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BB mixing and CP violation in SU(2) XSU(2)gXU(1) models
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We reexamine the mass mixing a@®P violation in the BB system in generabU(2) X SU(2)gXU(1)
models related to recent measurements without imposing manifest or pseudomanifest left-right symmetry. For
certain parameter sets, the right-handed contributions can be sizaBR mixing andCP asymmetry inB
decays for a heavW'’ even with a mass about 3 TeV. On the other hand the lower bound on the ma&s of
can be taken down to approximately 300 GeV.
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I. INTRODUCTION If there are new physics effects involved, the experimental
value Beyp: Can be expressed through other parameters rep-
The standar®U(2), X U(1) model(SM) has been very resenting the new physics as well as the phas&gfin
successful in describing the known weak interaction phethe SM.
nomena. But the consistency of the present experimental re- In addition to the phases mentioned above, the masses
sults with the general scheme of charged weak interactiongv wp) Of the right-handed gauge bosons, the mixing aigle

and CP violation in the SM is nontrivial so the model is petyveen the left- and right-handed gauge bos@hsand
challenged both experimentally and theoretically in its Pré\w,, and the right-handed gauge coupling constanplay
diction of largeCP violation effects in theB meson system important roles in new physics effects as fundamental input
[1]. As one of the simplest extensions of the standard modelarameters in the left-right mod@lRM). The success of the
gauge group, and so a complement of the purely left-handedy in the low-energy phenomenology requires that the
nature of the SM, the left-right theory with groupu(2), masses ) of the right-handed gauge bosons are signifi-

X SU(2)gXU(1) has been widely studied. In this model, )
even with two generations of quarks one could @& vio- cantly larger than thoseMWL) of left-handed gauge bosons.

lation. With three generations of quarks, this model containd he first lower bound oMy came from a study of the
many parameters and many source€&fviolation[2]. One  low-energy charged current sector allowitdy =3Myy,

of the main sources is the relative phasdetween the two  ~240 GeV[5]. Soon after, many theoretical limits were pre-
vacuum expectation valug¥EVs) k and k’ of the Higgs sented onM,y,, and ¢ under various assumptiori§]. The

bidoublet®. The other sources are the complex phaF;ses iRecent experimental limits were obtained by B6d the col-
the Ieft;_anld rEht-h_?nde?dqtl)Jark mixing rr:?trldeéaﬁd Uth, lider Detector at FermilatCDF) from direct searches for the
respectively. Here it would be convenient to regdrdas the -
usual Cabibbo-Kobayashi-Maskaw@KM) matrix and shift decay channels of the extra gauge bosans—Igvg. DO

R : . found M, >720 GeV form, <My, or My,>650 GeV
all phases except one td". Using the Wolfenstein param- R v
etrization [3], we can express the CKM matrix approxi- fof M, =Mw/2 [7]. CDF has the limit ofM,,, >652 GeV

mately as for m, <My if vg is stable[8]. All of these limits were
obtained assuming manifes{=U") or pseudomanifest

1—=\2/2 \ AN (p—i7) (UR=UYK) left-right symmetry ¢, =ggr), WhereK is a
diagonal phase matripo]. In this paper, we will not impose

discrete left-right symmetry which can cause trouble in ex-

AN3(1—p—in) —AN? 1 plaining the cosmological baryon asymmetry and may lead
4 to cosmological domain-wall problenid0]. However, we

+OMY), (D will also consider the possibility of the left-right symmetric

case among other possibilities.

