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ABSTRACT

The spontaneous symmetry breakdown of Grand Unified Groups like S0(10)
can lead to an extra U(l) group beyond the SU(2) x U(1l) of Weinberg-Salam.
The neutral current 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.
Further, only one new parameter occurs in neutrino-scattering data. More
accurate data can thus be used in the future to set limits on these parameters.
The present data when used with the more general parametrization no longer
determines the value of sinzew as accurately. This leads to a greater un-

certainty in the estimate of the proton lifetime.
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I. Introduction o

The most popular model for grand unification, SU(5) of Georgi and

Glashow,(l) leads to the unique low energy group SU(B)C XISU(2) x Wllys Weat

neutral currents are then mediated by a single Z boson, and the resulting *
phenomenology is dependent on two parameters, p, the strength of the reutral

current interaction compared to the charged interactions, and x = sin‘ew.

The best fit from data for p and x results intz) the values
p = .985 *+ ,023 (@R
T A b e (074 1) (£22)

The value of x so determined imposes a very stringent limit on the prcton

(3)

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

not SU(5). There is some preliminary evidence for neutrino oscillaticns

(4)

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

model that incorporates tke right handed neutrino is the SO(lO).(s) This
model can undergo spontaneous breakdown to leave at low energies either of
the two structures:

a)l So(10) > SU(3)c x SU(Z)L X SU(Z)R x U(1) (1.3)
b)"SO(10) > SU(5) = U(L) = SU(3)c x SU(2)L x U(1) x U(1) (L.4)¢
The possibility (a) ceems very unlikely in view of the bound in sinzewt

(6)

that it would imply of

G 5) =
X
The possibility (b) can hcwever be easily realized es it leads to the same Q

By

bounds on sinzew as in SU(5). v

o|w

l-< sinze <
w

4

In this paper we shall obtain the general parametrization of the low
energy neutral current interactions based on the grcup SU(Z)L x UL R (1)

Constraints due to grand unification will be imposec on the coupling constants.
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The ten quantities that are experimentally accessible will be shown to cepend
on four parameters.

Further, the six coupling constants that enter neiatrino scattezing are
found to depend on only one additioral parameter. These parameters can be
further reduced by a suitable choice of the Higgs Sosoas. We discuss two
such cases and possible conclusions regarding mass of the heavier Z boscn.
Need for better measurements in parity violations in atoms is pointed out.
When all four parametars are permitted, the vwalue of x = sin29w is very
poorly determined, thus the value could be much lower than hitherto supposed,

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

II. Neutral Current Phencmenology

The low energy group that emerges is better characterized by SJ(Z)L X

(T X Uv(l) where (T refers the third ccmponent of the SU(Z)R and UV(I)

PR PR

is a group whose generator is E%L, where B is the baryon number and L the
lepton number. The charged interactiors in this theory are the sam= as in
the Weinberg-Salam(7) (W-5) model. The neutral interactions are described

by the Lagrangian

”‘""t 8Ll * 8RR * 858,75 (2.1
where
J;LL'R v _L‘rlzz,,,(l:t‘x Wl = d (1275l + Dk (/::mz(, .
T4l e
it ; Emume ]

B o 'y, ___ V+C%ul
J;u ZL(wo,’“ +dy.d) (Vavy+ /“)(M:‘

From the normalization of currants it can be inferred that at grani

"

unification scale

& "8
By * &
gy > /32 g (2.4)

Further, since (Ti)l and Uv(l) are both U(l) groups, the relationship
= /372 £ 5. 29

o

is valid at all q . Txis is the constraint that we shall empl%;,‘g’
(8)

The neutral interacticrs can be written as

M

x‘.né = @ f}“Q’“ + (8./cos6y) 7'_#’/; Jg
+\%+ 95 C/g [J: +(9,_‘tan Ow/ gn)z(jﬂ" cos™6,, Q M)]

(2.6)
where
o~ 2 o B
tame, = 3/% = %% /9.V%+%
: (250
62 i 57 Sim 69“/
£ L.
Gk 7‘7‘ A
Q/.( o LA + o -+ v = electromagnetic current
Z L L2
:],u = :7/: - 5tn GW Q/u = neutral current of W-S model
and the fields AU’ Zu and CJ are linear combinations of the three fields
Lu, RU’ Bu such that A_J is the photon, and Zu corresponds to W-S Z boson in
absence of the extra U{1). The general Z-C mixing matrix M2 can now be con-

(8)

sidered, and we obtair for the low energy effective Lagrangian

Ozi.ff _3’GFf -r:“:r +o [J' +/3[ +1(2T?—cos9,, /D]] }
A

(2.8)



»

here

ﬁ - /‘7\;1 / M; €050,
oo M [t (M)

2 2
£ 2 . A2
//3 = =9t /2 //QSL*'? /ﬁ%<:

(2.11)
The constraint on coupling conszants has been imposed in (2.8). We have

four parameters in the theory, p, x = sinzew, az and B. The parameters p

(2.9)

(2.10)

and B are in general of order 1, and can be determined theoreticaliy provided
the Higgs structure is sufficiently simple. 1In the appendix we present a
few simple possibilities.

