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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. [S], we built up an electro-weak chiral Lagrangian (EWCL) to describe LRSMs. This EWCL,
which include right handed gauge bosons leek’ Z% 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 Wi, Z%. 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 SU2)L @ U(1)y = U(1)em
to SUR)L @ SUR)R @ U(l)p_, = SUR)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 K® — K° 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 k ~ 1072 and f g7 ~ 107! frgr. The
other constraints like those from S, 7', 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 B,
W,’f’ w Wl‘f,’ ., be electroweak gauge fields (a =1, 2, 3) and two by two unitary unimodular matrices Uy and Ug be corresponding
Goldstone boson fields, & be neutral Higgs field which is singlet of SUQ2)L ® SU2)r ® U(1)g_L group. Consider covariant

derivatives for Goldstone fields D, U; = 9,U; + ig; %W;‘MU,- —igU; ’2—33,4 for i = L, R and building blocks Xl“ = UiT(D“U,-),

Wi,uv = UiTgi Wi wU; for i = L, R. The lowest order of chiral Lagrangian is the Higgs potential Lo = —V (h) and p2 order of
Lagrangian is

1 1 1 |
Ly = 5(8uh)2 — Zsz tI'(XL,;LXZ) — Zfl% tr(XRleX;é) + EKfoR tI'(XZX%)

1 1 1
+ ZﬂL,lff[tf(T3XL,u)]2 + Z,BR,lfI%[tr(T3XR,M)]2 + EﬁlfoR [tr(T? X1 ) [[r(z X)) (1

p4 order Lagrangian can be divided into six parts L4 = Lx + L1 + Lur + Lr + Lur + L with Kinetic part Lk, left (right)
part without differential of Higgs field £, (Lg), left (right) part with differential of Higgs field Lz (Lmr) and crossing part Lc.
The detail expressions are already given in Ref. [S]. These interaction terms include all possible p* order CP-conserving and CP-
violating operators with all coefficients being functions of Higgs field i. 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 Wl-i“ = %(Wil u T i Wizﬂ), i = L, R, the mass terms in our bosonic part EWCL is

1 _ 1 _ 1 _ _
L= TELWL W + L IR&R Wi Wr™ = Sk fu frergr (W, Wi + Wi, W)

1 2 1 2
+ g =2BL.0 (8L Wi, — 8B)” + 5 (1= 2Br.1) fR(€r Wi, — €By)

1 5 3
= W+ 2P0 fLfr(eL Wi, — 8By) (grWy" — gBY). @
The charged and neutral gauge bosons are diagonalized through rotations
w3
(Wf) (cosé’ —sin{) (Wli> WI3"M (;l iz );3 ?# (3)
)=\ + ) Re =y 23 2,1
Wi sin{  cos¢ w; B#M v vy Vs A,
with mixing parameters given by
2cfL fRELER o ~
tan2f = ———-5—., yi y2 y3|=VAV, “)
rR8R — JL8L vl v U3

and

—ta3grgr | —OR3gr —ORISRE 0 A0

1 —ap 887 —3038L8R —OL18LE Ar 0 0
=V vT,
—ar,18L8 —QAR,18RE 1 0 0 1

1 1 1. 1 ,71?
Ai=1—-ar g7 — ~aR3gr + [a%,lgfgz +ak 188 + 703878k + 7 (@L.887 — @R 38R) } :

2 2 4 4
2 1
o (M3, 02 0 . o (1) 0
AV MgVA=V | 0 M3z, 0 Vi, A=| 0 7= 0l,
0 0 0 0 0 1



S.-Z. Wang et al. / Physics Letters B 662 (2008) 375-382 377

(=280 f187 — 5 +2B0) fi frerer [(2Br1 — D) fr + (e +2B1) fr] 248
Mg = —3 (e +2B0) fi frevLgr 1 =2Br 1) fRe% [2Br,1 = 1) fr + c +2f1) fr] 2588
[@BL.1 — Dfe+ (c +280) [l 518 [@Bro1 — 1) fr + (e + 260 fr1esee (2t 2 4 D300t 2 (e 4 2f)) £y fr]
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 g7 g = (Z:LL:)

VaL,R

and lyr R = ( € R ) with index o labeling three families. We limit in the matter part of EWCL with lowest dimensionality, i.e.,
o

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

1
5[h"ﬁleULc(l +2)Ulgr + (L - R)] +hee,, (5)
where h Lﬂ r are Hermitian functions of Higgs field 4. C is charge conjugate matrix.

