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Abstract

The matter sector of electroweak chiral Lagrangian up to dimension four operators for left–right symmetric models with a neutral light Higgs is
provided. The connection of these operators to Yukawa couplings, anomalous gauge couplings and parameters in the matter sector of conventional
electroweak chiral Lagrangian is made. It is shown that there exists proper parameter space to loosen constraint for the mass of right handed gauge
boson from the mass difference of neutral K meson.
© 2008 Elsevier B.V. All rights reserved.

PACS: 12.39.Fe; 12.60.Cn

Left–right-symmetric models (LRSMs) [1] as a viable extensions of the Standard Model (SM) provide not only a spectra of
new physics at a high energy scale, but also an appealing notion of a spontaneous origin for parity and CP non-conservation.
In various version of LRSMs, the most complex issue is the content of Higgs fields. Different representations of Higgs fields play
different roles in physics and analysis on the minimum of the Higgs potential is complicated and difficult to handle. Since traditional
model with one Higgs bi-doublet was strongly constrained [2], people are led to consider one Higgs bi-doublet LRSM with general
CP violation [3] instead of spontaneous CP violation or to replace one Higgs bi-doublet by two Higgs bi-doublets in LRSM [4].
In order to avoid the complexity of Higgs sector in LRSMs and investigate the situation in which right handed gauge bosons
have relative low masses, in Ref. [5], we built up an electro-weak chiral Lagrangian (EWCL) to describe LRSMs. This EWCL,
which include right handed gauge bosons W±

R , Z0
R and corresponding Goldstone bosons, is a generalization of original nonlinearly

realized extended EWCL for SM fields [6]. The origin of these right handed particles in our EWCL is expected but need not to
be from spontaneous parity violation (SPV) of an underlying LRSM. They can be the low energy remnants of some fundamental
interactions at high energy region. We assume that beyond the particles already discovered in past high energy experiments, the
lightest new particles are a light neutral Higgs and right hand W±

R , Z0
R . These right handed gauge bosons are expected to be

discovered in future collider experiments. This scenario anticipate that when we approach to TeV energy region, the right hand
gauge bosons will play the most important roles and display their experimental signatures earlier than most of Higgs bosons
except the lightest one. The symmetry realization pattern in our EWCL is generalized from original SU(2)L ⊗ U(1)Y → U(1)em
to SU(2)L ⊗ SU(2)R ⊗ U(1)B−L → SU(2)L ⊗ U(1)Y → U(1)em. In Ref. [5], as the first step of investigation, bosonic part of
interactions involving pure gauge fields and corresponding Goldstone fields of EWCL are constructed. It is purpose of this letter
to extend discussions of Ref. [5] to matter part which involve fermions and for simplicity, we limit ourselves in dimension three
and four operators. From phenomenological point of view, matter part of EWCL is of special importance. The most stringent
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constraints on LRSMs come from this part, such as K0 − K̄0 mass difference. Without fermions, the only strong constraint for
interactions among boson fields is the mixing between left and right gauge fields [7] which, as discussed in Ref. [5], can be satisfied
for relative lower mass ∼ 800 GeV of right handed W boson by suitably choice of parameter κ ∼ 10−2 and fLgL ∼ 10−1fRgR . The
other constraints like those from S, T , U parameters [8] for gauge bosons are not strong enough to constrain LRSMs. Our EWCL
containing matter sector provides a model independent platform to investigate phenomenological possibility evading experiment
constraints. We can search for the parameter space in our EWCL satisfying these constraints. Only in the case that there is no
parameter space to satisfy the constraints, our scheme is then denied in physics which imply that it is impossible in the real physical
world that right handed gauge particles are lowest new particles beyond SM ones. As long as there exist some parameter space
satisfying the constraints, physically our scheme is allowed and the next step of investigation will be the search for models which
can generate the parameters in the allowed space. In this sense, our formulation in terms of constraints will provides hints for future
model building.