where\ (=0.22) is a real expansion parameter, ado, The main purpose of this paper is to investigate vio-

and » are also real quantities. From the above expressioration in theB°B° system in the LRM related to the recent

the elementdJ);, and Uy can be parametrized in terms of

two phasesy and B, respectively, which form a unitary tri- (p.1)
angle (Fig. 1) given by the orthogonality condition A/ o A /A
Zi—uctUigUi,=0. The recent significant measurements of
Bexpt give [4]
Y p
o 0.59+0.14+0.05 (BABAR), ) (0.0) 1 (L0
Sin 2Bexpt= 0.99+0.14+0.06 (Belle). @ FIG. 1. Unitary triangle X;=UXU ;).
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experiments, sincB°B° mixing has recently been advocated ( #3 ¢1+) (1 1 )

as a very sensitive probe f@P violation and the presence e = b5 Y 519 0
of right-handed current. The SM contribution K&K° mix- 2
ing was previously computed for any internal quark mass by
Inami and Lim[11]. The right-handed contribution in the . .
LRM was investigated first by Beall, Bander, and Soni, as- R 11 X 11
suming discrete left-right symmetf{t2], and again by many XL_( X ) N(E’Oi)’ XR_( ) W(O’ ) ©®)
authors[13] under various assumptions. But we notice that R
the contributions of the mixing anglgto B°B® mixing and _ _ _
CP asymmetry can be large due to the heaviness of the topyhich acquire the vacuum expectation values
guark mass and the possibility of enhancement in the right-
handed quark mixing matrix in the general LRM. After re- K 0 0 0
viewing the structure of the LRM in Sec. Il, we will discuss <(I)>:( ,>, <XL>:( ) <XR>=( ) 7)
B°B® mixing in Sec. Il andCP asymmetry inB® decay in 0 k UL UR
Sec. IV in detail.
wherek andk’ are complex, an@, anduvg are real.yg is
needed to generate a larlyy,, if vr> K|,k |, . Buty, is
Il. SU(2). XSU(2)rXU(1) MODELS not essential unless we impose left-right symmetry. It is also

We briefly review here some of the main features of theP0ssible to adopt other choices of Higgs field such as Higgs
LRM, which are needed to obtain our results. As the simplestriplets instead14]. The Lagrangian for the scalar field is
extension of the SM, the gauge group of the LRM breaks
down to that of the SM and it finally cascades down to
U(1)gm - The covariant derivative for the fermiofig g with Lecalar= Tr[(D“CD)TDM(D] +(D“XL)TDMXL
respect to the gauge group of the LRM appears as

+(D*xr) "D uxr— VAP, xL . XR)- 8

DAf| g=d"f, gtig RWFETE of| r+ig.B*Sf . (3) For the Higgs fields described above, the kinetic terms in the
' ' ’ o ' Lagrangian generate the chargatboson matrix

The electric charge which is the unbrokeifl) generator is
given by (gﬁ(v'ﬁ+ K2)/2  —g, grk*k’ )

M2, =
Wl —gLgrkk*  gA(vA+KA)/2

2 2 i
Q=T3+T3+S. (4) My, — My #

: 9

2 —ia 2
MWLRe MWR
The quarks and leptons transform under the gauge group of
the LRM (T, . Tr.S) as whereK?2=k|%+|k’|? and « is the phase ok*k’. After the

mass matrix is diagonalized by a unitary transformation the
eigenvalues can be expressed in terms of a mixing angle as

M{=Mi, coSé+ My, simé+My, sin 2¢,

|£:(:) N(lo 1), |;?:<V’) ~(01_3), M\2N,=M\ZNLsin2§+M\2NRCO§§—M\2NLRsin25. (10)
L R

©)

Thus the mass eigenstates are written as

where the primes indicate that the fermions are gauge rather _

than mass eigenstates. w* cos¢ e 'sing)| (W
In order to generate masses for the fermions and imple- Wt —siné e '“cosé/ |\ W )

ment the symmetry breaking, we need to include scalar fields

into our theory. The simplest choice is to introduce one

Higgs multiplet and two doublets: where¢ is a mixing angle defined by

11)
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Here, the Schwarz inequality requires thée MGV/M\Z,V,
=¢4=(9./9gr)&. From the limits on deviations of muon de-
cay parameters from thé— A prediction, the lower bound
on My, can be obtained as followW45]:

W, W’ 9, ¢

FIG. 2. Tree-level Feynman diagrams for the gauge boson (gR/QL)2§<0-033 or My,>(gr/g.) X440 GeV.

