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ABSTRACT

' The question of low energy restoration of parity is examined using a
left-right .asymmetiric model implied by the gauge group SU(2)L x SU(E)R x U(l)B_L
with gL > Bgi both from a phenomenclogical point of view and alsc exploiting
the possivility that such an esymmetry may be a consequence of two-stage
symmetry breaking of SU(Q)R allowed in the SU(16) grand unification scheme.

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

errors of the measured wvaluas of neutral current parameters. The phenomenclogical

asymmetric model passes all the tests permitting 1 ¢ (gL/gR)2 € 2 and

0.23 g sinEB £ 0.29, vhere the case

/gR = 1 corresponds to the symmetric
zodel investigated by Rirzzo and Senjenovic., Whereas low-energy parity
restoration and low mass gauge bosons may be possible in the symmetric model,
.the phencmenological asymmetric model allows & low mass right-handed charged
gauge boson (B6-23C GeV) and s low mess neutral boson (190-455 GeV), in addition
to the two geuge bosons of'first generation, but no parity restoration. It i=s
shown that all the results of anelysis of the phenomenclogical asymmetric model,
for the case of no mixing between the left-and right-handed charged gauge bosons
still hold true in the case where the left-right asymmetry arises out of two
stage symmetry breaking of SU(2)R allowed by SU{16) grand unification, but only
with the replacement of the charged right-handed boson by a heavier one

(> 10'* GeV). The 8U{16) interpretation of left-right asymmetry and the available
charged and neutral current data allows the second neutral boson being cbserved,
together with the two gauge boscns of first gener;s.tion, but no restoration of
parity at ISABELLE energies. However, the paritfr restoration, if any, may be
possible at energies :\;.plOh GeV. BSeveral other observable distincticns of

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

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

sin B , the zeros of the neutral current pa.rameters and the variation of the
second neutral 7 boscn mess as functions of sin G , 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 ratio, the second neutral Z-btoson mass

. . 2
increases with sin Gw.
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I. TNTRODUCTION

. . 1)-3 :
Very recently, Rizzo and Senjanovic (ES) )-3) have considered the
interesting possibility of low mass restoration of parity in the content of

& lefteright symmetric (g, = &) SUi2) x SU(2), x U(1) model of electroweak

In such models the low masses of the rlght-ha.nded charged
Tosona, H’ and the second neutrsl vector bosons, % 2 s In conjunction with

intera.ctions

a larger value of the week mixing angle (51n29 % 0.25~0.31) are found to fit
a1l the aveilable weak interaction phencmenology 2),3) within 1.50 and 20
limits. In a recent paper the authors have shown that such a model also fits
the observed value of the QCD parameter with sineew = 0.27-C.28. The mass of
the right-handed charged gauge boson has been predicted 2),3) between 150-240
GeV snd the importance of such left-right symmetric models in the context of
80{10) grand unification has been emphasised l)’3). One of the important
predictions of the model 3 requires the proton to be extremely stable

(T = 1038 10)46 years) showing that the low-energy restoration of parity
-a.nd proton decay are mutually exclusive in the context of S0{10) grand
unification.

More recently, the interesting possibility of allowing both the physical
phencmena hasbeen examined by Pati, Rejpoot end Raychaudhuri 5) in the context
of the grand unified medel based on the one family gauge group SU(16). The

authors 2] are led ta consider a two~stage symmetry breaking pattern In the

electrowesk seactor of the type

.f_
M i .
SUL2), XS U, X UC1) _~—-5—> S U, X U X UDgy

Mg
—Rs 5 U(2) xum)y—-a uen, o

with MR 10 GeV and MR M.L In a situation like the above (especially
for large MR the right-hand coupling constant &g is less than the left-hand
coupling constant g, (e.g. for MR J.Oh GeV (10 GeV), (gL/gR x 1.25
(1.75)). 1In viewv of this, it is interesting to investigate how far the charged
and neutral current phenomenclogy allows left-right asymmetrie (gL # gR) models,
Apart from its ¢'@inection with SU{16) grand unifiecation 6 » & detalled analysis
of the avallable data on weak intersctions is necessary using the asymmetric
model, purely from a phehomenological point of view. In this paper we carry
out such analyses atarting with a phenomenological Lagrangian implied by the

-2-



gsuge group SUL(E) x SUR(E) ® UB_L(l), but with g # gg and bresk the gauge
symmetry using the Higgs representation

AL: (3,1)2) P AR: Ci) 3; 235 Cb =(2,2,0) {2}

which are contained in 126 of 50(10) and 136 of SU(16). 1D-1).6) carry out

charged and neutral current tests with all the available data by warying the
ratio (gL/;;H)2 between 1 and 2. Within the phencwenclogical asymmetric model ,
available data with enhanced errors cf neutral current parameters allow
s;:l.nze"r = 0.23 - 0.29 with low mass second generation gauge bosons between
100-450 GeV, but there is violation of parity in the Lagranglan a priori to
symetr:.," breaking. We then examine the possibility of relating these
phenomenological analyses in the context of SU(16} grand unificstion and the
subseguent two-stage symmetry bresking of the group SUR(2), as a posgible
‘origin of left-right asymmetry 5). We find that all our results for the case
of non-mixing between the left and right-handed charged gauge bosons can be
carried over to this case anll can be interpreted as a consequence of two-stage
symmetry breaking descending from SU(16)} grand unification 6), but with
right-handed charged gauge boson being much heavier then others { > 10!‘ GeV).
In zuch a case no parity restoration is possible at energies below 101' GeV.