Before starting to construct matter part of our EWCL, we first give a short review of its bosonic part built in Ref. [5]. Let Bμ,
Wa

L,μ, Wa
R,μ be electroweak gauge fields (a = 1,2,3) and two by two unitary unimodular matrices UL and UR be corresponding

Goldstone boson fields, h be neutral Higgs field which is singlet of SU(2)L ⊗ SU(2)R ⊗ U(1)B−L group. Consider covariant
derivatives for Goldstone fields DμUi = ∂μUi + igi

τa

2 Wa
i,μUi − igUi

τ3
2 Bμ for i = L,R and building blocks X

μ
i ≡ U

†
i (DμUi),

W̄i,μν ≡ U
†
i giWi,μνUi for i = L,R. The lowest order of chiral Lagrangian is the Higgs potential L0 = −V (h) and p2 order of

Lagrangian is

L2 = 1

2
(∂μh)2 − 1

4
f 2

L tr
(
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μ
L

) − 1

4
f 2

R tr
(
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μ
R

) + 1

2
κfLfR tr

(
X
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(1)+ 1

4
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2
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[
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(
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4
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R
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(
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tr
(
τ 3XL,μ

)][
tr
(
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R

)]
.

p4 order Lagrangian can be divided into six parts L4 = LK + LL + LHL + LR + LHR + LC with kinetic part LK , left (right)
part without differential of Higgs field LL (LR), left (right) part with differential of Higgs field LHL (LHR) and crossing part LC .
The detail expressions are already given in Ref. [5]. These interaction terms include all possible p4 order CP-conserving and CP-
violating operators with all coefficients being functions of Higgs field h. Left–right symmetry will be explicitly realized for the
theory if all coefficients with subscript L are equal to their right handed partners denoted with subscript R. If they are not equal to
each other, the left–right symmetry is violated by some underlying dynamics and the differences between left and right coefficients
then characterize the strength of left–right symmetry violation.

With convention W±
i,μ = 1√

2
(W 1

i,μ ∓ iW 2
i,μ), i = L,R, the mass terms in our bosonic part EWCL is

LM = 1

4
f 2

Lg2
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L + 1

4
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(κ + 2β̃1)fLfR

(
gLW 3

L,μ − gBμ

)(
gRW

3,μ
R − gBμ

)
.

The charged and neutral gauge bosons are diagonalized through rotations

(3)
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)
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)

with mixing parameters given by

(4)tan 2ζ = 2κfLfRgLgR
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⎛
⎝M2

Z1
0 0

0 M2
Z2

0
0 0 0

⎞
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M̃2
0 =

⎛
⎜⎝

1
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For above formulae in original Ref. [5], there exist some typos which are corrected now.
With above preparations, we are ready to construct matter part of EWCL. The conventional matter part of EWCL for discovered

particles are already set up in Ref. [9]. Now we are going to add into it Higgs field, right handed gauge bosons and corresponding
Goldstone bosons. The fermion fields involve quarks and leptons which are denoted by left and right hand doublets qαL,R = ( uαL,R

dαL,R

)
and lαL,R = ( ναL,R

e−
αL,R

)
with index α labeling three families. We limit in the matter part of EWCL with lowest dimensionality, i.e.,

dimension three Yukawa type interactions and dimension four gauge interactions.

A. Dimension three Yukawa type interactions

We first discuss lepton part. The sterile neutrino is not included in our theory. The most general dimension three Yukawa type
interactions for leptons is

(5)LY,lepton = lαL

[
UL

(
yαβ + y

αβ

3 τ 3)U†
R

]
lβR + 1

2

[
h

αβ
L lTαLU∗

LC
(
1 + τ 3)U†

LlβL + (L → R)
] + h.c.,

where h
αβ
L,R are Hermitian functions of Higgs field h. C is charge conjugate matrix.

