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Recent experimental searches fo , the CP asymmetry in semileptoniB decay, have reached an accu-
racy of the order of one percent. Consequently, they give meaningful constraints on new physics. We find that
cancellations between the standard mg@&¥l) and new physics contributions BP-B° mixing cannot be as
strong as was allowed prior to these measurements. The predictions for this asymmetry within the SM and
within models of minimal flavor violatiofiMFV) are below the reach of present and near future measurements.
Including ordermglmﬁ and Aqcp/m,, corrections we obtain the SM prediction 1.3X 10 3<Ag<—0.5
X103, Future measurements can exclude not only the SM, but MFV as well, if the sign of the asymmetry is
opposite to the SM or if it is the same sign but much enhanced. We also comment Gi® tagymmetry in
semileptonicBg decay, and update the range of the anglen the SM: 0.026<sin 23,<0.048.
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I INTRODUCTION physics contributions t®8°-B° mixing. It is our goal in this
. _ _ work to study these implications.
The CP asymmetry in semileptoniB decays, The plan of this paper is as follows. In Sec. Il we update

the standard model prediction féxg , taking into account

T[Bpyd )= 1" X]=T[Bgt) =1 X] the recent measurements of & asymmetry inB— yKg

SL_F[gghys(t)_”+X]+F[thys(t)_>|—x]' @) decays. In Sec. Il we explain _how generic new physics can
affectAg . In Sec. IV we investigate the effects of models of

first derive analytic expressions for the asymmetry and then
carry out a numerical investigation using the methods of Ref.
A =Im(T'15/M ). ) [7]. We give our conclusions in Sec. V.

dispersive parts of thB%-B® mixing amplitude[1],

Within the standard mode(SM), the asymmetry is very Il. As. IN THE STANDARD MODEL

small because of two suppression factors. First, the magni-

tude of the ratio is small|l’;,/M 5| = O(m3/m?)<1. Sec- _ .

ond, the phase is small, aigf/M,)=0O(mZmd)<1. Using the st.andard model expressionsiigy [8—11] and

Since new physics contributions 1o, are small, and since Ma12, One obtains

M 15| is known from the measured value of the mass differ-

ence between the neuti@lmesonsAmg, the first suppres-

sion factor should be valid model independently. In contrast,

the second suppression factor could easily be avoided if new

physics modifies the phase ®,,. This situation, where Wwhere

new physics could enhande;, by a factor ofO(10) makes 5

this asymmetry a sensitive probe of new physics. K:4Wﬂ KitKz .
Recently, the search faC P violation in semileptonicB m\zN ;Bso(mtz/m\ZN) '

decays achieved a much improved sensitivity:

A. Analytical expressions

VepVeg
VipVig

, ®

A2 =—kIm

z=mZ/m2. (6)

This is the leading order result in the limit,> A ocp and
(0.4+5.7) <10 OPAL [2], z<1. HereK; andK, are Wilson coefficients;B isa QCD
(1.4+4.2)x10°2 CLEO [3], correction factor ands, is the Inami-Lim function for the
(—1.2+2.8%x10°2 ALEPH [4], (3 box diagram. The Cabibbo-Kobayashi-Maskal@M) de-
pendence can be expressed in terms ofgtend » param-
eters:

Ag =

(0.5+1.8x10°2  BABAR [5].

_ 7
- pr "

The present world average [i6] VoV
cbVed

VipVig

ASP=(0.2-1.4)X 1072, (4)

With its experimental accuracy of order one percent, the reEquation(5) has three types of corrections characterized by
sult (4) puts for the first time meaningful constraints on newsmall parameters:
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ASM=AZ (1+a +ag™+als ®)
The m?/m3 corrections are given by
K 2 Ky—Ky 2
aéL:_Z 2 + 2 2 1 _2(3 27 ) 1<QS>
Ki+K, 3 K{+K, K1+K2 (Q)

2(1-p) { (1+22)[2(1-2)>—J1-4z]-1 Ky—K; (Qg)