We glseo discuss several cther aspects of the asymmetrie model, lncluding
upper bounds on the allowed values of sineﬁv snd zeros of varicus neutral
current parameters as functions of ainzaw, in which it can differ from the
standard model and the symmetric model. The asymmetric model shows increase
of second Z-beson mass with increasing 311128w for a fized value of the ratio
(gL/gR}2 2 1.25.

The paper is organlzed in the following manner. In Sec.II we obtaln
expresslona for different charged and neutral current parameters using Hlggs
representétion {1). 1In Sec.III we compare the formulas with experimental data
and state our results of data analysis., Sec.IV is devoted to establishing
the connectlon of our phenomenologlcal snalyses with SU{16) grand unification
and two-stage symmetry breaking. In Sec.V our conclusions have been stated

briefly.

M e m e  e

IT. LEFT-RIGHT ASYMMETRIC MODEL AND WEAK INTERACTION PHENOMENCLOGY

In this and the next section we consider the asymmetric model, at first,
from & phenomenological point of view. Although there have been attempts to

examine the consequences of the asymmetric model i

, the present peper differs
from earlier works in many respects. Throughout the paper, wherever necessary,
we follow the notions of RS. 2 Starting with the phenomenclogicel Lagrangian
implied by the gauge group SUL(Z) x 8tp(2) x UB_L(H with the general possibility
g, # g., we use the Higgs representation (2) with their vacuum expectation

values

o V o & _ Rl 0)
(B> = ( , o" ) By, o),@?—(o(?

Following RS 2) we introduce the following convenient parameters:
2
2 k'

2
_ RItK = 2= 25—
T2 T W R2+ k% (1)

and alsc denote R = SR/EL .

In line with the current thinking we also assume that the neutrinos are
Majorans particles with M Vg >> M\’-L so that the leptonlc currents are purely
left~handed. The physical meaning of the parameters Ngs Nps Zy VR’ v
k2 and k'2 has been discussed by RS. While Ngp measures the amount of
bresking of S‘IJR(2) and smaller np implies stronger breaking of parity (in
addition to the parity bresking already present in the Lagranglan before
spontanecus symmetry breaking, in the present case, because of & nct being

L’

equal to gR), fiy, measures the presence of left-handed Higgs triplet and
Z messures the amount of WL—WR mixing. The limit ng * 0 corresponds to very
heavy right-handed charged and neutral gauge bosons and corresponds to the

Glashow-Weinberg-Salam 8) gituation, if in addition ng, is small.

The charged and neutral gauge boson mess matrices assume the following

forms : '7%(""'7'-) _RVR[].,_(‘1_2)2],,2.

W= ~R7[! (127  R247R)
(5)

ha

e e e e g e ey e e P —— .:.,_..__,,.r‘ — e = - RS

B

2 =

=

Y



(1) R RERL T
2__ z 2 N
M=3 TR | gy RO "2RE
—2£7R9L -2 RE 282 cl"‘"}p’h)

{6)
vhere ve have used - ;
F 74

T (M

The charged current coastraint from y decay becomes

St
o B+ TR ®
2 w1 wa

vhere H‘, 3 1= 1,2 are the masses of the charged W boserr wnd are equal to
the eigen%a.luen of (6). The mixing angle £ can be u-ritten us

amng [1- (1-22]"
[R* C149r) -~ ')ac'*"?u.)] i

After suitable transformations ontc physical states and disgonalizations, the
mass matrices (6) and (8) yleld the folloving eigenvalues:

My = anL.'Va [7ao+m) +RY1+7) * {[‘?RCH'?L)
_R20 ) F R -0 ] § J

for the charged gauge bosons, W: {lighter) and U; {heavier), and

fa.n 15 =

(10)

M= L
!_2 3!. R R‘Z__ CR2+1)Z¢° z&))(,l_’_-?a-')’.)

..(R2+1)1ca
{1 + GED Cl+‘?e‘702

— a7 (RO (RE1+REEZE )~ ~4R* ’7!-
+:LR2CI*7R‘7L)(92 1+ Mo (t” R))]} ]

(11)

for the neutrsl gauge bosons, Z, {1lighter) and Z, (heavier). It can easily
be checked that for R = 1 all the formulas involving R reduce to the
corresponding ones of RS. 2) While obtaining (11} we have used

2 X
S0, = Rey = e/&_

(12}
1 1
1e?2 = ...1_1 +og t—
3'_ ?R g_ | - (13)
which yleld ‘
o R
€7 = aw

Rz ~ R+ 2,

In Bg.(11) the positivity of Mg implies the following upper bound on s8in
a3 a function of R

%,

R'?.
1+ R=2 {15)

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

restriet higher alloved values of sinzs by the experimental data as we a.pproach
the bound for B° € 1. Values of upper 'bounds ror R2 =1 -0,33 ((gL/gR) = 1-3)
have been calculated in Table I. Since gi = e lsin e it may appear at first

sight, that the neutral hoson masses decrease with sin20 as has been shown

e

2,2 (R=Z) cH"?g'?L)[ + 6?2 CR+t)x¢.9(R-1+‘7g£n‘+1D

¢

E cg’ﬁ-oza)( R 1+'?R(R’+D)



by RS for B = L.

