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I. INTRODUCTION

ABSTRACT

The question of low energy restoration of parity is examined using a

left-right asymmetric model implied by the gauge group SU(2)L * SU(2)R * U(l)B_L

with gT > gj. > both from a phenomenological point of view and also exploiting

the possibility that such an asymmetry may be a consequence of two-stage

symmetry breaking of SU{2),, allowed in the SU(l6) grand unification scheme.
n

We carry out all the charged and neutral current tests with somewhat increased

errors of the measured valuas of neutral current parameters. The phenomenological
asymmetric model passes all the tests permitting 1 <: (gT/g_) -S 2 and

2 L n

0.23 -$ sin B <: 0.29, where the case ST-^EXS ~ 1 corresponds to the symmetric

model investigated lay Rizao and Senjanovic, Whereas low-energy parity

restoration and low mass gauge bosons may be possible in the symmetric model,

,the phenomenological asymmetric model allows a low mass right-handed charged

gauge boson (86-230 GeV) and a low mass neutral boson [190-1*55 GeV), in addition

to the two gauge bosons of^first generation, but no parity restoration. I t is

shown that a l l the results of analysis of the phenomenological asymmetric modal,

for the case of no mixing between the left-and right-handed charged gauge bosons

s t i l l hold true in the case where the left-right asymmetry arises out of two

stage symmetry breaking of SU(2)n allowed by SU(l6) grand unification, but only

with the replacement of the charged right-handed boson by a heavier one

(> 10 GeV), The SU(l6) interpretation of left-right asymmetry and the available

charged and neutral current data allows the second neutral boson being observed,

together with the two gauge bosons of first generation, but no restoration of

parity at ISABELLE energies. However, the parity restoration, if any, may be

possible at energies ^>10 GeV. Several other observable distinctions of

the asymmetric model from the standard one and the symmetric model, with

respect to their allowed regions and upper bounds on the allowed values of
2

sin 6 , the 3eros of the neutral current parameters and the variation of the
2

second neutral Z boson mass as functions of sin 6 , are pointed out. One of

the particularly new features observed in this analysis, is that for a large but

fixed value of the coupling constant rat io, the second neutral Z-boscn mass
2

increases with sin 8 .

Very recently, Rizzo and Senjanovic (RS) 1 have considered the
interesting possibility of low mass restoration of parity in the content of

a left-right symmetric (g = go) SU(2)T x SU(2)_ x u(l) model of electroweak

interactions , In such models the low .masses of the right-rhanded charged

bosons, Ŵ ' and the second neutral vector bosons, Z 0 , in conjunction with

a larger value of the weak mixing angle (sin 9 X. 0.25-0.31) are found to fi t

a l l the available weak interaction phenomenology ^'>3J ^-fchin 1.5<j and 2a

limits. In a recent paper the authors have shown that such a model also fits

the observed value of the QCD parameter with sin2e = 0.27-0.28. The mass of

the right-handed charged gauge boson has been predicted ''^' between 150-240

GeV and the importance of such left-right symmetric models in the context of

S0{l0) grand unification has been emphasised 1 ) l 3 ' . One of the important

predictions of the model requires the proton to be extremely stable

(T
p = 1 0 - 10 years) stowing that the low-energy restoration of parity

and proton decay are mutually exclusive in the context of 50{l0) grand

unification.

More recently, the interesting possibility of allowing both the physical

phenomena hasbeen examined by Pati, Fajpoot and Raychaudhuri " in the context

of the grand unified modelg

y

based on the one family gauge group SU(l6). The

authors are led to consider a two-stage symmetry breaking pattern in the

electroweak 3ector of the type

s u&r

uciy
(1)

In a situation like the above (especiallywith Hj j .10 GeVund ^ » 1

for large 1^, the right-hand coupling constant gR is less than the left-hand

coupling constant gL (e.g. for M£ = lO** GeV (1010 GeV), (gj/gj,)2 * 1.25

(1.75)). In view of t h i s , i t is interesting to investigate how far the charged

and neutral current phenomenology allows left-right asymmetric (g, j1 g ) models.