C(1-p)2+ P 3z Ki+Kz (Q)
K
K+ 72 [V1—4z—1+4z2— 2221+ 2(1— 2)%(Ky— Kq) — 21— 4z(K,+ 2K>)
* 32(K,+ Ky) : ©)

The matrix element$éQ) and(Qs) can be parametrized as follows:

<B|(bd)v A(bd)V AlB)= 3meB

2
Mg

- — 5
(Bl(bid)s-p(bjd))s-p|B)=— 5 Toms = 7 Bs=— meBBs (10

In particular, we havéQs)/{Q)= —(5/8)(B4/B). Some insight into the effect a&fg, can be gained by evaluating E®) to
O(Z%):

5K,~Ki By Ky
4K, +K, B K +K,

2 KZ_Kl
Ko+ Ky

5 B
2B

1 5B, 1-p K,—K
s)+ P 2 1

aSL z §_g§ (1—;)24—;2 K1+K2

(11)

Note that the terms with CKM dependence that is different from the leading result appear 6Xfis?aiand are therefore very
small.
The 1M, corrections are given by

almo_ 5~ 2K4[(Ry) = 2(R3) ]+ Ko[(Ry) + 4(R3) + 2(Ry) ]
st (K1+K2)(Q)

1[2<R1> (R2) —6(R3)]— K2[<R2>+6<R3>+2<R4>]
(K1 +K2){(Q)

The matrix elementéR;) have the following values within the vacuum insertion approximation:

1 2(1-p)
3 A

2

(12

7 md
(Ra)=3 1 Toms.

2 2
mg— My,

2m
<R2)=—§m—gf§m§,

7 mg—m?
<R3>=€m—gf§m§,

2 2

B b
(Rey=————Tfgmg. (13
b

Note that(R;)/{Q)=O(my/my) and(R; 3 »/{Q)=O(Aqcp/My). We can therefore safely neglect terms of orzdgR;)/(Q)
andz%(R, 3 »/(Q). In this approximation we obtain
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um,_ 7K1 +3K, 1 mg—mg
SLUT2(Ki+Ky) B m2

a (14)

The O(«ay) corrections have not been fully calculated. They can be divided into penguin corrections and next-to-leading order
(NLO) corrections. The penguin terms give

KitKy—Kz  [2K3=K;  Ki=K3(Qg) Ki[2(Rs)—(Ry)]+6K;[(Rp) +4(Rs) +2(Ry) 1+ 4K5(Rz)

al"%= +z + +
st Kit+Kaz Ki+Ky  "Ki+K; (Q) (K1 +K2)(Q)
(15
|
While K , are combinations of the Wilson coefficier@s », To summarize, the standard model expression foiGRe
the K} , ; depend also orC; 45 which are suppressed by asymmetry in semileptoniB decays is given by
agl _
7 5 B/s K2—Ky
= 2 SM: — KT —_
Kl—3C1+2C1C2, ASL K(l_p)2+ 772 (4 B K1+K2
K,=C3, K, ,Ka=Ki[1 5Bg
Ki+K, K,+K,\3 6B
Ki:2(3C1C3+ C1C4+ C2C3), — ,
1_p KZ_Kl 5 BS
+27° — ==
K;=2C,Cy, (1-p)%+n* KitK2 12 B
) 7K, +3K, 1 m3—m3
K5=2(3C,C5+C;,Cg+C,C5+C,Cy). 16 —
3=2(3C4Cs 1“6 2%5 2Cs) (16) +22(K1+K2)B mg
Given thfitKi’/Kj =O(ag/ ), we can safely neglect terms of K+ Ky— K} a
orderzkK; . +W+ 4— . (17)
The NLO corrections td\g, , that is, corrections td';, of 1772 &

