), even though it con-
serves par~ty" simply because the available neu-
trinos are left-handed, while the antineutrinos
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are right-handed —produced as they are by domi-
nantly (V —A) charged-current interactions. Thus
the theory would still predict (o"„c~+o"„-c~), as ob-
served experimentally. "

Given the lef t-right-symmetric theory, and the.
picture of spontaneous symmetry breaking as out-
lined above, it is natural to ask: Is the solution
of venisIzing left-right mass asymmetry in the
neutral sector ((B}—(C&=0) "natural" ? In other
svords, ' is tkis solgtion radiatively stable despite
the mass asymmetry in the eIzarged sector
(m~+» m~+), in the sense that loop corrections in
duce at most finite and therefore calculable order-
s' corrections to the relevant asymmetry para-
~etc~ ({B)'—{C&')/(C)'? The question is at the
same level as the one which arises when we try
to achieve a "natural" understanding of isospiri
conservation~ [m„-m~= O(n)m„] within unified
theories. The purpose of this paper is to examine
the zeroth-order condition (B&= (C& +0 and to re-
mark that it is not natural in the above, sense.

Now it appears that if one wishes to obtain (8)
=(C&40 with (Egw(E~& in the zeroth order of
spontaneous symmetry breaking, one has to im-
pose the following restrictions on the relevant
Higgs potential: (a) the mass parameters of B
and C be equal in the. bare Lagrangian
(PI ' = p,' "); (b) their quartic c'ouplings also be
equal (this is required by natural I.-R sym-
metry'); (c) the inva, riant quartic coupling (BB'

-CC')(EsE'„—E~E~), thouj, h allowed by the gauge
as avekl gs L R symmetry, be absent in the bare
Lagrangian; and (d) the invariant term (EzE~)
(E+„)be present. , (This last term is essential
to generate (Ez&0(Ez& with pz'~' = geo~+. ) The.point
ee wish to make is that at the least, condition
(c) cannot be'maintained when we consider the
perturbative radiative corrections involving TV~
and Ws loops. These reintroduce with infinite
strength the omitted quartic coupling (BB' —CC')

- (E„Es—E~E~. ). The infinites may, of course,
be absorbed at the expense, however, of intro-
ducing corresponding counter terms into the bare
Lagrangian. This makes the renown alfred value
of the parameter ((B&'—(C&')/(C&' in general non-
vanishing, and incalculable within the theoretical
framework as currently available. The implica-
tions of this observation and a possible resolution
are noted at the end of this paper.

To see the result stated above, we first write
down the general Higgs potential involving I3, C,
Es, E~ fields consistent with renormalizability
and "natural" I,-R symmetry. [Note that "natur-
al" L-R symmetry, as defined in Ref. 8, re-
quires that L-R discrete symmetry must be pre-
served everywhere, except possibly for scalar
mass terms„so that radiative corrections to
(g~-g„)/g~ are finite and of order n. ] The gen-
eral potential subject to the discrete symmetry
E~ ~--E&„is given by

V(E E B C) = -q""(B'B)—q""(C'C)+~"'[(B'B)'+(C'C)']+ ~"'(B B)(C.C:)

—i &'"E;E„q,""E-'E + ~&'&[(E' E )'+ (E',E,)']+ ~~.'(E'ATE&)(E&h &)

+ ~,"'{E;E,+E;E,)(B'B+C C)+ ~.'"(E;E -E;E,)(B'B—C'C) . (2)

We do not exhibit the presence of other fields
such as A = (2, 2, Y'=0) which must be present to
give masses to fermions. The presence of such.
fields does not influence the issue of naturalness.
The terms

~,"'.[(E;t,.E,)(E'„t,.E„)+R-I.)

X~e'[(E'„t,E„)(B'~,B)+ (E~t; E~)(C'7,C)]

are dropped for ease of writing. These would not
contribute to the extremum conditions SV/&B' =0,
SV/sC'= 0 upon substitutions for the vacuum ex-
pectation values for- E~ „.

Insisting on complete L R symmetry in the basic
Lagrangian, one must set the'scalar mass terms to be
I. R symmetric (p, s ' = p, c ' and p, eo' = ge '). lt can be

. &z
shown following Ref. 13 that even with a completely
L —R symmetric potential involving all four fields

(B,C, E~, Es), it is possible to obtain a solution (Es&
& (E~& and thereby m~+ &m~. for a range of values
of the parameters subject to p, ,'& 0 (i=B,C, E„,E~)
and ~g& & 2~@~ . TrzQs to proceed let Qs s8t p,. ~
= p, ~e"; pe''= p, ~g'. (As it will be clear later, our
conclusions will not depend upon this restriction. )

We are asking the questj. on: Is the following
pattern of zeroth-order vacuum expectation values:

(0l

radiatively stable and therefore a "najtural" solu-
tion for the minimum of the potential for a range
of values of the parameters defining the Eeroth-
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FIG. 1. Had&at&pely induced E~2@2 and gr 2( 2 ter

order potential ~

To answer this question first write the extre-
mum conditions for the zeroth-order potential
(sV/sB'=0 sV/sc'=0}.

[ @(o) + 21((o)8+8 y(o)'((O+O)

+ K(o'(EsEs+B~Ec)+ )((o)(EsEs E~E-~)]B--0,

(4)

[ ~(o)2~ 2)((o)( +O )((o)(8+8)

+ v(o)(Es ER+ E~E~) —)((o)(E~Ea —E~E~)]O = 0 .

