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ABSTRACT: After we have limited elements of the right-handed CKM matrix to sat-
isfy the bounds for C'P violation ex in K meson systems, the right-handed charged
current gauge boson Wrg is shown to substantially affect C'P asymmetries in B sys-
tems. A joint x? analysis is applied to B — B mixing to constrain the right-handed
CKM matrix elements. In (sin (2a),sin (20)), (zs,sin (7)), (p,n), and (x,, sin (2¢5))
plots in the presence of the Wx boson, we find larger allowed experimental regions
that can distinguish this model from the standard model.
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1. Introduction

Within the standard model (SM), the flavour non-diagonal couplings in the weak

charged-current interactions are described by the unitary Cabibbo-Kobayashi-

Maskawa (CKM) matrix [1]. The SM has been considered as the complete description



of the weak interactions. However, it is widely believed that there must be physics
beyond the SM. The left-right symmetric model (LRSM) is one of the simplest ex-
tensions in new physics. Currently, B factories at SLAC and KEK have started to
measure the C'P violating asymmetries in the decays of B mesons and provide a test
of the SM explanation of C'P violation. The goal of this paper is to examine the
possible effects of a right-handed boson Wg on the determinations of C'P violating
decay asymmetries.

2. Left-right symmetric models

The V — A structure of the weak charged currents was established after the discovery
of parity violation [2]. This is manifested in the standard model by having only
the left-handed fermions transform under the SU(2) group. It is then natural to
ask whether or not the right-handed fermions take part in charged-current weak
interactions, and if they do, with what strength. Charged-current interactions for
the right-handed fermions can easily be introduced by extending the gauge group [3].
The simplest example is the SU(2), xSU(2) g x U (1) p_, model, where the left-handed
fermions transform as doublets under SU(2) and as singlet under SU(2)g, with the
situation reversed for the right-handed fermions [4]. The addition of a new SU(2)g to
the gauge group implies the existence of three new weakly interacting gauge bosons:
two are charged and one is neutral.

The charged right-handed gauge bosons (denoted by szt) and a neutral gauge
boson Z, acquire masses, which are proportional to a vacuum expectation value,
and which become much heavier than those of the usual left-handed I/VLi and Z;
bosons. The charged current weak interactions can be written as (suppressing the
generation mixing)

L = i(’L_L[/’)/ud[, + 17L’)/“€L)W£r -+

V2
+ i("ELR'yualR + vry.er)Wa + H.C., (2.1)
V2
where the gauge coupling for left and right-handed currents is assumed to have
the same strength g, and a Wy — Wg mixing term is neglected since it is highly
suppressed by the experimental data [8]. It is clear that for my, < my,, the
charged current weak interactions will appear almost maximally parity-violating at
low energies. Any deviation from the pure left-handed (or V' — A) structure of the
charged weak current will constitute evidence for a right-handed current and therefore
a left-right symmetric structure of weak interactions.
Within the SU(2)., x SU(2) x U(1) model, we denote the left- and right-handed
quark mixing matrices by V¥ and V&, respectively. The form of V¥ is parametrized



d s b
u 1-2 A AN (p—in)
vi= ¢ -\ - X AN . (2.2)
t \AN(1—p—in) —AN? 1

On the other hand, the choice of the manifest left-right symmetry, i.e. VE = VE,
would yield a very strigent bound my,, > 1.6 TeV from the constraint of the kaon
mass difference [7]. The limits from Amy for arbitary V were first considered by
Olness and Ebel [§] and followed by Langacker and Sankar [5]. They showed that
the lower limit of the Wx mass could be reduced by taking either of the following
two general forms of V'

d s b d s b
u/fl 0 0 wu/ 0 1 0
V= c|0 ce® se |, V= c| ce®® 0 se |, (2.3)
t \0 se® cex t \se® 0 cex

where s = sinf and ¢ = cosf (0 < 6 < 90°), along with the unitarity condition
€ —0=¢— x+m. The former type will be called the case of st-coupling (V/*) and
the latter that of dt-coupling (V/) in the paper. There is the possibility of having
an overall phase factor e multiplying both matrices, but in all relevant processes
considered here, the Wpx is not mixed but reabsorbed, so these phase factors are
always cancelled by their complex conjugates and are not independent variables for
statistical purposes. We therefore take w to be zero for simplicity.

