PUBLISHED BY INSTITUTE OF PHYSICS PUBLISHING FOR SISSA
RECEIVED: July 2, 2006

ACCEPTED: July 31, 2006

PUBLISHED: August 29, 2006

Flavor changing effects in family nonuniversal 7’
models

Cheng-Wei Chiang,” Nilendra G. Deshpande® and Jing Jiang®

@ Department of Physics, National Central University
Chungli, Taiwan 320, R.0.C.
b Institute of Physics, Academia Sinica
Taipei, Taiwan 115, R.O.C.
¢Institute for Theoretical Science, University of Oregon
Eugene, OR 97403, U.S.A.
E-mail: khengwei@fermi .nthu. edu.td, hesh@uoregon. edd, h' ingQuoregon. edd

ABSTRACT: Flavor-changing and C P-violating interactions of Z’ to fermions are generally
present in models with extra U(1) gauge symmetry that are string-inspired or related to
broken gauged family symmetry. We study the consequences of such couplings in fermion
electric dipole moments, muon g — 2, and K and B meson mixings. From experimental
limits or measured values, we constrain the off-diagonal Z’ couplings to fermions. Some of
these constraints are comparable or stronger than the existing constraints obtained from

other observables.
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1. Introduction

Additional heavy neutral Z’ gauge bosons have been extensively studied in the literature.
They arise naturally in grand unified models, superstring-inspired models [f[] and in models
with large extra dimensions [J]. There are stringent limits on the mass of an extra Z’ from
collider search experiments at the Tevatron [[]. Precision data put limits on the Z-Z’
mixing angle 6 [[[]. Although these limits are model-dependent, the typical constraints
are Mz > O(500GeV) and § < O(1073). Most studies have assumed flavor universal Z’
couplings. However, in intersecting D-brane constructions, it is possible to have family
nonuniversal Z’ couplings. In extensions of the Standard Model (SM) with gauged family
symmetry, nonuniversal Z’ couplings also arise naturally [[f]. These couplings generally
lead to flavor-changing and CP-violating Z’ vertices, when quark and lepton mixing is
taken into account. Flavor violating Z couplings can be induced through Z-Z' mixing.
Experimental observables in the flavor changing and C'P violating processes may be used
to put constraints on Z’ couplings. One of the important searches that the Large Hadron
Collider (LHC) will undertake is to look for Z’ bosons. It is therefore crucial to explore
the parameter space of the allowed couplings of such Z’ bosons.

In a recent paper [fi], Langacker and Pliimacher have investigated the consequences
of family nonuniversal Z’' gauge boson. They have considered several processes including
Z — qiq5, l; — ljlkfm, u-e conversion, radiative decays of u — ey and b — s, and meson
decays, etc. In this paper we extend their analysis to include constraints from electric dipole
moments (EDMs) of electron and neutron and muon g — 2. We re-analyze mass difference
and C'P violation in K-K mixing to emphasize the enhanced contributions from left-right
mixing terms. For By mixing, we find that it is important to include an independent
observable, that is not affected by the Z’ effects, to improved the constraints.



In the Standard Model, the fermion EDMs are generated at three-loop or higher orders.
The predicted value of less than 10733¢ - cm is several orders of magnitude lower than the
most stringent bounds coming from electron and neutron EDM measurements. However,
in extensions of the SM, such as Z’ models with family nonuniversal couplings, additional
weak phases will allow fermion EDMs to be generated at the one-loop level, and thus
they can be dominant. Therefore, we can use EDM measurements to constrain Z’ flavor-
changing couplings.