.Apart from i t s eQinection with SU{l6) grand unification ^ , a detailed analysis

of the available data on weak interactions is necessary using the asymmetric

model, purely from a phehomenological point of view. In this paper we carry

out such analyses starting with a phenomenological Lagrangian implied by the
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gauge group SUJ2) * SUR(2) x UB_L(l), but with

symmetry using the Higgs representation

gR and break the gauge

{2}

which are contained in lg£ of SO(lO) and 136 of SU(l6). 1 ^ " 1 | ) ' 6 ' we carry out

charged and neutral current testa with al l the available data by varying the

ratio (Ej/gj,) between 1 and 2. Within the phenomenological asymmetric model f

available data with enhanced errors of neutral current parameters allov
2

sin 9 = 0 . 2 3 - 0 . 2 9 with low mass second generation gauge bosons between

100-1*50 GeV, tut there is violation of parity in the Lagrangian a priori to

symmetry breaking. We then examine the possibility of relating these

phenomenological analyses in the context of SU(l6) grand unification and the

subsequent two-stage symmetry breaking of the group SUn(2), as a possible
5) K

origin of left-right asymmetry . We find that a l l our results for the case

of non-mixing between the left and right-handed charged gauge bosons can be

carried over to this case anil can be interpreted as a consequence of two-stagesymmetry breaking descending from SU(l6) grand unification 6)
but with

right-handed charged gauge boson being much heavier than others ( > 10 GeV).

In such a case no parity restoration is possible at energies below 10 GeV.

We also discuss several other aspects of the asymmetric model, including
2

upper bounds on the allowed values of sin 6 and zeros of various neutral
2

current parameters as functions of sin 9 , in which i t can differ from the

standard model and the symmetric model. The asymmetric model shows increase
2

of second Z-boson mass with increasing sin 6 for a fixed value of the ratio

<gL/gR>%1.25.

The paper is organized in the following manner. In Sec.II ve obtain

expressions for different charged and neutral current parameters using Higgs

representation ( l ) . In Sec.Ill we compare the formulas with experimental data

and state our results of data analysis. Sec.IV is devoted to establishing

the connection of our phenomenological analyses with SU(l6) grand unification

and two-stage symmetry breaking. In Sec.V our conclusions have been stated

briefly.

II. LEFT-RIGHT ASYMMETRIC MODEL AND WEAK INTERACTION PHENOMENOLOGY

In this and the next section we consider the asymmetric model, at first,

from a phenomenological point of view. Although there have been attempts to

examine the consequences of the asymmetric model , the present paper differs

from earlier works in many respects. Throughout the paper, wherever necessary,

we follow the nations of RS. Starting with the phenomenological Lagrangian

implied by the gauge group SUL(2) * SUR(2) * UB_L(l) with the general possibility

1* So> u e u s e t o e Higgs representation (2) with their vacuum expectation

values

o *L\ ,A V (* "*\ /d>> ̂ !
R °
o k

(3)

<A>= ('

2)Following RS we introduce the following convenient parameters:

V""*
and also denote R •

In line with the current thinking we also assume that the neutrinos are

Majorana particles with M » M so that the leptonic currents are purely

left-handed. The physical meaning of the parameters nR, nLi Z. VR, VL>

k and k'2 has been discussed by RS. While nR measures the amount of

breaking of SUR(2) and smaller nR implies stronger breaking of parity (in

addition to the parity breaking already present in the Lagrangian before

spontaneous symmetry breaking, in the present case, because of g not being

equal to g nT measures the presence of left-handed Higgs tr iplet and
L

Z measures the amount of ^-W,, mixing. The limit
L n

0 corresponds to very

heavy right-handed charged and neutral gauge b03ons and corresponds to the

Olashow-Weinberg-Salam situation, if in addition n is small.