A general parametrization of Vg will involve six phases [9]. There is not enough
data to constrain this many variables. As shown below, the contributions to ex from
V® from ¢ and/or ¢ quarks in the inner box could be a thousand times the standard
model, unless products of V# matrix elements were one part per thousand. Since
the error on € is only 10% to 15% from By, these matrix elements would have to be
small and finely tuned to contribute. So it is more natural to assume that they are
essentially zero for our calculations. This means that the ¢ and ¢ elements of the d
or s columns are taken to vanish, as in the cases of st- and dt-coupling, respectively,
in eq. (2.3).

For our purposes of showing the effects of LRSM in B physics C'P violating
experiments, we use the above cases as starting points. They will each be shown to
bring in only one independent right-hand phase.

3. CP violation in K Meson systems

The CP violation parameter ex in K decays, which is proportional to the imaginary
part of the box diagrams mediated by two W, or two Wx or a W — Wk pair, is given
as ex ~ Im (K°|H(AS = 2)|K®) /v/2Amy where H(AS = 2) = HXE - HER LR



is the hamiltonian from the box diagrams named above. The H* contribution

gives [10]

o — G%f?(BKme%VL
K=
12272 Am

[nccs(xc)jcc + ntts(mt)jtt + 2770t5(x07 ajt)jct] ) (31)

where [;; = Im(V;3V;; V3, V), and the Inami-Lim functions [7] are

S(m):x[%+4(19_x)—2(13x)2]—g(lfa)glnx, (3.2)

L Lt Lt
S(e, ) = xc In— — ———= (1 1 :
(Teyy) = T {nxc M=) ( + T nxt>]

with z; = m?/mj,, . The factors n. = 1.38,7y = 0.59, and 1y = 0.47 are QCD
corrections [11].

The two Wg exchange part, Hf gives no contribution due to the factor I;;
vanishing for both cases of V as shown in eq. (2.3).
The part from W, and Wx exchange, HLE gives [12]

2(;2 _ - /ZTiT;
HM" = ﬂ_ZFm%/VLmLR Z )\iLR)‘fL(dRSL)(dLSR) A . X (3:3)
i,j=u,c,t

X [(4778) +n§f)$¢xjxm> Li(z;, 25, 2LR) — (775’) +77§;1)$LR> Iy(xi, x5, wLR) |

where \Ft = VxR

‘R the ratio of W masses squared is zrp = (mw, /mw,)?,
z; Inx;
(1—2;)(1 — zizpr)(x; — ;)
rrrInzrR
(1—2rr)(1 — zzrr)(l — xj2LR)’
z?Inx;
(1—a;)(1 — zjzpr) (@ — ;)
B Inzpr (3.4)
(1—2rr)(1 — zzLr)(l — xjzLR)’

+ (i +— ) —

Ii(z, j, xLR) =

I(z;, xj, xLR) = + (i ¢+ J) —

and n(M=® are the short-distance QCD correction factors, whose explicit forms are
given in [12]. Their values are (ng),ng), t(tl)) = (0.61,1.27,1.98), (néi),nﬁf),m(f))
— (0.04,0.27,0.75), (1D, 1D, 5P} = (0.55,1.03,1.93), and (5,7, ) = (0.45,
0.84,1.58) for my,, = 2.5TeV and m; = 175 GeV at the scale p = 4.5 GeV.