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

EY,]epton = ZaL[UL (y“’s + y?ﬁr3)U;]l,3R +

EY,]epton|UL=UR=1 =£Me +£Mv~ (6)

Where Ly, = e~ 1 (y—y3)eg + e_*R(y —y3)e; is electron mass term and Lys, = (y +y3) (VL Vg +VgvL) +hyp (vZCvL — vZCVz) +
h R(v%C VR — v;C v;g) is neutrino mass term. The parameter y — y3 is electron mass, while the other three parameters y + y3, hr, hg
are responsible for neutrino mixing and two neutrino masses. To work out their values, we introduce two self-conjugate spinors
_ 1 =T _ 1 =T : 5 1 T = 0 N 0
V= ﬁ(vL +Cv;)and N = ﬁ(vR + Cvy) which lead to v = ﬁ("L —v;C)y” and N = ﬁ(‘)R — VzC)y". Then neutrino mass
2hy y+y3
y+y3 2hg
and two eigenvalues of neutrino masses hy +hgr F \/ (hp — hg)? + (y + y3)2. If we have parity symmetry hg = ki, mixing angle
becomes /4 and eigenvalues become 2k F (¥ + y3). In another extreme seesaw case hg > hy, y + y3, we have a very small
+y3)?
2hg

term can be rewritten as (v N)( )( ) which results in mixing angle between v, N fields § arctan(y + y3)/(hr — hg)

mixing angle —(y + y3)/2hg, a physical light neutrino mass m,, >~ 2h — and heavy neutrino mass my =~ hg.
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

oL (7 =35 )esh + e Tar (v — yi*)es . )
EMU—VIO,L( “ﬂ+y3 )vﬂR—i-haﬂ ITCvﬁL JIr‘aﬁvQCVﬁL—i—LeR, ®)

ACMe =e!

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 vaLCvﬂL = vﬁLCvaL and v RCvﬁR = vﬂRCvaR which lead to hL R= hﬂa

Rotating the gauge eigenstates into the mass eigenstates with unitary matrices V¢ by e, LR= VL’ ReL’ r» We can reduce (7) to
Lye =€~ LM ep te~ RM"TeZ with diagonal mass matrix M® = V[ (y — y3)V1€,T. Similar to that of one generation case, we can

introduce v/ f(v L+ Cv ) and N/ = %(volm + C\_)éITe) and further require y + y3 = y* + y3 and hp g = h7 g»(8) become

P — 1
e =l W0 (( ) (). ©)

In the case that hg > hy, y 4+ y3, we can diagonalize the mass matrix approximately by

2hp yHy\ ., (2he — 3Gy GHyDT 0 Oy r
T =U 7 U (10)
(y+y3)"  2hr O(hy) 2hg + O(hy')
with
. (1 — L+ yht (v + )T 1+ y3)hy! )
—thp' v+ ¥y 1—4hx' O+ )T+ y3)hp!

If hp =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

Ly quak = 3L [UL (e8P + 4y YU ]ahg + e, (11)
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= % and ¢ = % Coefficients y,‘fﬁ , yj’g are functions of Higgs field, «, B are family indices. We can explicitly
expand y2*, ygﬁ

where t“

in terms of powers of quantum fluctuation Higgs field /

vi=y+y'h+0(h*), i=u.d, (12)

where le, y,.1 are matrices independent of Higgs field 4. Let u (u!) and d (d') 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' ’;ie by