The denominator B> - (H2 + 1)x

Whereas this pole behaviour of is cancelled for M2

Bl

the radical) with increasing a:l.nzﬁ‘r as ve approach the upper bound.
behavicur of M

(for the -lve sign
before the radical), it gives Tise to increase of (for +ive sign before
: Buch a
would have been observed in the symmetric model had the tests
of charged and fieutrsl current data allowed wvalues of ainzﬁ nearer to 0.5.
Although such a possibility does not exist ipn the context of the symmetrie
model, we will see in the next sectlon that the experimental data at present

are consistent with an increase of MZ with sin 9 for some fixed value of

Fel.

We observe that even with gL # gR,the mion decay constraints and other
charged current constraints continue to be the same as in the symmetric model,
independent of 8, and 8g

G] 1 1+.72
T?E 4Ck1+k'2) i +"7,_+ 7R9L+ ‘7R (1-2>* (168)
_ ~R 1—(1—%)
& 14"k [ ] (16v)
1+71)
[5 =] _?j_.i.—-——-—— (16(:)

1""17;2'

Kote that B is the e¢pefficient of contribution of the right-handed currents
end a 1s the coefficient of the mixing term in the general charged current

Hamiltonian 2) Defining the parameters 2

1+ R0 -2+, 01370

A=
1+17L (Q_ +‘V)R) | (17a)
—_— | -
B= T;—%B?“L {17v)
R
= R (180)

R2( 1— "L )
F _ BE(‘Q_-]-"’)R) + R (18b)
2R (1t )

T

- E S TP S——

But thia is true only 1f we work away from the upper bound.’

approaches zero as we approach the upper bound.

LT I e

<o

the physical parameters occurring in various neutral current processea cap be

2
expressed in terms of 112, Mgy "L' Z and ein av as stated below.

(1) Parity violation in atoms and esymmetry in e-d scattering

cy= AR+ ]

{19a)
d_ AR L4%,,C
= 2 [1 3 ] (190)
u d_ AB[. Zer C
Cz —Cz—‘_Q_[ 1+L‘w] (19e)
(11) Neutrino hedron scattering 1_
ELCU-) = [ 2 —"7 F1 Z _ (20a)
) =& L R lfxw'F]
R 2 'V) +1 2 (20b)
it %,
- = . 1 ) 5 £20e)
2%, F
g ()= %— [—-.'.. e "
"?R'f"f {204)
{1ii) Feutrino electron sca.tteri]ng
%V a J.- ' C ] {21n)
Cg' = _‘—é"“'—"‘ ' {21b)
A ;1(*)2-1-1)
—B-
I e D i QN

— ==



= AR = b2 C
’I'JVA ~_"-.l— [1 b] (22a)

AR

{221)
Rt S(rN(1HY /ol
b= A, [ 51 £ hainn
R

491w (3%;—31) CR?~72'7L)E+{ 1- Z.C.}_’i—z;'_l)zcoj?l?"

+Lt R (0§ ]

b= A TL 470 [0t 1D
4

{22¢)

8)

For comparison we state the corresponding expressions in the standard model

_c'u: -—JQ + i'_z_“’

3
d_ L z
¢ = _23co
d

- 4
ﬁAA‘"»,,'

by = L (1 42007

(23)

It may be noted that the introduction of the left and right-handed triplets in

Ref.2 modifieas the standard model expressions through n, and ", when they

R
are different from zero. For n, = 0 corresponding to the absence of a left-
handed triplet sand nR
is infinitely heavier, all the expressions of Ref.2 reduce to those in the

standard model.

L
= 0, for the case in which right-handed charged boson

The standard model deacribes the availeble data on neutrel current
parameters with ainEBw = 0.233. With thelr modified forms for the parameters
RS 2) have shown the possibility of fitting the data in a broader range
Einzav = 0.23 ~ 0.31 since the zeros cof scme of the neutral current parameters
as functions of x, are likely to fall within the range of Ref.2 and also
investigated in this paper,it is useful to examine how they are modified by the
symmetric and ssymmetric model. Ewven though the expressions faor C’il, Cg,

C;, Bys &, » h.w and hVA are modified by RS 2), their zergs remsin the same

as those in the standard model, whereas the zeros of the parameters eL(u) and
sL{d) are shifted to higher values and those of ER(U) and eg{d) are shifted
to lower walues of sinzew, as compared to the standard model for nR > 0,

In the present cese besides the modifications of the type in the symmetric model,
the terms proportiomal to x, in various perameters in Eq_s.(lQa)-(EEh) get
modified by sn edditional factor C or F. For Ngs B #0and R < 1,
C«<1l and F »1, this causes the zeros of the parameters CI{. Ci’, C;, Cg and
by, %0 be shifted to higher values and those of the parameters EL(u), EH(u),