In a simplified one generation situation, hL,R are real functions of Higgs field. If we take unitary gauge and let Higgs field inside
coefficients y + y3, hL and hR be in its vacuum expectation value, one generation Lagrangian is reduced to

(6)LY,lepton|UL=UR=1 = LMe +LMν.

Where LMe = e−
L(y −y3)e

−
R +e−

R(y −y3)e
−
L is electron mass term and LMν = (y +y3)(ν̄LνR + ν̄RνL)+hL(νT

LCνL −ν
†
LCν∗

L)+
hR(νT

RCνR − ν
†
RCν∗

R) is neutrino mass term. The parameter y −y3 is electron mass, while the other three parameters y +y3, hL,hR

are responsible for neutrino mixing and two neutrino masses. To work out their values, we introduce two self-conjugate spinors
ν ≡ 1√

2
(νL + Cν̄T

L ) and N ≡ 1√
2
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R ) which lead to ν̄ = 1√
2
(ν

†
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2
(ν

†
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RC)γ 0. Then neutrino mass

term can be rewritten as (ν̄ N̄)
( 2hL y+y3

y+y3 2hR

)( ν
N

)
which results in mixing angle between ν,N fields 1

2 arctan(y + y3)/(hL − hR)

and two eigenvalues of neutrino masses hL + hR ∓ √
(hL − hR)2 + (y + y3)2. If we have parity symmetry hR = hL, mixing angle

becomes π/4 and eigenvalues become 2hL ∓ (y + y3). In another extreme seesaw case hR 	 hL, y + y3, we have a very small

mixing angle −(y + y3)/2hR , a physical light neutrino mass mν 
 2hL − (y+y3)
2

2hR
and heavy neutrino mass mN 
 hR .

Coming back to general situation for three generations, in unitary gauge and taking Higgs field in its vacuum expectation value,
(6) is still correct with

(7)LMe = e−I
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3
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L ν
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which are most general mass terms for leptons. The symbol “I” indicates that they are gauge eigenstates. Since neutrino fields
are anti-commuting and C is anti-symmetric, we have νIT

αLCνI
βL = νIT

βLCνI
αL and νIT

αRCνI
βR = νIT

βRCνI
αR which lead to h

αβ
L,R = h

βα
L,R .

Rotating the gauge eigenstates into the mass eigenstates with unitary matrices Ṽ e by e−
L,R = Ṽ e

L,Re−I
L,R , we can reduce (7) to

LMe = e−
LMee−

R + e−
RMe†e−

L with diagonal mass matrix Me = Ṽ e
L(y − y3)Ṽ

e†
R . Similar to that of one generation case, we can

introduce νI
α ≡ 1√

2
(νI
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αL) and NI
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2
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αR) and further require y + y3 = y∗ + y∗

3 and hL,R = h∗
L,R , (8) become

(9)LMν = (νI NI )
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T 2hR

)(
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)
.

In the case that hR 	 hL,y + y3, we can diagonalize the mass matrix approximately by

(10)

(
2hL y + y3

(y + y3)
T 2hR

)
= U

(
2hL − 1

2 (y + y3)h
−1
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.

If hL = 0, (10) leads to the standard type I seesaw mechanism, otherwise we obtain type II seesaw mechanism for neutrinos.
Now we discuss quark part. The most general Yukawa type interactions for quarks is

(11)LY,quark = qI
[
UL

(
τuyαβ + τdy

αβ)
U

† ]
qI + h.c.,
αL u d R βR
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where τu = 1+τ 3

2 and τd = 1−τ 3

2 . Coefficients y
αβ
u , y

αβ
d are functions of Higgs field, α, β are family indices. We can explicitly

expand y
αβ
u , y

αβ
d in terms of powers of quantum fluctuation Higgs field h̃

(12)yi = y0
i + y1

i h̃ + O
(
h̃2), i = u,d,

where y0
i , y1

i are matrices independent of Higgs field h. Let u (uI ) and d (dI ) be spinors representing the up- and down-type

mass (gauge) eigenstates of quarks. We can rotate the gauge eigenstates into the mass eigenstates with unitary matrices V
u,d
L,R by

uL,R = V u
L,RuI

L,R and dL,R = V d
L,RuI

L,R

(13)qαL,R =
(

uαL,R

dαL,R

)
= [(

V u
L,R

)
αβ

τu + (
V d

L,R

)
αβ

τd
](

uI
βL,R

dI
βL,R

)
.