The charged and neutral gauge boson mass matrices assume the following

forms:

M..* =

(5)
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<-itf* 1-

where ve have used

e*

The charged current constraint from \> decay becomes

if ' 8 i

(7)

(8)

where It, , 1 • 1,2 are the masses of the charged W bosnn!- tnd are equal to

the eigenvalues of (6). The mixing angle E can 'be written tm

(9)

After suitable transformations onto physical states and diagonal!sations, the

mass matrices (6) and (8) yield the following eigenvalues:

(10)

for the charged gauge bosons. VT (lighter) and WI {heavier}, and

for the neutral gauge bosons, Z^ (lighter) and Zg (heavier). It can easily
lie checked that for E • 1 all the formulae involving R reduce to the
corresponding ones of RS. ' While obtaining (11) we have used

(12)

(13)

which yield

In Eq.(ll) the positivlty of Ml implies the following upper bound on Bin 6̂

as a function of H :

(15)

-5-

vhereas the upper bound is 0.5 in the symmetric model (R • 1), it begins to

restrict higher allowed values of sin19 by the experimental data as we approach

the bound for H « 1. Values of upper bounds for H • 1 - 0.33 ((gT/gn) • 1-3)
2 2 2have been calculated in Table I. Since 8 L « e /sin 0 w it may appear at first

sight that the neutral boson masses decrease with sin 2^ as has been shown

-6-



by BS for H • 1. But thia i s true only i f we work away from the upper bound.

The denominator R - (BT + l)x approaches zero as we approach the upper "bound.

Whereas this pole behaviour of Hf is cancelled for MI (for the -ive sign

before the radical), i t gives rise to increase of v£ (for +ive sign before

the radical) with increasing sin 9 as we approach the upper bound. Such a

behaviour of M would have been observed in the symmetric model had the tests

of charged and neutral current data allowed values of sin 6 nearer to 0.5-

Although such a possibility does not exist in the context of the symmetric

model, we will see in the next section that the experimental data at present

are consistent with an increase of X with sin 0 for some fixed value of

We observe that even with g 5* gRjthe union decay constraints and other

charged Current constraints continue to be the same as in the symmetric modely

independent of g, and g

( l 6 a )

Ci6b)

(16c)

Hote that S is the coefficient of contribution of the right-handed currents

and a is the coefficient of the mixing term in the general charged current

Hamiltonian . Defining the parameters

(17a)

(lib)

£ - R ~^R'L (18a)

(18b)

the physical parameters occurring in various neutral current processes can be

expressed in terms of R , n R, n L. Z and Bin 8 w as stated below.

(i) Parity violation in atoms and asymmetry in e-d scattering

(19a)

(19b)

(19c)

(it) Heutrlno hadron scattering

(20a)

(20b)

(aoc)

(20d)

(iii) Heutrino electron scattering

(21b)

- 8 -



AA

(22a)

(22b)

_ A

For comparison we state the corresponding expressions in the standard model

- -f *»

- - 1

(£3)

It . may be noted that the introduction of the left and right-handed t r i p l e t s in

Ref.2 modifies the standard model expressions through r\ and n when they

are different from zero. Por f)T = 0 corresponding to the absence of a l e f t -

handed t r ip le t and n,, = 0, for the ease in wtich right-handed charged boson

is infinitely heavier, a l l the expressions of Ref.2 reduce to those in the

standard model.

The standard model describes the available data on neutral current

parameters with sin% = 0.233. With their modified forms for the parameters
2)

ES " ' have shown the possibil i ty of f i t t ing the data in a broader range
, • 0.23 - 0.31 since the zeros of some of the neutral current parameterssin2e.

as functions of xw. are l ikely to fal l within the range of Ref.2 and also

investigated in this paper, i t is useful to examine, hov they are modified by the

symmetric and asymmetric model. Even though the expressions for C, , C_ ,
u 2) X

C«> Bv> 8, » Km and h_. are modified by HS , their zeros remain the same
as those in the standard model, whereas the zeros of the parameters e , (u ) and

£p{d) are shifted
8)

e.{d) are shifted to higher values and those of e
R{

u)
?

to lower values of sin 8 , as compared to the standard model for TIR > 0.
In the present case besides the modifications of the type in the symmetric model,
the terms proportional to x in various parameters in &is.{l9a.)~(22b) get