—_yu 1 _yd 1
UL.R _VL,RML,R anddL,R _VL,RML,R

1
— ( "aL.R ) _ d ay(“pL.R
dorn= (o8 ) =0+ (0 (5 ): 13

The yg 4 Mmatrices defined in (12) are diagonalized through Mé-

iag = ViV i =u,d. Then (Vi't" + Vitd)(x*y) +
dyg)(VgTr” + Vzﬁth) = (1'”Mé‘lag + rdeillag) with Mdlag 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 VLC’I;M = Vfg R Vf er. If the theory
are left-right symmetric, then y, 4 matrices are Hermitian which can be diagonalized by a unitary transformation. Then we may
take V' = V¢ and Vg = Vl‘g respectively. This leads to VIEKM = VLCKM 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

ig fr g 1
L.R
ULr= exp( oL, R) dL.R= V2 0 . Mp rR==fL.REL.R- (14)
\/_ My g o; & _% 2

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

igrL 0 &R igL 0, I8R ,0\5 .,d
Ly quark = <1 + _L¢L Mg ¢R>MLMdlaguR + (1 - M‘f’L + M(l)R)dLMdiang

oM
. - igR
Fh(aviyiveug +dLVLdy;v,§”dR)—ﬁ RuLMdlagVCKqu;ng
I8L = . CKMf ,— = CKM.
+ﬁ—MdLVL b Miaglt R — f AL M, Vi PRUR
L R
igrL _ - _eny e
+ ﬁ—MuLVfKMch*Mg’iang +h.c. + 0(G4%q, Gh*q, Gohq). (15)
L

Note that for neutral Goldstones, there is no flavor-changing q¢q couphng However, for neutral Higgs field h, flavor-changing
couplings can exist in general due to the fact that matrices V/ 1Y V may not be diagonal. For charged Goldstone bosons, the
non-diagonal CKM matrices will yields flavor-changing couphngs

B. Dimension four gauge interactions

The most general dimension four gauge interaction part Lagrangian is

L¢a=iGarPqar +i80.13arULBUL) qar + i‘sL,anRURUz(pUL)U;qaR
+i61 34ur [(PUL T UL = ULt PUL)Ngar + 61 4Gur UL T> U (PULYT U} ur
+i81 5GerUR[T° UL PUL) — PUL) ULT* URqur + 81 6GarURT> UL (PUL)T*Uggar
+1807[GarULT* U Pgar — (GurB)ULT U  qur] +q — 1.8 > 6' + L < R, (16)

in which D, qei = (3, +igi 5 W” 6gBM)qm and Dylyi = (0 +igi 5 W“ %gBM)la,- fori=L,R. (pUi)T = yl‘(DMUi)T,
Q=T +Tsr+% 5. Y =B—L w1th ¥ = 1/6 for quarks and ¥ = —1/2 for leptons. In unitary gauge, Uy, = Ug = 1, the Lagrangian
become
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L _ Ta, / ‘L’a/ ’
£f74|Unitary cauge = 1qL3qL —qL |:AL,lgL TWi + AL,Z?&’RW?? + AZ28RW%Q + ALgEi|CIL + Az’lgLWi

+qg—> 18>8 Apn— AL, +L—R, (17)

where a’ =1, 2.
3 o
Ap1=1-=011—0r4, Apo2=268r2—0R6, A =0 =6, +5L,4)7 +0r,3+68L.7,

3
T 3 Y
A3L,2 =(0r2+ 5R,6)? +6R.5, Ap =@p1—08r2—08L,4— 086+ 2Y8L,7)? + 5~ 81,3 —OR,5. (18)

Above formulae can be used both for quarks and leptons. For quarks, % = 1/6; for leptons, % = —1/2 and A; should be replaced
by Af. Further exchange indices L < R, we can obtain expressions for Ag 1, Ag 2, A% 10 A% 5> Ag and AZR 10 AZR 2 Allfl, All’fz,

AIR. In terms of diagonal gauge bosons given by (3) and g, = go1 + g r, We find

£f74|Unitary gauge = i‘jayﬂaﬂ%x + Lcc + Lnc + Lem (19)
with charge current part Lcc

1 _ . .
Lcc = —ﬁqa[(gL cosCAL 1+ grSIN{ AL 2y P+ (grSinC Ag,1 + gL cos{ AR 2)y" Pr]