The contribution to ex from HL® only comes from the following combinations

of quark mixing elements surviving in A/#A%*: for the case of st-coupling

(cu pair) :  Acsin (=€),
(tu pair) :  AN[(1 — p) sin (¢) + ncos (¢)] ; (3.5)



and for the case of dt-coupling
A2\ ?
(uc pair) : (1 - ?> csin (=€),

2

(ut pair) : As\? (1 - %) sin (—a) . (3.6)

Again, the contributions to e€x would be of the same order as in the SM in the
case of st-coupling, or 10 to 100 times as large in that of dt-coupling, unless some
of the parameters were very small or if a cancelation occured. So we will adjust
the parameters in V¥ so that no contribution to ex will come from H*®. This is
accomplished by various conditions [iI4] in the two cases. For the case of st-coupling
(V), the LRSM model needs effectively:

sin (§) =0, and tan (—¢) = 7 (3.7)

(1-p)

From the geometry of the unitarity triangle in the p,n plane, we see that ¢ = —f,

where (3 is the unitarity triangle angle at p = 1. In this case, using the unitarity
relation also, we have remaining two V/ variables to vary: s and o. For the case of
dt-coupling (V) the LRSM model effectively needs

c=0, and sin (¢) = 0. (3.8)

In this case we have only the variable o in V## to vary. There are other solutions to
suppress €x. However, we use the above cases since they give the most significant
effects on C'P violation in B decay by Wgx. In summary then, the right-handed
mixing matrices have become:

d b d s b

u 1 0 0 vw/0 1 0
VE=cl0 ¢ se'o , Vii=cl0 0 €7 |. (3.9)

t \0 se ¥ —ceilo=h) t\1 0 0

Just as in the left-handed CKM matrix where there is one somewhat sizeable param-
eter (\) mixing the lightest generations, while the other matrix elements are rather
small, a similar behavior is seen in the right-hand matrix. In the case of st-coupling
(V), it is the heavier generations that mix more than the lightest one, and in the
case of dt-coupling (V%) it is the light s and d quarks whose mixing elements switch
roles. Once the disappearance of the LR contribution to €y is arranged, which comes
from the imaginary part of the M5 matrix element, we also find that the contribu-
tion of the real part, which gives Amg, is also very small: there is no contribution
in the case of dt-coupling, and in the case of st-coupling, the contributions are only
from (¢,u) and (¢, u) intermediate quarks. These contributions have the same orders
of A\ as in the SM, but are suppressed by m,/m,; and m,/m., respectively.



Recently, some detailed analyses of Wy effects on ex have been made [9] in the
LRSM models in which the third generation was not dominant. The large Ns expan-
sion and chiral perturbation theory were applied to estimate the left-right hadronic
matrix elements (K°|HY®(AS = 2)|K°) and their uncertainties. The models con-
sidered here have dominant third generation effects and are complementary to the
other models.

What we find here is that even with the mixing matrices Vi which in both
cases avoid the e and Amyg constraints, the other experiments still give a lower
bound of my, > 1.3 TeV in the case of dt-coupling, at 95% CL. In this case, even
though V! = 0 in Wy production, the experimental D0 limit from Fermilab [13]
is my, > 505GeV at 95% CL (see [13, Figure 3].). In the case of st-coupling,
with VE = 1, the Fermilab limit is my,, > 720 GeV, and we present analyses for
> 1TeV. With only the set of experiments we have considered, the case of

mWR

st-coupling does have solutions down to my,, > 0.25 TeV.

4. BY — BY mixing
The mixing parameter z, in the B — BY system is defined by

. (Am)Bq
Ty = T

= 2TBq|M12| s (41)

where ¢ = d or s, and M5 is the dispersive part of the mixing matrix element, i.e.
My — i1y = (B°|H(AB = 2)|B°). In the standard model, the mixing is explained
by the dominant contribution of the two t-quark box diagrams. In the LRSM, M,
contains three terms

My = MEF + MER + MER (4.2)

corresponding to the contributions from box diagrams in which two Wy, two Wgx and
a Wi — Wkg pair are exchanged. The standard model matrix element MJF is

2

G . 2
My = F;mBmIQ/VL (f5BB) nuS(ze) (Ve Vig)™ (4.3)

where S(z;) is defined in eq. (8.2) and 7 = 0.59 is the QCD correction factor. The
evaluation of the hadronically uncertain f2Bp has been the subject of much work,
which is summarized in [15]. We will use

f.By’ =210+£40MeV,  and  fp, By’ =230+£45MeV  (4.4)

from the scaling law and recent lattice calculations.
The element MEE is given by

2

G . 2
MEF = CE i, (13B6) meS (et (VEVE) (45)




It disappears in By — B, mixing due to either V;¥ = 0 or V;F = 0 for both cases in
VE but it has a contribution for the case of st-coupling in B, — B, mixing due to
the non-zero values of V;% and V7.