By exchanging a Z’ boson, oscillations of K, By and Bs mesons can occur via tree-level
diagrams, as compared to one-loop box diagrams in the SM. Some of the operators that
occur in the K-K mixing are enhanced so that very strong limits can be obtained from
AMp and ex measurements. In the By system, the limit on |V,|, the measurements of
AMp, and sin 28 and the recent limit on |V;q/Vis| obtained from b — dvy and b — sy [i]
can be combined to provide strong constraints on the Z’ flavor-changing couplings. The
recent measurements of AMp, at both DO [§] and CDF [[] have generated much interest
in flavor mixing in B mesons [[[(]. Several papers have studied B, mixing in the context
of Z" models [[]-[4]. Although the ratio |[AMp,/AMpg,| provides the best determination
of |Viq/Vis| in the SM, when new physics effects enter both mass differences, the ratio
does not have an advantage over the individual mass difference in constraining new physics
variables. We will discuss this point in more detail.

The paper is organized as the following: after the introduction, we briefly describe our
notations in section fJ. We discuss fermion EDMs in section [}, K-K mixing in section [,
and B-B mixing in section f]. We conclude in section .

2. Formalism

We follow closely the formalism in ref. [fj]. In the gauge eigenstate basis, the neutral current
Lagrangian can be written as

Lne = —eJ" A, — g J(l)ﬂzﬁu _ 92{](2)ng7“ ’ (2.1)

where Z¢ is the SU(2) x U(1) neutral gauge boson, Z3 the new gauge boson associated with
an additional Abelian gauge symmetry and ¢g; and ¢go are the corresponding gauge cou-
plings. The current associated with the additional U(1)" gauge symmetry can be generally

written as
- 2 2
JD =3 [efpgj P+ efpgij Pr| ;) (2.2)
i7j
where el(iL) is the chiral coupling of Z§ with fermions, with i and j run over quark flavors,

and similarl; for leptons. Flavor changing effects arise if ¢ are nondiagonal matrices. If
the Z9 couplings are diagonal but family-nonuniversal, flavor changing couplings are in-
duced by fermion mixings. When fermion Yukawa matrices hy, are diagonalized by unitary
matrices V;ﬁ I

.i.
hding = Vi hy VI (2.3)
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Figure 1: Feynman diagram of fermion EDMs at one-loop level through flavor changing complex

Z'f ' coupling.

the current associated with Z3 is rewritten in the fermion mass eigenstate basis

I = 3w | B P+ B Pa) (2.4
i7j
with
2) ¢t 2) ¢t
B;ﬂjL = <VL¢€1(pL)VLw )ij , and Bz?ij = <Vge§p;V1§f )ij ) (2.5)

In the following sections we simplify B;?L H as ij]’ﬁ, with f and f’ specifying the flavors
of quarks and leptons explicitly and the L, R superscripts indicating left-handed or right-
handed couplings. For example, B% will be written as Bﬁb. In general, Bff/ and Bﬁf’ can
be complex and have independent phases.

3. Electric dipole moments

In the SM, for a dipole operator, the weak phase exactly cancels out in the one-loop

diagrams. Hence there is no contribution to fermion EDMs at the one-loop level. In

comparison, there can be independent phases involving the left-handed and the right-

handed Z’ couplings. These complex phases can contribute to fermion EDMs through the

one-loop diagram shown in figure [, where f and f’ indicate fermions of different flavors.
For fermion f, the contribution to its EDM from figure [[] is evaluated to be,

ar* + 42(1 — x)
ar? +bxr + 1

1 mpy L *pR '
dy = ———=gsQre—a-Im(B¥, BE,) | dx : (3.1)
! 1672 f mQZI fr=rf 0

where, Q¢ is the charge and my is the mass of the external fermion, my is the mass of the
internal fermion, mys is Z’ boson mass, and a = m?/mZZ/ and b = (mfw - m?)/mZZ/ -1
Note the contribution is non-zero only if both Bff/ and B}%f, are non-zero, at least one of
them is complex, and their phases do not cancel. In the approximation of external quark
mass being much less than the Z’ mass, i.e. , my < mys, the above equation can be
simplified to be