O(zag), have not been calculated. The challenge lies in the

diagrams involving a charm quark, an up quark and a gluon B. Numerical results
in the intermediate state, which are very sensitiventg but
have only been computed in tme,=m, limit [9]. Conse-
quently, there is an ambiguity as to which definitionnaf is )
best suited to the evaluation &f, . This is the largest un- | Veol: Bk, etc) are taken from Ref.12]. TheK's are calcu-

certainty at present in the standard model prediction for thig@P!€ in perturbation theory and we use their values in
asymmetry. the naive dimensional regularizatidiNDR) scheme with

A%= 225 MeV [which is close toag(m;)=0.118, given
TABLE |I. Inputs for the fits, other than those listed [iti2]. in Table XIII of Ref. [13]. This gives the values shown in
When no error is stated, the quantity is held constant. Errors withffable 1. The uncertainty related to these is tiny compared to
“theo” subscripts are treated as ranges, and as Gaussians otherwigBe ones discussed next, and will be neglected. For the bag
parameters we use the unquenched lattice QCD results with
Input parameter Value two light flavors[14,15; besides the published values we
also useBs /Bs,=1.04(2) [15]. These results are in good

There are a number of input parameters needed to evalu-
ate EqQ.(17). The ones not discussed explicitly below,(,

Ky -0.295 .
K, 1162 agreement wittj 16]. We also useg=200+:30 MeV [17],
K} 0.027 which is consiste_nt WitHB\/(nB/nB_)B(mb)z;.;SBz23O
K! ~0.076 +30 MeV used in12]. Here, and in the definition ot in
2 ’ - . . . -
K} —0.064 Eq. (6), »g is related to the scale independep via 7g
ag(my) 0.22 = ngl as(Mp) 121+ (ay/4m) (5165/3174) [13].
B(my) 0.87-0.04+0.07 At present, the biggest uncertainty in evaluating )
Bg(my) 0.83+0.03+0.07 comes from not knowing the NLQO(«y)] corrections. In
fg (200+30) MeV particular, it results in an ambiguity in the quark mass defi-
78 0.55+ 0.000 nitions used. This is not relevant farsincez is only scheme
poe (4.8+0.1,,) GeV dependent at NNLO[O(aZ)]. We use z=0.085+0.01,
. 0.085* 0.0%1e0 which takes into account the correlation betweep and
me. In aé’[“b, in Eq. (14), we use the pole magd1],mp°*®
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R A R I R I R B A erator product expansiofOPE) calculation of the nonlep-

. tonic B decay rates determinind’;,. We may gain

| confidence that the errors related to this are small if future
] lattice calculations can account for tiehadron lifetimes

- and, especially, for th8; lifetime difference.

| At leading order, corresponding %2, in Eq. (5), a con-

1 straint X - <Ag <X, with X, >0 andX_<0 excludes the

- interior of two circles, one with radiuR, around the point
(p,m)=(1,—R,), and another with radiuR_ around the
point (p,7)=(1,R_). With the above central values of the
input parametersR. = «/(2|X.|)=6.7x10"%|X.|. If X,

<0 [X_>0], then the corresponding excluded region is the
outside of a circle of radiuk, [R_] around the point

=
©
075 |

0.5

0.25

0’ P S N

S b ol 008 0oe oot om0 , (LR;) [(1,—R_)]. Including the terms im3, distorts these
Agp. =10 circles by making them slightly larger fgr<1 than forp
_ _ >1, as shown in Fig. 2.
FIG. 1. Confidence levels ds_ in the standard model. In Fig. 2, the left plot shows the constraint that the present