EL(d), eR(d) and g, to he shifted to lower values of Binaew as compared to

=10~



e ; )
the symmetric mod=1 ). The @xpressi.n for hW gets significantly mocified

for Ré'a! 1 although near Faor it behaves in the same manner es in the
Lsymétri'c model 2'). In. Table I1. we. pn—:&ent those zeras of various neutral
current- paraveters uh:.ch - Pall. i?n the- rangu- o 1R3 s:.nae 1 ttre standara modeL,
symetmc model. aud. in the present case fob nR & Crh :
fhe zero of the fundtion. hW beuemes mmplex:, its. real- pm‘t h:a:s be'en re'portred .
in Teble IT. It may be.noted timt, the Zeros of-ths. ‘pa.ramete'rs r;“ 2. exla),
‘s.R(a), By B A and the real pa,rt o the zerg of ‘Bygy. 88 computed in the present
model falls within the range of | 51ﬁ29 Df’ Ref.2 and, alsc of this paper as
deseribed in Bec. ur. ‘Both the- standerd and the symetric model 2) predict
. the e, ot ¢, C 2, By By, WAoo st X 0,25 Bad the convributions of
7 t.'2 e, CE .+t atomic parity vivlation and e-d- asymDEtry are small for s:mae

" in the slloved TEIgE..
-, for thé zerocs of = (u -;R(d) gys' B VA mdhw a3 compared to the Ftandard model
- tre . symmetric mc:del More accurste messurements of the pa.rmet.er-s €, (u)
‘epl) wmd g, eod mesurenemts of the parameters by, eod b mey be sble

to ch.scrim.nate between vari.ous mdlﬂ_s  The above disews:{-ons -and the fom.ul‘a-s
imply that, in genera.l, d.lﬁ"erent values of x, may be alloved in the asymetric
modél to yield the same values of the physical parameters in the standard or

the asymmetric model.

In Sec.IV the implications of SU{16) grand wnitication on the left-right
asymmetry and wegk interaction phenomenology DAVE been investigated . using
an additional Higegs triplet, and the applicability of the results of analysls.
of this and the next sections stud_ie-d. It may 'be. noted that the gmeral results
of the model such as the information on zeros, upper bounds and even formulas
on neu_t.ra.l current parameters, the possibility of inecrease of the second neutral
Z boson mass with sinaew 1'&::r-R2 < 1 remain unchanged even after the introduction
of the additional Higgs triplet. In the next section we carry out testa of
the model using the available dats on neutral current parameters, while imposing
cﬁnstraints jimplied by the charged current data.

II. COMPARISON WITH THE EXPERIMENTAL DATA

It has been noted 2)

a & 0.06. Aso ng
the standsrd cne. As in Ref.2 we also confine our analysis for small wvalues

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

that the charged current constralant imposes
2,0.1 in order to meke model predicticns different from

have

varied aingew, 2, n, and ng over a wide range such that the predictions of

11~

- R R T e MR

-'*G.—laud R = 0.5, -

fsyrmetric. mdel malr.es yigmificantly difrerent pred.ict:ions" '

the symsetric model agreed with the reportel walies of neutral current

parameters 7 within 1-50 or €9 1imits of the experimental data.

~In this. analysis.we.impose a somewhsat more stringent constraint on. the

-dsté'a’s-c'ompared.tojRef;E!, Acclurate_measurements of' e-d asymmetry yield 10)
croyel= - hs 22
T L {2ks)
M _Led= 23 %38
N ) : ' (2ud)
while a:toﬁ._c puiﬁ vidiat_ién‘masluremgﬁﬁ-s -on’ heavy atoms‘:,rield 1)
C, :+.:_1.1-5.C-1 = -21"_‘.‘!: 0&8 (2kc)
e aqeed = da g
S .+=1.15.¢1 - ‘th‘_"t (oha)

In order t¢ analyse these experimental d-.at-& within 90% confidence level, Kim,
Lengackei‘. Levine and Williems 9)
right-hend sides of Eg .(2ka), (2hc) and {244} by 1.64. They also also carried

out data analysis in the 90% confidence level for some of the other processes

have multiplied the errors cccurring on the

In our analysis while using the errors on the right-hand sides of Eqs.(Eha),_

(24c) and (24d) enhanced by the factor 1.64 we also multiply errors of the
. other neutral current parameters of Ref.9 by 1.6k. In addition we also in~

clude the reported experimental wvalue of the asymretry measurement 12)

e+e_ -+ u+u- on the parameter hA.A for our analyses. Imposing the constralnt
£ 0.06 apd fixing Ra, Ngs B, and 2 at certain values we vary sinaew

in order to examine the allowed range of sin28 for which there is agreement

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

for verious combinations of R2. nR, nL and Z. Regions allowed by the

avallsble data in the np ve. sin® 8, Plene have been shown in Figs.1-8 for

The zigzag nature of the curve occura because we

{uin 8, } variation as 0.1 (0.01). In general

variocus values of (gL/gR)2
ha.ve chosen the interval in
sin G values in the range O. 23-—0 29 are allowed depending on the values of
the other model parameters. It may be noted that for small mixing (2 < 0.1}

the allowed region, for a fixed wvalue of n. and 2, increases with (gL/gR)z.

