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The spontaneous symmetry breakdown of Grand Unified Groups like SO(lO) 

can lead to an extra U(l) group beyond the SU(2) x U(l) of Weinberg- Salam. 

The neutral curren t data in such models could depend on three new parameters 

beyond the two in the standard model. However, grand unification imposes 

restriction on coupling constants limiting the analysis to two new parameters. 

Fur ther , only one ne·• parameter occurs in neu trine-scattering data . More 

acc urate data can thus be used in the fu ture to set limits on these parameters. 

The present data whe~ used with the more general parametrization no longer 

determines the value of sin2e as accurately. This leads to a greater un­
w 

certain ty in the es tima t e of the proton lifetime. 
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I. Introduction 

The most popular model for grand unificacion, SU(5) Jf Georgi and 

Glashow, (l) leads to the unique low energy group SU(3) c x SU(2) x U(l). 

1 

neutral currents are then mediated by a single Z boson, a~d the resulting ~ 

phenomenology is dependent on two parameters, p, the strength of the r.eutral 

current interac t ion compa~ed to the charged interac tions, and x; sin~ e . . , 
The best fit from data for p and x results in( 2) the values 

p .985 ± .023 (1.1) 

X; . 218 ± . 020 (1. 2) 

The value of x so determined imposes a very stringent limit on the prc·ton 

lifetime. ( 3) 

f 

There is however the possibility that the grand unified model is in fact 

not SU(5). There is some preliminary evidence for neutrino oscillatic·ns 

which suggests that right handed neutrinos may also exist. (4) A natural 

model that incorporates tte right handed neutrino is the SO(lO) . (5) This 

model can undergo spontaneous breakdown to leave at low energies either of 

the two structures: 

a) SO(lO) SU(3)c x SU(2)L x SU(2)R x U(l) (1. 3) 

(1.4) t b) SO(lO) + SU(5) x U(l) + SU(3)c x SU(2)L x l(l) x U(l) 
~ ~ :. 

Eh
28 • 

w 
The possibility (a) Eeems very unlikely in vie;; of the bound in 

that it would imply( 6) of t 
.i) 

3 
< 8 " (1.5) ~·~ 

The possibility (b) can however be easily realized c.s it leads to the same f 

boundsonsin2e asinSUC5). \.• 
w 

In this paper we shall obtain the general parametrization of the low 

energy neutral current interactions based on the grcup SU(2)L x U(l) x j(l). 

Constraints due to grand unification will be imposec on the coupling constants . 
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The ten quantities that are experimentally accessi"Jle 'lill be shown to cepend 

on four paramet~rs. 

Further, the six coupling constants that enter neJtrino scatte=ing are 

fou.•d to depend on only one additior.al parameter. These parameters ca..• be 

further reduced by a auitable choic~ of the Higgs -:>oso:~s. We discuss n.o 

such cases and possible conclusions regarding mass of the heavier Z bosc•n. 

Need for better measurements in par:.ty violations in atoms is pointed ·:>Lt. 

Whea all four parameters are permitted, the value ::>f x = sin
2e is ·;ery 

w 

poorly determined, thus the value could be mt:ch loOJer than hitherto sup~·osed, 

and the life-time of proton not necessarily access-ible to experimen:. 

II. Neutral Current Phenome:~ology 

The low energy group that emerges is be:ter characterized by S'J(2)L x 

(T
3
)R x Uv(l) where (r3)R refers the third component of the SU(2)R 3.nd Uv(l) 

B-L 
is a group whose gen~rator is --

2
-, where B is the baryon number and L the 

lepton number. The charged interac~ior.s in this theory are the same as in 

the Weinberg-S~lam(l) (W-S) model. The neutral interactions are described 

by the Lagrangian 

where 

Jr;. (l±'"fs)d + j)~(/:1:~)2-
<) ~· 

- ~1j<(i±o's)€. J _ .... 
and 

I -:::.-
6 

( a~ u + d"tu. .d.) - 1 ( Y"~ Y -r e:~e.) 
:;.« / 2 (L3:• 

From the normalization of currents it can be inferred that a~ gran1 

unification scale 

gL + g 

gR + g 

gB + l'.f72 g (2. 4) 

Further, since (T l) 
3
_ and UV(l) are both U(l) groups, the relationship 

gB = /372 gR 

is 'alid at all q2 • T"-.i.; is the constraint that we 

The neut-.;al inter'icticr.s can be written as(
8

) 

