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ABSTRACT: The complete list of electroweak chiral Lagrangian for W/, Z’ and a neutral
light higgs with symmetry SU(2); ® SU(2), ® U(1) is provided. The bosonic part is accurate
up to order of p*, the matter part involving various fermion representation arrangements
includes dimension three Yukawa type and dimension four gauge type operators. The
universal mixings and masses of gauge bosons and fermions are given. Constraints from
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1. Introduction

Any electrically charged gauge boson outside of the Standard Model (SM) is generically de-
noted W’. It is a hypothetical massive particle of electric charge +1 and spin 1 which always
couples to two different flavors of quarks and (or) leptons, similar to the W boson (We do
not discuss the situation that W’ as a leptoquark gauge boson couples quarks to leptons).
W’ can be seen as minimal charged gauge boson extension for SM and is predicted in vari-
ous new physics models , such as Left-Right symmetric models [il, P], Alternate Left-Right
model [ff], Ununified standard model [}, Non-Commuting Extended Technicolor [[], Little
Higgs models [§—f], Higgsless models [[], models of composite gauge bosons [L{], Super-
symmetric top-flavor models [[[1], Grand Unification [[] and Superstring theories [,
Extra-dimensions [[Ld, [L7]. Theoretically, unitarity considerations imply that charged mas-
sive vector W's are gauge bosons associated with some spontaneously broken non-abelian
gauge symmetry [[§]. This is true even when it is a composite particle like the charged
techni-p in technicolor theories [[9) or a Kaluza-Klein mode in theories where the W boson
propagates in extra dimensions [R(]. The minimal rank one non-abelian gauge group is
SU(2). Besides W%, the group SU(2) demands the existence of extra neutral gauge boson
Z'. W'* and Z’ together form a consistent minimal non-abelian SU(2) gauge group. This
gauge group must be completely spontaneously broken to give W'*, Z’ masses through
Higgs mechanism. The breaking mechanism is not known yet which depends on detail of



the model. We can exploit nonlinear realization of the symmetry to avoid touching upon
the details of the breaking mechanism. This is the SU(2) chiral Lagrangian for W'*, 7’
and three corresponding Goldstone bosons.

Now the new generation hadron collider LHC is going to run and people are eager
expecting the discovery of the new particles. Once the first new particle shows its signature
in the collider experiment and its spin and parity are evaluated out, the following work is to
check whether it belongs to any of exiting models. In general, for each kind of possible new
particle, there are many candidate models predicting it and waiting for experiment to check.
It is also possible that the real model our nature chosen is not presented in this candidate’s
list. To examine which kind of model this new particle belongs to and its interactions with
those already discovered particles, we need a phenomenological theory which must be such
general as to include various underlying discovered and undiscovered candidate models
and cover all of its possible phenomenologies. We call this phenomenological theory the
electroweak chiral Lagrangian (EWCL) for the new particle which include this new particle
and all those already discovered particles. The symmetry realization of this EWCL should
at least include SU(2), ® U(1)y plus some new part from the new particle. On the platform
of this EWCL, on the one hand, we can perform model independent phenomenological
investigation of the new particle and fix the corresponding parameters in EWCL from
experiments, on the other hand, we can compute the parameters of EWCL from concrete
underlying models. Through comparison between parameters from experiments and that
from underlying model, we hope the correct underlying model can be figured out.

In this paper, we are interested in a situation that except discovered particles in SM,
the lowest new particles which are expected to show up in upcoming collider experiments
are W'* and Z'. According to discussions above, to describe the corresponding physics phe-
nomenologically, we are lead to set up a EWCL for W', Z’ and the symmetry realization
of the theory will be generalized from original SU(2);, ® U(1)y to SU(2); ® SU(2)2 ® U(1)
for which one SU(2) is for W'* and Z’ and remaining ones are for SM electro-weak gauge
bosons W, Z A. Naive extension of conventional unitarity analysis shows that this La-
grangian will violate unitarity in TeV energy region [P, and adding in theory a neutral
Higgs with mass below TeV will kill the disaster. To keep our theory being unitary at TeV
energy region, we will further include in our theory a neutral Higgs. Thus our EWCL for
W'#, Z' now will include those already discovered particles, a neutral Higgs, W'*, Z’ and
corresponding Goldstone bosons. In fact, without W', Z’ and corresponding Goldstone
bosons, the EWCL only for a neutral Higgs boson was already written down in ref. [R7]
which was a generalization of original standard EWCL [R3-PJ] by adding a singlet Higgs
field to the theory. Now our EWCL can be seen as a further extension of this generalized
EWCL to include in theory W'#, Z’' and corresponding Goldstone bosons. In this work,
we are especially interested in the case that the mass of W'* is lighter or roughly same
as that of Z’. Since if the mass of Z’ is much lighter than that of W'#, the phenomeno-
logical interest will be changed to physics for lighter Z’. The heavier W'* then can be
integrated out theoretically and we are led to EWCL purely for Z’ and neutral Higgs bo-
son. This EWCL was already discussed by us in another paper [ in which Z’ can be
either an element of SU(2) triplet or a remnant of some other underlying dynamics which



has nothing to do with W’ and can not be covered in our present theory. It is shown in
ref. 2g] that EWCL for Z’ is equivalent to an extended Stueckelberg mechanism for U(1)
gauge boson. From the point of view of Stueckelberg mechanism, our present EWCL for
W’ and Z’ can be further seen as SU(2) non-abelian generalization of previous extended
U(1) abelian Stueckelberg mechanism. Due to the passive roles of neutral Higgs and Z’, in
this work we focus our attentions mainly on W’ and related physics. For physics related
to W', the strongest low energy phenomenological constraints come from W — W' mixing,
K; — Kg mass differences and related CP violation parameters. On the platform of our
EWCL, we can explore these constraints in detail, transferring them to the constraints
on parameters of our EWCL and CKM matrix elements for right hand fermions. We will
find that some of these constraints such as mixings among different particles are universal,
while others are model class dependent. It should be emphasized that our EWCL will only
cover those underlying models which include massive W’*, Z’ and neutral Higgs as lowest
new particles beyond those already discovered particles. For those models which include
new particle with mass lighter than W’ or new particle combining with discovered particle
together forms an irreducible representation of SU(2) group [ff], our EWCL do not cover
the corresponding physics. We argue for this alternative situation, a separate EWCL can
be built to describe it and this situation will be investigated elsewhere.

Within the range of our EWCL, a special type of models are left-right symmetric
models [fll, P] which explore the possibility of spontaneous parity violation. The EWCL for
this kind models is built up by some of us in ref. [P7 for the bosonic part and ref. [Bg
for the matter part. Since we are interested in the general description for W’ and Z’
physics, it is purpose of this paper to generalize the discussion in ref. @, ] to cover left-
right non-symmetric models. For bosonic part of EWCL, no matter which kind of model
involving W' and Z’, since gauge bosons and corresponding Goldstone bosons are all in
triplet of SU(2)2 group, their interactions then are fixed as those given in ref. [R7]. While
for matter part, our treatment can cover the following different arrangements for fermion
representations [29]:

1. Left-right symmetric (LR) [i, B]: Left hand fermions belong to doublet of SU(2); and
singlet of SU(2)9; Right hand fermions belong to doublet of SU(2), and singlet of
SU(2);.

2. Leptophobic (LP): Left hand fermions belong to doublet of SU(2); and singlet of
SU(2)2; Right hand quarks belong to doublet of SU(2)s and singlet of SU(2);; Right
hand leptons belong to singlets of both SU(2)’s.

3. Hadrophobic (HP): Left hand fermions belong to doublet of SU(2); and singlet of
SU(2)2; Right hand leptons belong to doublet of SU(2)2 and singlet of SU(2);; Right
hand quarks belong to singlets of both SU(2)’s.

4. Fermionphobic (FP) [B9-B1]: Left hand fermions belong to doublet of SU(2); and
singlet of SU(2)2; Right hand fermions belong to singlets of both SU(2)’s.



5. Ununified (UN) [H: Left hand leptons belong to doublet of SU(2); and singlet of
SU(2)2; Left hand quarks belong to doublet of SU(2)2 and singlet of SU(2);; Right
hand fermions belong to singlet of SU(2); ® SU(2),.

6. Non-universal (NU) [BJ): One or two special family left hand fermions (typical situa-
tion is the first two light families) belong to doublet of SU(2); and singlet of SU(2)s;
Remaining left hand fermions belong to doublet of SU(2)y and singlet of SU(2);;
Right hand fermions belong to singlet of SU(2); ® SU(2)a.

In fact, the designation of group SU(2); and SU(2)2 may be arbitrary. If we identify the
SU(2); with the SU(2)z, in the SM in the absence of mixing, it can be shown that the above
6 cases have covered all possible fermion SU(2); ® SU(2)2 arrangements. The matter part
EWCL given in ref. ] only involves situation 1 in which although the arrangement of
fermion representations is left-right symmetric, the couplings may or may not be left-right
symmetric. Considering the fact that conventional EWCL formalism only deals with the
system with particles fixed in some special group representations, the generalization of the
expression to cover different fermion representation arrangements is not a trivial work.

This paper is organized as follows: section 2 is the introduction of a our EWCL which
covers all above situations. For the bosonic part we accurate up to order of p*. For matter
part, we limit us in dimension three Yukawa type and dimension four gauge interaction
terms. In section 3, we discuss mixings among W — W’ and A — Z — Z' and introduce
CKM matrix to diagonalize fermion mass matrix. Goldstone boson, Higgs boson and gauge
boson couplings to quarks are given in section 4. We build up effective Hamiltonian for
mixing of neutral K and B systems in section 5. In section 6, we discuss the constraints
on our EWCL for LR and LP models from mass differences in K° —FO, BY—BY, BY - BY
systems and indirect CP violation parameter ex. Section 7 is the summary.