1

2
B 9 my L *5r 1 —c”+2clogc
df = —QQQQfe—mQZ/Im(Bff' Byy) 1—c) ,

(3.2)



in which, ¢ = m?,/mQZ,. If the internal quark mass is again much less than my, i.e. ,
my <K mg:, then the equation can be further simplified into

1
df = 8 zngfe (Bff/ Bjc%f/)
Zl
where parameter y is defined as
2 2
M
y = <@> Z. (3.4)
g1 Mz/

Now we can apply this result to electron and u and d quark EDMs. For electrons, both
the diagrams with internal p and internal 7 contribute. By requiring both contributions
to be less than electron EDM constraint d, < 1.4 x 10727e - cm [, we get

yIm(BE BE) <1 x1079, (3.5)

yIm(BL"BE) <7x1078. (3.6)

The constraint on B, is stronger simply because the contributions to the EDMs are pro-
portional to the internal fermion masses.

The strongest bounds on BL and BR come from the non-observation of coherent u-e
conversion [fl] by the Sindrum-II Collaboratlon [L7], as the small mixing between Z and Z’
can induce such conversion process,

w?(|BL P+ [BE?) <4 x 107, (3.7)

where w = go/g1 sinfcos (1 — m%/m?%,) and 6 is the Z-Z' mixing angle. In the most
interesting case of a TeV-scale Z’ with small mixing, # < 1072, y and w are of the same
order, and y ~ w ~ 1073. This is the case we assume in comparing the constraints
from different processes. It is difficult to directly compare the constraints in eq. (B.5) and
eq. (B4), since the former depends on the phase difference between BL and BR and the
later on the absolute values. As |B6H | become as small as in eq. (@), the constraint in
eq. (B.5) becomes unimportant. In this sense, we say the coherent p-e conversion provides
a stronger constraint on BeL!;R than the electron EDM. The decay 7 — 3e provides the best
constraint on flavor violating Z’er coupling

w*(|BL P+ |BE?) <2 x107°. (3.8)

In this case, the constraint from electron EDM, eq. (B.6)), is more stringent, although it
depends on the phases.

We can also apply the same constraint on quark EDMs inferred from the neutron
EDM. Barring possible cancellations, we require each diagram contributes less than the



experimental limit d,, < 3.0 x 10726¢ - cm [[[d], we get the following constraints

yIm(BL"BE) < 3x107°, (3.9)
yIm(BL 'BE) < 5x 1077, (3.10)
yIm(BE"BE) < 2x 1078, (3.11)
yIm(BL BE) < 2x 1076, (3.12)

eq. (B.10) gives a weaker bound on B;S’R than those from K, — ptp~ [ and K —
moutp~ [I9] decays
w?|ReBE — ReBL|? <3 x 1071,
w?[ImBE +ImBL > < 5 x 10711, (3.13)
At the same time, the constraint in eq. (B.19) are relevant, compared to bounds that come
from BY decay into a utpu~ pair [0,
w?| B2 <1070, (3.14)
The same diagram in figure [, with the external fermion being u, will contribute to
muon g — 2. The general expression for the contributions from the Z’ diagram is given in

ref. [R1]. As the external and internal leptons masses are far smaller than the Z’ mass, the
dominant contribution becomes

2
/ y g ]
af = —mm—ézmumTRe(BﬁT B;],L%T) . (315)

If we demand this contribution to be less the the difference between the experimentally
measured value and the Standard Model prediction 9], Aa, < 250 x 107, we get

yRe(BL"Bl) <1x1072. (3.16)

In the aforementioned small mixing and TeV-scale Z’ case, this constraint on B, is as
strong as the one derived from 7 — 3y decay [f],

w?(|BL* + B ) <1070, (3.17)

The contribution from the diagram with electron in the loop are suppressed by the much
lighter electron mass, thus it does not provide a useful constraint.

