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Search for new physics inCP-violating B decays
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We consider three possible scenarios of new physicfigigg mixing and propose a simple framework for
analyzing their effects. This framework allows us to study@ieasymmetry in semileptoniB, decays {g,)
and those in nonleptonic transitions suchBas—J/¢ Kg and By— o+ 7~ . Numerically we find that new
physics may enhance the magnitudedy§ up to the percent level within the appropriate parameter space. So
measurements aflg. and its correlation with othe€ P asymmetries will serve as a sensitive probe for new
physics int-Eg mixing. [S0556-282(197)05823-2

PACS numbgs): 11.30.Er, 12.15.Ff, 13.20.He, 13.25.Hw

|l INTRODUCTION requiresBJ-BY mixing to include the normal SM effect with
_ . an additional real superweak contributigt0], and scenario
The B-meson factories under construction at KEK and(C) is a general case in which both the SM and NP contri-

S_LAQ will provide a unique opportunity tq stqc(yP _\/lola- butions toBg_gg mixing are complex CP violating).
tion in weakB decays. One type of P-violating signals, For each scenario, we first propose a simple parametriza-
arising fromBg-ﬁg mixing, is expected to manifest itself in tion of the NP effect, and then calcula@-violating asym-
the decay rate asymmetry between two semileptonic chanmetries in the above-mentiond®l decays. Some numerical
nels B—1*3X~ and BJ—I~ »,X*. This CP asymmetry, estimates for thes€ P asymmetries in scenari¢d) and(B)

denoted asds, below, has been estimated to be of the orde'® also made. We find that for all three scenarios the mag-
10~23 within the standard modgiSM) [1,2]. Obviously the nitude of Ag, can reach the percent level within the suitable

magnitude ofAS is too small to be measured in the first- parameter space. Thus an experimental study of the correla-
q : SLt ¢ tactorv. Th . . tion betweenCP asymmetries in the semileptonic and non-
trglu(r:]oni)t(g?:tn;izs Ci)s ?/2y arlguogrzzl A jgjorrfgn a?iﬁgrgmogn' leptonicBy decays should impose useful constraints on pos-
SL - AsL . 0 ; i R0 R0 iy
confidence level3,4]. Nevertheless, one expects that thisSlble NP InBg-Bg mixing.

limit will be greatly improved oncd3-meson factories start The remainder of this papef 'S _organlic(ejd as follows. In
collecting data. Sec. I, some necessary preliminaries B@FBd mixing, CP

Importance of theCP asymmetry.As, has been repeat- violation, and the KM unitarity triangle are briefly reviewed.
v The SM prediction forCP violation in semileptonid, de-

edly emphasized for the purpose of searching for new phys A oM ' . X
ics (NP) in the B-meson systentsee, e.g., Ref$5,6]). The cays, i.e.,A3/", is updated in Sec. lll. Section IV is devoted
presence of NP "88_53 mixing might enhance the magni- to parametrizing NP effects iij—Eg mixing and calculating
tude of Ay to an observable level. For instance Ag, as well as its correlation with th€ P asymmetries in

+ - X .
| As|~10"2 can be achieved from a specific superweadeH‘]/wKS andBy— 7" 7, on the basis of three different

model proposed in Ref6], where the Kobayashi-Maskawa gtzrsgegglgiévgeagur?rigfﬁgz ;g‘:iéifai?(ﬁ;?gvﬁg)F}ﬁram'
(KM) matrix is assumed to be real and tlEP-violating P y

. .. Sec. V. Finally some concluding remarks are given in Sec.
phase comes solely from the NP. It is therefore worthwhne\/L y 9 g

to search forCP violation in semileptonicB; decays at
B-meson factories, in order to determine or constrain both
the magnitude and the phase information of possible NP in
Bg-§g mixing. The CP-violating phase of NP may also be ~ The mass eigenstates B andgg mesons can be written,
isolated from measuringG P asymmetries in somBy decays in the assumption o€ PT invariance, as

into hadronic CP eigenstates, such aB84—J/ Kg and

II. PRELIMINARIES

By— 7 7 modes[7,8]. |BL>:D|Bg>+Q|§g>'
In this paper we investigate tteéP asymmetry.Ag, and
its correlation with theC P asymmetries iBy— J/ 4 Kg and |Bn)=p|B%) —q|BY), (2.1

Bq— 7" 7, based on three NP scenarios Rff-BY mixing. o
ScenarioA) allows Bg_gg mixing to contain a real SM-like wherep andq are complex mixing parameters. In terms of

. 0S50 - .
term and a complex superweak contributj scenariqB)  the off-diagonal elements of thex2 By-By4 mixing Hamil-
tonianM —iI'/2, we express the ratig/p as
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FIG. 1. Unitarity triangle €,+ &+ &,=0) in the complex plane.