L

For a fixed value of (gL/gR)z, the allowed reglon is more for lower values of

nL and Z. As soon &8s ng exceeds 0.1, the values of sinaaw below (.24 are

-12-
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excluded irrespective of other values of model parameters. For va.lues of nL
end Z 2+0.1 and large values of (gL/gR} the allowed values of sin B are cut
off from above and below and those of g from sbove. We find mo allmred

region for all values of (gL/gR)2 between 1 and 2 if 7 and/or g exceeds 0.2,

Also no allowed region exists for the combination 2 = 0.2 and iy, = 0.1,

In Tables III-V we present masses of the charged gauge bosons, MW MW
"‘Z and MZ for different wvalues of 1?2, Nps Nys Z and s:.n29 . Most of tilie
1 ] L W

time it 1s found that the neutrino-hadron data constrain  the lowest allowed
value of sinza ,wherea.s neutrino dats and/or e-d asymmetry data constrain
highest allowed wvalues of sin29 for a given set of fixed wvalues of other model
pa.rameters. The inc¢rease of allowed range of sin O‘r with increase of (gL/gR)
= 0.25-0.29 for R2 1 whereas Sin26w 0.23-0.29 for 32 = 0.5

R 0.2 N, = %= 0) can be understood in the following msnner. The neutral
current parameters ¢ (u) € (u) € (d), 3 (d} are relatively more accurately
known then others 2. With Fe 1 ((SL/gR) >1) and po> 0, F> 1 and

the asymmetric model allows lower values of 51n29 than in the standerd 8) or

(e.g. ain® o,
for n

the symmetric model to yield t¢ the same velues of these parameters.. In Tables
111 to V we present masses MW R MW s MZ and M‘Z of left-handed charged, right-
1 2 2

handed charged, left-handed neutral and right-bended neutral gauge bosons,
respectively, as obteined from phenomenalogicsl analysis. In the context of
SU(16) grend unification and two-stage symmetry bresking, as discussed in the
next section, the value of right-handed charged boson mass given in the fourth

column of Tebles III{a}, III(b), IV{a) and IV(b) will be much higher ()10’* GeV).

We have denoted the mass obtained from phenomenologlical analysis as Mi
Analysis of the avmllable data sllows the messes in the following range%

M, = 69-7'8 GeV (25a}
1

.MZ = 80-91 GeV {25v)
1

Mﬁ = B86-230 GeV (25¢)
2

M, = 190-L55 GeV (es5a)
P

For a fixed value of R2, s Z and sinee s although the masses Mw and Mz dc

not decrease much, the masses and HZ decrease drastically. 1 For a Ji;:ed

2

value of n » Z and sm26 e’ the mass M{} decreases with decrease of R2

r* L
_13_

(inerease of (gL/gR)z) whereas the mass MZQ ingreases with inerease of
2
(sL/sR}
For & fixed value of 112, nR, nL and 7 the massen Mwl, MZ and M£

decrease with increage of aln29 . This observation has also been made for MZ
2

Buy the asymmetric model ellows increase of Mz with

L =0,

is 276 GeV (33h 6 GeV) for the value of

in the symmetric model.
gin 9 for fixed values of other parameters. As for exasmple for Z = n
" 0.2 and ¥ = 0.5, the value of M,
sin 6, 8t 0.23 (0.28).

the mnction (& - xw)/

the previous section.

This behanourearises if sin 9 approaches the pole of

(R + l)x ) oeccurring in Eq {11) &5 explained in

For }412

Z.
behaviocur in the M'Z mass wouldl have been cbserved in the symetric model also,

had the avallable data altoved sin°e_ value in the range 0.L § s1n®0_ g 0.5.
Fote that for (gL/gR) =2, ¥ :
be the upper bound falls at sin 3‘_ = 0,33, in the asymmetric model. As will be
discussed in the next section, the mesdes Mwl, MZ and M22 reported in this

the pole singularity cancels out. This

= 0.5 and the pole position which happens to

section remain unchanged whereas M{} changes to higher values (Mw > th GeV)
2 2
when we correlate left;ﬁrright asymmetry arising for our SU{16) grand unification

The behaviour of the mass MZ for
“ has beeu shown in Fig.9., The larger ra.te2 of

6),13)

and two stage symmetry breeking of SU (2).
various wvalues of R2 and s:Ln2

increase with sinzaw with decreasing value of RE has been clearly displayed,

Iv. IMPLICATIONS CF GRARD UNIFICATION

The left-right asymmetry with g > 55‘ can be aseribed an origin.
in the context of SU(16) grand unification »6),13) and the two stage symmetry
breaking of su(z) occurring in the descending group 8uL (2) = SUp(2) x U(1}.

Prior to two sta.ge symetry breaking By = Just as

8y but after :Lt &y, >8R
the Higss representation 126 of 50(10) contains 1) the doublet. ¢ and the
triplets AL and AR used to ‘bre_ak the left-right symmetry 1)-“, these are
also contained in the representation 136 of SU(16). In addition, the Higas

representation 255 of SU(16) contalns the right-handed triplet 1h)

X, = (1,3,0) (26)

Both the representations 136 and 255 are needed to bresk SU(16) as discussed
in a recent paper by Pati, Salam and Strathdee 13). The right-handed triplet
14—



x‘ﬂ’ in addition to ¢ , AR and A is essential and plays a cruclel role

L

in two-stage symmetry breaking of SU(E)R. This triplet has T, = O and, therefore,

3
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 11”.
Writing the vacuum expectation value as

Ls]

1.
iz Ex
0

<XR> =
(21}

the charged boscon mess matrix is modified as

S w7 R (1- 61~z)2)
hva - :L:;L R

~R% (1- (12 %) RACHH9+77)

(28).