The matrix element ML is

LR G%«“ 2 mp 2 2 }: LR\RL
M12 = 7’)’”3 (fBBB) ﬁb My, TLR )\2 )\j X
,L'Mi:u’C?t

i fimijR) Li(zi, ), xLR)—

Vi
X {_Ti‘i[(4ﬂu)+-ﬂm)

(nfj’) + m(;,i)xLR> Ig(xi, Zj, wLR)] } , (4.6)

where A/ = V.I¥VE, M = VIS , =@ and I; and I, are defined in eqs. (823)
and (8:4). In order to obtaln thls formula the following ratio of matrix elements of
quark operators [12] has been applied

(B |(dnbe) (@0 B%) (B |nbi]0) 0| dsbe] B)
<B0 ’(d_L’Y“bL)Ql BO> (B° }dL'YubL’ 0) <’dL'7ubL’ B)

3By (mp)”
=B 4.
4BB(mb) , (47)

where the bag factors By and Bg encompass all possible deviations from the vacuum

saturation approximation. B can be treated as approximately equal to Bg. Their
slight difference is irrelevant compared to other uncertainties.

The contributions of the nine different combinations within eq. (2.6) are dom-
inated by (t,t), (¢,¢), (¢,t) and (u,t) pairs, for which the values of the large square
bracket at my, = 1TeV are 11.9, 4.6 x 1072, 5.0 x 1072 and 0.80 x 10~2, respectively,
the ratios mainly due to the quark mass factors ,/z;z;. All of the remaining terms
are less than 1073.

4.1 By — B; mixing
4.1.1 st-coupling

In the matrix element MER of eq. (4.6) only two terms from (c,u) and (¢,u) pairs
will survive in the case of st-coupling because of the factor AF*Af*. One finds that
ME < MEE by four orders of magnitude, no matter what the mass value myy,, is
Therefore, we may neglect the Wx contribution to B; — By mixing in this case.

4.1.2 dt-coupling

On the other hand, there is only one non-vanishing term from the (c,t) pair in MR
in the case of dt-coupling. One obtains MER ~ MEE if my,, = 2.5 TeV, MEE < MEE
if my, = 5TeV, and MER < 1072MEL if my,, = 10TeV. The effect from Wy in
By — B, mixing appears in this case.



4.2 B, — B, mixing
4.2.1 st-coupling

The effect from two Wx exchanges appears here. M? < MEL with the ratio from
1072 to 10~ as myy,, varies from 1 to 15 TeV. Nevertheless, there are four terms which
appear in MLE in the case of st-coupling, namely those from (c, c), (c,t), (t,c¢) and
(t,t) pairs, and which are dominated by the (¢,t) pair. This gives MR ~ MEL for
myw, = 2.5 TeV, and MER < MEF by two orders of magnitude for my,, = 10 TeV.
The W5 contribution to By — B, mixing cannot be ignored since mw, < 5TeV in
this case.

4.2.2 dt-coupling

There is also one non-vanishing term in ME® coming from the (c,u) pair in the case
of dt-coupling, but MR < MEE by five orders of magnitude. Here, Wy gives no
contribution to B, — B, mixing.

5. Joint x? analysis for CKM matrix elements

We use six present experiments for the determination of the CKM matrix elements
angles so3, s13, and d. These are results for the matrix elements |V| = 0.040410.0016
and |V,3/Vep| = 0.10140.016 [18], for ex in the neutral K system, for By — By mixing
with Amg = 0.476 +0.016 ps—?, for the probability of each calculated Am, [17] , and
sin (203) = 0.79+0.19 from Belle, BaBar and CDF [1§]. Since Wx may also contribute
to b-decay, we include the contraint on V; as |[VE|? + x1g|VE|? = |Vip|?, where the
interfering term is neglected [19]. The V,; value gives a b — d unitarity triangle side
of length 0.464+0.07. Since some discrepancies for new physics will be very large, our
conclusions are not dependent on which choice of V,;, or V,;, experiments are used.