I ;. L data onAg, Eq. (4), provide on thep- 7 plane. The right
=(4.8+0.1) GeV. In the definition 0Bg, in Eq.(10), itis 5ot shows the constraint that woulde’f)ollow from a hypotheti-
the modified minimal subtractionMS) mass which enters, c5 future valuedg = (—1+3)x 10~ 3. We chose the central
and we use the one-loop relationnb(mb)=mg°'e(1 value to be within the SM allowed range and the error to
—4ay3m). Themﬁ factor which enters the definition afin represent an experimental accuracy that may be achievable
Eq. (6) is a large source of uncertainty that will only be with 500 fb ! data expected by 2005 at ti& factories,
reduced when the NLO correction is known, and we choos@sing a simple statistical scaling of the BABAR resii{,

to usemy,(my). While this choice is somewhad hog itis ~ Which is based on 20 fb data and is the most precise one
motivated by the fact that it is a good approximation in thei Ed. (3). The dark shaded regions contain the points with
case wherl';, is known to NLO precision, i.e., in the, ~ confidence levels above 90%, and include the best it points.
=m, limit. This is also a conservative choice for constrain- The dark and medium shaded regions together contain the

ing new physics in the rest of this pagsince it reduces the One sigma” allowed regions with C.L. above 32%. The
SM expectation compared to usingf,’o'e). dark-, medium-, and light-shaded regions together contain all

In Fig. 1 we show the standard model prediction Aqy , points with C.L. higher than 10%. Thus, the white regions

- - : have at most 10% C.L. The small diagonally hatched areas
using theRfit approach in thekmFITTER packagd 7], where . . :
theoretical errors are considered as allowed rafgess).! show the SM allowed regiofpoints with greater than 10%

: . C.L.). The horizontally stripped regions contain the points
With the above input parameters, the rangeAgf values ; .
with greater than 1%% pc L is gefel with C.L. above 10% for a hypothetical “perfect” measure-

ment of Ag = +0.002 (left plot) and Ag = —0.001 (right
—1.28% 10—3<A5|_< —0.48x 10 3. (18 plot). These illustrate the significance of the present theoret-
ical errors in interpreting the experimental results, and the
The range with greater than 32% C.(that would corre- importance of reducing them by determinimg andz more
spond to a “lo range” if the theoretical errors were negli- precisely and especially by completing the NLO calculation
gible) is only slightly smaller,—1.18x 10 3<Ag <—0.55 of I'y,.
x 1073, This indicates that the uncertainty in E{8) is One sees that within the next few yedts will not be a
dominated by theoretical errors, resulting in the plateau inyseful constraint onK;) in the context of the standard
Fig. 1 with a confidence level near unity. The uncertaintymodel if the experimental result remains consistent with the
will decrease when the constraints gnimprove, the NLO  SM prediction. However, as we discuss it next, it is a sensi-
correction tol', is computed, and thie quark mass is more tive probe of new physics, and already provides interesting
precisely determined. We did not assign an error to the assonstraints on certain models.
sumption of local quark-hadron duality which enters the op-

. Ag. WITH NEW PHYSICS

Yin this approach, one determines the confidence l&l) for a A. Analytical expressions

particular set of parameter valu@sg.,p— 5, Ag_, €tc) to be con- _ _ _ .
sistent with both the measurements and the theoretical inputs, the. We investigateAs, in models of new physicgl0,19-21

latter being let free to vary within their allowed ranges. For ex-With the following two features:

ample, the curve in Fig. 1 gives the C.L. that a certain valuaHf (i) The 3x3 CKM matrix is unitary.

is consistent with the theory. But the C.L. f; falling within a (i) Tree level processes are dominated by the SM.
range is not defined, since that would require all input parameters to  The second feature means tHa,=1%)', and the new
be viewed as distributions with probabilistic interpretations. physics effects modify onlyMq,. Then, quite generally,
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Standard SM fit

-1 0 1 2
p p
FIG. 2. The constraint on thE-; plane from the present data @, in Eq. (4) (left), and the constraint that would follow from a
hypothetical valug\g = (—1+3)x 103 (right). The central value of the latter was chosen to be consistent with the SM, and the error may

be achievable by 2005. The dark-, medium-, and light-shaded regions have confidence levels above 90%, 32%, and 10%, respectively. The
white regions contain points with at most 10% C.L.