2. EWCL in gauge eigenstates

We first introduce the bosonic part of EWCL which basically is the same as that for left-
right symmetric models given in ref. [R7]. Let By, W{,, W3, be electroweak gauge fields
(a = 1,2,3) and two by two unitary unimodular matrices U; and Us be corresponding
goldstone boson fields, h be neutral Higgs field which is singlet of SU(2); ® SU(2)2 ® U(1)
group. Consider covariant derivatives for goldstone fields D,U; = 0,U; + igi%Wi‘qui —
igU; % B,, and building blocks X* = Ul (D*U;), Wi 0 = U)W 0 Us for @ = 1,2. The
lowest order of chiral Lagrangian is the Higgs potential Lo = —V(h) and p? order of
Lagrangian is

1 1 1 1
Ly = 5(3;/1)2 - fotr(XLqu) - ngtr(Xlqu) + §f€f1f2tr(XfX5) (2.1)
1 1 1=
2B S (X 3o I X )P+ 50 Faltr( X )] ex(rXE)
pt order Lagrangian can be divided into six parts,

Li=Lrx+L1+Lyr+ Lo+ Lo+ Lo (2.2)



with kinetic part of p* order Lagrangian Lx
1 1 1
EK == —ZWﬂMVWiuV’a - ZW;,;/,VW;V’G - ZB/JVBMV (23)

L;i, i = 1,2 are terms of p* order Lagrangian which involve the gauge bosons of first(second)
interaction group SU(2)1(SU(2)2) without differential of higgs

1 — . . —
L= §ai7lgBul,t1“(T3W§w)+Zai,2gBuutr(7—3Xsz{j)+2zai,3tr(Wi7HVXiquy)

g altr( X, X )P 4 o [tr (X7 )17 + i 6tr(Xi X ) tr(7° XE ) tr (72 XY

1 _ _
—|—a,~77tr(Xi27M)[tr(7'3X,~7,,)]2+Zai,g[tr(T?’WLW)]z+iai,9tr(T?’Wi,w)tr(TgXi“Xi”)

1 _
+§O‘i710[tr(TgXi,u)tr(TgXi,u)]Q + a1 P M (70 X ) tr (X Wi pa)

_ 1 __
—|—2ai712tr(T3Xi’u)tl“(XiJ,Wéw) + Zai71396“VpUBWtr(7’3Wi7pg)
1 — _
51 (7T ) (5T ) (2.4)

Lyi, i = 1,2 are first(second) interaction group part of p* order Lagrangian with differential
of Higgs

£Hi:(8uh){dHi,1tr(7'3Xf)tr(Xi27V)—|—dHZ-,2tr(7'3XZV)tr(XZ-“XZ-,,,)—|—dHi,gtr(T?’Xf)tr(T?’XZ-“XZ-,,,)
+dHZ-,4tr(7'3Xf)[tr(T3Xi7,,)]2 + z'o_zHi75tr(7'3Xi,,,)tr(T?’Wﬁw) + igo‘zHi’GB“”tr(T?’Xi’,,)
it (TIWE Xy ) + iamistt (W5 X))} + (0uh) (Oph) [ams otr (T3 Xt (72 XY)
+amiotr (X X)) + (8uh) {amnltr(7° Xi,))” + amiotr(X2,)}
+api13(0,h)2 (0, h)tr (T2 XY) + amrina(9,h)* (2.5)
The most complex interaction is the crossing part of p? order Lagrangian
Lo = itogButr(T° X1 XY) + 2idis 1tr(W1 1 X5 XY) + 2ids otr(Wo, 0 X1 XT)
+2ia3,3tr (W1, X1 XY) + 2idig atr(Wa, 1 X5 XY) + au1tr(Xy , X1, )tr( X5 XY)
g 2[tr (X1, Xo,)]? + G str(Xa X )tr(XEXTY) + duatr(Xy , X, ) tr( X5 XY)
Fagstr(Xo, X1t (XEXY) + dsatr(XT ) )tr(X3,) + dso[tr(X,, X5)]

+évs 3tr (X1, XE)r(X3 ) + a5 atr(Xo , X{)tr (X7 )

+évg 1t1( X1, X1, )t (T3 X tr (T3 XY ) + dp atr(Xa , Xo, ) tr (T3 X ) tr (T3 XY)
+ég 3t (X, Xo, ) (TP Xt (7P XY ) + dp atr( X1, X, ) tr (TP X5 tr (73 XT)
+aig 5t (X, Xo, ) (TP XVt (7P XY) + d etr( X2, X1, tr (TP Xt (73 XT)
+ég 7t (X, X1, ) tr(TP Xt (7P XY) + dp str(Xa,, X, ) tr (TP X5 tr (T3 XT)
+artr(XF e (T X)) * + ar gtr(Xgu)[tr( 3X1.,)]2

+a7 3tr( X, Xt (73 Xy, )tr (7 XY) 4 ar atr( Xy, X)) [tr(78 Xa )]
a7 5t (Xo, XU [er (72 X1,))]? + dir etr(XT ) tr (78 X1, )tr (72 X))

i ptr(X2, (73X, e (FXY) + iagtr(T T 1) e (5T



+z’d971tr(T?’lew)tr(T?’XgXé’) + Z‘dgygtr(T?)Wg#W)tr(T?’XgXZ)
+idg73tr(T3W1,W)tr(7'3X{‘X5) + Z'dg,4t1"(7'3W27#,,)tr(T?’XéleV)

1. 1
+§0410,1[tr(T?’Xl,u)tr(T?’qu)]2 + 5[0410,2 [t (7% X1, tr (° X4)]?

+%d10,3tr(T3X1,u)tT(T3X5) [tr(7% X2,)]* + %d10,4tr(7'3X2,u)tr(7'3Xu)[tT(T3X1,u)]2
a1 P (T3 X )t (Xa,, Wa o) + Gnp e Ptr(15 Xo )t (X1, W1 )
+d1173Equ)\tI'(T3X1“u,)tI'(XLVWQyp)\) + d1174e“”p’\tr(73X27#) tr(Xa, W1 o)
a5 PMr (T3 X )t (Ko, Wi pn) + Gnp 6P tr(7° Xo ) tr( X1, Wa )
+2a191tr(T3 X1, )tr(Xo, Wh') + 219, 9tr(73 Xo ) tr (X1,
+2a12,3t(73 X1, )tr( X1, Wh ) + 2d12,4tr(73 Xo . ) tr(Xo,

+2a19 5tr(T3 X1 )tr(Xo, W) + 2d12 6tr(73 Xa ) tr (X1, Wh

Wi
SV
")
+;a146‘“’p"tr( W, W)tr(T Wa,po) + a156™P7tr(W1 W2 por)
+(Ouh){agatr (PP Xt (XT ) + a1 otr(TP X )te (X3 )
g tr(TP XYt (XE X, ) +am2otr (T3 XY ) tr( X Xa )
—|—dH,371tr(7'3X§’)tr(TngXl,,,) + &H73,2tr(73X1")tr(T?’Xé‘Xg,,,)
+agatr(P XN [tr (3 X)) 4 agaatr (T Xt (T3 XY )t (73X )
+agastr(TI Xt (TP XYt (72 Xo ) + apaatr(TP Xt (B XY )tr(13 Xy,
—|—’L.6£H75,1t1"(7'3X27,,)tI‘(T3W§w) + idH,572tr(7‘3X17l,)tr(7'3Wl2w)}
+(0uh) (Oyh)am otr (TP XNt (TP XY) + (Ouh)2am 11t (72 Xy, )t (72 X5)] . (2.6)

Above interaction terms already include all possible p* order CP-conserving and CP-
violating operators and all « coefficients are functions of higgs field h.

Now we come to matter part of EWCL. Except gauge and goldstone fields introduced
in bosonic part EWCL, matter part EWCL further involves fermions which include SM
quarks and leptons (three generation right hand neutrinos are introduced in our theory,
no other sterile neutrinos are included in). We denote them by left and right hand quark
and lepton doublets g, g and o7, r With generation index a being summed over the quark
and lepton flavors. The various models defined by the transformation properties of their
fermion contents with respect to the gauge group are summarized in table 1.

Since above fermions can belong to different representations for different underlying
models, an universal expression to cover all these possible arrangements is needed. To
reach this aim, we introduce two goldstone operators Up, and Ug by defining their arbitrary



Fields/Models LR LP HP FP UN NU
U

qaL_( dai) 1Y) @1 @LY) @LY) 121 (@1t (1,2 D,
UaR 1 1 (LL%) (lvla%) (LL%) (LL%)

JaR= (1727_) (1727_)
(daR> 6 6 (1717_%) (1717_%) (1717_%) (1717_%)
VaL

lOtL:<e—L) (2717_%) (2717_%) (2717_%) (2717_%) (2717_%) (2717_%)6aa1+(1727_%)6aa2
VaR 1 — 1 — — —

lor=( "% ) (1,2, -1 1,2, -1

(o) |12 @y ©2 D gy gao (1.1.-1)

Table 1: Fermion transformation properties for different models considered in the text.
numbers in brackets refer to SU(2);, SU(2)2 and U(1), respectively. Color indices are implicit. The
right hand neutrinos are not present in some of original models LP, FP, UN and NU labeled by —.
Including them in this work is harmless to these models and their representation is (1,1, 0).

function f(Ug, Uy, D“UR, D“UL) action on fermion field as

f(U27U17DMU27DMU1)QOC LR
f(U27U17DMU27DMU1)QOC LP
3 3 3 3 f(lyUlyovD,u,Ul)QOz HP
Ur, U1, DUr, DuUL)qo =
f( RyYL, 12 R, © L)q f(l,Ul,O,DuUl)qa FP
f(17U2707D,u,U2)qa UN
f(17 UlyoaD,uUl)QOzéaal + f(la U2707D,uU2)Qa5aa2 NU
f(U27U17D/JU27D/JU1)la LR
f(LUl)OaD,u,Ul)la LP
9 3 3 2 f(UQ,Ul,D“UQ,D“Ul)la HP
Ur, U1, D,Ug, DU )lo =
f( RVL, YpVRy Pp L) f(l,U1,07DuU1)la Fp
f(17U1707DuU1)la UN
(

\ f 17 U1707 DuUl)la(Saal + f(17 U2707 DuU2)loe6aoz2 NU

The

(2.7)

where in the case of ”Non-universality generation”, «; denote the specified generation

(typically first two generations) which acts as doublet of SU(2); and singlet of SU(2)2; a2

denote the remaining generation which acts as doublet of SU(2) and singlet of SU(2);.