4. K-K mixing

The off-diagonal element M, in the neutral K-K mixing mass matrix is related to the
|AS| = 2 effective Hamiltonian by

2m My = (K [HL5= | K0) . (4.1)
With the definition

(K°|[59,(1 — ~5)d][57" (1 — 5)d]| K°) = = By f2m% (4.2)

Wl oo



one obtains within the SM [RJ]

G2 * * * *
M = 1671:2 My [(VigVes)*mSo(ze) + (VigVis)* 1250 (1) + 2V Ves) (Vi Vis)n3So (e, 1)
X gBlL(Lf?(mK , (4.3)

where the QCD factors 77 ~ 1.38, 1o ~ 0.57, and 13 ~ 0.47, and the Inami-Lim func-
tions [2§] So(x) and So(z,y) can be found, for example, in ref. [23]. The renormalization
scale and scheme invariant bag parameter is

(4)( )

BE = o (u)/° =

14 1.895—=="2| BEE(u), (4.4)

with the same factor for left-right mixing bag parameters BEY and BEE. We will take the
following numerical values: BEF(2 GeV) = 0.69 & 0.21, BEE(2 GeV) = 1.03 4 0.06, and
BEE(2 GeV) = 0.7340.10 [BF], fx = 159.8+1.5 MeV, and my = 497.648+0.022 MeV [[[§.
The short-distance contribution to the mass difference between the two mass eigenstates
of kaons, AMg, is

AMZP = 2ReM;; . (4.5)
The C'P violation is measured by the parameter
cim/4
€K = 7\/§AMK ImMi, . (4.6)
Their experimental values are given in [[§ as AMyx = 0.5292 x 10'° s7! and |ex| =
2.284 x 1073.
The general set of |AS \ = 2 operators relevant for our discussions is:
= [57u(1 — 5)d|[s7"(1 = y5)d] ,
OLR (57, (1 = y5)d][57" (1 + 7v5)d] ,
= [5(1 = 5)d][5(1 + 5)d] ,
ORR [57u(1 4 7v5)d][s7"(1 + y5)d] . (4.7)

As seen previously, only the operator O™ contributes to K-K mixing in the SM due to its
chiral structure. The other three operators appear in the Z’ models because the left- and
right-handed couplings and operators mix through renormalization group (RG) evolution.
The RG running of the Wilson coefficients C' (1) from the My scale down to the lattice scale
w1, where we match with the lattice results of the associated hadronic matrix elements,
can be schematically written as

C(pr) = Ulpr, Mw)C (M) . (4.8)

Details of computing the evolution matrix U(ur, My/) are given in ref. [R4]. Here we only
provide the numerical values of the relevant evolution matrices:

UK = UK, ~0.788 , (4.9)

0.906 —0.087)

Uk, = UK ~ 4.10
LR RL (-1.531 3.203 (4.10)



In determining these results, we have used only the central value of as(Myz) = 0.118 for a 5-
quark effective theory and chose the lattice scale p;, = 2 GeV. The additional contribution
from the Z’ model with only the left-handed couplings is

24

G
_Gr SBEE R (4.11)

Mis" = —=yUfy (Bg.)

V2

and the expression that also includes the right-handed coupling is
GF 4 2 4 2
ME = SE sk { 0B (B5)” BR -+ 50K (B5)” B

2
My 4
() BRI |- JUB 0. B + 2Uf2 0K } BNCRE)

If we constrain the contribution to AMp from MILQL to be less than the currently measure

experimental value, we get the bound,
y|Re (BY)?| <2x 1078, (4.13)
After including the RR and the LR mixing terms, the constraint becomes
y]0.01 Re [(353)2 + (Bgf;)Q] —Re (BLBE) | <2x 10710 (4.14)
Keeping the dominant term, we can simplify the equation into
yRe (BLBE) | <2x 10717, (4.15)

The theoretical uncertainty on ex within the Standard Model is mainly due to the
uncertainty of the bag parameter By and it is estimated to be about 30% [Rf]. If we
require that the contribution from Z’ is less than the theoretical error associated with the
SM prediction, we have

gl [mME]|
5% N \/iAMf(Xpe?p
~ 1% 10'240.01 Im [(358)2 + (Bg;ﬂ —Im (BLBR)| <03.  (4.16)

Assuming that only the LL coupling exists, the constraint becomes
yIm (BE)* <3 x 1071 (4.17)

When both left-handed and right-handed couplings contribute, we can ignore the LL and
RR terms, and obtain

yIm (B BJ) <3 x 1072, (4.18)

In comparison with ref. 2§, the stronger bound here is due to the chiral and renormaliza-
tion enhancement in the left-right mixing terms.