2
modified by an additional factor C or J1. For n,,. 1T ¥ 0 and H < 1,

t\ Lt - ,

C < 1 and F > 1, th is causes the zeros of the parameters C^, C , Cg, CL and

h™ to be Bhifted to higher values and those of the parameters £ T ( U ) > ei)(u)>

e, (d) , eR(d) eD^ Sy t o be shifted to lower values of sin ew as compared to

- 9 -
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2) , •

the symmetric model . The ajxfcre-ssijr: for 1L_, gets significantly modified
2 2

fdr R f 1 although near R C£ I it behaves in the same manner as in the
• • 2 ) •

symmetric..model . In-Table 11. we- present, those zeros of various-nsutral
current- parameters- which-fall., £ri. the- range 0-$:&xn% ^ l y the. standard - model.,
Symmetric, mcndel. and. in the present. case for fl_.

Hie aero of the functionfb^,. heoomts

0J., and- :r 0.5.
^y , Hfs.real psut teas! beiea reported

in Table IT. I t may be.noted thttt.the Seroa. at -the parameters C°, C^, E^o) V

e^td:),. gyi h and Hire.real part of tbe iero ofih^.. as computed ,in the p r e s e t

model Tails within the racge of E.ianJ of Re?-2.and,also of tM-s paper as

described in "Sec.III. .-Both ttte~st-attd.Hni and.thw symmetric model . predict
u d • •

•tire ?eroa of C_, C , g s , L , and' b_~, s t -x,,1*1 O»25 and the cron-b-ributions of
d ' vv * .

U^-aisLC,,. t o . atomic pa r i ty violat ion,and, ê -d • asymmetry. are s m a l l f o r s i n ^ v

Ln.the allowed range.... teyamertric.arodal aUres si-gnilt^ailtly difTereat predictlcm

for the. EfiroB o.f Sg<ti], e^(-d), Sy> \.^ and hyy'as compared to tfte standard rao*el

imd • ttce., symmetric model, Jtare accurate me.asoremtnta of tlra paraBtertsrs t.rX u),,t.rX

E (4) Sy sfd- OBrasureoeirtsraf .ttas- parametera hy, and' n—̂  may 1>e able

to das-criminate tetween various models. . The abovn d^s<ru3sloiia -and the fomtulns . .
imply t h a t , . i n general, different values of x may be allowed in the asymmetric
model to yield the same values of the physical parameters in the standard or
the asymmetric itodel.

In Sec.IV the implications of SU{16) grand unification on th« left-right
asymmetry and weak, interaction phenomenology have teen investigated using
an additional Higgs t r i p l e t , and the applicability of the results of analysis
of this and the next sections studied. I t may be, noted that the general results
of the model such as the information on zeros, upper trounda and even formulas
on neutral current parameters, the possibil i ty of increase of the second neutral
Z boson mass with sin 8 for B < 1 remain-unchanged even after the introduction
of the additional Higgs t r i p l e t . In the next section we carry out testa of
the model using the available data on neutral current parameters, vhile imposing
constraints implied by the charged current data.

II. COMPARISON WITH THE EXPERIMENTAL DATA

2)I t has been noted that the charged current constraint imposes

a $. 0.06. Also nR ^ 0 . 1 in order to make model predictions different from
the standard one. As in Ref.2 we also confine our analysis for small values

2)
of mixing with Z ̂  0.2. Imposing charged current constraints RS have

varied s in 6 2 , nL and over a vri.de range such tha t the predict ions of

-li-

the symmetric model agreed with the reported val-it? of neutral current
parameters within l-5o o r £o limits of the experimental data.

