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ABSTRACT 

The spontaneous breaking of grandunificd groups l ike SO(lO) or 
SU(8) x SU(8) can lead to an extra U(l) group beyond Weinberg-Salam 
(W-S) SU(2) x U(l). Neutral current data is now shown to depend on 
two more parameters . We examine the data and put limits on the mass 
of the extra z boson . Need for more experiments on parity violation 
effects ·in atoms is stressed. 

INTRODUCTION 

Is proton decay the only direct experimental test for granduni
fication? The answer in the context of the SU(5) model is unfor t un
ately yes. This is nnt necessarily true in other models of grand
unification. Several models permit low energy group SU(3)L x SU(2)L 
xU(l)xU(l) with two Z-bosons. There should be a character1stic 
deviation from W-S model in the low energy data which can be saught 
for . Here we shall examine a class of models that have SU(4 ) x 
SU (2)L x SU(2)R as a subgroup. Some models that have this subgroup 
are SO(l0), 1 SU(8)L x SU(8)R2 and SU(4)4 of Pati and Salam.3 By 
suitable choice of Higgs bosons the low energy group could be (a) 
SU(3)c x SU(2)L x SU(2)R x U(l), (b) SU(3)C x SU(2)L x (T3)R x U(l) 
or (c) SU(3)c x SU(2)L x U(l) of w-s. 

4
The possibil~ty (a) has b5en 

extensivel2 studied in the literature, but recent determination 
of x : sin 8W at a value of x = . 23 ± .02 seems to rule this out. 
Tite value of x in possibility (a) is restricted to 1/4 < x < 3/8 and 
should be close to .28. The possibility (b) has the same con
straints as (c) i.e., 1/6 < x < 3/8l and is consistent with data . 
The right- handed charged bosons, wR- can be shown to be at least as 
heavy as 109 GeV for this reason . An intermediate scale between 
the low-energy scale of 102 GeV and unification scale at 1015 GeV 
seems to help in raising x from 0.20 to 0.22 t hus improving t he 
agreement with experiment. The possibility that the low'energy 
group (b) is realized will be pursued in this talk . 

Another way of generating additional U(l) group has recently 
been pointed out by Barr and Zee.6 A group SU(N) can break through 
Higgs in adjoint repres entation into several extra U(l) groups. 
The case we consider i s a special case of their general case of 
SU(N) + SU(5) x U(l), with known quarks and lepton having appropri
ate quantum numbers under U(l) . 

HODEL 

The model we consider, 7 based on SU(2) 1 x (T )R x U(l) can be 
considered in its own right. It is the only modet other than l~-S 
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model which is free of anomalies and has natural flavor conserva
tion .8 Right-hande3 neutrinos play a central role in the model, so 
if the neutrino oscillations are ever verified, this model could be 
an interes t ing alternati·;e . The subgroup SU(2)L is i dentical to 
W-S, (T3) R corresponds t•) the third component of the SU(2)R and 
U( l ) corresponds to (B-L)/2 where B is the baryon number, and L is 
the lepton number. The charge Q is given by Q = T3L + T3R + 
(B- L)/2. The neutral current sector is described by the Lagrangian 
(suppressing the Lc r entz index) · 

(1) 

From normalization of the currents, at grandunification scale we 
find ~ = g and g

3 
= (~/2)~g . The first relation changes at 

lower scale~ecause the coupl!ngs evolve differently, while the 
second relationshi~ between two U(l) groups is true at all scales. 
By a change of basis we can rewrite Eq . (1) in the fo;;--- ------

Lint = a~ · Q + gL(sec8W)Z · Jz + gRC·(2JR- 3JB)(lO) 
~ (2} 

where A is the photon, tan8W = (3/5)~(gR/gL), e = g1sin8W, J 2 is 
the neutral current W-S model . Z and C are linear combina tions of 
the original gauge fiel:ls L, R and B. The first two terms belong 
to SU(5) while the third is the extra U(l) . l~e now cons ider the 
most general mass-mixing of Z-C system 

2 2 
Mz Mz-c 

M~-C M~ 
(3) 

It is convenient o defin~ three equivalent param2ters p=~ + 
/H~cos 28w , a 2 = H~-c/detH and B = -(5sin8w/16) (M2/MLc>. l~e 
shall see that p and B take simple values when the Higgs7structure 
is simple . The l •)W energy Lagrangian now takes· the form 

(4) 

Low energy neutral current phenomena can be des cribed by ten 
parameter s. We adopt the standard definition wgerc u1 R and dL R 
stand for left and right handed couplings of u and d q6a rks to the 
left- handed neutrinos. The neutrino-electron vector and axial 
couplings are described by gV and gA respectively. For parity