The y0
u,d matrices defined in (12) are diagonalized through Mi

diag = V i
Ly0

i V
i†
R i = u,d . Then (V u

Lτu + V d
L τd)(τuy0

u +
τdy0

d)(V
u†
R τu + V

d†
L,Rτd) = (τuMu

diag + τdMd
diag) with M

u,d
diag represent the diagonal physical up- and down-quark mass matri-

ces. The Cabibbo–Kobayashi–Maskawa (CKM) matrix in the left and right sectors are given by V CKM
L,R = V u

L,RV
d†
L,R . If the theory

are left–right symmetric, then yu,d matrices are Hermitian which can be diagonalized by a unitary transformation. Then we may
take V u

L = V u
R and V d

L = V d
R respectively. This leads to V CKM

R = V CKM
L or manifest left–right symmetry [10].

Next, we focus our attention on quark–Goldstone–boson and quark–Higgs–boson couplings. Goldstone fields can be expanded
out explicitly by

(14)UL,R = exp

(
igLR√
2ML,R

φL,R

)
, φL,R =

⎛
⎝ φ0

L,R√
2

φ+
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φ−
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2

⎞
⎠ , ML,R = 1

2
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In terms of the masses eigenstates, Lagrangian (11) can be expanded according to the Goldstone and Higgs fields,

LY,quark =
(

1 + igL

2ML

φ0
L − igR

2MR

φ0
R

)
ūLMu

diaguR +
(
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2ML

ūLV CKM
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L Md
diagdR + h.c. + O

(
q̄φ2q, q̄h̃2q, q̄φh̃q

)
.

Note that for neutral Goldstones, there is no flavor-changing q̄φq coupling. However, for neutral Higgs field h̃, flavor-changing
couplings can exist in general due to the fact that matrices V i

Ly1
i V

i†
R may not be diagonal. For charged Goldstone bosons, the

non-diagonal CKM matrices will yields flavor-changing couplings.

B. Dimension four gauge interactions

The most general dimension four gauge interaction part Lagrangian is

Lf −4 = iq̄αL/DqαL + iδL,1q̄αLUL(/DUL)†qαL + iδL,2q̄αRURU
†
L(/DUL)U

†
RqαR

+ iδL,3q̄αL

[
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†
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] + q → l, δ → δl + L ↔ R,

in which Dμqαi = (∂μ + igi
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τa

2 Wa
i,μ − i

2gBμ)lαi for i = L,R. (/DUi)
† ≡ γ μ(DμUi)

†,

Q = T3L+T3R + Y
2 , Y = B−L with Y

2 = 1/6 for quarks and Y
2 = −1/2 for leptons. In unitary gauge, UL = UR = 1, the Lagrangian

become
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Lf −4|Unitary gauge = iq̄L/∂qL − q̄L

[
ΔL,1gL

τa′
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/Wa′

L + ΔL,2
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2
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Above formulae can be used both for quarks and leptons. For quarks, Y
2 = 1/6; for leptons, Y

2 = −1/2 and Δi should be replaced

by Δl
i . Further exchange indices L ⇔ R, we can obtain expressions for ΔR,1, ΔR,2, Δ3

R,1, Δ3
R,2, ΔR and Δl
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R . In terms of diagonal gauge bosons given by (3) and qα = qαL + qαR , we find
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electro-magnetic current part LEM
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In terms of the masses eigenstates, LNC and LEM keep their present form, while the charge current Lagrangian for quarks is changed
to