With help of above representations, we now can write down the universal dimension

three Yukawa type interactions. For lepton part,

L aB L, aB 3\ Lo aBiTe e .
L tepton= Lar [V +457 7" URllbp + 503 B UL (147011, + (L— B+ hic.(2.8)

where h%ﬁ 7 are hermitian functions of Higgs field h. [ = s charge conjugate field of

| with C being the charge conjugation matrix. Symbol ”!”

eigenstates. For quark part,

£Y,quark = ﬁiL[UL (Tuygﬁ + Tdygﬁ)U}T{]QéR + h.c.

where 7% = and 7% =1 g

3 _ 3 .
M 5—. Coefficients gy

,ygﬁ are functions of Higgs field.

indicates that they are gauge

(2.9)



The next is dimension four gauge interaction part Lagrangian

Li_y= ZZ{qaLlﬁqaL + 001,00 UL(DPUL) gL, + 610 aqaRURUT (lDUL)U}quaR

013,005 [(PUL)T UL — Urr3(PUL) ) ly, + 004,005 U UL (BUL) T 0L 6L,
+01.5.005rUR [7—3U£(]])UL) (PUL)UL 3 }URqaR + 016,005 RURT U1 (¢UL) 3U;{qaR

+1.7,0 [ﬁéLULT?’UzwqéL (qaLﬂT)ULT?’UzqaL] } + qI — lI, §—>8+L—R , (2.10)

in which
(Ou+ins z VV1 W PLtige s 3 VV2 W Pr —|—6gB V4o LR, LP
Do = (Outig s z W W PLtigT 7 °B W Pr +GgB 4o HP, FP
e (a +Zg22W2uPL+ZggBPR+6.gB )QQ UN
(Op+ 10ac1 915 VV1 Pt 100as 925 I/V2 MPL—i—zg 5 °B W Pr +GgB )qa NU
(2.11)
(a + Z.gl 2 Wl ;LPL+ZQ2 2 W2 p,PR ggBu)la LR, HP
Dulo = § (Ou+igi %y Wl MPL—i-zg 5 iy WPr — 2gB Vo LP, FP, UN
(8 + Z(Saalgl 5 Wl MPL+ 15aa292 5 W2 MPL—Hg 5 B PR ngu)la NU

and Pr = (1+73)/2. (PU) = v*(D,U;)t for i = L,R. In (E10), coefficients § and &'
in general depend on generation indices which was not considered in original LR case in

ref. ).

3. EWCL in mass eigenstates

EWCL presented in last section is on the basis of gauge eigenstates. In this section, we
diagonalize them to the basis of mass eigenstates. We will find that this diagonalization is
universal for either boson sector or fermion sectors.

We first discuss boson sector. This part is the same as that in LR case [P7], so we just

1
list down the result. With convention W = (W'lu F Z'Wi%u), 1 = 1,2, the mass terms

AN
in our bosonic part EWCL is
Ly = flgl R f S W, — —Hf1f29192(W1MW2 Wy W)
+§<1 = 26000, — 9B + 51— 25,0 3@ WE,, — 9B,)?
—i(/ﬂ+231)f1f2(91W137M — gB,)(g2W3" — gB"). (3.1)

The charged and neutral gauge bosons are diagonalized through rotations

w3 VA
Wit _ [ cos¢ —sing W+ Wl?;u _ 1 T2 X3 ZA/L .
w3 sin¢ cos( W'+ 2,1 Y1 Y2 Y3 u .
By, VU1 V2 U3 Ay



with mixing parameters given by

% f, f 1 T T3
KRJ1J29192 -~
tan 2C = 792 2 5 o Y1 Y2 Y3 = VAV, (33)
f292 - f1 g1
V1 V2 U3
and
1— o897 —3G89192 — Q11019 A+ 00
—Lasgigs 1 —a1862 —az1geg | =V [ 0 A0 [ VT,
—011919 —Q2,1929 1 0 01
1/2
/\_1_1 2 1 24 02 202 2 292, 1 .999 1 2 22/
4+ = 2041,891 2042,892 011919 +031929" + 4a89192+ 4(041,891 2,89)
1
0 O
i Mz o0 0) Vv
AVIMEVA=V | 0 MZ o0 |V, A= 0 —=0[,
0O 0 0 0 07 1

Y1-2801)f2gr  —i(k+2B0) fifeqige |(2811-1) firt (5+201) fo| 192
2001 —1) fot (k+2061) fi % )

- _
My=| —3(s+2681) fifoqr92 (1 —2B21)f393
12871 1 1282 1

{(2ﬁ1,1*1)f1+(’1+2ﬁ_1)f2} flilg [(2ﬁ2,1*1)f2+(ﬂ+2ﬁ_1)f1] fzizy [ T+ — f22—(;<+251)f1f2] %

(
(

The results of gauge boson masses become

1

My = 1 |f2dt + £33~ (Riah - BaAP 1 R
1

Miy: = 1 |fia} + 5363+ [Ulah - B + 4 1 kel (3.9
SR = Br)(1 = Bag) — (5 + B)? 292, 292, 29

M2 — ) ) X

z 21— For)(63 + 07) l929° + 9192 + 919

—201,1(95+9°)91959° +2959" az,1+a1 891 (95 +9°)° Hazs959" —as(95+9°) 91 939°]
1

Mp = 3101 = Be)f3(95 + 9°) = 21 fag (5 + B1) + (1 = BL) S (9 + 9°)

—a1 1@ G fEA = Bria) — fife(k+ B1)] — a01d® @B f2(1 — Bar) — frfa(k + B1)]

1 1 1
+§04178911f12(1 —Bi1) + 5042,8g§f§(1 — B21) — §asgfg§f1f2(ﬁ +B1) — Mz .

For the gauge boson part, the most stringent constraint comes from W — W’ mixing which
is characterized by the mixing angle ¢. Fortunately (B.J) tells us that this angle depends
on two independent parameters r = % and k. While (B.4) indicates that the ratio of W
and W’ mass depends also on these two parameters, we just have two parameters z and &
to describe two physical quantities ¢ and My /My at this stage of effective Lagrangian.
We can tune this two parameters making the mixing angle ¢ be small enough to match
experiment data and at the same time keeping the W’ mass be in arbitrary values.

In any of candidate models, only those with very small x or small x are phenomeno-

logically allowed.



Next, we discuss fermion sector which includes lepton and quark parts. For lepton
part, in unitary gauge, (2.§) become

£Y,lepton = £Me + £M1/ (35)

Unitary gauge

Lne = FO&L(yaﬁ - yg ) €3R + 6_1 r(Y fab _ ;aﬁ)eﬁL ) (3.6)

L, = viar(y ﬁ—l—y3 )VBR—I—h byl I/ﬁL—I—h afyle, RV6R+hC (3.7)

For electron part, rotating the gauge eigenstates into the mass eigenstates with unitary
matrices V¢ by €L p= =Vf ReLIR, we can reduce (B.6) to

Lye = e~ Mg + e  gMTe; (3.8)

with diagonal mass matrix M°¢ = Vf(y — yg)‘?]?. For neutrino part, with help of relation
v{v§ = vy, we find coefficient matrices h%ﬁ and h%ﬁ can be chosen to be symmetric, then
neutrino part of Lagrangian can be written as

1 2h,  y+uys )\ (v
Ly, = (1/1 I/IC) + h.c. . 3.9
v 2 \"L TR (y+y3)T 2hg I/R (3:9)
vk ve
where VILC = | vl is left-handed neutrino gauge eigenstates and I/{% = | !
V7I_C I uf R

is right-handed neutrino gauge eigenstates. The overall 6 X 6 neutrino mass matrix

2h
L T y+us is symmetric and can be diagonalized by a unitary transformation,
(y+ys)" 2hg

T * .
V R 2hr, Y+ ys3 V R (M, O (3.10)
S U (y+uys)t 2hg Su) \ 0 My’ ‘
where M, = diag{mq, mo, msg} and My = diag{ My, My, M3} with m; and M; (for
i = 1,2, 3) the light and heavy neutrino masses, respectively. V is the 3 x 3 Maki-Nakagawa-
Sakata (MNS) neutrino mixing matrix [BJ] responsible for neutrino oscillations, and R, S,U

are all 3 x 3 matrices. After this diagonalization, one may express the neutrino gauge eigen-
states v (for o = e, i, 7) in terms of the light and heavy neutrino mass states v, and Ng:

Vel Ve Ne
vi| =Vv]w |[+R[ N | . (3.11)
v} vr N,

L

Unitarity of 6 x 6 rotation matrix leads to VV T+ RR = I, which implies that the MNS ma-
trix V is not unitary and the matrix R characterize this non-unitarity of V. By testing the
non-unitarity of ¥ matrix, we can examine heavy neutrino effects at low energy region [B4].
In the case that hg > hr,y + y3, we can diagonalize the mass matrix approximately by

VR _(1-gy+y)hp’y+us)" 1(y+y3)h§1 |
SU —3he' (y+us)” 1— 3h5 (y+ )T (y + ya)h!

— 10 —



which will lead to

veRY ([ 2h y+us)(VR)
SU (y+ys)T 2hg SU

{2k — 3+ ys)hE (v +ys)T +O(hy?)  O(hy') (3.12)
= O(hy;") 2hr +O(hy') |

If hy, = 0, (B-19) leads to the standard type I seesaw mechanism, otherwise we obtain type
II seesaw mechanism for neutrinos.
For quark part, (R.9) in unitary gauge is

= o (7y2” + 75 ) ahr + hic. (3.13)

Unitary gauge

£Y ,quark

B, o

We can explicitly expand coefficients vy
Higgs field h

.Yy in terms of powers of quantum fluctuation

= y? + ylliz + O(l?) 1=u,d, (3.14)

where !, y} are matrices independent of Higgs field h.