In this analysis, we-impose a somewhat more stringent constraint on.the

data:as-compared-to-Kef,2, Accurate measurements of e-d asymmetry yield

~ .2.3

while atoinie p&ritiy YAalatio'n measurements on: heavy atoms yield

In order to analyse these experimental data within 90% confidence level , Kim,
9)Lan.gack.er, Levins and Williams have multiplied the errors occurring on the

right-hand sides of Eq.(2i*a), (SUo) and (2l*d) by 1.6k. They also also carried
out data analysis in the 90% confidence level for some of the other processes
In our analysis while using the errors on the right-hand sides of Eqs.tE'ta),
(2kc) and (£^d) enhanced by the factor 1.64 we also multiply errors of the

.other neutral current parameters of Ref.9 by 1,61*. l n addition we also in -
clude the reported experimental value of the asymmetry measurement in

e e~ + u v~ on the parameter h for our analyses. Imposing the constraint

2 2
a ,< 0.06 and fixing B , nR, tlL and Z at certain values we vary sin 8w
In order to examine the allowed range of sin B for which there is agreement

9)
with the neutral current parameters with enhanced errors. We repeat this

for various combinations of IT, ru, nT and Z. Regions allowed by the
2

available data in the ru VS . sin e plane have been shown in Figs.1-8 for

various values of (gj/g-J . The sigzag nature of the curve occurs because we

have chosen the interval in nR {nin &v) variation as 0.1 (0.01). In general

sin 9 values in the range 0.23-0.29 axe allowed depending on the values of

the other model parameters. It may be noted that for small mixing (Z < 0.1)

the allowed region, for a fixed value of n L and Z, increases with (gL/gR) .

For a fixed value of (Sr/gp) , the allowed region is more for lower values of

n and Z, As soon as T> exceeds 0.1, the values of sin 9 below 0.2U are
it L •*

-12-
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excluded irrespective of other values of model parameters. For values of riL

and Z JJ'O.l and large values of (g /g_) the allowed values of sin 6tf &re cut

off from above and 'below and those of TI from ahove. We find no alloved
H

region for a l l values of (

Also no allowed region exists for the combination Z = 0.2 and *lT = 0 .1 .

between 1 and 2 if Z and/or ru exceeds 0.2.

M_

In Tables III-V we present masses of the charged gauge bosons, It. , ML, ,

and M, for different values of E , n„. n,> Z and sin 9 - Most of the
ip K L V

time i t is found that the neutrino-hadron data constrain the lowest alloved
2

value of sin 6 .whereas neutrino data and/or e-d asymmetry data constrain
2

highest allowed values of sin 8 for a given set of fixed values of other model

parameters. The increase of allowed range of sin 0 with increase of Cgr/g_)

(e.g. sin 6 = 0.25-0.29 for B = 1 whereas sin 6w = 0.23-0.29 for R =» 0.5

for Tij. = 0.2 71-^=2 = 0) can be understood in the following manner. The neutral

current parameters e_(u), eD(u), £T(d), eD(d) are relatively more accurately

known than others . With IT < 1 C(gL/gj-) > 1) and * R > 0, F > 1 and

the asymmetric model allows lower values of sin iSw than in the standard or

the symmetric model to yield to liie same values of these parameters.. In Tables

I I I to V we present masses M. , M, , M_ and VL of left-handed charged, rigtrt-
\ \ \ \

handed charged, left-handed neutral and right-handed neutral gauge bosons,

respectively, as obtained from phenoinenological analysis. In the context of

SU(l6) grand unification and two-stage symmetry breaking, as discussed in the

next section, the value of right-handed charged boson mass given in the fourth

column of Tables IH(a) , I l l (b) , IV(a) and IV(b) will be much higher (> 10** GeV).

We have denoted the mass obtained from phenomenoloffieal analysis as Mr!
2

Analysis of the available data allows the masses in the following range:

69-78 GeV

M = 30-91 GeV

\

86-230 OeV

= 190-1+55

(25a)

(25*0

(25c)

(25a)

2 2

For a fixed value of E , T\ , Z and sin 6 , although the masses M̂  and ft, do

-P w 1 1

not decrease much, the masses Mr, and VL decrease drast ical ly. For a ,fi_*ed

value of nB, nT < Z and sin 8 , the mass (C decreases with decrease of R
H Li W «„