9 violation electrcn- quark coupling we follow Bjorken convention 
which differs in sign from the convention used in ~ef. 5. 
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Neutrino-Scatteri~ 

'\ = (1,' 2x/3)p1-z 

~ = (-2x/3)p1+z 

dL = (-~/2+x/3)p1-z 

~ = (x/3)p-3z 

gv (-l/2+2x)p1+4z 

gA (-l/ 2)p1+2z 

. 2E where x = s1n W 

p
1
=p[l+a2 (1+3e/5) J 

z=pa2B(l+3B/5)/l0 

Electron=Scat t e ring 

': VA (e, ) 

cVA(e,d) 

•=vA(e,u) 

(l/ 2-2x)p
2
-z 

£vA(e,u) 

(l/2-4x/3) P2 

£A._.(e,d) = (-l/2+2x/3)p2-:;:• 

. 2e whare x = s~n W 

z ' 

We note that if symmetry is broken onl·1 by Ei~gs. doublets. and 
singlets, p=l . Fur ther if ~=5/2 there is dev1.at1on only 1n neu
trino-scattering. If B=-5 / "; . there is devi<tion only in elect.ror. 
scattering . We consider these two caE~S se~arately. 

SPECIAL CA3ES 

Case I. p=l and B=5 / 2 

Thi s can be accomplished by chaos :ng a do·Jblet and a sinf.let 
of Higgs, with the doublet having (B-L•=O . The e lectron-quar• 
sector is the')sarne as w-s. :n the neu:rino see.tor we have twc 
parameters, a~ and x. From the analys·: s of Ref. 5, we have 
u = .351 ± . 034, u = -.18C ± .~28 , d. = -.415 ± .028, dR = 
-~011 ± . 046, gv = ~0'• 3 ± .0&6 a:td gA .-! -.545 ± .045. We ther. 

find 

X = • 24 :': .02 

a 2 = .Olb ± . 012 

The central value of a2 co2rcspo~ds to Mzl = • 99 ' Mwsec91< and 
'l 2 6 Nwsec9w· From a < • 028 we have Mz

2 
> 1. 6 }lwsecGK. ,. z2 = • 

Case II . p=l, B=-5/3 

The Higgs here must sat1 sfy the Georgi-Wein"oerg condition, 
namely the doublet with large eX?ectat~on value must b~ neutral 

d (T ) ·n v we fird fJr the electron-deuteron asymwetry un er 3 R as 1 L • · 

~-... _. 
2 

- 3GI/ (10/2 1TU) { (3/2-lOx/ 3)+6 {l/2-2x) 

+ 3f (y) [(l/2-2x) + o2
(7-12x)/10l 

wh ere &2 c2 ~2 . We note that for x ~ .25 , y independent part is 
the sam: as W-S theory. Further y dependent part is small if 
62 < .lo. For 62 = .4 we have comFared the theory with experiment, 
and fini the !it as go~d as the S-W model (see Fig . 1) . The 
express l cn for the parity viola t ion in ~toms is

2
rather sensi tive 

to 62 . Thus for Bism.Jth QW = - 126+1926 . If 6 = . 4 , we have 
for QW = -49 1<.1ich is a value much smaller than given by 1<-S model. · 
Similar~y parity viola~ion in Hydrogen will also be diffe ren t from 
the staLdard model. Another test is the elastic sca ttering of 
electror.s of{ jeuteriun . For details of these processes see Ref. 7 
This value> of 52 corresponds to M

21 
= .9 Nz a nd Mz

2 
= 1.78 M2 , where 

M2 = ~\; s .. ce\1" 
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? ig. 1. The asymmetries in the SLAC e-d deep-inelastic SC3t

rering as a function or y. The predictions of WS mod~l (dashed 
lnes) as well a: the predictions of our model for 62 = 0.4 and 
"41rious values of sinl.Bw are shown. 

GENERAL CASE 

" ........ " 
1<.·~.-

-~ .. -
~ --.. .. c. ;J .. .. 

Barr and Zee 
6 

have ·Jbservcd that if the b · t · R 2U U +2d 
and S=UL+2UR+d1.+5dR are ?lotted on y and x ax~~mr~~:e~~~ve~y;L- R L 

W-S model i3 at the origin. All SU(5)xU(l) models lie on straight 
lines thrc•u5h th;, origin The model we have considered lies on the 
line R = ~-/3. A general SU(N) + SU(5)xU(l) breaking will lie on 
R = 2S. Th_ dat• favors R = S/3 to W-S model, though the errors 
have to be -:onsiierably reduced for definitive conclusion (see 
Fig. 2). 
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