. We shall now present the expressions for the ten quantities that can be
measured in experiments. The standard definitions of these quantities are:

a) Neutrino-hadron scattering.
) 4

2. -—(G.,/r)[” pe7329] [ U @70+ U

+uxua/‘a-15)u+al e (/+75)o(+ 0(,0[2’ (/—2'574{]

(2.12)

b) Neutrino-electron scattering

Loy = h2)P% (/+7fs>v][e7"<9v+9ns>e]

(2.13)

¢) Electron-hadron scattering
of = +(& /ﬁ){[ex"e][fmw WO ALK UE,, (e,d)d%d]
- £

+Erpe][Ear (6 WABUS £,y ) dzd ]
(2.14)

The ten quantities thus defined are found to be related to the parametersin

Eq. (2.8) as follows:

9

SRR
4 E

Ug = -2X//3 -2
de = XpA3 . - 3%

(4o s2

RS
1]

Ja = —/,0/2 + 22

Sy A /
£, 00 = -, ed) = {5/__. 2)p - 2

é€4V'(£3Zl) = (?é_ _ €§!:>)/g
65Av’ (éﬁC{) = - ‘é:‘_ %§£:>/€:

where

x = sinze
w

Vi =/"[/'+ x* (1 35/5)]
/a(ﬁ(u- 34/5) /10

/’2 _/J[/—:'- & (/—2/3/5)]
242 (1-2//5))5
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.17)
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19)-

20)
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23)
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25)

26)

27)



The parameters pl, Z, Py Z' have sne corstraint since they derend on onlw
three independent parameters 01.2, £ and p. The rasults go over to the standard

model when

f=f -/

(2.30)
This corresponds to c2 + 0 cr one of the Z bcsons being extremeiy keavy.
Corceivably B + 0 could alsd accomplisad this, but then it would be difficu’t

to understand why Py =Py = O(1+<12) is so close tz unity. -

2
If the Higgs boson with large vactum expactation values tracsform as )

doublets or singlets under SU(Z)L, then p * 1. Further, there are =wo

limiting values of B which can be realized by appropriate choices oI the

Higgs bosons.

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

v
This requires the Higgs structure zo satisfy Georgi-Weinberg‘g)

condizlion,
i.e. the doublet with large =xpectation value is neutrzl under the group

('1‘3)R as is the_. left~handed neutrino. 1In thac case

fi=? (2.31)
2=0

and we recover the W-S model results in the neutrind-sector. Ar interesting
consequence is thgt the asymmetry in electron-deuteron deep inelastie

scattering turns out to be rather insensitive to thke new parameters. We

find (setting p = 1)

—

D e o 2 - ™
AT . _ (e ho@ T (3~ %)+ (1-2%)
]

+ 3f‘3i[(é—2x) + 52(7“ /23)//0]} 2.32)

P,

7
here . .
Feoy = [1-6-g71 [0+ 047 ] e
where /
Ee - Fe
y B eE' : (2.34)
. "€ .
and

§° = 25429 -

= (2.35)
For x = .25 we see that 'y independend part is the same as W-§ £heory. Further
y dependent part is mot very sensitive to 62 provided 62 < .4. We display the
fit to data fcr differamt vzlues of x for 62 = .4. The parity violation
measurements in atoms Owever depend on QW’ which is very sensitj:ve to 62.

We find for Bi;snuth('s)

: _ 2
@W = —/26 + /92 5 (2.36)

this yields Q= -49 + 3 for x = .25 * .02 and 62 = .4, In view of the large

uncertainty in the valve of Qw, we feel that this solution is still acceptable.

The nmass of matrix o> Z Losons can be diagonalized, and for 62 = .4 we find
= .6
le .01 MZ
(2.37)
Mzz =1.78 MZ

(b) The cas2 p = 1 and £ = 5/2.