(20)LCC = − 1√
2
ūiγ

μ
(
A

ij

1 + B
ij

1 γ 5)djW
+
1,μ − 1√

2
ūiγ

μ
(
A

ij

2 + B
ij

2 γ 5)djW
+
2,μ + h.c.,

where

A
ij

1 = 1

2

[
gL cos ζ

(
ΔL,1V

CKM,ij
L + ΔR,2V

CKM,ij
R

) + gR sin ζ
(
ΔL,2V

CKM,ij
L + ΔR,1V

CKM,ij
R

)]
,

B
ij

1 = 1

2

[
gL cos ζ

(−ΔL,1V
CKM,ij
L + ΔR,2V

CKM,ij
R

) + gR sin ζ
(−ΔL,2V

CKM,ij
L + ΔR,1V

CKM,ij
R

)]
,

(21)A
ij

2 = A
ij

1

∣∣
L↔R,ζ→−ζ

, B
ij

2 = −B
ij

1

∣∣
L↔R,ζ→−ζ

.

At low energy region, ignoring heavy fields W2 and Z2, our Lagrangian generate ten anomalous gauge couplings for quarks and
another ten for leptons. We parameterize them as

(22)LCC = − 1√
2
q̄α

(
τ+/W+

1 + τ−/W−
1

)[
(gL + ΔCL)PL + ΔCRPR

]
qα + q → l,Δ → Δl,

LNC = −1

2
q̄α/Z

{
T3L

[
gL

cos θW

(1 − γ5) + ΔNV T + ΔNAT γ5

]
+ Q

(
−2gL sin2 θW

cos θW

+ ΔNV Q + ΔNAQγ5

)}
qα

(23)+ q → l,Δ → Δl,
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(24)LEM = −1

2
q̄α/A

[
Q(2e + ΔEV Q + ΔEAQγ5) + T3L(ΔEV T + ΔEAT γ5)

]
qα + q → l,Δ → Δl,

in which T3L − 2Q sin2 θW = gV ,T3L = gA with T3L the weak isospin of fermions and Q = T3L + Y
2 is the charge of qα and lα in

units of e = gL sin θW . The ten anomalous couplings are connected to coefficients in our Lagrangian as

ΔCL = gL

[
cos ζ(1 − δL,1 − δL,4) − 1

] + gR sin ζ(δR,2 − δR,6),

ΔCR = gL cos ζ(δL,2 − δL,6) + gR sin ζ(1 − δR,1 − δR,4),

ΔNV T = − gL

cos θW

+ gLx1

[
1 − δL,1 + δL,4 + δL,2 + δL,6 − 2

Y
(δL,3 + δL,7 + δL,5)

]

+ gRy1

[
1 − δR,1 + δR,4 + δR,2 + δR,6 − 2

Y
(δR,3 + δR,7 + δR,5)

]

+ gv1

[
−2 + δL,1 + δR,1 − δR,2 − δL,2 − δL,4 − δR,4 − δR,6 − δL,6 + 2YδL,7 + 2YδR,7

+ 2

Y
(δL,3 + δR,5 + δR,3 + δL,5)

]
,

ΔNAT = gL

cos θW

− gLx1

[
1 − δL,1 + δL,4 − δL,2 − δL,6 − 2

Y
(δL,3 + δL,7 − δL,5)

]

− gRy1

[
1 − δR,1 + δR,4 − δR,2 − δR,6 + 2

Y
(δR,3 + δR,7 − δR,5)

]

+ gv1

[
δL,1 − δR,1 − δR,2 + δL,2 − δL,4 + δR,4 − δR,6 + δL,6 + 2YδL,7 − 2YδR,7)

+ 2

Y
(−δL,3 − δR,5 + δR,3 + δL,5)