(W,W'") and the Goldstone bosom(¢') exchange. (14)
oM2 We will use this number for our numerical analysis.
tan 2¢= — Wi r (12) As well as the above charged gauge bosons, the charged
M\ZN _M\ZN ' would-be Goldstone bosons corresponding to the longitudi-
R L

nal components of the physical bosons take part in the
charged current interactions. The coupling of the Goldstone
. .. _fields to the fermions can be found from the detailed struc-
F >|k|,|k’ h I h ; )
or vg>1kK|,|k'|,v., the mass eigenvalues and the MXING{re of the Higgs potentiaV/(®,x, ,xg) and the Yukawa
angle reduce to ; . .
couplings. However, one can directly determine the Gold-
stone couplings in terms of the gauge couplings without con-
, sidering the Higgs potential, but using the Ward identities
29, |k*K']| . . . .
E~ A which ensure that the unphysical poles in the two diagrams
IRV shown in Fig. 2 should cancel each oti#6]. The charged
(13)  interaction Lagrangian is then given by

1 1
M= 50 (wE+K?), My~ 503z,

Lee=— EPW [Utg cel +URgrs; RIW,, +[ —U'g seL + URgre, RIW,, " +[(U"Mpg ¢~ URM\gRs; )L

+ r+
¢ ¢
+(—U"Myg ce+URM Pgng)R]ﬁv+[—(ULMngs§+ URM\gre )L+ (UMyg s+ URM Pchg)R]M" N
WI

+HCcH ..., (15

wherec; (s;)=cosé (siné), s?zei“sing, L,R=(1¥9%/2  Fig. 3 just as in the SM. We neglect external momenta and
denote left- and right-handed projection operatoks,  thed-quark mass, but the result is valid for general internal
=diag(m,,m.,m,) and My=diag(my,ms,m;) are the di- quark masses. One finds, using the Feynman-'t Hooft gauge,
agonalized quark mass matric®{N) is the mass eigenstate the charged gauge boson and Goldstone boson contributions

corresponding to its eigenvalidp (M), andU" (UR) is  to B°B® mixing in a straightforward manner:
the left- (right-) handed quark mixing matrix.

. B°B® MIXING Hefi=Haff+ HEf+ HER (16)

The effective Hamiltonian in thB°B® system is obtained
by integrating out the internal loop in the box diagrams inwith

b W, W’ (0,9 d b uc,t d

Y
A
Y
\

FIG. 3. Box diagrams for

0RO miyi ;
wet ¥ ) et W.W (0.9) W.W (©.0) BB mixing with the gauge
bosons W,W’) and the Gold-
stone bosonsd,¢').

o A

T u,c,t

ol A

a W.W (9.9)
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GZM3 X2x? _ _
Hett=— 2, 2 M 1+%)f(xf,xf;1>—2x?x,?g<x?,xj2;1> <dLy,LbL>2+x%x?xfg<x?,xf;1><dLbR>2],
17
GEZM% [ gr\* _
HZ‘E=F—2W(—R) 3 ARRRRCE(xPC X223 1) (dry,br)? (18
A gu/ ij=uct
GEM{, [ gR| 2 — —
Hefi=— 2 (a) L2 [xrRAFinngg(x?,xf;o—f(x?,x,?;§>]<dLbR)<deL>+A$Lx}ijxb§g X?| g0x¢ x751)
1 — —
—Zf(xiz,sz;l))(dLyﬂbL)2+(f(xi2,sz;1)—xi2x]-zg(xi2,sz;l))(dLbR)2 FNNX Xy xiz(g(xiz,sz;l)
1 _ _ _
—Zf(xf.sz:l))( LYub0) (dry,br) + (FOE X7 1) —xEXFg(xf ,xE ;1)) (dLbr) (drby) } (19
|
where proximation of neglecting external momenta and dhguark

mass, provide the complete effective Hamiltonian contribut-
Gr gf +

_ R ing to B°B® mixing.
EZM’ &g =€ "¢, At this stage, in order to analyze the obtained effective
Hamiltonian quantitatively, we need to consider specific
forms of the right-handed quark mixing matrice&. If the