E~AN3(1—p—in). (2.6

For convenience in subsequent discussions, we define

To a good approximatiofi.e., |M,|>|T"14), the mass dif-

ference ofB, and B, (denoted byAM) is related to|M ;|

throughAM =2|M 4|, andg/p= M7, /M, holds.

The CP-violating asymmetryAg, , for either incoherent \yhich is a NP-independent quantity.

or coherent decays ) and§g mesons, is given bjl1] Note that in this work we only assume the kind of NP
which does not involve extra quas). This requirement im-
plies that quark mixing remains to be described by the33

(2.3 KM matrix even though NP is present Bﬁgg mixing. For
some interesting extensions of the SM, e.g., the supersym-
metric models, the above assumption is of course satisfied.

At a B-meson factory, this signal can be extracted from theWe further assume that the penguin and tree-level contribu-

. T .
same-sign dilepton asymmetry on tNig4S) resonance. tions toBy— 7" may_be separated from each.other using
Another observable, which is of particular interest for SOMe well-known techniqu¢d5,16, and thusA is useful

testing the KM mechanism @ P violation, is theCP asym-  for probing theCP-violating weak phase).
metry inBY vs B4— J/y/K s modes[12]:

L e 2.7

XES_C

:'p"‘"q"‘:lm(k)
S lplt+ gt M)

lll. CP ASYMMETRIES IN THE SM

Within the SM, bothM ;, andI";, can be reliably calcu-
lated in the box-diagram approximation. Because of the
dominance of the top-quark contributiod,?)' reads[17,19

Ay=—1Im (2.4

9 VcbV:s %)
p V:bvcs pglé ’

where the minus sign comes froEtlﬁEP-odd eigenstate o o )
JIyKg, andqg,/py describes th&-K® mixing phase in the MSM:GFBBfBMBmt
final state. Neglecting the ting P-violating effect measured 12 1272
from K°-K° mixing, one can find thag/pg is essentially

unity ir_1 an appropriate phase convention, no matter Wheth%hereBB is the “bag” parameter describing the uncertainty
NP exists or not. Thus the above asymmetry turns out aPh  evaluation of the hadronic matrix element

imately to b =—| /p), if dopts th —
proximately to be.A,=—Im(g/p), if one adopts the (BS|by,(1— v5)d|BY), Mg and fg are theBs-meson mass

Wolfenstein phase conventiga3] for the KM matrix.
P 483 and decay constants, respectivety,is the top-quark mass,

In the neglect of penguin effects, measuring tG& )
.~ 0. =0 . . - ng denotes the QCD correction factor, afi¢z) stands for a
asymmetry inBy vs By— 7" 7~ modes is also promising to lowly decreasing monotonic function sém2/M2, [19]
probe theC P-violating weak phasgl2]: slowly de g monoto unction p=my Mw '

nF (2)(&)2, (3.0

N 1 3 1 3 Znz
: (2.5 (Z)_4 41-7 2(1-22 2(1-2)%

9 VubV:d
P VipVug

A, -=Im (3.2

In particular,F(0)=1, F(1)=3/4, andF ()= 1/4.

The correlation betweenl . and A ¢ is sensitive to a va- A
m YK Next, I'$H is given as followg11,18:

riety of NP scenarios, such as superweak moésie, e.g.,
Refs.[10,14).

