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QUANTIZATION OF ELECTRIC CHARGE OF LEPTONS IN WEINBERG-SALAM
MODEL WITH RIGHT-HAND NEUTRINO COMPONENT
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Assuming that the neutrino also has a right-hand component, the possibility of obtaining quantization of the electric
charge of leptons in the Weinberg-Salam (WS) model is investigated. In this case, the relations following from the conditions
of anomaly cancellation are not used. It is shown that the presence of Higgs fields is a necessary condition for quantization of
the electric charge of leptons in the WS model.
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Quantization of electric charge in the Standard that the neutrino also has a right component. In this

Model (SM) has been investigated in a number of
papers [1-4]. In these papers, quantization of electric
charge was obtained using relations following from
the conditions of anomaly cancellation.

case, we have the following lepton fields
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The authors of [5] took different expressions for L
the mixing angle of neutral fields in the lepton, quark
and Higgs parts of the interaction Lagrangian. From
the requirement of equality of these angles, relations
are obtained that lead to quantization of the electric
charge of particles. We considered the quantization of
the electric charge of leptons and quarks in the SM
without using relations following from the conditions
of anomaly cancellation in [6, 7]. Note that in [6] the
neutrino had only a left component. Now we consider
the WS model for one family of leptons and assume |

and the Higgs isodoublet

Q= [ﬂ : )
Do

The Lagrangian of the interaction of leptons and the
Higgs field with gauge fields has the form

L=i7, 7, DWa +i7n?,D W +17a7.Dn+(D00) (D) ®3)
where

Dﬂ:@y—ig(’fﬁﬂ)—i%Yaﬂ, )

Ve W W,z —are the left and right isomultiplets of the lepton fields; 5# —Yang - Mills isotriplet,

a,— Maxwell isosinglet; t and Y- is the isospin and hypercharge operator for a given multiplet;

g and {, —are the interaction constants . In this paper, we do not accept the Gell-Mann-Nishijima relation for

weak hypercharges. We accept weak hypercharges as free parameters and fix them from physical requirements.
We will consider the hypercharge Y of the lepton fields (1) and the Higgs field (2) to be real and denote them as
follows

Y(WeL)z Yoo Y(‘//eR)= Yer s Y(‘//vR)z Yirs Y((P): Y, - ®)

As usual, for isoscalar fields £ =0, and for isospinor fields y, and p—T =7 /2

(7 — Pauli matrices). The transformation of the fields bi and a, into physical fields A# and Z# will be
represented as
b} =A,sind+Z,coso, ©
a,=A,cos0-Z,sind,

where
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—291 =, cos¢9=—2g =
V9 +0; V9 +0;

Let us consider the interaction of leptons with gauge fields. Taking into account (5), (6) and (4) in (3), we
obtain

sind =

L| = ‘/7€L (I}/y Dy el +l/7€R (i}/y Dy eR +l/71/R (iyy Dy)l//LR V/eLyy[la t— (g?o + glyL y)]l//eL +‘//9R7;1 (Ia t- glyeR y)l//eR (7)

_ 1
+‘//m7,,(|a,, +Egly1Ray)'//LR ==Ly +Lee +Lye:
Here Ly =1V, 0V, +i6 06, +i8;0e; +iV,50v, —kinetic ~ pat  of  the  Lagrangian,
Lee = 9 (v 0 eW +h. C) charged currents interaction Lagrangian (CO),

2\/5e,u

L —V7,4(Q +Qv75)"A +e7/#(Qoe +Qoe75k +V7//t g, + 9A75)VZ +67#(G +GA)/5)EZ
neutral currents interaction Lagrangian ( NC).

In the expressions L, Lec and Ly the following notations were introduced
+ 1 - A — +
Ou=7,rys), Wy=—p O, i), 0=7,0,, 7 =y"7s
1p . 1 :
Q =7 losind+gicos0ly, +ye)l Qo =7[-gsin0+g,cos0(y, + e ),

C 1 SR
Q. :Z[gsm9+ 9,c0s0(y, - ve)l. Q. Zz[—93|n9+ g,c080(y, —Ver)] . (89)

1 . 1 .
v =Z[9 cos@ - g,sind(y_ + Y, )]. G, =Z[—gcose—glsm6’(yL+yeR)] ,
1 ) 1 )
9A=Z[gcose—glsm9(yL—yva)], GA=Z[—gcosﬁ—glsm9(yL—yeR)]- (8b)

As can be seen from the expressions (8a), in contrast to the case of work [ 6 ], the conditions of P-
invariance of the electromagnetic interaction and electroneutrality for the neutrino are not equivalent.