]
,

ΔNV Q = 2gL sin2 θW

cos θW

+ 2

Y

[
gLx1(δL,3 + δL,7 + δL,5) + gRy1(δR,3 + δR,7 + δR,5) + gv1(Y − δL,3

− δR,5 − δR,3 − δL,5)
]
,

ΔNAQ = − 2

Y

[
gLx1(δL,3 + δL,7 − δL,5) − gRy1(δR,3 + δR,7 − δR,5) + gv1(−δL,3 − δR,5 + δR,3 + δL,5)

]
,

ΔEV Q = −2e + 2

Y

[
gLx3(δL,3 + δL,7 + δL,5) + gRy3(δR,3 + δR,7 + δR,5) + gv3(Y − δL,3 − δR,5 − δR,3 − δL,5)

]
,

ΔEAQ = − 2

Y

[
gLx3(δL,3 + δL,7 − δL,5) − gRy3(δR,3 + δR,7 − δR,5) + gv3(−δL,3 − δR,5 + δR,3 + δL,5)

]
,

ΔEV T = gLx3

[
1 − δL,1 + δL,4 + δL,2 + δL,6 − 2

Y
(δL,3 + δL,7 + δL,5)

]
+ gRy3

[
1 − δR,1 + δR,4 + δR,2

+ δR,6 − 2

Y

(
(δR,3 + δR,7 + δR,5)

)] + gv3

[
−2 + δL,1 + δR,1 − δR,2 − δL,2 − δL,4 − δR,4 − δR,6

− δL,6 + 2YδL,7 + 2YδR,7 + 2

Y
(δL,3 + δR,5 + δR,3 + δL,5)

]
,

ΔEAT = −gLx3

[
1 − δL,1 + δL,4 − δL,2 − δL,6 − 2

Y
(δL,3 + δL,7 − δL,5)

]

− gRy3

[
1 − δR,1 + δR,4 − δR,2 − δR,6 + 2

Y

(
(δR,3 + δR,7 − δR,5)

)]

+ gv3

[
δL,1 − δR,1 − δR,2 + δL,2 − δL,4 + δR,4 − δR,6 + δL,6 + 2YδL,7

(25)− 2YδR,7) + 2

Y
(−δL,3 − δR,5 + δR,3 + δL,5)

]
.

These anomalous couplings characterize the deviations from tree level SM gauge interaction. Neglecting them, we recover tree
level SM gauge interaction. In the EWCL of SM given in Ref. [9], we can also obtain similar structures for quark and lepton gauge
interactions. This can be done by identifying δL,1−7 with δ1−7 and δR,7 with δ′ in Ref. [9], taking ζ = δR,1−6 = 0 and rotation
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matrix among W 3
L,B and Z1,A by

( W 3
L,μ

Bμ

) = ( x̃1 x̃3
ṽ1 ṽ3

)( Z1,μ

Aμ

)
, where

(26)

(
x̃1 x̃3
ṽ1 ṽ3

)
=

(
(1 + ΔZ) cos θW + ΔAZ sin θW (1 + ΔA) sin θW

−(1 + ΔZ) sin θW + ΔAZ cos θW (1 + ΔA) cos θW

)

with ΔZ = − 1
2α1gLg sin 2θW + 1

2α8g
2
L cos2 θW , ΔA = 1

2α1gLg sin 2θW + 1
2α8g

2
L sin2 θW and ΔAZ = α1gLg cos 2θW +

1
2α8g

2
L sin 2θW . Since in Ref. [9], there are eight independent parameters δ1−7 and δ′ characterizing anomalous gauge couplings,

only eight of ten anomalous couplings defined in (22)–(24) are independent. There should be two consistency constraints which
from our computation happen in electro-magnetic current part(24),

(27)ΔEAT = (
Y 2 − 1

)
ΔEAQ, ΔEV T = (

Y 2 − 1
)
ΔEV Q.