these effects can be parametrized by two new paraméigers, dard model and from new physics. However, we find that

andry, defined through this term plays a numerically negligible role as long as the
2 2ignr M error of Ag, is much larger than the SM expectation.
Mip=rge” "My, (19 Our purpose is to find the constraints nand 244 from

the present measurements Ag . We need therefore to
Cevaluate ['1,/M1,)SV. In Ref.[11] one can find then/m?,
1/m,, penguin and NLO QCD corrections. Given the present
Amg=r3(Amg)S™, (200 experimental accuracy, it is sufficient for our purposes to
include only corrections of order 10%, that i¥(z) and
and for the CP asymmetry in charmonium-containing  O(1/m,) corrections:
—ccs decays, which is denoted throughout this paper by

a¢K' ( Flz)SM 477m§

a,c=SIN2B+26y). (21) Mz 3mgy 7eSo(M7/my)

This modification involves well-known consequences for the
mass difference between the neutBainesons,

K

For the CP asymmetry in semileptonic decays, the modifi- 5 B:
Y Y P Y X g(Kz—K1)§S+(K1+72

cation from the standard model value depends on bpénd

ng:
. Ki  |mg—mp1
Ty, SMsin 264 I'1,\SMcos 264 tl5 K| —=—5
Ag=—R ——tim| =] —. mj
My, I My, M — -
(22 —p—i
~32(K,+ Kz)# 23)
The first term has been previously investigated. Since (1=p)°+

Re(Flz/M 12°M is larger thanASM by a factor of order

m2/mZ, it could give an asymmetry that is an order of mag-There are four parameters related to flavor violation that are
nitude larger than the standard model prediction. This wouldelevant to our discussion here: the CKM parame;aaﬂd;
happen if the new physics contribution M, has a large and the new physics parameters of Ef9) r2 5 and 204.
new phase (sintg*1). The second term is suppressed byThere are also four critical constraint¥t,,| from charmless
mz/m{ compared to the first one, however, one might expectemileptonicB decays(these are tree level processes and
it to be enhanced in the region sif0 andri<1, corre- therefore, by assumption, unaffected by the new physics
sponding to cancelling contributions tomg from the stan-  Amg of Eq.(20), a,« of Eq.(21), andAg, of Eq.(22). In the
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[T @ XS'L'N'e'w' 15ﬁy'sic's' ] plot makes it clear why new physics can enhance_a pqsitive
|- value of Ag; by much more than a negative one. First, since
I ayk>0 is firmly established, the maximal allowed magni-
tude of sinj, is larger for positive values than it is for
negative oneg22]. Second, the correlations between the
three constraints are such that while maximal positive &in 2
and minimalr3 are allowed simultaneously, this is not the
case for negative singg. The top right plot shows the
present constraints on th§—20d plane, including also the
measurement o, . The measurement &g, has a notice-
able impact: in particular, the lowest valuesr@f (around
0.2 are now disfavored, and almost the entifes 0.5 region
is no longer among the best-fit points. The bottom left plot
0 show the constraints that would follow from a hypothetical

002000 001 XOZ 003 004 005006 future value,Ag =(—1+3)x10 3. Such a measurement
SL would be able to exclude a large part of l‘rﬁe<1 parameter
FIG. 3. The filled area shows the confidence level#\gf for  space(i.e., cancelling contributions tAmg from the SM and
arbitrary rqy and 64 using the constraints fromV,p|, Amg, and  new physick except if 20, were near 0 orr. This plot is
ayk . The curve represents the measured valudgfin Eq. (4),  rather insensitive to the expected reduction of the error of
and indicates that some new physics models are being excluded.al//K by itself, while additional improvements iV, and
Amg will make a significant difference. This is shown in the
next subsection we study the consistency of these four meaottom right plot, where reduced errors about the present
surements and their combined constraints on the model paentral values iV, (10%), fg (10 MeV) and ayk (0.09
rameters. Note that we cannot use the measured valeg of are also assumed.
and the lower bound oAmg_since they may involve addi-

tional parameters. C. The B, system

=
@)