The gauge eigenstates can be rotated into the mass eigenstates with unitary matrices
Vu,d
LR

Ur,rR = VﬁRui,R dL7R = VI(/{Rdi,R (315)
The yg’ 4 matrices defined in (B.14) are diagonalized as follows:
d
VﬁyngT = quiLiag7 Vlc,lyngT = M(flliagv (316)

where M:ff;lg represent the diagonal up- and down-quark mass matrices of physical quark
masses.

I

UaL,R u u U

GaL,R = = (VL g)ap™" + (VLd,R)aﬁTd] ?L’R : (3.17)
dor,R dsr.r

(ViEr + Vird) (royl) + 78yQ) (V7 + Vird) = (M,

diag + TdM((iiiag) (318)

The usual Cabibbo-Kobayashi-Maskawa (CKM) matrix in the left sector, and the
corresponding matrix in the right sector, are given by

u d
VERM = Vi gVt (3.19)

Note that, a priori, there is no reason for VLCKM to equal V}gKM.

Any n x n unitary matrix has n? real parameters among which n(n — 1)/2 may be
expressed in the form of sinf,g, cosfas with n? —n(n —1)/2 = n(n + 1)/2 phases left.
Since each quark field can be redefined through a phase transformation, 2n — 1 phases are
not physical. If VLCKM and VIgKM are independent, the total number of physical phases is

— 11 —



2 % % —(2n — 1) =n? —n+ 1. In our case of 3 generations of fermions, VXM can be

taken as the standard form [B],

d b —i6
xat Ve ves v C12€13 ' $12€13 s1ze !
VM= VEL VES VAP |=| —s12c03 — c12523513€  cracos — s12823513€™ sazcis |- (3.20)
td yrts 1/th i6 6
Vit Vs vy 512823 — €12€23513€"0  —C12523 — S12C23513€"°  €23C13

Then the most general VngM may be in the form of standard CKM matrix with 5 phases

added:

Vﬁde%al Vﬁsei(a1+a2+ﬁl) Vﬁbei(a1+a3+ﬁ1+ﬁ2)
VRCKM — Vﬁdei(al—kag—ﬁl) V}%Se%(m Vﬁbei(a2+a3+52) ’ (321)
Vﬁdei(m-i-ag—ﬁl—ﬁz) V}%sei(az-l-aa—ﬁz) Vébe%ag

where
Vud Vus Vub GioC S = = —id
B VRS VE 12C13 ) 512C13 ~ Size
Tred Tres {reb | _ N A I
VEP VE VR | = | —512C23 — C12523513€"°  Ci2Ca3 — 512523513€"°  Sa3C13 | (3.22)
td Trts Trtb _ N A o s
Vi Vi Vi 512523 — C12C23513€"  —C12523 — 512C23513€" C23C13

with é2 = cos 2,512 = sinfya, etc. In general, éag do not equal to those in VLCKM. If
Vgﬁ = (VLaﬁ)* hold for @ = u, c,t and 8 = d, s,b, then V}gKM in (B.21)) coincides with that
in [BG, B7 which is called pseudo-manifest left-right symmetric and is originally proposed
to construct left-right symmetric models with spontaneously CP violation.

4. Goldstone, Higgs and gauge couplings to quarks

The discussions in last section are limited in unitary gauge without the Goldstone con-
tributions and Higgs contributions included. As a compensation and preparation of next
section computation, we now focus our attention on quark-Goldstone-boson and quark-
Higgs couplings. We will find that, unlike the mixing terms dealt above, these coupling are
no longer universal. We explicitly expanded out Goldstone fields by

ig 2 1 1

1,2 ,

U2 = exp <\/§T¢1’2) P12 = (b\/_i 60, Mo = §f1,291,2 . (41)
1,2 12 75

in which we have taken ¢ = 0. In terms of the masses eigenstates, Lagrangian (£.9) can be
expanded according to the goldstone and Higgs fields,

gL IgR _ gL IgR =
£Y7quark = <1 + oM, ¢% - 2MR¢%> uLMduiaguR + <1 - oM} (b% + 2MR¢%> dLMf[iiiang

+h.c. + Ly cc + Ly n + OGd%q, Gh’q,Gohq) . (4.2)
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where the charged Yukawa coupling Ly cc in Lagrangian (E2) is

Lycc = — \/;—“CI ]\Lh (WRM o Vi Mdr —ur VMo M, dr)
_fizgfz\%mwiagvgw@dz% —TRORVE" " MiiagdL) + hic.
_ —%ﬂa(/ﬁﬁ T B )dat %%(A‘;“f + B3y dso
‘%Eﬁm‘gﬁ* + By )uagy — %Eﬁmé‘ﬁ + By )uady  (43)
with
A‘zﬁ %%(mua ma,)Vy", Bgﬁ = %%(—mua mdﬁ)VLﬁ
A‘}l{ﬁ = %]\Z—};(mua mdﬁ)V}gﬁ, Bj‘f = %]\Z—I;(m% + mdﬁ)vlgﬁ
7= %%(mdg = mu Vi, By = %%(—mdﬁ = mu )V
A%m = %]\Z—};(mdﬁ — mua)VP'j‘ﬁ*, B%m = %j@—};(mdﬁ + mua)Vgﬁ* (4.4)

To cover various models, we use symbol ]\g/[—LLgb 1, and ]\g/[—ljéqb r to represent Goldstone fields and
corresponding couplings. Their relations with Goldstone fields ¢1, ¢o and corresponding
couplings are

0 1\94_11¢1 LR,LP,HP FP
ML% = 5 b2 UN (4.5)
Ag/[_11¢15aa1 + ]\g/[_22¢25aa2 NU
9R J\g4_22¢2 LR,LP, 46
Mg or { 0 HP,FP,UN,NU (46)
The quark-Higgs-boson couplings Ly, in Lagrangian #D) are
ﬁY,h = E(ELVL“yiV;{TuR + 3LVLdy§VgTdR) +h.c.
1 7 1 o] o7 7
= SUa(A + BYP Jugh + 5da (45" + By )d; o (4.7)
where
AV = (G + 37, By = (fu—9l)™,
AL = (Ja+ )7, By = (§a— )", (4.8)

where ¢, = VﬁyiVﬁT and gq = VLdycllVgT. Note that for neutral goldstones, there is

no flavor-changing G¢q coupling. For charged goldstone bosons, the non-diagonal CKM
matrices and nontrivial mass difference of quarks will yields flavor-changing couplings. If
yi1 = y? /v with v the expectation value of h, the quark-Higgs couplings is in agree with
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that of the SM. However, flavor-changing couplings for neutral Higgs field i can exist in
general due to the fact that matrices VLZyZ1 Vg may not be diagonal.
Now we come to discuss gauge couplings. In unitary gauge, Lagrangian (R.10) become

Ly

I 77 7 ! 3
=Y qlid - < Ar1ogi5 Wi + D100l + Ao Wi (4.9)
(0%

Unitary gauge

3 74 , 7a ,
—I—Aig,aéﬁWg +A1,a9E>PL_ <A2,1,a917W6f + A2,2,a792W;
3 3
A3 G WA 5 g2 Wi+ Dgag B >pR]q£+q1_>117 §—8 A=Al

where o’ = 1,2. The above anomalous gauge couplings A’s can be expressed by d’s in-
troduced in (R.10) and the detailed results are given in appendix A. In terms of mass
eigenstates for gauge bosons, ([.9) become

Ly g = i@ 7" 0uql, + Lo + Lnc + Lem (4.10)

Unitary gauge

with charge current part Lcc

-1 . .
ﬁcc:ﬁz [Gé[(gl cos (A1,1,a+928in (A1 2,0)7" PL+ (g2 sin (Ag,1,0+g1 €08 (Ag2.0)7" Pr]
«
X (TTW + T_W;)qg + G [(—g18in CAL 1o + g2 cos (AL 9.0)Y*Pr + (g2 08 (A2 1.0

—g18inCA2 2 )Y PRI(TTW/ I + 7 W)l | +¢f = 1, A — AL, (4.11)
neutral current part Lnc
1 _
Lxo =5 [qi{[glxl(Ail,a + A3 50) + 92y (A3 10 + Ao 0) + 901(ALa + Aga)]y”
(0%

_[91$1(A£{),17a - A%,Za) - 92y1(A§,1,a - A%,Za) + gv1(Ara — A2,a)]7”75}qglzu
+g£z{[glx2(Ail,a + Ag,2,a) + QQyQ(A%,l,a + A?Q,a) + gv?(Al,fX + AQ@)]’Y“

—[graa(AT ), — A 5) — 12(A3 ) o — A5 ) + gua(Ara — Do)V Yk 2,
+q' =1 A — AL
electro-magnetic current part Lgym
I
Lry = _gzqgc{[glx:i(A%,l,a—i_ A%Q,a) + 92y3(A§,1,oe+ A?Q,a) + gv3(A1,a+ A2,a)]7u
(0%

_[91$3(A%,1,a_ A%Q,a) - 921/3(A§,1,a— A%,Za) + gv3(Ara— A2,a)]’7u75}qgﬂ4,u
+q' =1 A= AL

Further in terms of fermion mass eigenstates, Lnc and Lgn keep their present form, but we
o . . . . . _I . I . — /
must replace original summation over generation indices E T0Ai g, with E T A 0pd3

« aﬁ
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where
Lo = [Vidiag(As1, Ay, Ai3) VT + Vidiag(Ai1, Aig, i 3) Vi Tlagm
HVEdiag(Ai 1, A2, i) Vi + Vidiag(Ai 1, Ao, Ai )V Jagm®  (4.12)
It is easy to see that if A; , is universal in generation, i.e. it is independent of index «, then
A; af = A; o0ap Which leads Lnc and Lgy unchanged. In order to suppress the possible

flavor changing neutral and electro-magnetic currents, either non-universal effect of A;,

appeared in Lxc and Ly is small or there is some cancelations among different terms
in ([E12).