Within the SM, Ag,, Ay, and A, are related to the G2Bf2Mam?
. N . . SM FPBiBVIB!'b
inner angles of the KM unitarity triangle formed by three Iy=— s
vectors§ =V Viq (i=u,c,t) in the complex planésee Fig.
1 for illustration. The sideg¢,| and|¢c| have been model- +(ENH2T(D)], (3.3
independently measured, while the existence of NP may in
general affect determination of the sitg| from the rate of _
BJ-BS mixing. In terms of the Wolfenstein parameters, oneWherem, is the bottom-quark mass, afig(z) is a function
has of Z=mZ/mZ. Explicitly, T,(z), Tc(Z), andT,(z) read

[(E)2TW(Z)+(£5)%T(2)
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_ ~ 4 _ ~ If the large errors of relevant inputs are taken into account,
Tu(2)=m,2°(3-22)+3752(1-2)%, we find that the magnitude ofi3” may change a little bit
around 103, but its sign remains negative. Clearly it is very
TUZ)= ma(1+27)] /—1_43_(1_2)2] difficult to measure such a sma&llP asymmetry.
4 = _ IV. EFFECTS OF NP ON CP ASYMMETRIES
—§n5z[2\/1 47—(1-2)?]

In most extensions of the SM, NP can significantly con-

4 tribute toM ;,. However, NP is not expected to significantly

T(Z)= 7]4(1+2;)(1_;)2_ _775'2(1_5)2, (3.4) affect the direct B-meson decays via the tree-level
3 W-mediated channels. Thus,,= I‘ holds as a good ap-

in which 7, and 75 are two QCD correction factors. A nu- proximation. In the presence of NMlZ can be written as

merical calculation shows tha{(z) is dominant ovefl,(Z) M= M My M 4.1

andT.(z) in magnitude(see below. _ _ |
The CP asymmetry in semileptoni8y decays @gy The relatlve magnltude and the phase difference between

turns out to be M and M3 are unknown, whildM 5/=AM/2 holds by
definition.
&u\2 &\ ~ It is convenient to parametrize the magnitudeMfy' as
AM=cC [I ( ) 2)+Im| = T(2)|, @ 2
SL m gt U( ) gt C( ) ( 5) AM
sm_p =M
whereC,,=37mZ/[2m gF (2)], and IMT2=Rsm— 4.2
&\2 29[p(1-p)— 77 in subsequent discussions. The allowed rangBgf can be
Im{ 2| ~ _ N2y 272 estimated by use of E@3.1) and current data; i.e.,
&) [(1-p) %+ 7%
2 _ GZBgfaMgm?
im| & ~—274e) 36 Rev=—", —— nsF ()| .3
2 292" ' m
& [(1-p)*+77] 6mAM

Using fgyBg=(200=40) MeV, m,=(167+6) GeV,
AM=(0.464+0.018) ps?, and »z=0.55+0.01 (see Ref.
[21]), we getRgy~(1.34+0.71)X 10%|£|2. The large error
comes primarily from the input value cig\/B_, which will

be improved in more delicate lattice-QCD calculations.
Since|¢,| and|&;| have been measured, the most generous
constraint on & (in the presence of NPshould be

TheT,(z) term, which domlnateE12 , has no contribution
to the CP asymmetry. A3

Indeed theC P-violating phasesp; and ¢, can be deter-
mined from the CP asymmetries inBy—J/4Kg and
By— "7, respectively. Within the SMg/p=§&/&F re-
sults from the box-diagram calculation. From E(&4) and
(2.5), it is easy to obtain

27(1-p) |§c|_|§u|$|§t|$|§c|+|§u|1 (4.9
sm(2¢l)~( p)2+ 7 2’ as one can see from Fig. 1. A measurement of the rare decay
K*—a*vv will provide an independent determination of
. 29[ 7*—p(1—p)] (or constraint op |&|. By use of|&,/=0.003-0.001 and
AN=sin(2¢,)~ . (37 |£]|=0.0087-0.0007 [4,20], we get 0..kRg,<3.7 as a

(p*+ 7*)[(1=p)*+7°] conservative result. If only the central values of input param-
A test of the correlation betweens’v' and Ai% or that be-  ©ters are taken into account, then a narrower range can be
obtained: 0.4%Rgy=<1.8.
To illustrate the effect of NP o€ P asymmetriesAg, ,
Ayx, andA, ., we subsequently consider three possible NP
scenarios foM 5.

t\NeenAS and ASM at B factories is necessary, in order to
find p055|ble NP WhICh may affect these observables in dif-
ferent ways.