This implies that the general structure for electro-magnetic current Lagrangian only has two independent anomalous couplings.
Matching our result (25) with that obtained from EWCL in Ref. [9] offers ten constrains. Solving these constraints, eight of them
will allow us express eight parameters δ1−7, δ

′ as functions of parameters in our theory and the left two gives constraints given
by (27). Detail calculation shows,

δ1 = 1 − 1

2
(a + cos ζ ) + δ1, δ2 = 1

2

(
b + gR

gL

sin ζ

)
+ δ2, δ3 = (1 + n)

Y

2
+ δ3, δ4 = 1

2
(a − cos ζ ) + δ4,

(28)δ5 = c
Y

2
+ δ5, δ6 = 1

2

(
b − gR

gL

sin ζ

)
+ δ6, δ7 = (−1 + c − n)

Y

2
+ δ7, δ′ = (−1 + c − n)

Y

2
+ δ′,

where a = ṽ3x1 − ṽ1x3, b = gR

gL
(ṽ3y1 − ṽ1y3), c = g

gL
(ṽ3v1 − ṽ1v3), n = x̃3v1 − x̃1v3. δ1−6 and δ′ are corrections from δL,1−7 and

δR,1−7,

δ1 = cos ζ + a − c

2
δL,1 + cos ζ − a + c

2
δL,4 − YcδL,7 − 1

2

(
gR

gL

sin ζ + b − c

)
δR,2 + 1

2

(
gR

gL

sin ζ − b + c

)
δR,6,

δ2 = 1

2
(cos ζ + a − c)δL,2 − 1

2
(cos ζ − a + c)δL,6 − 1

2

(
gR

gL

sin ζ + b − c

)
δR,1 − 1

2

(
gR

gL

sin ζ − b + c

)
δR,4 + cYδR,7,

δ3 = (l − n)δL,3 + lδL,7 + (m − n)δR,5,

δ4 = cos ζ − a + c

2
δL,1 + cos ζ + a − c

2
δL,4 + YcδL,7 − 1

2

(
gR

gL

sin ζ − b + c

)
δR,2 + 1

2

(
gR

gL

sin ζ + b − c

)
δR,6,

δ5 = c
Y

2
+ (a − c)δL,5 + (b − c)δR,3 + bδR,7,

δ6 = −1

2
(cos ζ − a + c)δL,2 + 1

2
(cos ζ + a − c)δL,6 + 1

2

(
gR

gL

sin ζ − b + c

)
δR,1 + 1

2

(
gR

gL

sin ζ + b − c

)
δR,4 + cYδR,7,

δ7 = −(1 − c + n)
Y

2
+ (a − l − c + n)δL,3 + (a − l)δL,7 + (b − m − c + n)δR,5,

(29)δ′ = −(1 − c + n)
Y

2
+ (a − l − c + n)δL,5 + (b − m − c + n)δR,3 + (b − m)δR,7,

where l = gL

g
(x̃3x1 − x̃1x3), m = gR

g
(x̃3y1 − x̃1y3). If we further ignore mixing caused by anomalous couplings in front of each

δL,1−7 and δR,1−7 coefficients, we will find that δi = δL,i for i = 1, . . . ,6 and δ′ = δR,7, i.e., right handed part δR,1−6 decouple at
this order of precision.

Since in LRSMs, the strongest constraint comes from neutral kaon system. We now proceed to discuss the low energy
phenomenological constraints from K0–K̄0 system. The neutral kaon meson mixing is described by a effective Hamiltonian

Heff = H
W1W1
eff + H

W2W2
eff + H

W1W2
eff + Hh0

eff . Here H
WiWj

eff , i, j = 1,2 are part of effective Hamiltonian from box diagram mediated

by gauge bosons W1,W2 and Goldstone bosons φL,φR . Hh0

eff is the part of effective Hamiltonian arises from the flavor changing
Yukawa coupling via neutral Higgs exchange at tree level.