— Ay Measurement

0.75
0.5

0.25

Similar analyses will become possible in the future for the
B. Numerical results B, system. Within the SM, the semileptonic asymmetrin
Figure 3 shows the allowed range A, for arbitraryr, ~ decays is suppressed even more strongly than the asymmetry
and 64 using the constraints frof/,,|, Amg, anda . To N Bd.decays.(For t.hessake ofdclanty, we nowzcalzl the re-
evaluate Eq(23), we used théS b quark mass in the over- SPective asymmetrie8s, andAg, ) While the mg/my sup-
all factor, as in Sec. Il B. The black curve superimposed inPréssion factor in Eq(6) IS common to both, the CKM de-
Fig. 3 shows the confidence level corresponding to the medtendence is different. Fdxg, it is given by Eq.(7), which is
sured value ofg, in Eq. (4). In the presence of new physics @ factor of order unity. In contrast, fokg, it is given by
that can be parametrized by and 6y, the range ofag, with  IM(VpVid VipVis) ~ — 3sin 26s. In Fig. 5 we give the C.L.
greater than 10% C.L. is-0.4x10 2<Ag <3.9x10°2,  for sin 28s within the SM. We learn that the range of sif2
whereas the measurement in H¢) implies —2.1x10°2  with greater than 10% C.L. is
<Ag <2.5x10 2 at the same C.L. Clearly, the recent mea-
surements ofAg, are sensitive enough to probe new physics,
and already constrain thé—Zad parameter space.
It is interesting to note that iAg is negative, as in the s - .
SM, then new physics that can be parametrized jognd 64 ConsgqgentlyﬁgL |§ gnﬁobsirstbly smallin the SM.
can only enhance it by a factor of a few. However, if new  Defining Mi,=rse”"s(M7,)>", the present lower bound
physics makeds, positive, then it can be enhanced by more from the CERNe"e™ collider (LEP), SLAC Large Detector
than an order of magnitude. The reasons for this situation are>LD), and Collider Detector at Fermilal€DF) combined
explained below. amplitude fit(corresponding tdAmg >15.0 ps 1y implies
The top left plot in Fig. 4 shows the confidence levels of
ra and 294 from the measurements pf,,,|, Amg, anda, .
The ranges with greater than 10% C.L. are r2>0.6, (26)

0.026< sin 28,<0.048. (25)

whereas there is no constraint @g yet. These parameters
0.2<r3<6.4, —0.4<204<3.6. (24)  can be determined in the future in the following wagi$:A
measurement (1fsmBs will constrainrﬁ. (ii) A measurement
The errors are again dominated by theoretical ranges, excegt the CP asymmetry inBs— ¢ or lﬁﬂ(') will constrain
for the upper bound omj. Consequently, the ranges with sin2(8.+ 9. If the asymmetry is much larger than the SM
greater than 32% C.L., 0:2r5<5.2 and—0.3<264<3.5, range, it practically determines sifig (iii) A measurement
only differ significantly from Eq.(24) in (r3)ma. This  of A3 will be proportional to sin 2/r2 and will give a con-
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o[ ‘ ¢ [ " — ]
4+ 4 .
~ 1 . i g
£ g |
N o
o 1 = - ]
an) far)
N 2 B N 2 5
0 o .
| | | |
0 2 4 6 0 2 4 6
7 g
6 6 .
4+ 4 R
P 7~
he) b= L |
8 g
N’ N
o = I 1
D D
N 2 - N 2+ E
1 | | |
0 2 4 6 0 2 4 6
5 o

FIG. 4. The top left plot shows the confidence levels pand 26, from the measurements 7|, Amg, anda, ; the top right plot
also includesAg, as a constraint. The bottom left plot shows the confidence levels corresponding to a hypothetical futurkgyalue
=(—1+3)x10 3, while the bottom right plot assumes in addition reduced errofd/jp| (10%), fg (10 MeV) and ayk (0.04). The
shadings mean the same as in Fig. 2.