Let us illustrate the magnitudes ofg), A5K, and A3
explicitly. The current quark masses are typically taken as _
m.=1.4 GeV,m,=4.8 GeV, andm,=167 GeV, and the A. Scenario (A): Im (M) =0 and Im(M13) #0
QCD correction factors are chosen to beg=0.55, In this scenario, the KM matrix is assumed to be real and
7,=1.15, and 7;=0.88. Then one getsF(z)~0.55, CP violation arises solely from NP. TheM ), M'¥, and

T (z)~0.11, T(Z)~-0.11, T(z)~1.04, and Mj,in Eqg. (4.2) can be instructively parametrized as

Cm~1.3X10"2. An analysis of current data on quark mixing AM
and CP violation yields p~0.05 and»~0.36 as favored M3V MNP M ={Rgu,Rype'??, |2¢} (4.5
values[20]. With these inputs we arrive at

AjK~0.66, AZN~0.43, AZ'~-9.8x107% where Ryp is a real (positive or vanishing parameter,d
(3.8 stands for the phase of NP, agdis an effective phase of



Rsm
FIG. 2. Triangular relation o3y, MY, andM, (rescaled by
AM/2) in scenaridA).

B0 By mixing. In the complex planeyl 3! 2 P, andM,
(or, equivalently,Rgy, Rype'??, ande'??) form a triangle

[22], as illustrated by Fig. 2. By use of the triangular relation,

Ryp can be expressed as

Rnp= — RsmC0g26) + \/1— RS,sir?(26).

We find that two solutions exist fdRyp, corresponding to
(%) signs on the right-hand side of E@..6). Since the mag-

(4.9
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Ryp

FIG. 3. Triangular relation okM3)', M)¥, andM , (rescaled by
AM/2) in scenariaB).

from Eq (3 1 and Fig. 1. For simplicity, we parametrize

) .. AM
M2t ={Rsue'?%, RNP,GIM}Ta

(4.10

where Ryp |s a real parameter, angl denotes the effective
phase ofB m|xmg CIearIyM12 , M12 , and M, (or

SM NP
{M 12 M 12

nitude of Rgy has been constrained to some extent, we ar@qUIvaIentIy RSMe 241 Ryp, ande'??) form a triangle in the

able to obtain the allowedé(Ry\p) parameter space numeri-
cally.

The CP-violating phasep can be measured from tt@&P
asymmetry inBy— J/4/Kg. With the help of Eq.(2.4), we
obtain

Ayc=SiN(2¢) = RypSin(26). 4.7)

Of course,|A,k|<1 holds forRye and 6 to take values
allowed by Eq.(4.6).

The CP asymmetry inBy— 7" 7~
Ayk - By use of Eq.(2.5), we find

—sin(2¢)=

Such a linear correlation betweetyx and.A, is a straight-

is simply related to

complex plane, as |Ilustrated by Fig. 3. In termsRafy, and
&1, Ryp can be written a§10]

Rnp= —RsnCOS26) * J1—REsi(2¢). (4.11)
We see that there are two solutions ®yp, corresponding
to () signs on the right-hand side of E@L.11).

The CP-violating phase¢ can be determined from the
CP asymmetry inBq— J/ ¢Kg:

Ayc=Sin(2) =Reysin(24:,). (412

Of course,|A¢,K|s1 holds if Rgy, and ¢, vary in their al-
lowed regions.

The CP asymmetry inBy— 7 7~ reads

forward consequence of the superweak scenario of NP con-

sidered here.
The CP asymmetry in semileptoniBy decays, defined in
Eq. (2.3, is given by

Ag.=CrRsvRypsin(26) Tu(2)+| =] Tu(2)

Sﬁllml
gmz|m!

+T(2)|, 4.9

where&,, €., and, denote the real KM factors in scenario
(A). Different from the SM result in Eq(3.5, whose

magnitude is associated only withl,(z)~0.1 and
To(Z)~—0.1, here the magnitude odg, is dominated by
T(Z)~1. Hence| Ag / ASY|=10 is possible within an ap-

propriate @,Ryp) parameter space. We shall present numeri-

cal estimates fordg; and. A,k in the next section.