Taking into account the covariant derivative Df from (4) and moving to the vacuum expectation value of the

field (2)
0 0

<(p>={ j=i( j
(po)) 2\n

for the part of the Lagrangian responsible for the masses of the vector bosons, we have the following expression

" 1 1
(D% (D%0)- MVZVWJW/J#EM;ZE+§M§AE+MZMAA!IZ# , ©)
where
g n n .
M, ==, M, =—=(gcosd+g,y,sind =——=|gsiné-g,y, cosd (10)
\/_ \/_( 1 ) \/E( 17¢ )

the mass terms of the fields W, Z, and A, .
Taking into account the fact that the photon mass is zero, from (10) we have

gsind-g,y,cosd=0 (11)
If we take into account (11) in expressions (8a) we have
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siné@ + sind +
QV — g 1+ yL va , Qoe —_ g 1— yL yeR , (12)
4 Y, 4 Y,
. gsiné Yy, -y : gsiné Yy, -V,
Qv: 1 [1+ L VRJ* Qoe:_ 1 1— L eR
ygo y¢7
[
Taking into account the P-invariance of the g
electromagnetic interaction for the neutrino and v =0a =m )
electron (ie. Q, =0, Q,, =0), between the
hypercharges of the Higgs field and the lepton g . 9
isomultiplets we obtain the following relations v = (_1+ 4sin 9) J
4cosé
Yo=Y =Y, Y= Yer =Y, (13) g
=— (18)
A 4cosd

Taking into account (13) in (12) we have

Q=21+t | Q. =-%[1-N| 4y
2 Y, 2 Y,
where  Q, = |e| = gsiné@— is the modulus of the

electron charge.

From expression (14) it is evident that the
electric charges of the leptons depend on the
hypercharge of the Higgs field and this can be
considered as evidence of quantization of the electric
charge of the leptons. But expressions (14) do not
determine the numerical values of the charge of the
leptons.

Taking into account the electroneutrality of the

neutrino (Q, = 0) from (14) we have

yL = _y(/) (15)
In the WS model, the masses of the leptons are
generated using the Yukawa mass Lagrangian

|
Lmass

= fel/ZLl//eR(D+ fvlr/7eLlr//vR¢)c + h.C., (16)

where @° =iz,p .

Taking into account the conservation of the
hypercharge from (16) we have

Yi=YertY, s Yo=Yr Y, 17)

From (13) and (17) it is evident that in this case
the P-invariance of the electromagnetic interaction of
leptons and the requirement of conservation of
hypercharge lead to the same expressions.
If we take into account the P-invariance of the
electromagnetic  interaction  of  leptons, the
electroneutrality of the neutrino and the masslessness
of the photon, expressions (8b) are simplified and take
the form
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and between the expressions for the mass W and
Z-bosons from (10) we obtain the well-known relation

M, =M, cosd

As can be seen from (18), the expressions for the
vector and axial constants of interactions with the Z

boson for the neutrino (g, ,d,) and for the electron

(G, ,G, ) with the expressions in the WS model and,

when obtaining them for the hypercharge of particles,
specific numbers were not taken coincide.

If we take into account the relationship y,
(13), we have

-y, in

Yr =0,V =2y, =-2y,

From here we can conclude that in the case under
consideration, the field Ay as a photon field will be

massless and will have correct electromagnetic
interactions with leptons only when

a) the hypercharge of the Higgs boson field and the
lepton doublet are equal in magnitude and opposite in
sign,

b) the hypercharge of the right-hand component of the
neutrino is zero.

Considering the relationships (15) in expressions (14),
for the charge of the leptons we have

Qv 0 ! Qoe = _Qe = _|e| :

It follows from expressions (15) that when the
Higgs field interacts with the lepton field, the lepton
isodoublet acquires a hypercharge equal in value to
the hypercharge of the Higgs field with the opposite
sign. Consequently, inclusion of the Higgs field in the
theory leads to the fact that when the Higgs field
interacts with lepton isodoublets, the hypercharges of
these isodoublets take on quite definite values. The
hypercharge of the Higgs field fixes the hypercharges
of the lepton isodoublets. Thus, we come to the
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conclusion that relation (15) leads to quantization of
the electric charge of leptons and this indicates the
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