X 2
vhere no = ex/‘lft .

The mixing sngle £ can be written as

bon2g= 2RW[1- G-
[RECm i) O] @

The elgenvalues of charged geuge bosons are modified to the form

Mv% = 21," ?3' VRZ[VRC '*"71.)"‘1?1(’ +9t R D
2.

& § [ R0 7]F

Vo

%

487 [1-6-471¢ 7

(30)

vwhere, as before, the lighter (heavier) of these we call M, (MW }, the mass
of the charged lefi-handed (right-handed) gauge boson. 1 2
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Comparing Eq.{30) with Eq.(10) we find that the masses of the left-
handed or the right-handed charged besons given bjr the two equations are, in
general different, because of the presence of’?i .
Z =, and we get

— 2y, 2 Yo
M= [ 0% MR+ ]

But in the no mixing case,

(31)

both from Eqs.(10) and (30). Thus the mass of the left-handed charged gauge

boson remains unaffected by the Introduction of the Higgs triplet XR ] in the

no mxing limit of the left and right-handed gauge bosona. Since the introduction .
of Higgs xﬁ does not affect the neutral mass matrix, the masses of the neutral
gauge bosons remain unaffected irrespective ¢ the amount mixing between the
charged left and right-handed boscns. In the no mixing case Eq.{30} ylelds

X
- [ 4R 0]

(32)

as compared to the one coming from Eq.(lo}

P 2., 1,2 Sa
- [5vomo P

(1)

Thus M, can be made large by making "Zg large in order to achieve the desired
A ‘

hierarehy (i.e. SU(.E).ﬁ ’ }—) U(l)R). Now we ask the question whether the
phenomenological analysls of Seca.II and IIT still hold in making the right-
hended charged boson heavier. 1In the mo mixing case Z = 0 and £ = O both in
Eqs.{8) ana (29) and the muon decay comstraints coming from Eqs.(8) and the
two-stage symmetry breeking case are the same, namely

8 My 4R (047,) (a0

Fote that the right-hand side of Eq.(34) is also obtained from Fa.(16a) by
putting Z = 0 (k|2 = 0). Thus, the three masses M'N . MZ B MZ presented in
Tebles ITI(a)~(IV(b), the values of charged and neu%ra.l %urre?lt parameters,
and the allowed regiocns in the n, ¥8. sin'?B'“Y plane, for the case 2 = 0 still

16—
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Hold true in- th.:.s case, except Tar- the fact th.a.t the maSs ’\{w :Ls nou Heaw.ei
Z.

In Ref.5, the values (gL/gR) »1 has been used to estimete MH MR » 10" GeV

1n order to meke ggreement with QCD parameter alsoyusing rencrmal:.zatmn group

equations.

Note that. upper bounds of sinzow and zeros of the neutral current
parameters are presented in TablesI and IT remain unaffected provided that the
model parameters used there are the same. Thus, in the context of SU(1€)
grand unification and left-right asymmetry originating from two-stage symmetry
presking of SU(2)R, all ocur results of phenomencleogical analysis still hold true
only with the modification that the right-handed charged boson is heavy
(MWS = ME > 10h GeV). Magses of Mw2= ME can easlly be computed for various

gin ew- values using formulas given in Ref.5, arising out of renormalization

group @guations.

V. CONCLUSIOR
ot eluax

From the results of analysis presented in this paperAthat the present
charged and neutral current data allow a left-right asymmetric model
su(a)L x su(z)R *UQQ)y_ with g # g to pass all.the tests with (gL/gR)2
velue between 1 and 2 and sinzew between D.23 to 0.2¢. It has been noted that
it is possible to account for the QCD parameter within such ranges. If one
tekes the phenomenological asymmetrlic model alone ',without asking questions
shout its origin at present, it allows low mass ’(85-230 GeV) charged right-

handed gauge bosons and low mass (190-455 GeV) neutrsl bosong of second generation.

Obviously, parity violation exists 1n the asymmetric model. Left-right
agymmetry can arise by two-stage symmetry bresking of SU(2)R contained in the
left-right symmetric group SU(2) x SU(2)R x U(l)B-L descending from SU(16)

grand unlfication 51,13)

and subsequent sytmetry bresking using the Higgs
doublets and triplets contained in the representations 136 and 255. All ocur
results of phenomenclogical analysls carrled ocut in this paper for the no-
mtxing case (Z = 0) can be carried over to this case keeping the masses of
w.;, Zl and 22 unchanged but mﬁhdng the right-handed charged gauge boson
masgea with heavier ones » 10 GeV. Thus, although the possibility of low
mass parity restoration and low mass second generation gesuge hosons are allowed
1),2) which mekes the proton extremely stable,
in the context of SU(16) grand unification end left-right asymmetry, the

present data allows only the observabillty of a low mass right-handed neutral

in the left-right symmetrlc model

-17T=

boson - {190-—1:55- GeV) a‘t, ISABELLE energies, but with no pOSblbllitY ‘of purlty’