For making projected experimental plots for pairs of experiments (sin (2a),
sin (26)), (zs,sin(y)), or (zs,sin (2¢5)), we add one of these pairs as two future
experiments, and assign as their errors the bin widths, which are 5% of the total
range in our 20 x 20 bin coverage. For (sin (2«v),sin (2(3)), these errors are close to
those achievable for the B factories. Counting degrees of freedom, we have for the
case of st-coupling: df = 8 experiments - 3 SM angles - 2 LR angles = 3 df. For the
case of dt-coupling we have: df = 8 experiments - 3 SM angles - 1 LR angles = 4 df.

We produce the maximum likehood correlation plots for (sin (2a), sin (23)), (s,
sin (7)), and (x4, sin (2¢5)). For each possible bin with given values for these pairs,
we search for the lowest y? in the data sets of the four or five angles of V¥ and V&,
depending upon which case in V¥ we are dealing with. We then draw contours at
a few values of x? in these plots corresponding to given confidence levels [20] which
match 1o and 20 limits.



6. CP asymmetries in B" decays

6.1 (sin (2a),sin (203)) plots

The first C'P violating asymmetry in B — J/9¥Kg decays is related to the mixing
matrix element M, and the decay amplitudes as follows [21],

M;, A(B— \IIKS))

sin (203) = —Im <|M12| AB — UK,) (6.1)

The second C'P asymmetry is provided by the measurement of the asymmetry in
B — 7w, namely [21]

(6.2)

sin (2a)) = Im ( Mi, A(B— 7r7r)>

|M12| A(B — 7T7T)

Because of the non-SM contributions of the LRSM, the effective o and 3 as
defined here no longer represent real angles in the unitarity triangle.

6.1.1 st-coupling

Penguin diagrams, dominated by internal top-loops, also contribute to B — J/¢¥ Kg
decays in addition to the tree graphs. The phase of the Wx penguin amplitude,
VRV = cse!®=9) has exactly the same value but opposite sign to the phase of
the Wx tree amplitude, VEVI* = cse®~¢) due to the unitarity condition on V%
X — ¢ =0 — &+ 7. Namely, VAV = —VEVE* Tn the SM, the phase of the W,
penguin amplitude induced by an internal top-loop is also opposite to the phase of
the Wy, tree amplitude, since VZVE* ~ —AN? ~ —VLVL* Consequently, recalling
that zpr = miy, /miy,,

A(B — J/YKs) VgV (1= P)/miy, + VEVEE(1 — P')/miy,

A(B — JJYKs)  VEVE( = P)/mZ, +VEVE(L - P')/m?,
_ ViV + arVa Ve
VEVE+ z gVIFVES

cs

(6.3)

where P and P’ are the ratios of the W, and Wx penguin contributions over the
tree amplitudes, respectively, and the approximation [14] P = P’ « ayIn(m?/m?)
provides the simplification of P = P’. This gives

M VLVL* VRVR*

sin(20) = —Im [ 12 JebVes T TLRVeh Ve )

| Mao| V™ Vig + zrVy Vi
On the other hand, no tree or penguin Wpx contributions exist in B — 7m since
VEVE: = 0 and VFV,E* = 0. There is a AI = 1/2 penguin pollution for this decay
mode in the SM, but it can be removed by isospin analysis [22]. Therefore, we have
| Muo| VgV

(6.4)

sin (2¢) = Im < (6.5)



Since MER < MLE for By mesons, the result is that My, ~ MEL. For my, =
10 TeV, with little W effect, the ranges at 1o are 0.6 < sin2(5) < 0.8 and —0.4 <
sin (2a) < 0.1. However, for my,, = 1.0 TeV, the ranges are —0.5 < sin (2a) < 0.4
and 0.50 < sin (2() < 0.95.