R I .
X (TTW A TTW ) — ﬁ‘]a[(_gL Sing A1+ greosE AL 2)y" PL+ (§rcost Ag, i
—grsin¢ AR )y  PR] (e WS, AW, )ga +q > 1,6 — s, Ay, — A%’n,
neutral current part LNe
1_
Lne = —Eqa{[ng(AzJ + A o) +gry1 (A% + A7 ) +gui(AL + Ap) [y*
— [erx1 (ASLJ - A%,z) — &R)1 (Ai,l - ASL,Z) +gvi(AL — AR)]V”VS}‘I(IZ],;L

1_
= Sdafgrx2(A1 1 + Ak ) + gry2(AR 1 + A1) + gua(AL+ AR)]y" = [erx02(A7 1 — A%0)

—gry2(A% 1 — A7) +8v2(AL = AR Y'Y YdaZop +q > 1.8 > 8 A, — A%,n’

electro-magnetic current part Lgym

1_
Lem = _Eqa{[gL)Q(Ai,l + AR ) +8rY3 (AR + AL ) + (AL + AR ]y! — [gLa3(A] ) — A% )
— gRy3(A?Q’1 — A3L,2) +guv3(AL — AR)]y“ys}quM +q—1,6—8, AIR’n — A%,n.

In terms of the masses eigenstates, Lnc and Lgm keep their present form, while the charge current Lagrangian for quarks is changed
to

1 _ - . 1 . .
Loc = —Euiy“(Allj + B/ y)d; Wi, — EuiV“(Alzj + By y’)d;Wy, +hec, (20)

where

i j 1 CKM,ij CKM,ij . CKM,ij CKM,ij
Allf=§[chosg(AL,1vL Yt Ara Ve )+ grsing (A VY + Aga Ve )],

i j 1 CKM,ij CKM,ij . CKM,ij CKM,ij
Bi-’:i[chos;(—AL,le Yt AraVe )+ grsing (= A2V Y + A Vg )],

ij _ AlJ ij ij
Ay = Aj |L<—>R,§%7§’ By =-B |L<—>R,§a7§' 2n

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

1 _ _
Lec = —ﬁqa(ﬁw +t W) (gL + AcL)PL + Ack PR +q — 1, A — AL, (22)
1. gL 2g1 sin’ Oy
Lne =—=Gut T3 (I —ys5) + Anvr + ANarys |+ Q| ————— + Anvo + ANagVs ) {9e
2 cos Oy cos Ow

—i—q—)l,A—)Al, (23)
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1_
Lem = —Equ[QQe + Agvo + Apao¥s) + T3L(AgvT + ApaTYS) g +9 = 1, A — Al (24)

in which T3 — 20 sin® Ow = gv, T3 = g4 with T3 the weak isospin of fermions and Q = T3 + % is the charge of ¢, and [, in
units of e = gy sinfy . The ten anomalous couplings are connected to coefficients in our Lagrangian as

Acp =gr[cost(1 —8p,1 —81.4) — 1]+ grsing(8r2 — Sr.6).

Acr =81 c0s¢(82—0L,6) + grsing (1 —dg,1 —8Rr4),

8L
cos Ow

2
ANyT = — +8Lx1 [1 — 8L 1+8L4+08L2+68L6— ?((SL,3 +dr7+ 5L,5)]
2
+gry1|1—8r1+38r4+38r2+3r6— ?((SR,3 +38r7+6R5)
+ gy |:—2 +8.,1+0r1—08R2—08L2—8L4—0R4—06R6—0L6+2YSL7+2YSR7

2
+ ?(3L,3 +68r5+38r3+ 5L,5)i|,

L 2
ANAT = 8L _ gLxi |:1 —8p1+08L,4—08L2— 6816 — ;(&,3 +8L7— 5L,5)i|
w
2
—8rY1|1 —=08r1+8R4—0r2—0Re6+ ?(SR,S +38r,7 —OR5)
+ gvy |:5L,1 —0R1—0Rr2+08L2—38L4+8R4a—8R6+8L6+2Y5L7—2YEr7)

2
+ ?(_5L,3 —6r5+0r3+ 5L,5)],

2g1 sin? Ow

2
ANyvg = + ?[ng1(5L,3 +0L.7+38L5) +8rY1(BR3+ 38R 7+ SR 5) +gui(Y —dL3

cos By

—8Rr5—0r3—0L5)]