The charge current Lagrangian for quarks in mass eigenstates is changed to

1 — (0% « 1 — (0% Q,

Loc = —ﬁuafy“(Amf + By dgWF — ﬁua’y“(Amf, + BoSA)dgWit + hue. , (4.13)
where

ap _ 1 ugi d L gy df
AW = 5 g1 COSC[VL dlag(ALl’l,ALLQ,ALLg)VL +VRdlag(A2,2,1,A2,2,27A2,2,3)VR ]ocﬁ

—i—gg sin C[VLudiag(Al,ll, A172,2, A1,273)VLdT—|—Vﬁdiag(A2,l,l7 A2,1,27 A2,173)V}Cz”]a6:|

ap 1] s dt | vruqs dt

By, = 3 g1 COSC[—VLdlag(Al,Ll,A171,2,A171,3)VL + VRdlag(Azg,l,A2,2,2,A2,2,3)VR ]aﬁ

+g2sin ([—V/'diag(A1,2.1, A1,2,2, A1,2,3)V5T+Vﬁdiag(ﬁz,1,1, Ag 12, A2,1,3)V5T]aﬁ:|
a08 _ 1 Vidiag(Ao 11, Ao 19, Aoq3)VE + Vidiag(A o1, Aros, Aros)VE
wr = 3 g2 cos C[Vidiag(Ag 11, A21,2,A213)Vy' + Vidiag(A121,A122,A123)V) " ]as
—g1 sin([Vgdiag(Ag 1, A2 2, A2,273)V5T+Vfdiag(A1,171, Aq12, A1,1,3)VLdT]a5]
ap_ 1 u s dt | vru s df
BW/—§ — gacos ([—Vidiag(Ag 1,1, As12, Ao 1 3) V' +Vidiag(Ar 21, A12.2, A123)V] ' ]as

+g1 sin ([—Vzdiag(Ag21, A2 2, A2,2,3)V5T+Vfdiag(ﬁ1,1,1, Aq12, A1,1,3)V5T]aﬁ:|

(4.14)

If A; o is universal in generation index, then rotation matrices appeared in above formulae
will meet together constituting CKM matrices.

If we only focus on gauge couplings to light gauge boson A, W, Z, above A’s cause a
serious anomalous couplings. In ref. Bg], we parameterized these anomalous couplings in
terms of ten coefficients in the case that A;, is universal in generation index, for which
two are in charged current, four in neutral current and four in electro-magnetic current.
The fact that SM is consistent with experiment to very high precision implies these ten
anomalous couplings must be very small in values.

5. Effective Hamiltonian for neutral K and B system

Once there exists W' boson, there may be low energy phenomenological constraints from
K% — KO, Bg — Bg and BY — BY system. In most cases W' will generate extra Feynman
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Figure 1: Box diagrams for K° — K9 effective Hamiltonian HY%".
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Figure 2: Higgs exchange diagrams for K — K© effective Hamiltonian.

box diagrams which contribute to mass differences in K — K°, BY — BY, BY — BY system
and corresponding CP violation parameters. These mixings are described by a effective
Hamiltonian which is composed of four parts:

/ / / 0
Hep = Hyf™ + Hy " + Heg" + Hig (5.1)

[S)

The effective Hamilton H.g is model dependent. We take the K — K system in LR
and LP models as an example, other models and B — B° system can be given in the
similar way. The WW box diagram for K0 — K9 system is plotted in figure [[. Let
MXY be the amplitudes of the diagram mediated by particles X and Ywhich may be
gauge bosons W, W' and goldstone bosons ¢1, ¢o. H va&ffw can be further decomposed into
HYW = L(MWW 4 MWor 4 MW 4 M&191) 4+ hee.

W'W' box diagram part H'Y'"' can be obtained from HWYWV by HYW' =
He\?f’w]w_)wlv 1—2. Similarly WW'’ box diagram part HeVgW, is HeVgW/ = MWW L W2 4
MOW' L M*92 4 he. H ehﬁo is the part of effective Hamiltonian arises from the flavor
changing Yukawa coupling via neutral Higgs exchange at tree level. The corresponding
Feynman diagrams is plot in figure f for K 0 _ K9 system.

The W’ dependent part of Heg introduced in (p.]) is also model dependent. LR and
LP models are main cases we are going to discuss in which H OVEIW/ is usually neglected
due to existence of a suppression factor (My /My)*. SM calculation shows that just SM
effect in H, é%’w itself can already match experiment data. Therefore the constraints left is
that either non SM effects in Hevgf/w’ H eng’ and H fﬁo are all small in values separately or
they cancel each other. The cancelation will demand detailed model arrangements which
need fine tuning such as introducing in theory the second bi-doublet higgs discussed in
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ref. [B7. In this work we do not consider this special fine tuning situation and only limit us
in the case that all non SM effects in H H WW" and H" ff are small separately in values.
This choice is in accordance with the approxnnatlon that only dimension three and four
matter part operators are included in our calculation. If we consider more higher dimension
operators, dimension six four quark operators such as drsrdrsg will contribute to Heg as
a contact term. This will raise the possibility that using four quark operator contributions
to cancel non SM effects in H(ng, H OVEW/ and H, Ohf(f) This four quark operator can be
seen as remnant of exchanging some more heavier unknown particles and the coupling of
the operator is proportional to inverse of heavy particle mass square, like traditional Fermi
weak interaction theory induced by exchanging electroweak gauge bosons. In our treatment
we have ignored possible cancelations among operators of different classes. If we generalize
this treatment to higher dimension operators, the cancelations among contributions of
four quark operators and W, W’ h® to H.g are not allowed. This implies the effective
coupling in front of corresponding four quark operator must be small which will improve
the convergence of our expansion and we can safely drop out four quark operator in our
first order approximation. This is the discussion for LR and LP models. The situation in
NU model is similar as in LR and LP models, except there exists explicit non-universality
term in ({.14)). For other models, HP and FP models are irrelevant, since in these models
W’ does not couple to light ordinary quarks if we ignore small mixing between W and W'.
Then there are approximately no H, Cvg’W’ and H CVKW/ terms in (B.1)). The only constraint for
these models is the value of H gﬁo must be small. In the case of UN model, W does not couple
to ordinary quark if we ignore mixing between W and W’. The role of W is replaced by W".
Considering the facts that H evglwl is much smaller than H;?ffw in value due to suppression
factor and there is no H, X&]W and H evgw’ terms, the value of H, ehﬁo in this case can be larger
than that of HP and FP models. Since the constraints for UN model from mass differences
in KO — KO, Bd0 — Bg, BY — BY system and corresponding CP violation parameters are
relatively weak, we skip the discussion of this situation. Combining above discussions
together, for the W’ dependent part of H.g, we only need to discuss two situations: one is
LR and LP models, the other is NU model.

In performing detailed computations for box diagrams, we choose Feynman gauge and
take the masses and four-momenta of the external legs to be zero (mg = ms = 0) thus the
internal lines carry the same momentum. Detailed calculations give following amplitudes
for the diagram mediated by X — Y, X, Y = W, W',

242\ = a a
MXY = <;§j§ ) e ﬁ az VFaTF AL (Ta, 75, ﬁ)]d[ (AggAYdT - B;lgBYdT)
e A%SBﬁdT> [s@d| (afaf - BYBET) 405 (B AT - AP BT |s
\/_ ’ 7, as Ao as P
+ <8Mg§) 5 MZ{ [ Iy(2a, g, ﬁ)] [10d7“[ <AX A2 4 By Bﬂ)

s (A B A )| (AP S BB ) s (AR w2 A
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6y s (AL AST + BE B + (A B 4 By A |s
st s (A A2+ BB+ (a2 4 B ]| (52)

where 2, = m2/M% and 8 = M% /M2, and Aa’g A%}B,, Baﬁ By are defined in ([L.14),

B To Inx, Glng
hiwa:s.0) = T ST zBy@a —zp) @ 7P T T A 2ap) A —23B)’
2
Iy(za, 25, ) = Tqln o Flao ) - nf (5.3)

(I —2a)(1 — zaB)(Ta — ) (1-58)1—zup)(1 _xﬁﬂ)
The amplitude of the diagram mediated by X — ¢, X = W, W' n=1,2 is:

2
\/_ 7 as Ao as P
M = (8Mg2l 2y 452\/%—:0 (11 (v 29, D] dy | (AF A - BEBR™)  (5.4)

s (B3 A AasBadT)]s®dfy | (AZ AR BB ) s (B AR+ A BY) |

\/_ ’ as o as o
+ <8]\/i2;> In2g 462 Iy(xa, 2z, 3)]d [(AX An?t + B BndT>

s (AgngdungAng) |s@d| (4l —BEBE") 405 (-A B+ B AR | s

The amplitude of the diagram mediated by ¢F — Y~ ,m =1,2,Y = W, W' is,

2
MomY — (g{\j’zl) s 452\/%—9511(%,% 5)]dfyu[(Aa8A“d* BQSBM”) (5.5)
s (B A3 A5 55) o 2 (A A~ 1 (a5
2
() Bl - )

s (— A By B A s @ d| (A AR+ BY B ) 05 (AT B4+ BY AR s}

The amplitude of the diagram mediated by ¢, — ¢, m,n = 1,2 is,

2
M¢m¢n — (ﬂg%>

462 Ve (@aszg, B))d| (A As™ + B ) Bt (5.6)

7

8M§( 212}

s (B Ant+ A Ba™) |s @ d| (AT AR+ BB 4 (B AR+ AT B |s
+<f91> MX4ﬂZ{[ Iy (s 25, ﬂ)}d%[(A%AﬁdT—BﬁfBﬁdT)Jr’Ys (g Bt

8M?
g

+BﬁfA3dT) } s ® dy

(A=At — BB ) + 5 (~AT B + B AGH)
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Since the mixing angle ( is expected to be small, for simplicity in the following we take
¢=0.