6.1.2 dt-coupling

There are no tree or penguin contributions by Wr in B — J/¢Kg due to the fact
that VEVE* =0 and V;V,®* = 0. Hence, one has
M VLvL*
in(2 — 1 12 Vb Ves )
sin(26) " (|M12| ‘/c%*‘/cg)
In the case of dt-coupling, eq. (6.5) still holds for the same reason, namely that the

(6.6)

tree and penguin Wx contributions do not exist in this case. Figure 1} shows the
(sin (2a),sin (23)) plots for the LRSM for values of my,, = 2.5, 5, 7.5 and 10 TeV,
respectively, with contours at y? which correspond to confidence levels for 1o and
20 limits. We do not include the plot for my,, = 1TeV because 1o and 20 contours
do not appear in the graph with such a low value of my,. The contributions for
my, < 7.5TeV are very different from those in the SM since ML ~ MEL in this
case. The contours at my,, = 10TeV should not be directly compared with SM fit
contours, which are smaller, since the Wg has “decoupled” here along with its two
angles. For the SM fits the df = 8 — 3 = 5 rather than the df = 3 used for the plots
here when Wk is effective.

6.2 (z4,sin (7)) plots

The third asymmetry angle in B meson systems is defined from By — DJ K~ decays

as [23]
sin (7) = Im ( My AB, — D/K7) ) : (6.7)

|M{y| A(B; — DfK™)
The penguin contribution is absent in both B, — DK~ and B, — D} K~ decays.
Again, because of the LRSM contribution, v as defined above is no longer an angle

of the unitarity triangle. x is given here by
| My

(6.8)

6.2.1 st-coupling

The contributions from Wx to both decay modes vanish since VF*VIE = 0 and
VERVIE* = (). Therefore, the CP asymmetry for this decay mode can be simplified as
MEs VEvE
| My | VeV
vk
Vv

sin () = Im (6.9)

10



L—R Symmetric Model, dt—coupling, 10, 20
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Figure 1: The (sin (2, sin (2(3)) plots for the left-right symmetric model in the case of dt-
coupling for values of (a) my, = 2.5, (b) mw,, =5, (c) mw, = 7.5, and (d) mw, = 10 TeV.
Contours are at 1o and 20.

The (xs,sin (7)) plots of the case of st-coupling are shown in figure 2. In the SM,
with the same parameters that we used, sin () has a range 0.6 < sin(y) < 0.9 at
lo, but in the LRSM at low myy,, sin () can extend completely from —1 to 1 at
1TeV, and from 0 to 1 at 2.5 TeV. Comparing to the range of =4 in the SM (with the
parameters in this paper), which is from 20 to 40 at 1o, zs has a range of about 20
to 50 for my,, = 2.5 TeV and greater than 100 for my,,, = 1.0 TeV. This is because
MPB: is almost double that in the SM, while MJ behaves similarly to that of the
SM. This amplification is then reduced as my,, ~ 5TeV, and finally the ratio in x;,
eq. (6-8), approaches the SM result.
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L —R Symmetric Model, st—coupling, 1o, 20
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Figure 2: The (zg,sin(y)) plots for the left-right symmetric model in the case of st-
coupling for values of (a) mw, = 1.0, (b) mw, = 2.5, (c) mw, = 5.0, and (d) mw, =
10 TeV, with contours at 1o and 20.

6.2.2 dt-coupling

Because Wx can contribute to By — D} K~ in this case we have

Bs Lxy/L
M12 Vub ‘/CS
Bs
|M12

L
VEVEL o, gVEV R

sin () = Im VEVE (6.10)
VEVIx 4o pVEV

cb "us

In the (zs,sin (7)) plot for the case of dt-coupling, = has about the same range as
in the SM for my,, > 2.5 TeV.
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6.3 (x4,sin (2¢,)) plots

The asymmetry sin (2¢,) for B, — B, mixing is given by
ME: A (b — &cs)
| M| A(b — ccs)

sin (2¢5) = —Im ( (6.11)

where ¢ is also the small angle in the b — s unitarity triangle in the SM. In the
standard model, sin (2¢,) is almost zero (= 0.025) in due to the fact that neither
the decay process of b — &5 nor the mixing effect in B, provides much phase to
the asymmetry.