= e A QJA 
)"-

3 

+ [$-t :f~ Cr [0: +(9~.ta7t&w/g~t)4 (J:-cos~ewQ~)] 
' (2.6) 

where 

= 
(2.7) 

e = 

....,...L. 1< :I'B 
Ql' Tr-+ electromagnetic current = I, }A + ~ -

~'l: = 
J;L Sin

2
8w Qf' = neutral current of W-S model 

and the fields A~, ZV and :J are linear combinations of the three fields 

L~, R~, B~ such that ~._J is the photon, and Z~ corresponds to W-S Z boson in 

absence of the extra r :l). The general Z-C mixing matrix M
2 

can now be con-

(8) 
sidered, and OJe obtair. for the low energy effective Lagrangian 

defj = - ~ (XF f { -;;; J/ + <>(> [ J;.. + t [ 0.''+,3· ( :r,?- cos'&. ~)}n 
fi 

(2. 8) 
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here 

tv12.. I '2. 2. 
I tw+ /'1~ COS 8w 

(2.9) 

(2 .10) 

The constraint on . (2.11) 
- coupl1ng cons~ants has bee .. 

four paramet n 1mposed in (2.8). We have 

ers in the th 2 eory, p, X~ sin 8 a2 d a 
and B . w' an P• The are 1n general f parameters p 

o order 1 and - ' can be determined 
the Higgs structure is suff' . theoretically provided 

1C1ently simple. In 
few simple possibilities. the appendix we present a 

We shall now present the expressions f or the ten quantities 

measured in experiments. that can be 
The standard definit' - 1ons of th 

a) Neutrino-had ese quantities are: 
, ron scattering. 

·:. 

(2.12) 

b) Neutrino-el ectron scatterin • g 

c) Electron-h d (2 13) a ron scattering · 

;t •-'1! = +(Q, J.tife .. ,.e ][£,.<•.<.<.) a~ O,tt+t;,. (e,d) Jp;c(J 

+[[ i"'o_,€][ £AV (P, u)il~U+ £Av(~)d)J~cL] 

The ten quantities thus d f . (2.14) e ined are found to b · . e related to the parametersin 

Eq. (2.8) as follows: 

UL = ( l .:. 2;)t ~ 

dL = (-i +.;);? - ~ 

Up. = -2 xf,' /3 -r 

d!( :: x(?/3 - 3r 

(-i +2x)/f +4-'l-

= -1//2 + 2~ 

[v/e,u) =-E11A{e~d) · /! ) = {:2·- 2X (i - ~I 

EAv {e,u) = (' 4-X) ·/J 2. - 3 l2. 

£ AV ( e, d) = - ( l _ 2J) ~ ~I 

where· 

1/ = jl [I+ o<
2 

(1 + 3(3/s) J 

z = jo<'jo (1+,3(3/5)/10 

. ( 

5 

(2 .15) 

(2.16) 

(2 .17) 

(2.18) 

(2.19) 

(2. 20) 

(2. 21) 

(2.22) 

(2. 23) 

(2.24) 

(2.25) 

(2.26) 

(2.27) 

(2. 28) 
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The parameters P
1

, Z, P2 , Z' have :me cor,st.raint since they depend on onl:: 

three independ,1nt parameters a.2 , E; anC. p. The results go eve~ to the s'tandard 

model when 

(2. 29) 

' . 
~ = 0 (2. 30) 

This corresponds to c
2 

-+- 0 :r one of tbe Z be-sons being extremely te~vy. 

Cor,ceivably B-+- 0 cot:ld als·J accompHs::. this. but then .. it would be.dlfficu:.t 

2 
to understand why p

1 
= p

2 
= p (l+a. ) is so cl.:lse t·= mity. 

If the Higgs boson with large vact:um exp:ctat:l.on values trar:.sf:>rm as 

doublets or singlets under SU(2)L, then p ::: 1. Flllrther, there a:~>e ·:wo 

liyliting values of B vhich can be realized by appr.:>priate ·choice;; o:: the 

Higgs bosons. 

(a) The case p = 1 and B = -5/3. 