For LR and LP models, we can ignore the generation index o dependence in all A’s
appeared in ([.14), then the rotation matrices V* and V' can meet together forming CKM
matrices. We introduce CKM factors A\XR(K) = VLC KM’"“SV}g KMuads for K0 — KO system,
MR(B,) = VLCKM’"“bV}gKM’““q* for Bg - Bg system, etc. By taking m, = 0 and using the
relation A, + Ac + Ay = 0, ignoring the higher order of Ag2, A2 (we have dropped out
their generation indices) and accurate to the order linear in g = M‘%V /MI%V,, we obtain

HWW_G M2 X fLL(K)JWM(l_/yf))S ® J’Y/J(]‘_’)%)s KO_KO SyStem +he (5 7)
T 16r fLL(Bq)cﬁ“(l—vs)b ® ¢yu(1475)b  BY—BY system

. GZLM? s®@d(1+ K%~ K9 system
' =M g 0 %1 o | LR(E)d(1=95)s ® d(1+75)s ST system ) (5.8)
167 g2 fLr(Bg)q(1—75)b ® q(1+75)b B, — By system

where ¢ = d, s and

SLL(E) = (AF(K)neeSo(we) + (AFH () 0 So () + 20 (KON (K)neSo (e, 2445.9)

fiL(Bg) = (A\™(By))*ns,So(x:) (5.10)
4 2 2
So(a) = (1-2)2 At 280 TA“HH%Z?I”(A A3 1—4A14’1 1%5.11)
So(e, 1) = Tewy i a:c)l(l — (A‘ll 2A1 1+ i)
nrg l‘%
e (A 28+ )
nTe z2
e (A -2+ ) 12
Fr(K) = AR(EO)AE(K) S,e(K) + AR(K)A(K) Sy (K)
FAF )M (K) + A E)AR (K)) S (K) (5.13)
fur(By) = fLR<K>\ (5.14)
K—DBy
Seel ) = g lADT R () — k™ (K)) (1~ ) (515)
HAAL P (K) = 2zeny ™ (K) + 2205 R (K)) Inwe+nyR (K) (1-2)? In ]
Stt( ) - Scc( ) . (516)
Se(K) = 70 (fff)(:gt . [z (AAT ™ (K) — 2™ (K)) (1 — zc)Inzy  (5.17)
xc(4A1 1K) = xeny™ (K))(1 — @) In
+nER(K) (1 — 20)(1 — 2¢) (¢ — ) In f]
SCC(Bq) = SCC(K)‘ ’ Stt(Bq) = Stt(K) ’ Sct(Bq) = Sct(K) (5-18)

K—B, K—B, K—B,
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with @, = m2/M3,, x, = mi/M3,, 3 = M?,/MZ,. The next-to-leading-order QCD short-
distance corrections are 1., = 1.38 + 0.20,n, = 0.47 £ 0.04,74 = 0.57 + 0.01 , ,
ng, = 0.551,n5, = 0.837 [{]. The QCD corrections are n®(K) = 1.4, ntR(K) = 1.17 for
Aqep = 0.2GeV [ and n1(By) ~ 1.8,m2(B,) ~ 1.7 at scale my, [49].

The matrix elements are given by

_ _ _ 4
(K°ldy"(1 £ 75)s @ dyu(1 £ 75)s| K°) = gf?{mKBK, (5.19)
_ i} _ 4
(B|dy*(1 £ v5)s @ dy,(1 £ 45)s|BY) = gf%quqBBq, (5.20)
- - _ 1 J1 2m?
K%d(1 - d(1 K% = - K 2 m2 By 21
(KA1 = 20)s © 00+ sl KY) = o [3+ 2] i, (520
_ 1 1 2m%
0~ — 0\ _ 2 2 S _
(B®|q(1 —45)b @ q(1 4 v5)b|BY) = 2, [5 + mgq] fz,mp,Bp, a=d,s. (5.22)

The decay constant for neutral K meson is given by fx/fr = 1.198 £ 0.003 [£3, [4] with
fr = (1304 5) x 1073GeV [BF] and the bag parameter is By = 0.79 4 0.04 £ 0.09 [45]. For
By and B mesons, fp,\/Bp, = 0.220 £ 0.040GeV [(] and fp,\/Bp, = 0.221GeV [if] .
The bag parameter from QCD sum rule gives ng /Bp,=12+0.2 B

For NU models, we must consider the generation dependence « in all A’s appeared

in (.14). To simplify the expressions, we denote the CKM factors as V' A= VLC KM, uabs , and
L 11 - Z Vu el Al 1 a’V ate IB, ng2 = Z Vg,aa’Alz’a/VchlT,a’,@ (523)

etc. Ignoring the hlgher order of Ag 1, and Ay 4, After tedious calculations, we get the
effective Hamilton for K° — K° system in NU models as follows:

H&Wz%{ Z (VL11VLQ§1)(VL5,811VL[311) 4 Z Tar A VE, L11 ad VLSVLﬁu)

a,B=u,c,t a,B=u,c

xIy(ta,25,1) =2 Y wazg(VEVES) (VL V™) (20, 25, 1)}

a,f=u,c

xdyu (1 —75)s ® dy*(1 — v5)s + h.c. (5.24)

eff 1672 L12 L,12)\V L 12V L 12/42 s L,
,,B—uct
IR VRV VEVE i 1) = 2052V EVES P o) |
xdyu (1 —75)s ® dy*(1 — v5)s + h.c. (5.25)
! G2 M adx adx s s dx

H«%W:%ﬁ Z [(VL nVL ?2 +VEiVE [111)(VL512VL511+VL5,11V£12)][2(‘T067 zg,3)

872(9i/93) Y

* s * asy adx s dx
—xtﬂ[( L, 1V td )(VLt Lt[,in)]fl(mtzﬁ) - Z (max5)3/2(VL L,Cll2)(VLﬁ,12VLﬁ )l
a,B=u,c
x[l(ma,xg,ﬂ)}dfyu(l —75)8 @ dy*(1 —v5)s +he. . (5.26)
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The effective Hamilton for B? — B? system can be obtained through the same procedure.

6. Constraints from neutral K and B system for LR and LP models

In this section, we will concentrate on the constraints on our EWCL from mass differences
in K — K° BY — BY, BY — B? systems and indirect CP violation parameter ||, mainly
for LR and LP models. Due to complexity of CKM factors introduced in (f.29) for NU
models, we will leave the investigation for NU model elsewhere.

The mass differences in K° — K0, B — B} and BY? — BY systems are determined by

Amg = 2Re(K°|Hog| K°) Amp, =2/(B)|Het|B))|  q=d,s (6.1)

and the indirect CP violation in K mesons can be expressed as

lexc| = 1 (Im(KO\HCHyK0> Im(KOyHCH\K’%
BT 902 \ Re(KO| Heg | K0) VaAmy

where &y is the weak phase of K — nwm decay amplitude with isospin zero. The pure W

+ 2£0> ~ (6.2)

contribution to mass differences in K — K9 B9 — BY and B? — BY systems and indirect
CP violation in K mesons as functions of anomalous coupling A ; introduced in (A.]) is
shown in figure f}. From (L.11]), we know that A ; characterize the anomalous coupling for
charge current, it can deviate from 1 very much and therefore we choose region [0.8,1.2]
for A1 as horizontal coordinate in figure B.

In numerical calculation, the input parameters are taken from particle data group [BY|
except those explicitly labeled.

Gr = 1.16637(1) x 10"°GeV 2, My = 80.403 + 0.029GeV,
my = (497.648 £0.022) x 1073GeV,  AmyP = (3.483 £ 0.006) x 10~ GeV,
mg =5 x 1073GeV, ms = 95 x 1073GeV,
me = 1.25 4 0.09CeV, my = 174.2 & 3.3GeV,
mp, = (5279.4 + 0.5) x 107°GeV, AmEP = (3.337 £0.003) x 107 °GeV,
mp, = (5367.5 + 1.8) x 1073GeV, AmEP = (1.17 £0.003) x 107 GeV.

The CKM elements are given in terms of Wolfenstein parameterization [B:
A =0.2272, A=0.818, p=0.221, 77 = 0.340,

AN (p+in)V1 — AZ)\!
VI = N2[1 — A2X4(p + )]
We find that for Amg, |ex|, Amp, and Amp,, SM theoretical results (A;; = 1)
match to experiment values with error 33%, 18%, 6% and 23% respectively. These errors
are expected from uncertainty of matrix elements and long distance contributions [[7].

with the relations si3e® = (V)" = AX3(p +in) =

New physics contributions must hide in these errors.
Up to the order liner in 3, W’ contribution to mass differences in K — KO, Bd0 — BS,
BY — BY systems and indirect CP violation in K mesons are

AmWYWY" = oRe(KO | HXW' | K°)
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Figure 3: Pure W contribution to K* — K° B9 — BY, BY — B? systems and indirect CP violation
in K mesons. Anomalous coupling Aj,; = 1 corresponds to SM results which are explicitly written
down in brackets.

G2MZ fimgB3B 5 g3 1 m?
A2 2,lg%Re(fLR( )) [6+(m5+md)2] (6 3)
Amp W = 2/(B)|Hyy"| By)|
GEM, fEms,BES 5 g3 1 mj
= A2 22 B))| | = a A
12 2,19%\fLR( Ml 5T - (6.4)
e~ Im(K°|HZW' | K°)
ﬁAmK
GE My fEmi BRS o 93 [1 mi }
= A5 1% Im K)|l-—+—*>— 6.5
8\/§7T2Am]( 2,19% (fLR( )) 6 (ms+md)2 ( )

For W' contributions, we discuss K0 — K9 BY — BY systems separately.