2
ANag = _?[ngl(SL,S +80,7—081.5) — 8rY1(OR.3 +8r.7 — 8Rr.5) + gu1(—8L3 — Sr5+ 63 +0L.5)].
2
Apyg = —2e+ ?[gLX3(8L,3 +0r,7+06L,5) + 8rY3(6R3+0r,7 + 38R 5) +8gv3(Y — 8L 3 — O8R5 —0R3 — 5L,5)],
2
Apag = _?[ng3(5L,3 +80,7—8L,5) — rRY3(OR,3 +8r,7 — 8R,5) + gu3(—8L3 — Sr.5 +OR3 +0L5)],
2
Agvr = gLX3[1 — 01 +84+82+86— ?(SLJ +dL7+ 3L,5)] + gRy3[1 —O0R,1 + 8R4+ 3R
2
+Jr6 — ?(((SR,3 +08r7+08r5)) | +8v3| —2+68L1+ k1 —Or2—8L2—8L.4— 8R4 — SR
2
—0r.6+2Y6L7+2Y0p 7+ ?(SL,3 +0rs5+0r3+dL5)|,
2
Apar =—g1x3|1 =081 +d8L4 —8L2—6L6— ;(&,3 +68L,7—468L5)
2
—8rY3| 1 —68r1+0R4—6Sr2—3dRr6+ ?((31{3 + 887 —8r.5))
+gv3 [3L,1 —08p1—08r2+8L2—0L,4+3R4a—R6+ L6 +2YdL7

2
—2Y8r7) + ?(_SL,S —6r5+0rR3+ 8L,5)]- (25)

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 87, 17 with §;_7 and §g 7 with &’ in Ref. [9], taking ¢ = Sg,1—¢ = 0 and rotation
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matrix among W3, B and Z1, A by (v?ﬂ) = (’E' ’53)(2"“), where

" Uy U3

X1 X3\ _ [ A+ Az)cosbw + Apzsinby (1 + An)sinby 26)
U1 3) \—=(14+Az)sinfy + AgzcosBy (1 4+ Ay)cosbBw
with Ay = —%alngsinZGW + %agg%coszew, Ap = %OtlngSiHZQW + %agg% sin29W and Ajpz = a1grgcosfy +

%agg% sin 20y . Since in Ref. [9], there are eight independent parameters 8;—7 and &8’ 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),

AgaAT = (Y2 —1)Aga0. Agyr = (Y2 —1)Agvo. 27

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 8;_7, 8" as functions of parameters in our theory and the left two gives constraints given
by (27). Detail calculation shows,

1 _ 1 - Yy 1 _
d1=1—=(a+cos¢)+1, S =— b—i—g—RSin{ + 69, 53=0+n)—+963, 84 = —=(a —cost)+ 84,
2 2 gL 2 2

~

T 1 8R . s Y - ’ Yy

8s =c— + s, S¢==(b—==sin¢ ) + 8, d7=(—1+c—n)—+467, ' =(-14c—n)—+4, (28)
2 2 gL 2 2

where a = v3x] — U1x3, b= g—’:(ﬁwl —U1y3), c= g%(ﬁwl — D113), n = X3v; — X1v3. 81_¢ and 8’ are corrections from 8r.1—7 and

OR,1-7

- cos¢+a—c cos —a-+c
it Iy AL Sl

| |
Spa—Yesp7—~(ERsinc+b—c)orat (R sing —b+c)ors.
2 ’ 2 ' T2\ 2\

| 1 1(gr . 1(gr .
So==(cos¢+a—c)épo— =(cos¢ —a+c)dp6— =| —sin¢+b—c |6g1—=|=—sin¢ —b+c|6gr4+cYSr7,
2 ’ 2 ’ 2 8L ’ 2 8L ’ ’

83=(1—n)sL3+18L7+ (m—n)dgs,
- cos¢ —a-+c cos¢ +a—c
2

Sa= s

1 1
8L,4+Yc8L,7——<g—sm§ b+C>5R2+ <—sm§ +b—c>8R6,
2 2\ 2\gL

_ Y
05 = CE +(@—c)dp 5+ (b —c)Sp3+bdr7,

1
86 _——(cosg—a—i-c)cSLz—i— (cos;—i—a—c)SLﬁ—i—z(—sm{ b+c>3R1+2(—s1n§+b—c>8R4+cY6R7,
8L 8L
g7=_(1_c+n)5+(a—l—c+n)8L,3+(a—Z)SL,7+(b—m—C+n)5R,5,