sistency check on the interpretation of the previous two meawhich all flavor changing transitions are governed by the

surements. The values of the four paramen%rs 204, r§ CKM matrix with no new phases beyond the CKM phase

and 20, provide an excellent probe of the flavor a@P  [23-29. Examples include the constrained minimal super-

structure of new physics. symmetric standard model and the two Higgs doublet models
of types | and Il. In these models, the SM predictions for

IV. Aq. WITH MINIMAL FLAVOR VIOLATION some flavor changing processes remain unchanged, while

) ) others are modified but in a correlated way. The new physics

A. Analytical expressions contributions that are relevant to our discussion depend on a

Minimal flavor violation (MFV) is the name given to a single new parameteF,,, that is real but could have either
class of new physics models that do not have any new opsign. These models can be viewed as special cases of Sec.
erators beyond those present in the standard model and Ih—the correspondence igj=|F|/S, and 264=0 () for
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FIG. 5. Confidence levels of sinRin the standard model.

F>0 (<0)—with the additional constraint§) and(v) be-
low:

(i) SemileptonicB decays depend ofV,,/V.,| in the
same way as in the standard model.

(i) The ratio Amg/Amg_ depends or{Vi/Vy| in the
same way as in the standard model.

(i) The CP asymmetrya,« depends on the sign &
[27]:

a k= SgnFy)sin 2. (27

(iv) The mass differencAmg depends oriFy|:

AmB:(AmB)SM%. (28)

L L N A1 IR (L LT
170 £ 10 MeV
185+ 10 MeV
210+ 10 MeV

CL

L= £y
| == 1y
e fy

t

PHYSICAL REVIEW D65 094040

(The QCD correction in MFV models may differ fromyg,
but the modification is the same fdrmg _and for the top
contribution toey , so it can be absorbed I, [26].)

(v) The standard model contribution &g that is propor-
tional to In{ (V,sViy)?] is multiplied by F;; while the other
contributions remain unchanged:

_ _SM SM, _SM
k=€ Fyteg T € - (29

The constraints OIE ;and F.; from these processes have
been analyzed in a number of papdsee, for example,
[25,29). In this section we present the MFV predictions for
ASL.

The dependence dhg on new contributions is simple.
Since for the B%-B° mixing amplitude one hasM,
=(M1)SMF /Sy, while 'y, is not modified, we obtain

SMSO

MFV _
ASL - ASL F_ '
tt

(30)
Thus the size ofAg, may be different from the standard
model.

As concerns the sign &g, one might naively think that
it could be opposite to the standard model prediction, since

sgnA¥™)sgn(F ). However, this is not the case, because

sgn(A3M) = —sgn(z), and so

SgALFY) = —sgr(F ). (3D)
The product;Ftt (in combination with the upper bound on

|Vub/Ves| Which implies p<1) determines, however, also
the sign ofa, :

sgnaj’) =sgr nFy), (32)

0.75
0.5

025 |

0 L— Y Sy P N
-0.25 -0.225 -0.2 -0.175 -0.15 -0.125 -0.1 -0.075 -0.05 -0.025 0

2
ASL x 10

FIG. 6. Left: Confidence levels df,,. The shaded region corresponds to our ranges for the input parartieteesticular, fg= 200
+30 MeV). The other curves show the sensitivity tg: fg=170+=10 MeV (dasheq, fz=190+10 MeV (dash-dottej and fz=210
+10 MeV (dotted. In this last case th&,,<0 solution is excluded. Right: Confidence levelsfaf in MFV models.
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T ] appears iffg=210+10 MeV or larger. Note also that if the

o i | value of fz decreases then the C.L. of tikg, <0 solution
increases, while that of the;;>0 solution is reduced. For
example, forfg=170+10 MeV, both solutions have about
s ' equal C.L., and iffs=160+10 MeV then the C.L. of the
] Fi>0 solution is hardly above 50%.

Figure 7 shows the allowed range pfand » in MFV
models. In agreement with Fig. 6, it can be seen thatsithe
<0 solution is less favored than the allowad-0 region.