This case i5 reglimed if the HIggs structure in S0(10) is properly
restricted as discussed in the appendix. A consequence is the electron-
hadron sector is the same as W-S model. The neuttino sector is described in

terms of two parameters

py = 1+ _ (2.38)



S 25, “
s Z=0 g = (2.39)
and
X = sinza
w
- (2)
In a recent analysis of the neutral current data Langacker et al find

the following values for the neutrino coupling constants

u = .351 % .03 v, = -.180 + .028
4 = -.415 ¢ . 028 : dg-= =.011 + 046 (2.40)
g, = -043 1 .0€6 B, = --545 %t .045

The values for sin26w and az from the above are
sinzew = .24 % .02
2 (2.41)
o = ,016 = .012
The value of sinzew is essentially the same as in the standard fit.
From the central value of az = .016 we find the masses of the two Z bosons are
MZ = ‘99.MZ
(2.42)

=
]

L M, =318, o

(¢) The general case.

In this case there are three parameters ol, x and z to be determined
-~

from the neutrino data. The best fit is obtained with
2 = 1.02 + .067
x = .24 % .03 (2.42)

z = ,014 =+ ,01.

+

This fit has xz = 3.86 fcr 3 degrees of freedom. This is comparable to

W-5 fit, but still not very 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 sinzGw was fixed at say x = .2, we fitted the data to

0y and z.

Sp, = 1.0 £ .045

(2.43)
z = .024 £ .008 :
This fit has 12 = 4.8 for 4 degrees of freadom, almost the same likelihocd

as the former solution. The conclusion we reach is that the data is not yet
~

good enough to determine tke values of the three parameters. The more general

fit seems to give lower values of x than the W-S fit. We have not tried to
determine the pavameters from electron-hadron scattering because here the

data is not sufficiently accurate.

I11. Conclusions

The Weinberg-Salam mcdel is 'a good approximaticn to the low energy neutral
current phenomenology. Study of deviations from this model are however re-

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

" Present data on parity vielation in electron-hadron system is not able to

rule out the presence of sizable deviations from W-S predictions. In
particular experiments on parity violations ia atoms should be pursuei. An }
improvement in the neutral current neutrino data will enable a more precise

- .2 . Lo
measurement of X = sin Su. This paramster has a large uncertaintv when the
general -three parameter fit is used. Consequently, the lifetrime of the proton
which is critically deper.dent of the value of x, is not as well !determined

as suggested.
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Appeadix
The low energy group SU(Z)L X (T3)R x U,(1l) is not necessarily limited
to S0(10). Another grand unified group that leads to the same low energy
group is SU(8)L x SU(S)R.(IO) More gemeral zroups have beer considzred by

(11) (12)

Barr and Zee. the chcice of Jdiggs represemtation dic-

Within $S0(10),
tates the value of p and B. The cace £ = 1 and B = -5/3 will ensue if
Higgs representations with large expectation wvalues are confined to 16 and 45.
The fermion get their masses througi the 10 &d 120 cimensional -epresentation
whose vacuum expectation values are small. The alternate solutiea p = 1 and

-8 = 5/2 is obtained nzturally if al’ the Higgs boscns have comparable €xpec~
tation values. Prolification of Higzs bosons can cf course lead to arkitrary
values of p and B as consicered in the general cas=z.

In determining p, B and az, it Is cufficfent o «now how the Hizgs trars-

form according to the subgroup SU(Z)L X T3(R) x (B-L)’2, If the Fggs <¢i>
i

with non-vanishing expectation value has the quantum mumbers T3L’ 13‘ and
(8- L) i, then the Mass matrix is givea by
2
s ) <¢ »
MZ (9‘- (&.1)

%5 ) m (9; -G EDNHET

. a.2)"
9:"‘913 ¢ )

M > (% 7sx - a8 L)‘) &y

c (A.3)
(9ﬂ 3 ‘
Further, if ¢i are only doublets or singlet under SU(ZiL, we have
(R 2 2
' M = Mw /Cos 9w
= (A.4)

The doublet that occurs in the 10 dimensisnal ra2precentation of S0IL0) leads

to T3L = =k, Ty = +% and (B-L)1 = 0. Thls leads tc p= 1 and B = 5/Z, the

. 11
special case discussed. Purely 16 dimensional representation has a’doublet

with quantum numbers=T3L = =l Tqag = +% and (B;L) = Y%. This would lead to

B'= -5/3.
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Fig. 1. The asymmet:ries :l.n the SLAC e - d deep~inelastic scattering as.a function -

of y. The predictions of W-S.model(dashed lines) for siu 9 = 0. 2210 0. 020
as well as the predictions of our model for sin29v= 0.25 + 0.02 and 6 0.4

are shown.
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