_ Y
8 =—-(1 —c—}—n)z +@—Il—c+ndLs+b—m—c+n)dgs+ (b—m)dg.7, (29)

where [ = %(23)61 —X1x3), m = %R(fq y1 — X1y3). If we further ignore mixing caused by anomalous couplings in front of each
81.1—7 and 8 1_7 coefficients, we will find that 8 = 8pifori=1,...,6and 8 = 8R.7, i.e., right handed part 61— 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 K° K 0 system The neutral kaon meson mixing is described by a effective Hamiltonian

Heir = Hyy ™' + HY?" + HY'" + H

by gauge bosons Wy, W, and Goldstone bosons ¢, ¢>R eff is the part of effective Hamiltonian arises from the flavor changing
Yukawa coupling via neutral Higgs exchange at tree level.
K% — K9 mass difference is given by

eff Here H A j =1, 2 are part of effective Hamiltonian from box diagram mediated

Amg =2Re(K°| Hegt| K°) = 2Re( K| (HIY' + HI2W: 1 Y2 4 gl | RO). (30)

Itis well known that contribution from SM part H g Wi can already afford the experiment value of Am g . Then the total contribution
of remaining parts including contributions from He‘g‘ w2 , H e‘}f‘? "2 and H é’ff must be very small. Since we know that the lower bound
of M w, is roughly 800 GeV [7] which is already much larger than My, , HJKZWZ must be tiny due to the suppression of factor

/ M , and then can be ignored. For H, ;’;, from (15) it is controlled by a group of arbitrary coefficients Vi yl.1 Vg. As discussed
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in Ref. [4], indirect CP violation €g will constrain these coefficients to very small numbers and therefore can also be ignored
comparing its size with Hevf‘? " Finally we must require the contribution of Hevf‘? "2 to be small. Conventionally this constraint
leads to very large value for Myw,. 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 evf‘;‘ W2 [4]. Now in terms of our EWCL (15) and (16), we propose another
possibility to reduce the size of Hevfl? "2 Notice that Hevf‘;‘ W2 — MWiWa o ppWidr 4 pgoLW2 4 pr9L9k 4 hc. When M‘%Vz > M‘ZA,l ,
the dominant contribution comes from the diagram mediated by exchanging W and W, bosons as well as by exchanging ¢, and
W, bosons, for the exchanging Goldstone boson ¢ will cause extra suppression M ‘%V1 /M %Vz due to the factor of 1/Mp ~ 1/Mw, in

front of Yukawa coupling for charged Goldstone boson ¢g given in (15). This shows that He‘ff‘ "2 should be proportional to g% A%, 1
where gr A 1 from (17) is the effective right handed gauge couplings. As long as A is very small, the contribution from He‘?;‘ W2
will be small. An extreme case is Ag.; =0 in which Hezl "2 Vanishes completely. Taking replacement L — R in (18), we will find
Ag1=1—08g 1 —8r 4. Inorder for Ag i to be small enough, we must have order 1 size of positive parameter §g | + 6g 4. A naive
situation is to take g | ~ dg 4 ~ 1/2. From (25), we see that the influence of this choice to anomalous couplings only happens
for right handed charged current couplings Acr due to the fact that all other anomalous couplings at most depend on dg 1 — g 4
which vanishes now. For Acg, (25) tells us that our choice of 5z 1 and 8 4 just cancel the contribution from bosonic part and these
contributions all proportional to small mixing factor sin ¢, left contributions from other §s. Therefore our choice of 6g 1 and g 4
can reduce the size of effective right handed gauge coupling gr Ag,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 W»> Z, 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
8r.1+ 8 R 4 will reduce the unwanted box diagram contribution from exchanging W; W5 bosons very much, making neutral K meson
mass difference Amg consist with experiment data and at meantime do not cause large deviation in anomalous gauge couplings
for fermions.
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