5. By-B, mixing

Similar to K-K mixing, chiral couplings of Z’ with b and d quarks can induce By-By
mixing. In the SM, the off-diagonal element in the By meson mass matrix is given by [2J

G2 4
MP' = 16;:2 Mvzv(W’ZWd)QWBgBéLf%mBSO(xt)7 (5.1)

where the QCD factor ng ~ 0.55, So(z¢) = 2.463 23], and mp = 5.2794 +0.0005 GeV [§].

The renormalization scale invariant bag parameter is

B
1+ 1.6270‘847(“)

B = af? {

Bg"(u) , (5.2)

with similar expressions for Béll% and Bég, which are bag parameters for left-right mixing

operators. The bag parameters in the MS scheme are evaluated on the lattice with quenched
approximation P9 and they are: B5*(4.6 GeV) = 0.8740.06, B5%(4.6 GeV) = 1.7240.12,
and BLF(4.6 GeV) = 1.15 £ 0.6. The decay constant is fg = 173 4 23 MeV.

It is a common practice to determine sin 23 from the time-dependent C'P asymmetry of
the b — ccs processes because the decay amplitudes are dominated by tree-level processes
and therefore least affected by new physics contributions [B(]. Within the Standard Model,
sin 24 is related to the CKM matrix elements

Vch*b>
=arg (| ———22 | . 5.3
g & ( ViaVy, 63)

Both AMp and sin 23, determined from all charmonium modes, are measured at Belle [B1]
and BaBar [BJ and the world average [Bd] are

AMp = 0.507 +0.005ps ™!, (5.4)
sin283 = 0.687 + 0.032 . (5.5)

A set of |[AB| = 2 operators can be obtained by simply replacing 5 with b in eq. ([£7).
Following ref. [24], we calculate the evolution matrices,

UB, = UE, ~0.842, (5.6)
0.921 —0.041

UB, =UE ~ 5.7

LR RL <—O.882 2.081 ) (5.7)

The contributions from Z’ with purely left-handed couplings and with both left-handed
and right-handed couplings to the off-diagonal M{ are similar to eq. ([E11) and eq. (fE13)
with simple replacements of parameters

Gp 24
My = EQUEL (Bc%b) gBéLf%mBa (5.8)
GF 4 2 4 2
Mt = == yfgmp ] UL, (BL)” BE* + ZURR (BS)” BE®
V2 3 3
(=2 N an) [~tuma s vt ns] L )
mq -+ my 3 ’ ’



In the presence of Z’ contributions, the weak phase thus measured should be an effective
one, with

1 /
Besr = —5 arg(My" + M{3) . (5.10)

The measured AMp and sin 23.¢ may both contain contributions from Z’. Therefore, as-
suming the existence of new physics, they cannot be used to determine the SM V4. With-
out the accurate determination from By mixing and decay, information on the Wolfenstein
parameters p and 7 [B4] can only be derived from two sources. On the one hand, we can
deduce constraints on v/p? + 1?2 from |V, = (4.054£0.52) x 1073, |Vp| = (41.4£2.1) x 1073
and |Voq| = 0.224+£0.014 [BY] and allow p and 7 values to vary within this constraint. |V,;|
and |V| are determined from semileptonic decays of B mesons. |V.4| can be deduced from
neutrino and antineutrino production of charm off valence d quarks. From |V4|, |Vy| and
|Vip| we have