B. Scenario(B): Im(M ) 0 and Im(M M0

In this scenario the NP contribution is of the so-calledfrom the interference betweevisy'

“real superweak” type[10,24. The phase oM7) comes
from the KM matrix and amounts to¢2;, as one can see

Apz=—58IN 2(p+ ¢3)=RgySIN(2¢,) — RypSIN(2¢3),

(4.13

where ¢, and ¢, are the second and third angles of the
unitarity triangle(see Fig. 1 The correlation betwees
and A . does exist, because @f; + ¢,+ ¢p3= 7. In the ab-
sence of NP(i.e., Ryp=0 and Rgy=1), Egs.(4.12 and
(4.13 will be simplified to the SM results as given by Eq.
(3.7).

The CP asymmetryAg, in scenario(B) turns out to be

2 2
-ASL c RSMRNP Im(|ft|) u(z)'Hm |§t|) TC(E)
&) §u)
+1Im B T(z) +Cp R z u( )
+1m 2‘:) T.(2)|. (4.14

One can see thallg, consists of two terms The first comes
andM in Mlz, while
the second is purely a SM-like contrlbutron frdnh itself
[see Eq.3.5 for comparisoh Within a suitable parameter
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RNP: - RSMCOSK 0_ ¢1) * \/1_ RéMSInZZ( 6_ ¢l) :
(4.16

We observe thaRyp depends on the phase difference be-
. tween # and ¢,. Also there exist two solutions foRyp,
L= e 2 corresponding to £) signs on the right-hand side of Eq.
(4.16. In the special casef=¢,;, one arrives at
FIG. 4. Triangular relation o3}, M}¥, andMy, (rescaled by ~ Ryp=— Rgy* 1.
AM/2) in scenario(C). It is straightforward to derive th€ P asymmetryA . in
_ _ BY vs BJ—J/¢K s modes:
space, the magnitude oflg. should be dominated by the
term associated witfi(z); thus|.Ag, /A3)|=10 is possible Ayk=siN(2¢)=Rgpy Sin (2¢1) + Ryp sin (20).
in this NP scenario. (4.17)

SinceRyp, Rsym, @1, and 8 are dependent on one another
C. Scenario(C): Im(M13) #0 and Im(M33") #0 through Eq.(4.16), |A,«|<1 is always guaranteed within
This is a quite general NP scenario which can accommothe allowed parameter space.
date both scenario(sA) and(B). As done before, we param-  In scenario(C), the CP asymmetry inBg— 7" 7~ is
etrizeM3y', MY¥, andM, in the following way: given as

Arn=—SIN2Ap+ ¢3)=Rgy Sin (2¢,)

. o AM
MSM,MNP,M ={R el2¢1,R el201el2¢ —_
(M2, M1z, M3 ={Rsw NP ' 2 —Ryp Sin 2(60+ ¢3), (4.18

(4.195
. . o where ¢, and ¢4 are two inner angles of the unitarity tri-
whereRyp is a real(positive or vanishingparameterg rep- angle in Fig. 1. In comparison with scenarigs) and (B),

resents the NP phase, adnddenotes the effective phase of pare the correlation betweed s and A, becomes more
BY- Bd mixing. In this caseM$Y', MYF, andM 4, (or, equiva-  complicated. We see that the results in E(qsl2) and(4.13
lently, Rgye'??1, Rype'2?, ande'?#) form a triangle in the can be respectively reproduced from E@s17) and(4.18 if
complex plane, as illustrated by Fig. 4. In termsRaf,, ¢4, 6=0 is taken.

and 6, Ryp can be expressed as The CP asymmetryAg, in scenario(C) reads
|
&y 2 ~ &\ ~
As =CrRsuRyp IM (m) Tu(Z)+Im I&I) T(Z)+Im |§|) T(Z)|[cog26)+CpREy Im g) Tu(2)
gc gu ~ gt 2 ~ .
+Im| =] To(Z)|+CrRsuRy T Z)+R Tc(z)+R —| T(Z)|sin(26). (4.19
& [& Iftl | &

Clearly the second term aflg; comes purely fromM ﬂ\" shall only concentrate on scenari@s) and (B) in the fol-

itself and its magnitude is expected to be-o£0 3. The first  lowing.

and third terms of4g, arise from the interference between
2 andMY¥F | but they depend on nonvanishing IR¢Y)

and ImM %), respectively. Thusdg (6=0) is just the re- . . . .

sult given by Eq.(4.14 for scenario(B). For appropriate Following the spirit of the Wolfenstein parametrization

values of# and ¢, magnitudes of both the first and third [13], the real KM matrixV in scenario(A) can be param-

terms of Ag, may be at the percent level. To obtain etrized in terms of three mdependent paramelerd\, and

| Ag|~1072, howe_ver, there should not be large cancellatlonp_ Taking Vus_)\a Vcb—A7\ , and Vub—A7\3P and using

between two dominant terms in E@.19.