K0 − K̄0 mass difference is given by

(30)�mK = 2 Re
〈
K0

∣∣Heff
∣∣K̄0〉 = 2 Re

〈
K0

∣∣(HW1W1
eff + H

W2W2
eff + H

W1W2
eff + Hh0

eff

)∣∣K̄0〉.
It is well known that contribution from SM part H

W1W1
eff can already afford the experiment value of �mK . Then the total contribution

of remaining parts including contributions from H
W1W2
eff , H

W2W2
eff and Hh0

eff must be very small. Since we know that the lower bound

of MW2 is roughly 800 GeV [7] which is already much larger than MW1 , H
W2W2
eff must be tiny due to the suppression of factor

M4 /M4 and then can be ignored. For Hh0
, from (15) it is controlled by a group of arbitrary coefficients V i y1V

i†. As discussed
W1 W2 eff L i R
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in Ref. [4], indirect CP violation εK will constrain these coefficients to very small numbers and therefore can also be ignored
comparing its size with H

W1W1
eff . Finally we must require the contribution of H

W1W2
eff to be small. Conventionally this constraint

leads to very large value for MW2 . An alternative way people used is to introduce in theory some other Higgs multiplets such as
the second bi-doublet to cancel the contribution from H

W1W2
eff [4]. Now in terms of our EWCL (15) and (16), we propose another

possibility to reduce the size of H
W1W2
eff . Notice that H

W1W2
eff = MW1W2 + MW1φR + MφLW2 + MφLφR + h.c. When M2

W2
	 M2

W1
,

the dominant contribution comes from the diagram mediated by exchanging W1 and W2 bosons as well as by exchanging φL and
W2 bosons, for the exchanging Goldstone boson φR will cause extra suppression M2

W1
/M2

W2
due to the factor of 1/MR ∼ 1/MW2 in

front of Yukawa coupling for charged Goldstone boson φR given in (15). This shows that H
W1W2
eff should be proportional to g2

RΔ2
R,1,

where gRΔR,1 from (17) is the effective right handed gauge couplings. As long as ΔR,1 is very small, the contribution from H
W1W2
eff

will be small. An extreme case is ΔR,1 = 0 in which H
W1W2
eff vanishes completely. Taking replacement L → R in (18), we will find

ΔR,1 = 1 − δR,1 − δR,4. In order for ΔR,1 to be small enough, we must have order 1 size of positive parameter δR,1 + δR,4. A naive
situation is to take δR,1 ∼ δR,4 ∼ 1/2. From (25), we see that the influence of this choice to anomalous couplings only happens
for right handed charged current couplings ΔCR due to the fact that all other anomalous couplings at most depend on δR,1 − δR,4
which vanishes now. For ΔCR , (25) tells us that our choice of δR,1 and δR,4 just cancel the contribution from bosonic part and these
contributions all proportional to small mixing factor sin ζ , left contributions from other δs. Therefore our choice of δR,1 and δR,4
can reduce the size of effective right handed gauge coupling gRΔR,1 and do not cause large anomalous fermion gauge couplings
for light gauge fields.

To summarize, we have constructed the matter sector of electroweak chiral Lagrangian up to dimension four operators for left–
right symmetric models in the presence of a neutral light Higgs. In addition to generating necessary CKM matrices and masses either
for leptons or quarks, dimension three Yukawa type operators can generate various seesaw mechanisms for neutrinos and effective
Higgs coupling to quark pair. Dimension four operators generate gauge couplings to heavy gauge fields W2Z2 and anomalous gauge
couplings to light gauge bosons, ten for quarks and another ten for leptons. We have shown that order 1 size of positive parameter
δR,1 +δR,4 will reduce the unwanted box diagram contribution from exchanging W1W2 bosons very much, making neutral K meson
mass difference �mK consist with experiment data and at meantime do not cause large deviation in anomalous gauge couplings
for fermions.
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