0.5 - B

V. CONCLUSIONS

We investigatédg, , theCP asymmetry in semileptoniB
decays, in three theoretical frameworks.
Within the standard model, we improve previous predic-
L tions by including corrections of ordenz/mg and A gcp/my,
0.2 0 02 04 0.6 [see Eq(17)]. This leaves the NLO corrections, of ordey,
p as the largest source of uncertainty. Our improved calcula-
tion gives that the allowed range &5, , corresponding to
FIG. 7. The allowedp- 7 range in MFV models. The shadings greater than 10% C.L., is 1.3X 10 3<Ag <—0.5x10 3,
mean the same as in Fig. 2. The smallness of the asymmetry means that even with im-
proved statistics in th® factories, no useful constraints on
and is therefore experimentally determined to be positivethe CKM matrix will arise within the next few years.
We conclude that there can be no sign difference between the Within models of minimal flavor violation, a mild en-
SM and MFV predictions foAg, . In other words, ifAs_ iS  hancement of the asymmetry is possibte]l.8x 10 3<Ag,
experimentally found to be positive, both the standard modek —.3x 1073, This is again too small to be observed in the

-0.5 - B

and the MFV models will be excluded. near future. Conversely, if the asymmetry is measured with a
value that is much larger than the SM range, MFV will be
B. Numerical results excluded. Moreover, within MFV models, the SM relation,

The shaded region in the left plot in Fig. 6 shows theSINAs) =—Sgn@,), is maintained; a measurement of a

confidence levels oF,, obtained from the above constraints. POSitiveAs, would therefore exclude both the SM and MFV.
The range of,, with greater than 10% C.L. is The recent measurements A§, do already have mean-

ingful consequences in probing less constrained extensions
—7.3<Fy<—-24 and 12ZF;<73. (33 of the SM, where there are new sources of flavor &l
violation. In particular, in models where the new effects can
The range corresponding to greater than 32% C.L=%3  pe neglected in tree-level decays but are significant in flavor
<Fy<-2.7 and 1.4&F;<5.1. This implies, using Eq30)  changing neutral current processes, the four observables—
and So(mg/mi) =2.4, that the magnitude d¥s_ can hardly |y, | from charmless semilepton decay ratesAms, ayk
be enhanced compared to the SM, as it is shown in the righfng A —depend on four parameters: the two CKM param-
plot in Fig. 6. The range oA values with greater than 10% etersp and 5 and the two new parameterd and 20, [see

C.L.in MFV models is Eqg. (19)]. In this framework,Ag, makes an impact in con-

—1.77%10 3< A < —0.33x 103 (34) straining the allowed range in th§—20d plane, especially
' st ' ’ in the region of smalr3 and large sin#,. In this region,
while the greater than 32% C.L. range is1.48x< 103 there is strong cancellation between the SM and the new

<Agq <—0.43x10°3. Thus, a measurement éf, signifi-  contributions toB°-B® mixing, which minimizes the magni-
cantly above the SM prediction would exclude both the stantude of the dispersive part and maximizes the relative phase
dard model, and models with minimal flavor violation. between the dispersive and absorptive parts. Under these cir-

The existence of th&,<0 solution is sensitive to the cumstancesAg is much enhanced and opposite in sign to
value of fg (this was first pointed out in Ref27]). This is  the standard model prediction. The recent experimental re-
shown by the curves superimposed on the left plot in Fig. 6sults disfavor such a possibilitgee Fig. 3.
corresponding tofg=170+10 MeV (dashedf fg=190 We conclude that improved bounds @, will further
+10 MeV (dash-dottel) and fz=210+10 MeV (dotted.  constrain new physics contributions Bf-B® mixing. If a
If future unquenched lattice calculations obtdig above  sizable value ofAg is measured in the near future, not only
200 MeV with small error, then the confidence level of thethe standard model but also its extensions with minimal fla-
F<<0 solution is reduced, and this solution practically dis-vor violation will be excluded.
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