6.1 K — K system

According to types of inner quark lines in the box diagrams, W' contributions to Amg
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Figure 4: Ratio of ¢t loop to experiment data for W’ contribution to Kj; — Kg mass difference,
cc to tt loop and ct to tt loop for W' contribution to K — Kg mass difference in K° — K° system
with solid blue line for My = 10My, dash red line for My = 15My,, dash-dot pink line for
My = 20My, and dot black line for My = 25Myy, respectively.

in (6.J) can be decomposed into tt, cc and ct quark loop contributions,

ww'
9 Am Kee
AmE" = A3, 2A myg, RG[A%R(K))\?L(K)]+Re[)\gR(K))\§L(K)]W
Kyt
Am Ww'
+Re A (K)AM(K) + AI%R(K)A?L(K)]% (6.6)
AmKtt
in which the CKM matrices are
AR EONE ()= |VEVES Vg Vg e (om0 =dns=buatGratdua) r=ct (6.7)
)\ER(K)A?L(K):H/LCS *}%d*v th*| —i(a1—az—P1+B2—pcs+bea—Ptst+dia) arg(Vfﬁ):qbag
)\%R(K))\ELL(K):|V£SV}% cs cd*| —i(on—202+as—B1—B2—dtstdra—Pes+Pca) al‘g(‘_/]gﬁ)ztﬁaﬁ
y{vw’ Amgwl AmQ’W'
In figure [, we plot Y i,fp A y{vz‘tg,, and o %‘EV, separately,
From figure [, find that 2”56 s of ord 105A¥<V!3' forder 109 and "k
rom figure ff, we fin at S is of order A7 is of order an Am%‘;‘/’
Ww'

is of order 1072, Therefore to reduce total contributions of AmY"W" we have following

four different kind of mechanisms

e Large My : Take very large W’ mass. This is traditional naive constraints to W’

mass.

e Small go: Take very small W’ gauge coupling go < ¢;. This can only happens if
f2 > g1f1/92 to make large enough W’ mass. Since two gauge couplings are not
equal to each other, this situation is parity explicitly broken.
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Figure 5: Ratio of ¢t loop to experiment data for W’ contribution to |ex| , cc to tt loop and ct to
tt loop for W' contribution to indirect CP violation in K mesons |ef| in K° — K system with solid
blue line for My, = 10Myy, dash red line for My = 15Myy, dash-dot pink line for My = 20My
and dot black line for My = 25Myy, respectively.

e Small Ay ;: Take very small Ay . This is the situation pointed out in our previous
work [B§. Although realization of this situation in detail model is still lacking.

e Specific VCKM Choose special right hand CKM matrix elements to make frr(K)

in (5.I3) small. Numerically

L L L L Amp W'
Re[FR (AR ()] + RelAER (A ()] St
M,
LR RL LR RL AmVKV.W/ -5
+Re[ A KN (K) + A (K) A, (K)]W < 10 (6.8)
Ky

Similar to K; — Kg mass difference, we can also decompose indirect CP violation
parameter |ex| in K system as

2 wWw’
el = 3 e[| T RN ()] + T (RS (R K e
A €K
LR RL LR RL ’€K \WW/
FHIm A (KN (K) + A7 (KA, (K)]il Tk (6.9)
€K |t
In figure [, we plot ‘E‘fK‘,tItcxp ; :Zi‘WW/ and } K‘g,w, separately,

From figure fj, we find that |E|flltfexp is of order 107, :E?;ﬁw, is of order 1073 and :Eﬂww,
tt
’WW

is of order 1072, To reduce total contributions of |ex , we also can take either large
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VCKM

Myy+; or small go; or small Ag ;; or specific satisfying

ww’
Im[ARR (KONRE () + Im[A£R<K>A§L<K>]7:EK{WW/
€K |t

|WW’

IR (RO (K A%R(K)AﬁL(K)]%

<1077 (6.10)
lexcl it

The relation (p.§) and (6.10) offer constraints for right hand CKM matrix elements, as long
as they really take the role of suppressing contribution from W’ boson. If constraints ([.§)
and (.10) can not be satisfied, we must adjust My, g2 and Ay 1 to suppress contribution of
W'. To quantitatively estimate constraints for My, g2 and Ag 1, we take a special pseudo-
manifest left-right symmetric situation as an example. In this situation, V}%ﬁ = (VLa o ),
which implies the relations ¢n3 = —¢as between phases defined in (f.7). Then CKM
factors appeared in (f.6) and (f.9) can be simplified as

AR EON(K) = [VEVEPemileamaahy AR EONT(K) = [VEVE Pemome=Ag.11)

AR EOAN(K) + AR EOATH(K) = 2)VEVEWVE VY [cos(ar — as — B1) cos(as — ag + [32)
—isin(a; — ag — B1) cos(ae — az + (B2)]

Notice that constraint from |ex| demands imaginary part of above CKM matrix elements

must at least two order of magnitude smaller than their real part, this leads us to take
following choice of phase angle

a1 — Qg — ﬁl =0. (6.12)

Then the imaginary part of all CKM matrix elements in (6.11]) will vanish and the cc, tt

and ct loops do not contribute to |€K|WW, separately. This special choice of phase angle

is originally proposed in ref. [B7] which directly leads to
lex |V = 0. (6.13)

The values of CKM matrix factors in (.11]) now can be worked out in terms of left hand
CKM matrix in [BF],

ALR(KO)ARL (f)| 22222250 g 0488 AMR(K)ARL(F)| 2122222 589 % 10

manifest manifest
ALR(K)ARL (K) 4+ AFR(EOARE ()| 25222820 .00107 cos(as — ag + F2)  (6.14)
manifest
Am WW

Now, except an overall factor A2 157 , A cxp depends on two other parameters, A and

cos(ag — az + [32). COHSlderlng that anomalous coupling A; ; can not deviate from 1 very

much, in figure fj, we plot 2 L cxp / (A3, —2') as function of cos(as — as+ (32) with anomalous
coupling Ay ; = 1.
W/

From figure [], we find if Ag; ~ 1 and g2 ~ g1, then to make 2 < 1, we must

A cxp
have My ~ several TeVs. This is the naive prediction of W’ mass in tradltlonal left-right
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Figure 6: A pr /( ) as function of cos(ag — ag + f2) with anomalous coupling Ay ; = 1.

WW’
symmetric models. While if My is at order of 1TeV, to make 2 Ay cxp < 1, we must have
A2 92 < 107! which demands either very small anomalous coupling Ay 1 or small gauge

couphng g2. Note that from ([.13), unlike A;; which roughly is 1 since it is anomalous
coupling of charged current for W boson, Ay is anomalous coupling of charged current
for W’ boson and there is no experiment constraint on its value. This provides us an
alternative way to reduce W’ contribution. This possibility was first pointed out in our

previous work P§] where Ay is denoted by Ap .

6.2 BY — B system
For BS — BS system, similar to K — K system, we can decompose corresponding effective

Hamiltonian as,

mWw’

/ g mp cc
AmWW A%l iA Bdtt b (Bd))\?L(Bd)+)\£R(Bd))\cRL(Bd)A7M}IW
mp

LR RL LR RL Ami W

HA (BN (Ba) + A (Bare™ (Ba)l i | (6.15)
Bygtt
)\%R(Bd))\gL(Bd):‘ngVfd*VI%bV§d*le_i(al_ag_ﬁl_52_¢1b_(5zb+¢1d+d_)1d) T =ct
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Figure 7: Ratio of ¢t loop to experiment data for W’ contribution to Amp,, cc to tt loop and
ct to tt loop for W' contribution to mass difference in BY — BY system with solid blue line for
My = 10Myy, dash red line for My = 15Myy, dash-dot pink line for My = 20My and dot
black line for My = 25Myy, respectively.

)\ICJR(Bd))\me(Bd) :\VEbVﬁd*V}t{bVLtd* ’e—i(m—l—az—2a3—ﬁ1—¢cb+¢_>cd—¢_>tb+¢td) arg(VLaﬁ) = ug
)\%R(Bd))\E‘L(Bd):|V£bV§d*V§bVI§d* |e—i(a1—az—51—2Bz—¢tb+¢td—¢cb+¢cd) arg(V}‘;ﬁ) — anﬁ

In fi 1 Amg/d‘xl Amg/d‘/;/c/ q Amg/dvc‘gl |
n figure [], we plot T A A separately,
From f find that 2752 is of order 105, “" B2 i of order 103 and 27Eatt
rom figure [, we find that AT is of order 10°, A is of order an e
. _92 . . Amg/Wl .
is of order 1077. To reduce total contributions of ——d, we can take either large My ;
Bgq
or small go; or small Ay 1; or specific VP?KM which satisfy
AmJVBVWI
M (BOMT (Ba) + A (Bay) A (Bg) ——
Amp
d
LR RL LR RL Am%{i‘g{/ -5
FA(Ba)A T (Ba) + A (Ba) A, (Bd)]w < 10 (6.16)
Amp
d
For BY — BY system,
ww’ > % A ww| LR RL LR RL AmVBVSZZ/
A7nBs = A2,1_2A7nBstt )‘t (BS))‘t (BS) + )‘c (BS))\C (BS)A WW’
91 mp i
LR RL LR RL AmJVBVSIg/
HAT (Bs)A ™ (Bs) + A (Bs) Ao (Bs)]W (6.17)
Mp it
)\I:;R(BS))\EL(BS):’VL’EngS*V‘éEbV}%S* ’e_i(O‘Q_a3_ﬁ2_¢zb_¢_)zb+¢zs+(£zs) T = C, t
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Figure 8: Ratio of ¢t loop to experiment data for W’ contribution to Amp_, cc to ¢t loop and
ct to tt loop for W' contribution to mass difference in B? — BY system with solid blue line for
My = 10Myy, dash red line for My = 15Myy, dash-dot pink line for My = 20Myw and dot
black line for My = 25Myy, respectively.