- 1 3 -

(increase of (gT/go) ) "sliereaa the mass -V increaaea vtth Increase of

For a fixed value of IT, nR, riL and Z the masses M̂. , M̂  and M̂

decrease vith increaee of sin 6 . This observation has also been made for I t

in the symmetric model. But the asymmetric model allows increase of M_ with

2 2

sin 9W for fixed values of other parameters. As for example for Z = nL = 0,

n,, = 0.2 and H2 « 0.5, the value of M i s 276 OeV (33U.6 GeV) for the value of

2 £ 2

sin 6 at 0.23 (0.28). This behaviour arises i f sin 9 approaches the pole of
2

the function (B2 - -t^/U - (E + l)x ) occurring in Eq.dl) as explained in

the previous section. For Mr the pole singularity cancels out. This
1

behaviour in the tL mass would have been observed in the symmetric model also,
2 2 2

had the available data alloved sin 6 value in the range 0.U -fc sin 8 .£0.5.
2 2

Note that for (g^/%^) = 2, E = 0.5 and the pole position which happens to

be t h e upper bound f a l l s a t s i n 6 = 0 . 3 3 . i n t h e asymmetric model. As w i l l be

d i scussed i n t h e next s e c t i o n , t h e masses M^ , M and IL r e p o r t e d i n t h i s
•p 1 1 2 ^

s e c t i o n remain unchanged whereas fC changes t o h igher va lues (b^ > 10 GeV)

i fi
when we correlate leftjffight asymmetry arising for our SU(l6) grand unification

and tvo stage symmetry breaking of SU,,(2). The behaviour of the mass M_ for
o 2 2

various values of n and sin has been shown in Fig.9. The larger rate of

2 W 2
increase with sin 6 with decreasing value of H has been clearly displayed.

IV. IMPLICATIONS OF GRAHB UNIFICATION

The left-right asymmetry with g > SR can be ascribed an origin •

in the context of SU(l6) grand unification * ' » 1 3 ' and the two stage symmetry

breaking of SU(2)D occurring in the descending group SUT(2) * SUD(2) * U(l).

Prior to two stage symmetry breaking gT - g_, but after i t g. > g o . Just as

the Higgs representation 126 of S0(l0) contains '~ ' the doublet • and the
l) k)

triplets and 4R used to break the left-right symmetry
)

, these are
also contained in the representation 136 of SU(l6). In addition, the Higga

representation 255 of SU(l6) contains the right-handed triplet

(1,3,0) (26)

Both the representations 136 and 255 are needed to breaX SU(l6) as discussed

in a recent paper by Pat!, Salam and Strathdee 1 3 ' . The right-handed triplet

-lit-



X^, in addition to $ , &„ and A. is essential and plays a crucial role

in two-stage symmetry breaking of SU{2) . This triplet has T = 0 and, therefore,
K i

does not affect the neutral gauge boson mass matrix. Also in the charged boson

sector it contributes only to the mass of the right-handed gauge boson

Writing the vacuum expectation value as

<**> =
(27)

the charged boson mass matrix is modified as

C = k&v* -c-^)

(28).

X
where n

The mixing angle £ can be written as

(29)

The eigenvalues of charged gauge bosons are modified to the form

(30)

where, as before, the lighter (heavier) of these we cal l M^ (K^ ) , the mass
of the charged left-handed (right-handed) gauge 'boson.

-15-

Comparing E<i.(3Q) with Eq..(lO) we find that the masses of the left-

handed or the right-handed charged bosons given by the two equations are, in

general different, because of the presence of tl . But in the no mixing case,

Z = 0, and we get

)

(31)

both from Eq,s.(lO) and (30). Hius the mass of the left-handed charged gauge
boson remains unaffected by the Introduction of the Higgs t r ip le t XR in the
no mixing limit of the left and right-handed gauge bosons. Since the introduction
of filgga I - does not affect the neutral mass matrix, the masses of the neutral
gauge bosons remain unaffected irrespective of the amount mixing between the
charged left and right-handed bosons. In the no mixing case Eq.(30) yields

M,, -

as compared to the one coming from Eq.(lO)