A. Results for scenario(A)

the orthogonality conditions d¥, one can derive the other
six matrix elements. In particular, we géty~AN3(1—p).

V. NUMERICAL ESTIMATES OF CP ASYMMETRIES In view of current data th\N/us| [Veol, and |V, /Vey| (see
Ref.[4]), we findX ~0.22,A~0.8, andp ~ = 0.36 typically.

For the purpose of illustration, let us estimate the magni-
buP g The sign ambiguity ofp may affect the allowed parameter

tudes of CP asymmetries obtained from the above NP sce-
narios. Since scenari®) involves several unknown param- space of NP as well as theP asymmetries ofB-meson
eters[though they are related to one another through Eqdecays as one can see later on.

(4.16)], a numerical analysis of its allowed parameter space The size ofRsy depends on the real KM factdf, . With
would be complicated and less instructif25]. Hence we the help of Eq.(4.3), we getRgy~1.8 for p~—0.36 and
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3.0 T T T T T T T T T +0.025 T T T T T T
2.5 - F<O (+) - +0.015 (+) B
2.0 b - +0.005 | P70 1
Rnp AsL
15+ - -0005+- W\ -
>0 (4) i ) ]
. . <0 (-
10 | U - -0.015 | Peo O -
F<0 () L (a) 4
0.5 L= T 1 ! 1 1 ! L ~0.025 } ! L 1 1 1 1 1 i
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
8 (xm) 0 (xm)

FIG. 5. lllustrative plot for the §,Ryp) parameter space in sce-
nario (A).

_ +1.0 T T
Rgy~0.43 forp=~ +0.36. The corresponding resultsRyp, 2
changing with#, can be obtained from Ed4.6). We find
that for p~+0.36 the () solution of Ryp is not allowed. +06 F
The allowed @,R\p) parameter space is shown in Fig. 5. -
The CP asymmetriesds, and Ay (or A, ) in this sce-

nario can then be calculated by use of the above-obtainec
parameter space. For simplicity, we express the KM factors Ayx
€y, &., and’, in Eq. (4.9 in terms ofx, A, andp. Then o2k
the correlation betweerds and. A,k reads

+02F >0 )

—2

Asi~CrReu| — = Tu(D)+——=Tu(2) oer ]
MM a-p2 T a5 C - .
-1.0 1 1 1 1
+ Tt("z') A¢K , (51) 0.0 0.2 . 1.0
0 (xm)

FIG. 6. lllustrative plot for theC P asymmetriesds, and.A  in
with p~*0.36. The results oflg, andAwK, changing with  gcenario(a).

the CP-violating phase#, are depicted in Fig. 6. Two re-
marks are in order.
(a) With the typical inputs mentioned above, we have

found Ag /A,=~0.023 for p~—0.36 and Ag /A

~0.0042 for p~+0.36. Because of A,k|=<1, only the
former case is likely to lead the magnitude 4, to the
percent level.

(b) In both cases, however, tl@&P asymmetryA,« may
take promising value.g.,|A,«|=0.5). The correlation be-
tween Ay and A, ., i.e., A .= — Ay, is particularly in-
teresting in this superweak scenario of NP. If this correlation

|&l~AN3(1=p)?+ n°~AN31-2p+)? (5.2

where y has been defined in E€R.7). From current data on
\% Vepl, and |Vyp/Vep|, Wwe geta~0.22, A~0.8, and
x=~0.36. The most generous rangewmfdue to the presence
of NP, should be- y=p=<+y. We find that the resultant
region of| & is just the one given in Eq4.4). Note thate,

is also a function op andy;, i.e.,

2 2
and the one betweerlg, and A,« can be measured at a tand X 5.3
B-meson factory, they will provide a strong constraint on the YT o1-p '

underlying NP inBJ-BS mixing.

and thus it cannot take arbitrary values from OntoFor this

reason, it is more convenient to calculate theRyp) param-

eter space of scenari®) by takingp e[ —0.36+0.36]. We
To calculateRyp with the help of Eq.(4.11), we should get 0°<¢;=<20.1° or 158.9% ¢,=<180°, corresponding to

first estimateRgy by use of Eq(4.3). The magnitude oRgy,  the (+) or (—) sign of tarp;. The allowed region oRyp

depends oné|: changing withp is shown in Fig. 7.