6),13},1
restormtion at sueh energies. As has been observed elsewhere 51,6),13},15)
31

SU(16) grand unification aliows for the proton decey (Tp ~10°" years). This
analysis slso allows the possibility of the grand desert, otherwlise sdmitted
by 8U{5) grand unification, to bloom with new masses eccording to SU{16) grand
unificefion scheme.
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Table I

Table IT

Table III{a)

Table ITI{b)

Table IV!&.!
Table IV(b)

Table V

TABLE CAPTIONS

Upper bounds on the sllowed velues of a:!.nee,'r es s function of
2
the ratio (gL/gR) .

Zeros of several neutral current parameters ss functioms of

sinae" in the standard model and in the symmetric and asymmetric

models for varlous combinations of model parameters.

Variation of the gauge bogon masses in the phenomenoleglcal

model in the allowed region as & function of sfl.::lzéi‘r and nR

Por (gL/gR)2 = 1.5,

Seme as Table ITI(a) but with (g /g;)> = 2.0.
Seme as Table III{a) but with Z = 0 snd n = c.1.
Same as Teble TV{e) but with {gL/gR)a = 2.0,

Variation of gauge boson masses in the phencmenclogical model
for (;@;L/gﬂ)2 (R%) values 1.5 (0.666) and 2(0.5) and for ather
combinations of the model parsmeter, e.g. ?L =2 =0 in the
allowed reglon. Note that stands for the right-handed
charged boeon mass in the pheno%enological model whieh
becomes MW = M; > 10h GeV, when grend unification ideas

are used, %hile others do not change.
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FIGURE CAPTIONS

Allowed regions in the np vs. sinz(’.[hr plane implled by the neutral
current date with = n =0 (wlthin 1.6 limits of the
parameters) for (gL/gﬂ)a = 1.0, 1.25, 1.5 and 1.75.

)2

Same as Fig.l for (gL/gR = 2.0,

= 0.1, 2

u

Same as Fig.l but with n 0 analg /gp)® = 1 and 1.5,

L

)2

1}
n
o

Same as Fig.3 but with (gL/gR

Same as Fig.l but with n. =0, Z = 0.1 and (sL/gR)2 =] and 1.5.

Same g8 Flg.5 but with (sL/gR)2 2.0.
Seme as Fig.l but with np = Z = 0.1 and (g /g;)° = 1 and 1.5.

Same as Fig.7 but with (SLIER)E = 2.0,

Variation of the mass of the second neutral Z boscn as a function
of sinaew for seversgl combinaticns of model paremeters.
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Table I

Table II
2 Upper bound
(SLISR) on sinaew
1.0 0.500 Positions of zero
Observable 5 R
1.25 0.441 parameters Standard R =1 R® = 0.5
model n, = 0.4 n =01 n, = 0.4 n =o0.1
1.5 0.400 R L R L
1.75 0.363 cy 0.375 0.315 0,390
2.00 0.333 u
c, 0.25 0.25 0.26
2.25 0.307 '
2.50 0.285 Ci 0.75 0.75 0.78
2.75 0.266 Cg 0.25 0.25 0.26
3.0 0.24g
) | si“) 0.75 0.642 0.562
e (w) ) 0.142 0.375
egl(a) 0 . 0.1k2 0.375
&y 0.25 0.25 0,218
L. 0.25 0.25 0.26
by .25 0.25 0.138
b
L | I
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Table III!a!,

nR sinzew
0 | 0.23
0.1 ‘ 0.24
0.1 0.25
0.1 C.26
&l 0.27
0.2 0.24
0.2 0.25 -
0.2 0.26
0.2 0.27

0.2 0.28

| 0.2 0.29
0.3 0.25
0.3 0.26
0.3 o.27
0.3 0.28
0.4 0.27 ’
o.k 0.28
0.4 0.29 )

1

{GeV)

77.6
76.0
Th.L
73.0
71.6
T6.0
T4k
73.0
71.6
70.3
69.1
Th 4
73.0
T1.6
70.3
T1.6
T0.3

69.1

<

{GeV)

205.8
201.6
197.7
194.0
1%2.3
148.9
6.0
1bk3.3

1ko.7

126.5
12h.1

121.8

=25~

138.3

le
(Gev)
88.46
86.5
85.4
8h.3
Bi.k2
8s5.8
84.8
83.8
B2.9
82.1

81.3

83.2
82.4
81.7
81.9
81.2

8o.6

MZE

(Gev}

385.2
387.0
389.9
394.1
27h.6
275.6
2TT.5
280.2
284.1
289.1
226.8
228.1
230.2
233.2
200.7
203.1