ANAB=UAUB | Xizﬂ(i =u,c,t), (200  model has manifest or pseudomanifest left-right symmetry,
Mw the Wg mass has a stringent boutly_=>1.6 TeV[12], and
and the Wx boson contributions t&°B° mixing and tree leveb
decay are very small. But, in general, the formWt is not
_ In(1/¢) necessarily restricted to manifest or pseudomanifest symmet-
FOxi x5 8) = (1-0(1-x(1-x;0) ric types, so théVz mass limit can be lowered to approxi-

mately 300 GeV by taking the following forms &fR [19]:

xtInx; o
y <xi—xj)(1—xi>(1—xiz>”'*”)’ o 0 ~0
£In(1/2) UR=| ~0 cre'r sge'“2 |,
900X = p %D A% ~0 —seels cpel®
x;ln x; o _
((xi—xp(l—xi)(l—xiz)”'HJ))' (1 “0 er =0
UR=| cre'®t ~0 sge'®2|, (22

Although the form of the charged interactions in Eis?)—
(19) is independent of our particular choice of scalar repre-
sentation, the Ward identities require that the box diagrams
contributing toB°B® mixing in the LRM are not gauge in- Wherecg (Sg)=C0s6 (Sin f)(0°< 6r=<90°). Here the ma-
variant[17]. In order to impose gauge invariance into our fix elements indicated as-0 may be<10"2 and unitarity
theory, we need to involve flavor-changing neutral Higgs'eauiresa;+ a,=a,+as. From theb—c semileptonic de-
bosons, but it is known that their contributions, even at thec@ys of theB mesons, we can get an approximate bound
tree level as long as the mass of the flavor-changing HiggégSin 6:=0.013 by assumingl g,|~0.04[20].
boson is much heavier thav W’ ,1 are Suppressed by ap- The effective Hamiltonians obtained in E(ﬁ$7)—(19) are
proxima’[e|y a factor Ot Compared to the above gauge bosonthen further Slmp“fIEd using the Glashow-lIiopoulos-Maiani
contributions[18]. Therefore the above results, in the ap- (GIM) cancellation>;_, . :\;=0 and neglecting the-quark
mass:

—sge'® ~0 cre'™

The tree-level flavor-changing neutral Higgs boson contributions G2M2
with massedM, of order My in the manifest or pseudomanifest HSM= F W()\{-'—)ZS(XIZ)(EL), b.)?, (23
left-right symmetric model were discussed in Réf3]. 47 K
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0 1s°  30°  45°  60°  75°  90°
6
5
allowed
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IrLRI 3
2
1
OF! s " N N f B
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Br
FIG. 4. Behavior of the ratigr, | as d; , are varied. FIG. 5. Allowed region forr | and 6.
G2ZM3, [ gg) 2 B
= — | = Rt z 7—x 2+x)Inx
eff— 2 (g) {ING N XX LAL(XE D) Ag(X)= 2+( ) -
2 L 21 2=

+NERNESECAL(XE,0)1(d bR) (dRby ) 2 X(Lixnx
= + .

_ — — A(X)=
+AENR X5 [P AG(XP) (0 7,b0) (dry,bR) B
g
+XAa(x) (dLbgr) (drby) ]}, (24 Note thatS(x) is the usual Inami-Lim functionA,(x,?) is
where obtained by taking the limik?=0, andH&R is suppressed
because it is proportional if. Also, in the case o), one
X(4—11x+x%)  3x%Inx can see that there is no significant contributionH}fY; to
T a1-x2  2(1-x)° B®BY mixing, so we will concentrate on the second typg
in this section.
_ (4=X)Inx (1-49In¢ The dispersive part of thB°B° mixing matrix element
Ax(X,8) = (1-x)(1-x¢)  (1-0)(1—x0)’ can then be written as
P R—— .
X0 = T 1) 9Rr
(1=x)(1=x¢) M 1o=M3M+MER=MN 1+(gL) r,_R], (26)
. [4—2x+x%(1—3¢)]Inx
here
(1-%2(1-x¢)? "