B. Results for scenario(B)
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FIG. 7. lllustrative plot for the §,Ryp) parameter space in sce-
nario (B).

Now we calculate the&€P asymmetriesA « , A,,, and
Ag by use of Eqs(4.12), (4.13, and(4.14), respectively. In
terms of the parameters and y, the correlation between
A and A, can be given as

p(1-2p+x?) Ryp
X*(1-p)

| X
x*(1—-p)

s

— | Ay .
Rew| ™"

(5.9

Similarly we obtain the correlation betweety, and A« as
follows:

As~Cf(p, x) Ay s (5.5

where

+1.0

+0.6 -

+0.2 -

-1.0 ‘.'I ]
-1.0 -0.6 -0.2

.AM(

+0.2 +0.6 +1.0

FIG. 8. lllustrative plot for the correlation betwee#,, and
A, in scenario(B).
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FIG. 9. lllustrative plot for theC P asymmetriesds, and.A in
scenario(B).

p—x°
2 Tu
(1=p)(1=2p+x°)

f(p,x)=Rsm (z)

1 ~
+——T(2
1 2pt ¢ o(2)

" RNPL%I)TU(E)—T{Z) .
(5.6)

Note that the term associated with the KM factor
Im(&./|&])? in Eq.(4.14 does not appear if(p, x), because
this factor approximately vanishes in the Wolfenstein param-
etrization. The numerical results for thr€P asymmetries
are shown in Figs. 8 and 9, where relevant inputs have been
used to get the {,Ryp) parameter space in Fig. 7. Three
remarks are in order.

(a) The two solutions oRyp lead to identical results for
the CP asymmetry A . The reason is simply thatl
depends only oiiRgy, and ¢4, as given in Eq(4.12.
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(b) The correlation betweerd ; , and A, is complicated 4, and A, only if they do not involve extra quaf¥).
here, compared with that in scenaiid) where the super- For the model of four-quark families or that @mediated
weak relationA, .= — A,k holds. We observe that bo®P  flavor changing neutral currents, a new chatg®/'3 quark or
asymmetries can take the same sign and promising magné vector-singlet charge-1/3 quark may significantly con-

tudes in scenarigB) [23]. tribute to Bg-gg mixing and therefore affect the magnitude

© hBeca?“e .O:] their c.or.rlelatiohn, beha\_/io(rjs 4 and Ag and otherCP asymmetries. Since unitarity of the
Ay changing withp are similar. The magnitude ols, can 353"\ matrix is violated in either of these two models,

reach the percent level for appropriate valuesppif Ryp the analysis ofAg will involve much more uncertainties.

takes its {-) solution. Note also that the NP contributing 8®3-B3 mixing will

simultaneously affect the rare penguin-induced decay modes

such asb—dl*I~ and By—Xy4y. Thus measurements of
The importance of measuring P asymmetry MSL) in rare flavor-changing transitions may yield complementary

semileptonidB4 decays, which can serve as a sensitive probénformation about any NP in thB-meson systerfi28].

of NP in BJ-BY mixing, has been highly stressed. We have T the CP asymmetryAg, is really of the order 102*,“

taken three NP scenarios into account, and proposed a simptgould be detected at the forthcomiBgmeson factories,

framework for analyzing their effects adg, and otherCP ~ where as many as $B$B] events will be produced at the

asymmetries. Some numerical estimates have also beéf(4S) resonance in about one year. Indeed the experimental

made to illustrate possible enhancemenCdét asymmetries Sensitivities toAg are expected to be well within few per-

in the presence of NP. We find that the magnitudedgf at ~ cent for either single lepton or dilepton asymmetry measure-

the percent level cannot be excluded within the appropriatgnents[29], if the number oﬂ33§2 events is larger than 10

parameter space. The correlation4f, with the CP asym-  or so.

metries inBy—J/yKsandBy— 7" 7~ (i.e.,, Ay and A, )

have been discussed. Measuring the correlation betwiggn ACKNOWLEDGMENTS
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