)\ER(BS))\?L(BS) :’VchV}%s* V}t{bVLts*‘e—i(2a2—2a3—¢cb+<23cs—<13tb+¢ts) arg(vixﬁ) _ ¢aﬁ

)\%R(Bs))\gL(Bs) :|V£b‘7}tzs* V}%bVLcs*|e—i(—2ﬁ2—¢tb+<5ts—<5cb+¢cs) arg(vgﬁ) — Q_baﬁ
Am%vs‘g, Am%VSVCVC, Am‘é‘?ﬁl
In figure §, we plot T d Al separately,
Am%vs‘z, . 4 Am%VSVCVC, . _3 Am‘gigvc‘é/
From figure f§, we find that A is of order 10%, Aml 7 is of order 107> and Al 7
AmWw’
is of order 1072. To reduce total contributions of WB&}), we can also take either large
Bs
Myyr; or small g,; or small Ag 1; or specific VP?KM which satisfy
AmWW’
AR(BIATE(By) + AR (BN (B,) oz,
Amp 3
LR RL LR RL AmVBVS‘gt// —4
+A(Bs) AN (Bs) + A (Bs) AL (BS)]W < 10 (6.18)
Bitt

Now we come to Higgs contribution to Heg. This part is universal and from vertices
given by ((.7), the amplitude of the diagram mediated by neutral Higgs h is

i ] { d(AF + B°)s ® d(AF + Bf**)s K° — KO system (6.19)

- 4m? (j(Agb + ng’y5)b ® q(Ag” + ng’y5)b BY) — B system q=d,s

and Higgs contribution to Heg is related to the amplitude by H Z‘H = %M i‘, it’s matrix
element is

h | o 1 7, S S 7 S S [
(KO|Hep|K°) = 5 (K°|d(A7" + By*y°)s @ d(AG + By*y")s|K°) (6.20)
h
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ds ds s ~tds
— [(gds gTdS) (y +g'|’d8) +(( +yT )2 11( gd T )2)771/%{]]0]2{771,](31’5;
d d (ms—i-md)2 96m?
1
(BolHE|BY) = g (Bila(AT + B o0 (47 + BYWBY  a=ds  (621)
~qb b b ~Tgb\2
b b o (P11 g 2)mE, 3 me, BY,

= [(yd Ya )= (yd Y ) + (ms+md)2 gﬁmi

In the case of SM, above matrix elements vanishes due to non-existence of flavor changing
coulings. Then in SM, there is no Higgs contribution to Amf}(, Am%q and |ex|". Beyond
SM Higgs, demanding Higgs contributions to Amg Amp are much smaller than their
experimental value, we find constraints

_tds\2 ~Tds 7 ( Mp \2
Re[(74+771°)2 - 11.4(5%—51%)2] < 6.45% 10~ (1TeV) (6.22)
2
g2 11 4(7db Tdb 1.74%10~6 Mp 9
G+ 2114 =" < 17ax 1070 (k) (6.23)
_t5b\2 G ey 5 ( Mn \?
G+ g2~ 114— 552 < 6.10x 10 <1TeV) (6.24)

While demanding Higgs contributions to |ex| is much smaller than its experimental value,
we find constraint:

Im[(5%°4§5%)% — 11.4(5%°— 1)) <0.0065 x Re[(59° + 757)? — 11.4(5%° — §1%)?] (6.25)

which imply term (yd + des) 11.4(3}35 — gjlds)2 is approximately real. Further combing
constraint ([.29),

2
(@l i) — 114> g1%)2 < 6.45 x 1077 (1%"\) (6.26)

7. Summary

In this paper, we have presented the complete list of electroweak chiral Lagrangian
for W', Z', a neutral light higgs and those discovered SM particles with symmetry
SU(2); ® SU(2)2 ® U(1). The bosonic part is accurate up to order of p*. The matter
part involving various fermions representation arrangements such as LR, LP, HP, FP, UN,
NU includes dimension three Yukawa type and dimension four gauge type operators. The
gauge boson and fermion mixings and masses are universal. For W — W’ mixing, there
exists two independent parameters just accounting two physical quantities, mixing angle
¢ and mass ratio My /M. For neutrino mixing, existence of three heavy neutrinos will
violate unitarity of rotation matrix among three light neutrinos. The left and right hand
quark mixings lead to left and right hand CKM matrices with right hand CKM matrix pa-
rameterized in the same structure of left hand one multiplying five extra phase angles. We
express Goldstone, Higgs and gauge couplings to quarks in gauge boson and fermion mass
eigenstates. We build up effective Hamiltonian for neutral K and B systems and perform
detail calculations for LR and LP models to mass differences for K° — K, Bg — Bg and
B? — BY systems and indirect CP violation parameter ey for K mesons. We show that
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just W itself with anomalous coupling Ay near to 1 is already account for experiment
data. Except the case of mutual cancelations and very heavy W' up to order of 100Myy,
there are other three ways to suppress W’ contributions: small right hand gauge coupling
g2, small anomalous coupling Aj 1, or special combination of CKM matrix elements. The
smallness of higgs contribution leads to some constraints on hgq couplings.
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A. Anomalous gauge couplings A

For quark,
1-dr1,0 — 040 LR,LP
N 1 =010 —90L4a HP,FP (A1)
0 UN
(1 — 5L,1,o¢ — (5[,747@)(50@1 + 0(5aa2 NU
OR2,0 — OR6, LR,LP
Apge = 0 HP,FP
= 1— (5[,71704 — 5L,4,O¢ UN
Odwl + (1 — 5L,1,a — 5L4a)(5aa2 NU
(1 5L,1,a +5L,4,a) +5L3a+5L7a LR,LP
Ai{,l _ (1 5L,1,a+5L,4,a) +5L3a+5L7a HP,FP
e 0 UN
(1= 0p10+0040)% + 0130+ 01.7.0)00a1 + 0000 NU
(Or20 + 0R6.0) 5 +OR50 LR,LP
3 0 HP,FP
Algn = 3
= (1 5L,1,a +5L4a) +5L,3,a +5L,7,a UN
Oéwl [( 5L,1,a + (5[,74,@)7—2—3 + (5[,73704 + (5[,77,@]5@062 NU
(0r,1,0— 9R 20— 0,40 — OR6 a+ 20070)3 + % — 6130~ OR5a LRLP
Ao = ((5[,71,@— 5L,47a+ %(5[,77,@) 5 T 6 5L,3,a HP,FP
“ ((5[,71,@— 5L,47a+ %(5[,77,@)5—3 + % 5L,3,a UN
((5[,71,@— 5L,47a+ %(5[,77,@)2—3 + % — 5L,3,a NU
(A.2)
1 —0R1,a — OR4a LR,LP
Aoia = 5L,2,o¢ — 5L,6,o¢ HP,FP
” 0 UN
(0r,2,0 — 61,6,0)0aa; + 0000, NU
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3
A2,1,(:1:

3
A2,2,01

A201

)

For lepton:

l —
A2,1,(:1: -

l
A2,2,04 -

01,2, — 0L,6,a LR,LP
0 HP,FP
01,2, — 0L,6,a UN
Oéocoq + (5L,2,a - 6L,6,a)6aoz2 NU
(1—=0R1,a+ 5R,4,a)T—23 +0R3,a +ORT.a LR,LP
(5L,2,a 5L,6,a)7—2_3 + 5L,5,a + 5L,6,a HP7FP
0 UN
((5L 2,a0 — 5L,6,a)%3 + 5L,5,a + 5L,6,a)5aa1 + 050{0@ NU
(Or,2,a + 5L,6,a)7—2_3 +0L5.a LR,LP
0 HP,FP
(0r.2,0 6L,6,a)7—2_3 + 5L,5,a3+ 0L.6,a UN
00aa; + (02,2, = 0L,6,0) 5 +0L5,0 + 0L,6,0)00a, NU
(ORr1,a— 6120~ OR4a— OL6at 30RT.a)E + & — OR3.a— O0L50 LR,LP
(1 =620 —0060a+ 20R70)2 + 2 — 0150+ 0RTa HP,FP
(1=0026 —0L60a+ 20R70) 2 + ¢ — 6150+ ORTa UN
(1=0020 —0L60+ 20R7.0) 2 + ¢ — 6150+ 0RTa NU
I- 5EL,1704 - 5EL,47OC LR,HP
1=, =0y LP,FP,UN
(1= 0%,10 = 07,4,0)%0; + 00aq, NU
5%%,2,01 - 55%,6,& LR,HP
0 LP,FP,UN
0000y + (1= 0% 1 o — 5lL 40000, NU
(1 5lL 1, + 6L 4, a) + 6L ,3,a + 6lL,7,a LR7HP
(1 5lL 1« + 6L A4, a) + 6L R NeY + 6lL,7,a LP,FP,UN
((1- 5lL ) 4 )T -+ 0% 3.0+ 01,7.0)0001 + 0000, NU
(020 T 0R6a) T +5Rsa LR, HP
0 LP,FP,UN
0daa; + ((1 5L1a+5L4a) +5L3a+5L7a)5aaz NU
(5lLla 55%2& 5lL4a 55%6& 2527Q)B_§_5l[/3a 5%SQLRHP
(5lL la™ 6lL4a 25lL70¢)T_3 - % - 51[/,3,04 LP FP UN
(5lL,l,a 5lL74,a 25lL,7,a) 7;5 % 51[/,3704 NU
(A3)
(A LR,HP
8 90— 0L 6 LP,FP,UN
(6,20 — 9. 6a)0aa1 + 00aa, NU
51[/,2704 - 5lL,6,oz LR,HP
0 LP,FP,UN

O606041 + (5lL,2,a - 6lL,6,a)50lOé2 NU
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(1-— R,l,a +5R4§a) +5R3a + 0570 LR,HP
AP o = (0L 0.0 = 016.0) % + 50+ 0060 LP,FP,UN
((L2a Lﬁa) +5L5a+5L6a)50¢011+0506012 NU
(o}, 2a+5L6a) +5L5a LR,HP
APy =140 LP,FP,UN
0506011 ((5L2a 5L6a) +5L5a +5L6a)506012 NU
( Rl,a L2a 6R4o¢ 6L6a 25R7a) 6R3o¢ 6lL,5,a LR’HP
Ay, = (1=0100 = 0160~ 20R70)5 — 5 — 5L5a+537a LPFP,UN
(1 =090 0160 20R70)% =3 0050 T OR 70 NU
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