206.4

L e e ——

| l[ 1225 "y . M;e 2, 1‘ "z,
ki l T (GeV) {GeV) (GeV) J (GeV)
0 | 0.23 77.6 - 88.4 E
o1 | 0.23 77.63 | 182.0 .0 | 385
1 o | oa 75.9 178.2 86.8  : 973
i c.1 ‘ 0.25 Th.b 17h.6 85.7 ; Log.o
! 0.1 . 0.2 73.0 171.2 4.6 | Leb.h
| 0.2 | 0.23 T7.6 13h.4 B87.6 276.0
0.2 0.2k 75.9 131.6 86.5 282.0
0.2 0.25 Th.b 129.0 85.4 ! 300.8
0.2 0.27 T1.6 12h.1 83.5 315.2
0.2 0.28 70.3 121.9 Ba2.7 334.6
0.2 0.29 79.1 119.7 81.9 361.9
0.3 0.24 75.9 111.9 B6.1 231.0
0.3 0.25 4.4 109.6 85.1 237.7
0.3 0.26 73.0 107.5 B4y.2 246.3
0.3 0.27 1i.6 105.5 83.3 257.8
0.3 ¢ 0.28 70.3 103.6 82.5 273.6
0.3 , 0.29 69.1 101.8 81.8 295.8
0.k ©.25 Th.h 98.5 BL.B 206.6
0.4 | 0.26 73.0 96.5 8L.0 213.9
0.k i 0.27 71.6 k.7 83.2 223.8
0.4 ! 0.28 70.3 93.6 az.h 237.3
o.b ' 0.29 €9.1 91.4 81.7 256 .k
0.5 | o0.28 70.3 86.1 82.3 212.6

o6




Table IV(Db

Table IV{a}

| e (Z:t) (}fﬁ) c::\ln (:Zef:)
o 0.25 Th.h = 89.8 ®

0.t 0.26 73.0 188.5 88.3 372.2
0.1 0.27 T1.6 185.0 87.3 376.3
0.1 0.28 70.3 181.6 86 .4 381.8
0.2 0.26 73.0 139.2 68.1 265.2
0.2 0.27 7 T1.6 136.6 87.1 267.9
0.3 o.27 T1.6 116.1 86.8 220.3
0.k 0.27 T1.6 104.3 86.6 192.2

-27=-
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"R s1n°0 Mwl i Mil';2 le Mzz
¥ {(GeV) i (ceV) {GeV) (CeV)
0 0.25 ey = | 89.8 -
0.1 0.25 Th.h { 166.5 89.7 290.8
|
0.1 0.26 , T73.0 | 163.2 8.6 405.6
|
0.1 0.27 1.6 ' 160.2 I 425.3
|
0.2 0.25 Th. b 123.0 89.6 277.7T
0.2 0.26 73.0 120.6 ! 88.5 288.2
I
0.3 0.25 Th. b 10h.5 89.5 227.9
0.3 0.26 73.0 } 102.5 88.4 236.4
0.k 0.26 73.0  92.0 88.4 205.7
i
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Teble V

AW

F |z |n n a1n°8 A F‘I:z "2, "7,
L R v (GeV) | (GeV)  (Gev) | (GeV)
0.666] 0.1 | O 0 .23 7.6 ® 88.4 »
0.666] 0.1 | O 0.1 0.2h 75.8 207.9 87.3 368.6
0.666| 0.1 o 0.1 0.25 7h.3 203.7 86.1 390.L
0.666f 0,1 | O 0.1 0.26 72.9 199.7 85.1 393.3
0.666) 0.1 | © 0.1 0.27 T1.5 196.0 8h.1 397.5
0.5 0.1 o 0 0.23 7.6 e 88.4 =
0.5 0.1 | o © 0.1 0.23 TT.h 184.0 88.8 351.9
0.5 0.1 0 0.1 0.2k 75.8 180.1 B7.6 400.8
0.5 0.1 0 0.1 0.2% 4.3 176.5 86.4 h12.6
0.5 {01 | o 0.1 | 0.26 72.8 173.0 85.4 h2g.1
0.5 |01 |0 0.1 j 0.27 T1.5 169.8 8L.% Lu8.7
0.666|] 0.1 | 0.1 ]| © | 0.25 7h.h ® B9.8 ®
0.666| 0.1 0.1 0.1 } 0.26 72.9 150.3 85.0 375.2
0.666| 0.1 0.1 { 0.1 0.27 T1.5 228.6 87.6 392.1
0.5 0.1 0.1 0 | 0.25 Th.h - 89.8 @
0.5 {01 |oa] 01 . 0.25 Th.3 168.1 90.4 392.9
|
0.666| 0.2 ] 0 i 0.23 TT.6 = 88.h -
0.666| 0.2 0 0.1 0.24 75.8 209.8 87.9 391.7
0.666 | 0.2 o © 0.1 ©.25 Th.2 205.5 86.8 393.5
0.666| 0.2 0 0.1 0.26 T2.8 201.5 85.8 396.4
0.666| 0.2 Q 0.1 0.27 Tl.h 197.8 84.8 Loo.7
0.666| 0.2 [ 0.1 0.28 70.1 19h.2 83.9 Lo6.5
05 oz | o 0 0.23 M6 . = 88.4 -
0.5 (0.2 |0 0.1 0.24 75.7 | 181.8 88.3 Lok.o
05 (o2 lo 0.1 0.25 Th.1 ! 178.2 87.1 415.8
0.5 0.2 0 0.1 0.26 T2.7 17T 86.1 431.5
0.5 o2 | o 0.1 0.27 T1.3 171.k 85.1 452.3
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