‘ Vb
VeaVe
On the other hand, the ratio |V;4/V;s| has recently been determined at BELLE [[] through
b — dry decays. Its value is found to be within the interval of 0.142 < |V;4/Vis| < 0.259
at a 95% confidence level. More importantly, diagrams involving Z’ that contribute to

— |p —in| = 0.437 + 0.066 . (5.11)

the b — dvy or b — s7v process are not only loop suppressed but also mass suppressed.
Therefore, the bound on |Vi4/Vis| provides an additional constraint on the SM p and n
parameter space. The constraint derived from |Vi4/Vis|, combined with |V.4|, gives the
ratio and its 1o range

Vid
‘/ch‘/lts

=|1—p—in| =0.888 +0.163. (5.12)

Note we have used the 95% confidence level bound to derive the 1o error and turned
asymmetric errors to symmetric ones assuming they are Gaussian.

In AMZ®/AMS®, the ratio of the hadronic parameters (f3_Bg,)/(f3, Bp,) is more
accurately known than individual hadronic parameters. It may seem that the ratio would
provide a better determination of the related Z’ couplings. This is not so when Z’ effects
enter both AM; and AM,. While trying to constrain By, from the ratio, we need to know
Bg. The hadronic uncertainties re-enter in the form of uncertainty on By, [[d]. Hence, we
use AMg, and sin203.¢; to constrain Bgy,, together with the bounds on p and 7 discussed
above. Note that, in the By system, the C' P-violating parameter sin 2¢s can be combined
with AMp_ to determine new physics parameters [, [[3].

To be specific, we consider only the LL couplings in the following discussions. We now
rewrite Mio in simple forms of p, n and Bg,

G2 N
My = T;M%/UBBéff%dedso(xt)(‘/tbv;fd)2
= i1 = (p+ i), (5.13)

Gr 24
My = —=yUpy, (Bj)” 3 BEL f,mB,

3 3
= Cyy (B)" (5.14)
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Figure 2: The allowed p and 5 values (left) when both SM and Z’ contribute to By mixing, and
the allowed ranges for yIm(B%)? and yRe(B%)? (right). For the dashed (1o) and dotted (1.640)
contours on the left and the scattered points (1o) on the right, the constraint on |Viq/Vis| is not
imposed. For the solid contours, black for 1o and red for 1.640, the constraint on |Viq/Vis| is
imposed.

with
G2
C, = 12F2 MgmpBEY f5,mB,S0() A*A® = (1.823 +0.52) x 107'* GeV, (5.15)
™
4G
Cy = gTQUELBéde%ded = (1.947 £0.53) x 107°GeV, (5.16)

and the ratio Cy/C; = (1.068 4 0.085) x 107. Here we take A = 0.801 + 0.024 and
A = 0.2262 £ 0.0020 [BH]. The observed AMp and sin 23 render

201 [[1 — (p+in)]* + % y (Bﬁb)z‘ = (3.337 £ 0.033) x 1073 GeV, (5.17)
) C 2
—arg{[1 — (p +in)]* + Fi y (B) ) = 07571008 . (5.18)

We try to get limits on y(Bg,)? based on the four conditions in eqs. (5.11)), (5.12), (5.17)

and (p.19).
In figure P}, we show the allowed ranges in the p-n plane and in the plane of the Z’

parameters yRe(B%)? and yIm(BL )2 We show the results before imposing the |Vq/Vis|
constraint, i.e. , eq. (p.19), with the dashed (10) and dotted (1.640) contours in the left
plot, and with the scattered points in the right plot. Because of the additional Z’ contri-
butions, p and 7 are allowed to take all possible values allowed by the |Vy|, |Veq| and |V
measurements, and the corresponding allowed range for Z’ parameters are approximately
-2 x 1077 < yRe(B%)? < 1 x 1077 and -2 x 1077 < yIm(B%)? < 1 x 10~7. However,
after imposing the |V;q/Vis| constraint, the allowed region of p and 7 as well as those of
yRe(BL)? and yIm(B%)? improve significantly, as shown by the solid black (1o) and red