M -

(32)

(33)

Thus M,. can be made large by making *7 „ large in order to achieve the desired

•V4
hierarchy (i.e. Str(2), U(l),,). Now we ask the question whether the

phenomenological analysis of Sees.II and III still hold in making the right-

handed charged boson heavier. In the no mixing case 2 = 0 and g = 0 both in

Eq3.(8) and (29) and the muon decay constraints coming from Eqs.(8) and the

two-stage symmetry breaking case are the same, namely

V,

Hote that the right-hand side of Bq.(3U) i s also obtained from Eq.(l6a) by

putting 0 (k = 0). Thus, the three masses Mr.u u ^ ^ i n g £i — u \ s . — u j . m u l t . I,LK= i j iucc iaaoaca 1*1. , Mr. , M,, p r e s e n t e d i n

1 1 2
Tables III(a)-(IV(b), the values of charged and neutral current parameters,
and the allowed regions in the 3. sin 6 plane, for the case Z * 0 still

-16-



= M* > 10 GeV

true-in : this" ease," exeept. fdrthe- faat., i&aX: the mass ' SU lS/inoW Heavier.

In Ref.5, the values (gL/g_)2 > 1 has been used to estimate 'M^

in order to make agreement with QCD parameter alsojusing renormalization group

equations.
2Sote that upper bounds* of sin 9 and zeros of the neutral current

parameters are presented in TabiesI and I I remain unaffected provided that the

model parameters used there are the same. Thus, in the context of SU(l6)

grand unification and left-r ight asymmetry originating from two-stage symmetry

breaking of SU(2)r,J a l l our results of phenomenological analysis s t i l l hold truen
only with the modification that the right-handed charged boson i s heavy
(My 3 M* > 10 GeV). Masses of tt^ = (^ can easily be computed for various

sin 9 . values using formulas given in Hef.5> arising out of renormalization
group aquations.

V. CONCLUSION
[i it. el•• ••'x

From the results of analysis presented in this paper.that the present
A

charged and neutral current data allow a left-r ight asymmetric model

su(2)L * su(2)R
u(l)

B_L
SL gR to pass s i l . t he tes t s with

value between 1 and 2 and sin 6 between 0.23 to 0.29. I t has been noted that
i t i s possible to account for the QCD parameter vithin such ranges. If one
takes the phenomenolbgical asymmetric model alone without asking questions
about i t s origin at present, i t allows low mass (86-230 GeV) charged right-
handed gauge bosons and low mass (190-1*55 GeV) neutral bosons of second generation.
Obviously, parity violation exists in the asymmetric model. Left-right
asymmetry can arise by two-stage symmetry breaking of SU(2) contained in the

u{l) n T descending from SU(l6)left-r ight symmetric group SU(2), » SU(2)_
5) 13)grand unification and subsequent symmetry breaking using the Higgs

doublets and t r ip le t s contained in the representations 136 and 255- All our
results of phenomenological analysis carried out in this paper for the no-
mixing case (Z = 0) can be carried over to this case keeping the masses of

WT, Z and Z unchanged but replacing the right-handed charged gauge bosonL 1 2 ,
masses with heavier ones >10 GeV. Thus, although the possibil i ty of low
mass parity restoration and low mass second generation gauge bosons are allowed
in the left-right symmetric model which makes the proton extremely stable,
in the context of SU(l6) grand unification and left-r ight asymmetry, the
present data allows only the observability of a low mass right-handed neutral

-1T-

tosort • (190-1*55 GeV)_ sfc_ JSABEIiE. energies; biit with no possibil i ty of. parity •

restoration at such energies. As has been observed elsewhere ' ' *

SU(l6) grand unification allows- for the proton decay (T S 10 years). This

analysis also allovs the possibility of the grand desert, otherwise admitted

by SU{5) grand unification, to bloom with new masses according to SU(l6) grand

unification scheme. . . . . . . •. .
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Table III(a) Variation of the gauge boson masses in the phenomenological
o

model in the allowed region as a function of sin 9 and n B
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Same as Table I l l ( a ) but with Z = 0 and nT = 0 .1 .