(1-40)In¢ (gR) 2 _ME _(BUHGRIBY) -
— 25 o TR=—an = = -
(1-0(1-x0)? 29 9 M3 (BOHHIB)

12 T T T T 25 T T T
I I I I I I I
1o | 12 ? N 20 N N |
AN | ! ! ! ! !
| I | | 15 | | |
gl 6 l | sinBg = 0.24 | I gl | sinfg = 0.94 | I
I I I 10 I I I
4 I I I I I I I
I | I I 5 I I
T | | | | |
L. | _ | Nt : ! I

250 500 750 1000 1250 1500 1750 2000 250 500 750 1000 1250 1500 1750 2000

Mw (GeV) Mw (GeV)

FIG. 6. Allowed regions fofr gl andM,y, for ggr/g, =0.5. The dashed lines correspond to the lower boundd gnin Eq. (14) for the
ratiogg/g,.=1,2,3, and 4, respectively.
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allowed
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sinBg = 0.94
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S

0.008 0.01 0.012

FIG. 7. Allowed regions foir g| and &, for My, =700 GeV.

For specific phenomenological estimates one needs the hadhere

ronic matrix elements of the operators in E¢33), (24) in

order to evaluate the mixing matrix element. We use the

following parametrization:

— 1
(B%|(dyy,b1)?B% = 3B1fgmg,

— — 5
(Bl(dLy,b)(dry,bR)[BY) =~ T5B2fEme,  (28)

(B°|(dibr)(drby)[B%)=

BszmB,

<0|d33’”ba|50>— _<Bo|dﬁ7ﬂb |0>— -

(29

and wherefg is the B meson decay constant arii(i
=1,2,3) are the bag factors. In the vacuum-insertion method
[21], Bi=1 in the limit my=mg. We will use fgB}?
=(210+40) MeV for our numerical estimatd®2]. Using

the standard values of the quark masses |afg|~0.222,
one can express g in terms of the mixing angle and phases
in Eq. (22 as

1-¢- (3 49-14. O§)In(1/§))§

where 1=0.009JUL|, 8;=—28+a,— —B—az

agz, 52:

739( 1—5.04 — (0.483-1.9%)In(1/0)

{SRCRE' 92— 7.68Spe' %3 1,

(30

1-10.4+31.3%?

we fix My, =800 GeV, &=0.005, and evaluatér g| by

+a,, 83=— B— a3, and the mixing phase was absorbed varying 6. Note that|rLRf can approach zero at a nonzero

in «; by redefininge; + a— «; .

fr near 73° as shown in Fig. 5. Otherwise, itis Iarger than 1,

Now we investigate numerically the behavior of the ratloWhlCh  means that generally it is possible to haWe;s

[r rl, which is the deviation oM, from the SM value,
under variation ofMy,, &, 6g, and the phases ¥,
assuming =1. Although we use the average valug bf|,
which might be different from the actual value 85|, it

should not affect the order of magnitude in our estimates
First, in order to see the dependencdrgf;| on the phases,

we fix My, =800 GeV£y=0.005, Og=15°, and set;=m
because its effect is relatively much smaller than thadof
and 8,. The plot is shown in Fig. 4. From E¢30) and Fig.
4, one can see that, 5| becomes maximal whefy ;= 7 and
6,=0, and minimal whers, , ;= if g=70° (or O1o=
and 6;=

>|M$Y|. In Fig. 6, we consider the behavior f g for
gR/g,_ 05 §,=0.0004, anddg=14°,70° asMyy, is var-
ied. The behawor ofr g exhibits a substantial dependence
on My, and|r gl can be larger than 1 even fdv,