This requires the Higgs structure ~o satisfy Georgi-Weinberg(9 ) conditlon, 

i.e. the doublet with large expectation value is neutral under the group 

(T3)R as is the left-handed neutrino. ln that case 

p 
(2. 31) 

~ 0 

and we re-:over the W-S model ~esults in 'the neutrin:>-sector. An fmteresting 

consequence is that the asymmetry in electron-deuteron deep inela.31:io: 

scattering turns out to be rather in;oensitive to tt.e ney paramete-:-;;. We 

find (setting p = 1) 

= _ (317,/'or. "")[n­ '( ..... /O•:o() ..L d J. - 2;< I 
- . 2. ~ 

3 

+ 3ft~) g~ -2><) + s'(7-m)j;o J} (2. 32) 

7 

here 

jf.f.l) -= (1- (1-~d·J/[1+ {t-JO'] 
fi 

(2. 33) 

y Ee- Ee' 
·-

Ee. 

where 

(2. 34) 

and 

J .... = 2Sot
2 /9 (2. 35) 

For x ~ .25 we see that y independend ~art is the same as W-S theory. Further 

y dependent part is -noc very sensitive to o2 
provided o2 < .4. We display the 

fit to data fc·r diff.er;stt values of x for o2 
= ~ 4. The parity violation 

measurements :frn atmns ::0·..-ever depend on QW' which is very sensitive to o2
. 

We find for Bi:smuth (8) 

2. 

-12 6 + !'9 2 J (2. 36) 

this yields QW = -49 ± 3 fo~ x ::: • 25 ± .·02 and o2 
= • 4. In view of the large 

uncertainty in the voalL·e of ·~w• we feel that this solution is still acceptable. 

The oass of ma·:dx o:': Z t.osons can be diagonal·ized, and for o2 
= • 4 we find 

(2. 37) 

(b) The cas= p = 1 and E = 5/2. 

This.case is reali~ if the Higgs structure in 50(10) is properly 

restricted as discussed i~ the appendix. A consequence is the electron-

hadron sector is the same as W-S model. The neutrino sector is described in 

terms of two parameters 
2 

1 + J.g_ 
2 (2. 38) 

. "• 



and 

z 2 5 
CL B 

pl - 1 
--4-

8 

(2.39) 

... (2) 
In a recent analysis ~f the neutral current data Langacker ~ 21 find 

the following values for the neutrino coupling constants 

The 

UL . 351 ± .034 u = -.180 ± .028 R 

dL -.415 ± .028 dR.= -.011 ± .046 (2.40) 

gv .043 i .0€6 g = 
A 

-.545 ± . 045 

values for sin28 and a 2 
fr.~m the above are w 

sin2e 
w .24 ± . 02 

a2 
= .016 ± .012 

(2.41) 

The value of sin
2

9 is essentially the same as in the standard fit. w 

From the central value of a2 
.016 we find the masses of the two Z hosons are 

(2. 42) 
3.18 ~ 

(c) The general case. 

In this case there are three parameters p
1

, x and z to be determined .. 
from the neutrino data. The best fit is obtained with 

This fit has l 

;:>1 = 1.02 ± .067 

X = . 24 ± • 03 

z = • 014 ± • 01 . 

(2. 42) 

3.86 fer 3 degrees of freedom. This is comparable to 

H-S fit, but still not ver.y reliable. A fit to one parameter x using identical 

data would yield x = .255 ± .02, a value of x larger by 6%. To see what· would 

happen if the value of sin2
0 was fixed at say x = .2, we fitted the dat~ to w . 

p
1 

and z. 

9 

pl = l. 0 ± • 045 

z = .024 ± .008 
(2. 43) 

This fit has -,.. 2 
= 4.8 for 4 degrees of freedom, 3lmost the same lL<.:;lihocd 

as the former solution. The conclusion "e reach is that the data is not yet 

·good enough to ·determine tte values of the three parameters. The more genera: 

fit seems to give lower values of x than. the W-S fit.. We have not tried to 

determine the parameters from electron-hadron &C3ttering because here the 

data is not sufficiently accurate . 

III. Conclusions 

The Weinberg-Salam mcdel is ·a good· approximation to the low energy neutral 

current phenomenology. StuQy of deviations from this model are ho""·ever re-

warding because of the light they throw on the grand unification group. 

Present data on·parity violation in electron-hadron system is not able to 

rule out the presence of 3izable deviations f·rom W-S predictions. In 

particular experiments on parity violations i~ atorrG should be pursuei. An 

improvement in the neutrail current neutrino dnta will enable a more precise 

? 
measurement of x = si.n-:9...,. This parameter has a large uncertainty wh.t!n the 

general ·three parameter fit is used. Conseqcently,. the lifetime of the proton 

which is critically deper.dent of the value ol' x, iE not as well :determined 

as suggested. 