,10,



(1.640) contours in both plots of figure fJ. Just from the four conditions listed above, the
n < 0 region is allowed, leaving a two-fold ambiguity on the allowed regions. Under the
assumption that Z’ is not the dominant contribution in €, we can use the € measurement
to exclude the n < 0 region. From another point of view, for the lower regions in both plots,
the large Z’ contributions have to be canceled by the SM contributions to reproduce AMp
and sin 20 measurements. The lower regions are thus less natural, and we limit ourself to
the upper regions. Hence, when only left-handed couplings are present, the bounds can be
estimated from the right plot of figure [ to be

ylRe <o x10 7, .
Re(B%)? <5 x 1078 5.19
y[Im(BL)? <5 x 1078 . (5.20)

When both left-handed and right handed couplings are included, the constraints are

y|Re[(B%)? + (BE)?] — 3.8Re(BLBE)| < 5 x 1078, (5.21)
y[Im[(B%)? + (BE)? — 3.8Im(BL BE)| < 5 x 1078, (5.22)

which are less illuminating because of the possible cancellation among different terms.

6. Conclusions

Flavor-changing and CP-violating processes are natural consequences of family-nonuni-
versal Z' models, and they can manifest in observables such as EDMs, muon g — 2 and
meson mixings. We have studied constraints on Z’ couplings from electron and neutron
EDMs, muon g — 2, K and B meson mixing and C'P violation.

We presented the general expression for the fermion EDM generated by a one-loop
diagram induced by the Z’ boson. In the approximation that both internal and exter-
nal fermion masses are much smaller than the Z’ mass, the EDM is a simple quantity
proportional to Z’ couplings and the internal fermion mass. We obtained the constraints
on the chiral couplings to Z’ by requiring each individual contribution to be within the
experimental limits of electron and neutron EDMs. Derived from the electron EDM, the
constraint on BeL!;R is weaker than that from the p-e conversion, while the constraint on
BLI g stronger than that from the 7 — 3e decay. From the neutron EDM, bounds on
B;S’R are not as strong as those imposed by the K — putp~ and K7 — 7%~ decays.
However, bounds on BC%b’R are stronger than bounds from the B° to u*p~ decay. Because
the EDMs are proportional to the internal fermion masses, they provide better constraints
on couplings involving heavier leptons and quarks. Requiring the Z’ contribution to muon
g — 2 to be less than the discrepancy between theoretical and experimental values, we
obtained comparable limits on BﬁT’R to that from the 7 — 3u decay.

We calculated the K-K mixing mass difference and the C'P-violating parameter €.
Due to the enhancement in the left-right mixing terms, their coefficients are two orders of
magnitude bigger than those of purely left-handed and right-handed terms. Therefore, the
constraint on the product BZ BE is much stronger than those on (B%)? and (BY)2. The

— 11 —



mass difference provides a limit on the real part of BC%SBCZ,, while the ex provides a limit

on its imaginary part.

We also evaluated the Bg-By mixing in the context of the flavor-changing Z’ cou-
plings. Because the measured mass difference and C'P asymmetry may partially involve
new physics at present, we can no longer use the V;; determined from the By-Bg system
assuming only the SM physics. Instead, Viq is relaxed to all possible values allowed by the
unitarity triangle, with |V, |Vip| and |V,4| fixed by the semileptonic B decays and the
neutrino and anti-neutrino production of charm. Furthermore, because Z’ contributions to
b — sy and b — d~ decays are both loop and mass suppressed, these processes can be used
to constrain the SM |V;4/Vis|. We used such limits to improve the analysis on By mixing.
We found that there was only a small window for the Z’ physics in the By system when
one took into account all the constraints on AMp, sin 20, |Vy|, and |Viq/Vis| given by the
different experiments.
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