~2 TeV. Moreover, it can be seen thét g falls near
Mw~300 GeV at certain angles and phases in the mixing
matrices. This reflects the possibility of relatively light
masses ofV' compared to the previously known bound. We
will return to this point in Sec. IV. The dependence|ofg]|

on &, satisfying §gsm 0r=0.013 at fixedM ;=700 GeV
and #g=14°,70° is shown in Fig. 7. As one can s¢q,g|

can be enhanced up to 10% of the SM contribution for the

0 if #r=70°). This behavior also holds for other given inputs. Although its effect is smaller than that of the

values ofM w andég. Sincelr gl is a continuously varying other parameters, it is not negligible and can be dominant in
function of the phases, we can probe the allowed region fofr | if the first two / dependent terms in Eq30) cancel

|r gl with respect to the parametdv, , &4, anddg. Next,

each other.
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90 ° 90 °
75 ° 75 °
60 ° 60 °
C
Or 45° 45 °
30° 30°
15° 15°
FIG. 8. Behavior of sin B.; as «; , are varied.
0

600 800 1000 1200 1400 0
As we mentioned previously, the average valug Wf| Mw (GeV)

might be different from the actual value [dd |, and there is
also ambiguity from errors in‘BBi”Z. Therefore the mass
mixing AMSM can be either much larger or smaller than
AME*®'. However, if we assume that 0.5
<|AME"AME®PI<2, we can get specific bounds on the
massMy,, and the anglefr using the experimental value
AME*P'=0.472x 10*?s 1. We will estimate the lowest pos- \here
sible bound onMy, with respect tofg in their parameter

space with numerical consideration of sjg 2 the next

section, F_(g) A(B*—J/yKs) (9) _ M5
p BA(BO—N]/lpKS), P B |M12|.

FIG. 9. Contour plots corresponding to siB.2=0.99 for
sin 26=0.60: () {3=¢/2 andgr=g,, (b) §;=¢ andgr=g, , and
(0) é4={/2 andgr=2g, . The dashed line corresponds to the lower
bound onM,,, for gg=2g, .

(32
IV. CP ASYMMETRY IN B° DECAY

The CP angleg in the CKM matrix can be measured in The minus sign in the above expression comes from the fact
B—J/yKg decays. InB decays into a finaCP eigenstate thatJ/#/Kgis CP odd. As mentioned earlieff¢;= g in the

JIyKs, B is related to the parametrization invariant quantity SM.
\ as follows[1]: In the LRM, the two types olUR give us two distinct

results. In the case &Y, theW’ contribution to the mixing
parameter @/p)g is negligible so that q/p)g=(a/p)sm
Sin 2Bes1=IMA(B°—J/ yK ), (31) =e 22 Then theCP angleB.; can be expressed as

Ut:Utb*”(gR/gL)z(_ZUt:U§b§$+U§:UcRb§))

sin 2. ffz—lm(e‘w .
) UssUsh +(gr/g0)%(—2Ug Ul &5 +URUE O

14 25(gr/gL)%(— 2Srés€ 2+ Crsple! (2 @)
:—Im( o218 Agr/9L)“(—2sréy 4 RSRE ' ) , 33
1+25(gr/gL)%(— 2sréqe ' “2+ Crspie (727 )
where the mixing angle is absorbed iny; again, and we ignored tHeK mixing and assumed that
™ h oA M 0 ™~ P 0 1 N oA 0
(I yKdleLy,s by e |B®)=(J/yK4|cry, SrbrY*CrIB )2_§<J/¢Ks|CL7MSLbR7 crlBY). (34)
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FIG. 10. Contour plots ofAMg (solid line) for |Ufy|=0.009 and those corresponding to sB.2=0.99 (dashed ling for sin 28

=0.60.

