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SU3) . ® U(1) 5y model for right-handed neutrino neutral currents
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A model based on the SB)_® U(1)y gauge group in which neutrinos have right-handed neutral currents
is considered. We argue that in order to have a result consistent with the low-energy one, the right-handed
neutrino component must be treated as a correction instead of an equivalent spin state.
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For a long time, the neutrino has been one of the most UgL
intriguing subjects in particle physics. It is well known that |4
in the standard mod€BM) neutrinos have only left-handed Qaz =] daL | ~(3,3,1/3,
(LH) currents. Whether neutrinos have right-handgdH) T,

currents is still an unresolved question.
Recently, RH neutrino currents have been included in a y,.~(3,1,2/3, dsz~(3,1-1/3), Tr~(3,1,2/3.
model based on the $B)-®SU(3), ® U(1)y gauge group
[1]. However, for some reasons, the consequences of this
model(called model | i 1]) are very different from those of
the SM. For exampleghe magnitude of the neutral couplings
of the right-handed neutrinos coincides with that of the left-
handed neutrinos in the SMee Eq$44), (51) in[1])]. If so,
in order to get results consistent with low energy phenom- i ) ,
enology such as,-e andv_ﬂ-e scatteringsg, () must be Wltq the following vafuum expectation Tvalue(éc/EV S):
replaced byg(€) and vice versd2]. It is obvious that this  (x)'=(0,00/+2), (p)"=(0u/\2,0), (7)"=(v/12,0,0).
statement is unacceptable. In the present model the neutrinos remain massless at the tree
It is to be noted that a similar model has been proposed iteVel, and by radiative corrections they will gain masgs
[3] (for details se¢4]) in which RH neutrinos, as opposed to In this model, the exotic quarks carry electric charges 2/3
our model, give contributions to neutral currents of the LHand —1/3, respectively, similarly to ordinary quarks. Conse-
neutrinos. The purpose of this Brief Report is to briefly quently, the exotic quarks can mix with the ordinary ones.
present the modefor more details on this model, the reader This type of mixing gives the flavor-changing neutral cur-
is referred tg5]). rents and has been discussed in Reéf.
Our model deals with nine leptons and nine quarks. There BY identifying 2W,, =W} —iW2, 2Y, =W} —iw},
are three left- and right-handed neutrinog (v, ,v,), three  V2X},=W,—iW?, the interactions among the charged vec-
charged leptonse(u, 7), four quarks with charge 2/3, and tor fields with leptons are
five quarks with charge-1/3. The fermion content of this
model is almost the same as[#] with the unique change in

Fermion mass generation and symmetry breaking can be
achieved with just three S8), triplets:

x~(1,3-1/3), p~(1,3,2/3, »~(1,3,-1/3),

a bottom of the lepton triplets: E,CC: _ E(TY”GEWZJF(VE)EW“EEY;
4
fe=| e |~13-13, ei~(L1-1), (@ Vi D+ He). ®)
L R
(vp)?

For the quarks we have

wherea=1, 2, 3 is the generation index.

Two of the three quark generations transform identically .cc_ 9 = — — T
and one generation transforms in a different representation:[’q - \/5[(“3L7Md3L+ Ui y#di )W, + (T y*day
di FUL Y)Y+ (U Y T =iy di )X+ Heel.
Qu=| "] ~@330), 2 4
di

From Egs.(3) and (4), it follows that the interactions with
the Y* and X° bosons violate the lepton number and the

uir~(3,1,2/3, dir~(3,1-1/3), diz~(3,1,-1/3), weak isospin.
The physical neutral gauge bosons are defined through the
i=1,2, mixing angle¢ andZ,Z’:
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Z*=Zcosp—Z'sing, where  ¢=(M2/M2), and  r=(gsa(»)/g1v(¥)),
) r'=(92a(v)/goy(v)) are theright-handednessf currents.
Z°=Zsing+Z'cosp, ) The Feynman amplitude for the,-e scattering is

where the photon field, andZ,Z" are given by[4]

_2plGF i Py yn
t y Ti== (K7L rye)k(p")y
Aﬂ=SWW2+CW(——WWi+ 1—?‘”8“),
V3 X[g1v(¥)G1v(€) ~ gav(»)g1a(€) y5]E(P)
2 +Ev(k )y (1—1"ys)v(k)e(p’) y*
Z,=CcyW°+s —t—WW8+ 1—tl"B (6)
po TWERTEWL g 3 X[gav(¥)Gav(€) ~ Gav(¥)Y2a(€) ys]e(p)}. (10)
t2 t As in Ref.[8] in the laboratory reference framée(=0), the
—\/1- wi+-Xp Cross section is given:
I .
3 4 3
Th tral t interacti be written in the f dotve) 1 ( > M2 11
e neutral current interactions can be written in the form dE. ~ 327mEl|2s M4, (11
L’chﬁ{f_y“[an(f)(l— ys) +air(f)(1+¥5)1fZ;, whereE, ,E, are the initial neutrino and final electron ener-

gies ands is the number of the neutrino states. Performing
o _ 2 the usual manipulations3], we get finall
+fy“Lap (1) (1= ys) + ar(F)(1+ ¥5)1TZ2}. (D) usu ipulatioriss], we get finally