.~ppe:tdix 

The low energy group SU(2\ x (T3_)R x U,.(l) is not necessar::.ly limited 

to SO(lO). Another grand unified group that leads ~ the same low energy 

i Su(8)L X Su(8)R. (lO) M 1 ~- b id ~ group s ore genera ,;roup;; ll.:lVe een con!; =r= by 

lC 

Barr and Zee. (ll) Within SO(lO), (I!) the chcice of 3iggs representati~n dJc-

tates the value of p and s. The caee r: = 1 and a = -5/3 will en;;ue if 

Higgs representations with large e:q:ectation valuea are confined to 16 and 45 .. 

The fermion get their masses throug·:~ the 10 a·~d 120 c imensional ::-epresentation 

whose vacuum expectation values are small. Tl1e a;t.ternate solut:io::l p = 1 an.j 

·a = 5/2 is obtained naturally if al::. the Higgs bosc•ns have compaubl-e expec-

tation values. Prolification of Hig.~s bosons can cf course lead t:o arl:itrary 

values of p and S as cortsicered in the gene~al cas:. 

In determining P, a· and ri, it ::s suffici-ent :n <now hen; the lli.~gs trar.s-

form according to the 3ubg~oup SU{2)~ x T3(R) x (B-L)'2. If the ~ggs ~~i> 

i i with non-vanishing expectation value has the quantnE •umbers T3l, r3~ and 

(B-L)i, then the Mass matrix is give::1 by 
-2-

'1.. 
. f1'l: = 

'l./ 2 f1w cos Bw 

(t...l) 

(A.4) 

The doublet that occurs in the !Q di~si~nal rE!preeentation of so:LO) leads 

t-~ T3L = -~. T3R =~and (B-L)i = 0. Thls leaolls tc p•= 1 and S = 5/2, the 

-. 

11 

special case discussed. Purely~ dimensional repre~entation has a'doublet 

L T
3
R -- _u... and (B-

2
L) = L, ld 1 d with quantum numbers• T3L = --., ,., -. This w.~u ea to 

a·= -5/3. 

References 

.1. H. Georgi and S.L. Glashow, Phys. Rev. Letts. 32, 438 (1974). 

2. P. Langacker, J.E. Kim, m. Levine, H.H. Williams and D.P. Sidhu, 

Brookhaven Nat:iot:al Lab preprint BNL-26498, 1980. 

3. W.J. Marci~~. Ptys. Rev. D20, 274 (1979) and T.J. Goldman and D.A. Ross 

Phys. Lett • .-3.4B, 208 (19/9). 

4. V. Barger, K. Whisnant, D. Cline and R.J.N. Phillips, UW-Madison Reports 

C00-881-135 and CJ0-881-146 (1980); and F. Reines, H.W. Sobel and E. Pasie~b, 

preprint, UC-Irvhe (1980•)'. 

5. · J .C. Pati a:tC: A. Salam, p·~ys. Rev. DlO, 275 (1978); and H. Fritzch and 

P. Minkowski, Ann. of Phys. J!I, 193 (1975); Nuclear Physics Bl03, 61 (1976). 

~- M.S. Chanowitz, J. Ellis and M.K. Gaillard, Nuclear Physics Bl28, 506.(1977). 

S. Weinberg, Pays. Rev. Lett. 19, 1264 (1967) and A. Salam, in Elementary 

Particle Phvsics (Nobel S)~posium No. 8), ed. N. Svartholm, (Almqvist and 

Wiksells, Sto=kho]m, 1968), p. 367. 

f.. N.G. Deshpande and D. Iskandar, Phys. Lett. 87B, 383 (1979) and Nucl. Phys. 

(to be published). 

9. H. Georgi and S. Weinberg, Phys. Rev. Dl7, 275 (1978). 

10. N.G. ·Deshparu:!e and P.D. Mannheim, University of Oregon preprint OITS-115 . 

lL S.~. Barr and A. Z2e, Univ:rsity of Pennsylvania preprint UPR 0145 T. 

12·. A. Masiero, !Jnivenity of :;eneva preprint (1980), 



I:Z. 

·Figure Captions 

... ~. 

Fig. 1. The asymmetries in the ·sLAc e- d deep-inelastic scattering as. a function·· 
. . . . •2 . 

of y. The predictions-of Jl"'S.made;t(dashed lines) for sin. 6~ = 0.224 ± 0.020 

~ . 2 .· as well as the predictions of our model for sin Ow= 0.25 ± 0.02 and li = 0.4. 
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