Same as Table IV(a) but with { g ^ g ^ 2 = 2.0.

Variation of gauge boson masses in the phenamenological model
for (g^/g^ 2 (R2) values 1.5 (0.666) and 2(0.5) and for other
combinations of the model parameter, e.g. 5? = Z - 0 in the

allowed region. Note that MT, stands for the right-handed
2

charged boson mass in the phenomenological model which
+ U

becomes M^ - M̂  > 10 GeV, when grand unification ideas
are used, while others do not change.

FIGURE CAPTIOUS

2
Fig. l Allowed regions in the TIR VS. sin 6^ plane implied by the neutral

current data with Z » n = 0 (within 1.61* limits of the

parameters) for (gj/gj,)2 = 1.0, 1.25, 1.5 and 1.75.

Fig.5

FiR.6 ,

Fig.7

H-g.8

Fig.9

.0.Fig.2 Same as H.g.1 for (gL/gR) « 2

Fig.3 Same as Fig.l but with nL = 0 .1 , Z = 0 afid(g /g^)2 = 1 and 1.5.

Same as Fig.3 but with (eL/gR) = 2-0.

Same as Fig. l but with nL = 0, Z = 0.1 and

Same as Pig.5 but with ( g ^ p ) 2 = 2-0.

Same as Fig. l but with «L = Z = 0,1 and

Same as Fig.7 but with (s^^)2 = 2-0.

1 and 1.5.

1 and 1.5.

Variation of the mass of the second neutral Z boson as a function
2

of sin 6 for several combinations of model parameters.
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Table I

1 . 0

1.25

1-5

1.7.5

2.00

2.25

2.50

2.75

3 . 0

Upper bound
2

on sin 6v

0.500

0.1M

o.Uoo

0.363

0.333

0.307

0.285

0.266

0.2U9

Observable
parameters

4

E F(d)

By

\ A

Positions of zero

Standard
model

0.375

0.25

0.75

0.25

0.75

0

o . • •

0.25

0.25

0.25

R £ - l

nD - o.lt nT - o . i

0.375

0.25

0.75

0.25

O.6U2

0.1,2

0.1*2

0.25

0.25

0.25

R2 - 0.5

0.390

0.26

0.78

0.26

0.562

0.375

0.375

0.218

0.26

0.138
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Table Ill(a) .
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0 . 1

0 . 1
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0 . 3

0 . 3

0 . 3
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0.2U
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2
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201.6

197.7

152.3
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lW.O

ll*3.3
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138.3

126.5

12)4.1

121.8

119.6

i09.lt

107.5

105.6

\
(GeV)

38.1*6

86.5

85.1*

8U.3

83.1*2

85.6

8U.8

83.8

82.9

82.1

81.3

81..1

83.2

82.1*

81.7
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80.6

385-2

387.0

369.9

39!*. 1

27»t.6

275.6

277.5

260.2

281*. 1
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83.3
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Bit.8

8U.0
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(GeV)

W

1
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• 397.3
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lt2U.lt

276.0

i 282.0

300.8

315.2

33U.6

361.9

231.0

237-7

21*6.3

257-8

273.6
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Table IY(a)

-

0

o.i
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0 . 1
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O.U
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0.2T
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TO.3
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Tl.6

71.6
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< 2
(GeV)

«
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185.0

181.6

139.2

136.6

116.1

10U.3

\
(GeV)

89.8

88.3

8T-3

86. h

88.1

87.1

86.8

86.6

(GeV)

-

372.2

376.3

381.8

265.2

26T.9

220.3

192.2
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n
R

0

0 . 1

0 . 1

0 . 1

0.2

0 . 2
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0 . 3

o.U

sin2e t f

0.25

0.25

0.26

0.27

0.25
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0.26

0.26

: \
' (GeV)

7U.lt
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1

: 71.6
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7U.U
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i {GeV)

- .
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160.2

123.0
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102.5

92.0

\
(GeV)
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—1

(GeV)
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