Using v yr vl = —vpytvg We see that in this model the o(v,e)= pimeE,GE (|e+Je)+}(|e_Je)}
neutrinos have both left- and right-handed neutral currents: © 3 '
2
a (v)= %( cosp+ j%smd;) o'(v_ﬂe)z @Eu e J38) + (1 e_\]e)}, (12
c2 where
e e = (1 GA(©)+ Ga(©)](L+ 1)+ 26G5( )G (V)
1 1-2s2, X[g1v(€)dav(e) +g1a(€)g2a(€)J(1+rT")
(=3 (S'”¢ mw%) +E63/(n[gh(e)+ gha@(1 1),
2, Je=4rgly(v)g1v(€)g1a(€) + 2&(r +1")g1y(¥)Gav(¥)
BarlV) = = = 0% ® X[G1v(€)924(€) + G1a(€)0u(€)]
From the above formulas, we see that the coupling of the RH +4£% g5 (v)02v(€)gza(@). (13

neutrino neutral current witE® is very weak because of its
linear dependence on s

The data from th&Z decay allow us to fix the limit for
¢ as[5] —0.00285< ¢=<0.00018. As in Ref[4], with this

It is easy to see that far=1 and£=0, 1° and J¢ become,
respectively,

e__ 2 2 2
mixing angle,R, in this model still disagrees with the recent 1°=2g1v(v)[91v(€) +91a(€)],
expenmental valueR,=0.2192-0.0018 measured at the o 5
CERNe*e™ collider (LEP). J*=4g7(v)g1v(e)gia(e). (14

To get a constraint on the new neutral gauge boson massh htf d hatst=1 th
Mz2 we consider neutrino-electron scatterings. Since in thig NUS: It IS straightforward to see thatsf=1 the cross sec-

model neutrinos have both left- and right-handed currentsions in Eas.(12) get the SM formg8].
the effective four-fermion interactions relevant to Substituting coupling constants into E¢$2), we finally

v-fermion neutral current processes are presented as get
2 2 2 2
2p,G — _ pIME, G 1-2sy
—L’Z{f j_ F{glv(V)Vm( —Fys) vfyh o(v,e)= ErTy— COS2p+ ——3_45\21\/5m2¢
X [G2v(F) = 91a(F) ¥51 + €020 () p (11" 75) X{(1—4syF8sy)[(1 - O+ (r—¢&r')?]

X v y# [ gy (f) — gaa(F) 511}, ) +(1-4sp) (1= )(r—£r')}, (15
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?m.E G2 1282 2
(v, e) il cOS2+ all sin2¢
aglv T
a s6m V3-4s3,

X {(1— 4S5+ 8sh)[(1— &2+ (r—&r')?]

—(1-4si)(1—-&)(r—¢r')}. (16)

From Egs.(15) and(16), we see that whe§=0, ¢=0, and
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Thus, Eqgs.(15) and (16) have only two variableg) and ¢.
Moreover,¢ has been determined by tHedecay data; con-
sequently¢ can be fixed by the neutrino-electron scatterings.
A fit to experimental datf9] gives a limit for the mass of the
Z? bosonM,2=320 GeV.

We have presented the 8)J.XSU(2). X U(1)x (3-3-1)
model with neutrino right-handed currents. The main fea-
tures of this model may be summarized as follows. Fermion
mass generation and symmetry breaking can be achieved
with just three Higgs triplets. The neutrinos, however, re-

r=r'=1, the low-energy SM results are recovered if andmain massless at the tree level. The lepton number and the

only if s=1. Note that the formula€l5) and(16) are appli-

weak isospin are violated in both the heavy charged gauge

cable for the theories with one extra neutral gauge bosohoson sector and in the Higgs sector. We have shown that in
Z? and neutrinos having left- and right-handed componentsorder to get the low-energy SM result, the right-handed com-

For our modely,r’ have the forms

2

4
(1)=1— —"_tang+O(tarfe),
—4s3,

e

. 1 4y 2
r (v)——3_4s\2;v l+\/3_4s\2Nan¢ +O(tarf¢).

7

ponent of neutrinos in this model has to be considered as a
correction instead of an equivalent spin stétpin-average
factors of3).

Because of th&-Z' mixing, there is a modification to the
Z' coupling proportional to si#h, and theZ decay gives
—0.00285< ¢=<0.00018. The data from neutrino neutral
current elastic scatterings shows that mass of the new neutral
gauge bosoiM ;2 is in the range of 400 GeV, and from the
symmetry-breaking hierarchy we get.My+=Myo
=0.72M ,2=290 GeV.

As with the other 3-3-1 versions, the model is only
anomaly free if the number of generations is a multiple of
three, and the third generation has been treated differently
from the first two. With many unique proporties, this model
deserves our attention and further study.
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