(5)
Substituting the pattern of vacuum expectation

values (3) into (4) and (5) and taking the difference
between the two equations, we obtain (with p s(o)

~(o)2)

(~(o)(g 2 g 2) 0

Since c 4&, we see that a necessary condition
for the pattern (8)= (C) &0 u)ith (E~) &(E~) is that

i.e., the term (EsE„E~E~)(8'8-—O'C) must be
absent in the bare Lagrangian. This term, though
odd under the interchange B C, is even under
the. simultaneous int'erchange (8—C, E- E), and
thus aQowed by discrete L- I(', symmetry. It is,
of course, also allowed by the gauge symmetry
SU(2)~ x SU(2)s x U(I)~.s. Thus, as might be ex-
pected, "even if one dad not introduce such a term
into the bare Lagrangian, it is induced by loop
diagrams calculated perturbatively with respect
to the symmetric vacuum (see Figs. I and 2).
Note that both Figs. 4 and 2 are Logarithmically
divergent. Thus they generate (since their
strengths are unequal) both the 8 —C symmetric
(8'8+ O'C)(E~E~+ E~E~) as well as the 8- C

antisymmetric term (8'8 —O'C)(E'„Ez —E~Ez)
with infinite strengths. The infinities can be ab-
sorbed only if we allow the presence of' corres-
ponding counter terms in the bare Lagrangian.
Hence, insisting on renormalizability, we must

I

FIG. 2. Hadiatively induced E&2C2 and E1.2B2 terms.

choose w,
' '40, v,"'&0 in the bare Lagrangian.

The renormalized value of ~, is thus a free para-
meter in the theory which cannot be computed. To
this extent the renormalized value of ((8)'- (C)')/
(C) as well is not calculable. It thus follows that
the zeroth-order solution (8)= (C) &0 together
with (Ea) &(Eg) ls not a natural solution of the
theory (in the technical sense).

Note that the same conclusion is reproduced if
we examine the minimum of the effective potential
calculated with respect to the symmetric vacuum
by including the effect of all one-loop corrections
to order g', which inevitably reproduces the ~,
term through Pig. 1.

Note, for the sake of generality, that if we had
chosen p, (so) & p. co) (and even if this had permitted
(8)= (C) &0),we would obtain'4 from the difference
between (4) and (5) the equation

()) (o)o
p (0)&) ~ 2(((o)(~ 2 ~ .2) 0

instead of (6). This can only be satisfied for a
sPecific value of the parameter

((. = -[v —(p."')'I/(~, '- ~,').
Thus one more parameter is needed for the cal-
culation of ((8)' —(C)')/(C) . This is contrary
to the conventional concept of naturalness.

Now assume that with continuing improvements
in experimental measurements and theoretical
calculations, it is established that the effective
strength of parity violation in atoms is not just
one but takeo orders of magnitude smaller than G~.
This observation can, of course, be accommodated
within the lef t-right-symmetric theory4 by as-
suming that the renormalized values of the para, —

meters (8) and (C) are nearly equal. Correspond-
ingly, there would be several testable predictions
(in particular those involving e e' forward-back-
ward asymmetry measurements" and Likewise
measurements involving dilepton production by
hadrons'o). However, one could face a dilemma
calling for a natural understanding of this dramatic
situation. Below we present briefly a possible
resolution of such a possible dilemma.

%'e have so far followed the pattern of spontan-
eous symmetry breaking proposed in earlier
works~""" and have posed the question of whether
within such a pattern the ze) otk olde) parit-y-
conserving solution (8) = (C) 40 is radiatively
stable with (E„)4 (E~). Note the 'distinctive fea,-
ture of this pattern that all gauge particles
(charged as weil as neutral) acquire mass in the
zeroth order.

Now consider an alternative solution. Allowing
for all possible invariant terms in the potential
[Eq. (2)] consistent with renormalizability and
discrete L B symmetry, ~ choose the signs of
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B a-nd C-(mass)' terms, so that in the se~otII-
order, minimization of the potential yieMs

4n) ~0. (8)

Note that the vanishing of the &,"' term is no longer
necessary [see Eqs. (4) and (5)j once, @)= (C) = 0
(rather than (B)= (C) e0). The solution (8) implies
that in the zeroth order of spontaneous symmetry

' breaking (i.e., barring loop corrections) only the
charged W~ acquire a mass, aD other gauge par-
ticles (W~, W~'), Wn', as well as the U(1) field
remain massless. The symmetry 8=SU(2)~
x SU(2)„xU(l)~,„x(P) thereby descends to SU(2)l,
x U(l)l& x U(1}z,s (where P denotes discrete L . R
symmetry).

But now allowing for radiati. ve corrections, "both
(B) and (C) can develop, at the one-loop level,
nonzero vacuum expectation values. However,
this time there is the important bonus that both
(B)' and (C)' are calculaMe" and O(u) compared
to (Es)'. In turn the (mass)' of the left-handed

gauge particles (Wz) mediating (V -4) interac-
tions and the (mass}' of the two neutral gauge par-
ticles (ÃI and 1V,) R.re calculable" and of order
ctm~„+'. The diffexeIIce ((B)' —(C)'), however, it
may easily be seen, is

j[O(n')+ O(~:-, )1", ")j/(2); ~; )J (E,)2.

The O(ct) contribution to ((B)' —{C)') vanishes in
this case due to the left-right symmetry of the
basic lagrangian. The parity violating parameter "
x=—(5' —c'}/c' from this mechanism is expected to
be naturally small, " implying a small atomic
parity violation compared to the SU(2)~ x U(l) value
and a light neutral gauge particle" lV, (with mass
~1~+). Such R plctul'e 111Ry provide Rll R'ttl'Rc'tive

possibility for a natural hierarchy for the gauge
masses" and deserves a study in its own right.
Thj.s will be pursued in a subsequent paper.
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