As one can easily see in EB3), sin 284 = Sin28 if ay,

=0 or .

the contour corresponding to siBZ;=0.99 satisfying
£48in6r=0.013 in the parameter space Mf,, and g for
ay=ml2, ay=m, £5={12,{, andgr/g =12 in Fig. 9°As
one can see, the upper boundMf,, goes down with de-
creasingéy andgg/g, . Therefore, under the given assump-
tion, ggr<<g, is disfavored, and so iM,> 1 TeV unless

gr>0L -

2We did the same analysis fgz/g, =0.5 but there was no al-

lowed region.

In the case olUf;, one hasUR~0 so that thez(My)

dependent term in Ed33) is very small. However the ratio
For illustration of the possible effect of the new interac- (q/p)g depends oM, . Thus thew’ contribution enters in
tion on the effective value of sin@sin 2B,¢;, we assume that a somewhat different way:
the SM contribution produces siB20.60, and show the
region of parameters where the effective value is shifted to
sin 2B.s~1. We first plot sin B in Fig. 8 for the typical
valuesM,, =800 GeV,&,=0.005, §g=15°, andgg=g, as
ay pare varied. In the figure, sin®y has a maximum varia-
tion from sin 28 neara,~ /2 anda, =, and this behavior
holds for other values oMy, £y, and 6. Next, we plot

sin 2By =—1m| e

,Ziﬁ[l_l—(gR/gL)zrtR]

|1+ (gr/9L)%r LR

% [1- 50(9R/9L)23R§gem2]
[1- 5qu/gL)ZSR§ge7ia2] .

Unlike in the previous case, we need to consider here the
mass mixing ofB°B? in order to analyze sin@ numeri-
cally. Assuming thatU{4|=0.009 and sin 2=0.60, we plot
the contours corresponding to siA2=0.99 and AMg®
=AMg®" in the parameter space af;, for d;=m, &

(39

={/4, andggr/g,=0.5,1,2 by varyingdgr and My, in Fig.
10. Because of the nontriviality of the dependence of
sin 2B.¢; 0N &;, we repeated this analysis until the two con-

tours overlapped by varyiniyl,,» from 350 GeV to 8 TeV,

and found that the overlap appeared where 350 B\,
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<13 TeV if gr/g.=0.5, 440 Ge\eM,,<3.1 TeV if existence of a lightV’ requires a smaljr, gr=g, , one can
gr/g =1, and 880 Ge¥:M,=<7.1 TeV if gg/g,=2. See from Eq(26) and Fig. 6 that its contribution is limited.
Even though the existence of a heaWy with the mass Therefore even assuming thaMg*<AMg", we find that
My >7 TeV may be allowed by the numerical analysis ofthere is the possibility of a lightV' with a massM
AMSER, it is excluded by that of sing.s under the given ~300 GeV.
assumption. For different values ¢f, we also have similar This possibility also arises from a numerical analysis of
results. the CP asymmetry irB° decay. Since!aJtLd is not known with
sufficient accuracy, estimates of the pure right-handed cur-
V. CONCLUSION rent contributions tAAMg and sin 3 are somewhat uncer-
tain. But, for certain values of the parameter sets, one can see
In the LRM, if one does not impose manifest or from Fig. 9 and Fig. 10 that th€ P asymmetry parameter
pSﬂJdomanifeSt Ieft'nght Symmetry, th'¢’ contributions to sin 28 can be as |arge as almost 1, and the masy’ofan be
B°B® mixing and CP asymmetry inB° decays are highly as small as about 350 GeV. Therefore, the existence of the
dependent upon the phases in the mass mixing matri%. light W' can be tested once future experiments confirm the
For certain phases, the contributionWwf with a heavy mass values of sin B and|U},|.

of about a few TeV tdB°B® mixing can be sizable. On the

ot.her hand, there is also the possibility of the existend&/of ACKNOWLEDGMENTS

with a light mass of about a few hundred GeV, whose con-

tribution can be either very large or small, and so the contri- The author would like to thank M. B. Voloshin for helpful
bution of the mixing angle¢ is not negligible. Since the comments.
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