6.3.1 st-coupling

Both W, and W can contribute to b — ¢éc5 in this case. This implies

sin (2¢5) = —Im
(26:) (}M%} ViV + zrV Vi

My ~ MEF + MER + MER ~ MEE + MER with MEF ~ MER as my,, < 2.5 TeV
for B, mesons. MR is dominated by the (¢,t) pair as shown in eq. (4.6), and this
term can provide a non-vanishing phase to the asymmetry sin (2¢;). In this case, ¢
is no longer an angle in a unitarity triangle, although the measured asymmetry will
be called sin (2¢5). The (x4, sin (2¢;)) plots for the case of st-coupling are shown in
figure 8. sin (2¢;) can be zero or maximal at +1 at the 1o level for my,,, < 2.5 TeV,
and very large even for 5.0 TeV. This distinction from the small SM result at my,, =
10 TeV can provide a dramatic and clean test of new physics.

6.3.2 dt-coupling

There is no W5 contribution in b — &3 decays. Thus,

sin (2¢5) = —Im >
(}Mfzs\ ViV

The fact that MEE < 1073 MEL makes My, ~ MEE for the B, system. Hence, the
asymmetry sin (2¢,) is almost zero and the same as that in the SM [20].

6.4 (p,n) plots
We define the (p,n) point from the VX Wolfenstein form as

ViV
p+in = —F—7. (6.14)
Vet ™ Vel
6.4.1 st-coupling

This case is explained in subsection §.1.1, where for my,, > 1.0 TeV, My ~ MEE
and the plots are about the same as in the SM and are independent of myy,,.
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L —R Symmetric Model, st—coupling, 1o, 20
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Figure 3: The (zs,sin (2¢5)) plots for the By asymmetry sin (2¢5) in the left-right sym-
metric model in the case of st-coupling for values of (a) mw, = 1.0, (b) mw, = 2.5, (c)
mw, = 5.0, and (d) mw, = 10TeV. Contours are at 1o and 20.

6.4.2 dt-coupling

Figure 4 shows the (p,n) plots for my,, = 2.5,5.0,7.5 and 10.0 TeV. For the lowest
value, my,, = 2.5TeV, we see in addition to the SM oval, a second oval region to
the left of the SM region at 20.

7. Conclusions

In order to provide a reasonable lower limit for the Wx mass within the SU(2), x
SU(2)g x U(1) model, the right-handed quark mixing matrices can be parametrized
into two forms or cases [f] as shown in eq. (2:3). We suppress the large contributions
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L —R Symmetric Model, dt—coupling, 1o, 2o
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Figure 4: The (p,n) plots for the left-right symmetric model in the case of dt-coupling
for values of (a) mw, = 2.5, (b) mw, =5, (c) mw, = 7.5, and (d) mwy, = 10TeV, with
contours at 1o and 20.

to ex from the W, — Wx box diagram by effectively taking some parameters of V1
to vanish, as depicted in eqgs. (B8.7%) and (8:8), so that the quite small experimental
value of €x can be satisfied and Wpg can give the most significant effects on C'P
asymmetries in B decays [14].

The LRSM can contribute importantly to By — By mixing in the case of dt-
coupling and to B, — B, mixing in the case of st-coupling, and give new phases,
for my,, < 10TeV. Hence, Wg shows its effects on (sin2a«,sin2(3) in the case of
dt-coupling and on (z4,siny) in the case of st-coupling, for my,, < 10 TeV. The CP
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asymmetries in the LRSM for my,,, < 10TeV that are different from those in the
SM are: (i) sin (2¢5) can be maximal at 1 in the case of st-coupling; (ii) the range
for x4 is from 20 to > 100 at the 1o level in the case of st-coupling; (iii) sin~y has a
much larger range in the case of st-coupling; and (iv) 0.3 < sin (2a) < 1 in the case
of dt-coupling at myy, = 2.5TeV. If the experimental results are consistent with
the SM at 1o in (sin (2ar),sin (23)) and in (x4, sin (7)), the LRSM cannot be ruled
out, but the limit my,, > 10TeV will be established. What is striking is that the
asymmetry sin (2¢,) for B, — B, mixing is clearly far from zero at the 1o level even
for my, ~ 10TeV in the case of st-coupling, as shown in figure 3. This difference
from the SM can provide a clean test of new physics.
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