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We present a general discussion of the unitarity triangle fegm AM ¢ and K— mvv in models with
minimal flavor violation(MFV), allowing for arbitrary signs of the generalized Inami-Lim functidhsandX
relevant for € ,AMy ) and K— v, respectively. In the models in whidk,; has a sign opposite to the one
in the standard model, i.67<0, the data for £{x ,AMys) imply an absolute lower bound on tHgy
—yyKgCP asymmetrya, of 0.69, which is substantially stronger than 0.42 arising in the cabg®»f0. An
important finding of this paper is the observation that for giRe(K* — 7" vv) anda,,,KS only two values for
Br(K, — w%vv), corresponding to the two signs ¥f are possible in the full class of MFV models, indepen-
dently of any new parameters arising in these models. This provides a powerful test for this class of models.
Moreover, we deriveabsolutelower and upper bounds le'(KL—VITOV;) as functions oBr(K"—z* v?).

Using the present experimental upper boundSo(K*—mr*v?) and|Vp/V.p|, we obtain the absolute upper

boundBr (K, — 7%v1)<7.1x 10" 1% (90% C.L).
DOI: 10.1103/PhysRevD.64.115010

I. INTRODUCTION

The exploration ofCP violation in By4— /K 5 decays and
the related determination of the ang#an the usual unitarity
triangle of the Cabibbo-Kobayashi-Maskaw@KM) matrix
are hot topics in present particle physjds-17]. The corre-
sponding time-depende@P asymmetry takes the following
general form:

| TEYO— K- T B YK
I'(B(t)— YK+ T (B(1)— YK

Ayt

= A2 cof AMgt) + ATESiN(AMgt), (1)
where the rates correspond to decays initially, i.e. at time
=0, presentB or BY mesons, andiM,>0 denotes the
mass difference between the mass eigenstates B
system. The quantitied &%, and A "X are usually referred to
as “direct” and “mixing-induced” CP-violating observ-
ables, respectively. In the standard mog&W), Eq. (1) sim-
plifies as follows[18]:

ayk(t)=—sin2B sinf(AM4t)=— a, Si(AMgt), (2)

thereby allowing the extraction of sigg2It should be noted
that a measurement of a nonvanishing valuedd!; at the

level of 10% would be a striking indication for new physics,

as emphasized in a recent analysis of Bie: K system

PACS nuniderl2.60—i, 11.30.Er, 12.15.Hh, 13.20.Eb

SM considered in the present paper, dir€d® violation in
By— Kg decays is negligible.

In the future, sin B can also be determined through the
measurement of the branching ratios for the rare decays
K*— 7" vv andK, — 7°vv [19]. In the SM, we have, to an
excellent approximation,

2r
=, €)
+r

S

sin28=

with
, :\/;VO'(Bl_BZ)_Pc(Vj)
° VB, '

Here B, andB, are the following “reduced” branching ra-
tios:

4

_Br(K+—>7T+V;)

B Br(K.— 7701/;)
Y g42<10°

- 5
2 1.93x10° 10 ©

the quantityP(vv)=0.40+0.06[20] describes the internal
charm-quark contribution t& " — 7+ vv, and

1
(1—N%/2)2

(6)

o

with \ being one of the Wolfenstein parametg24]. In writ-

[13]. However, for the particular kind of physics beyond theing Eq. (3), we have assumed that sif20, as expected in
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the SM. The numerical values in E¢p) and the value for

P.(vv) differ slightly from those given if19,20 due to\
=0.222 used here instead p&=0.22 used in these papers.
We will return to this point below.
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The strength of formula$2) and (3) is their theoretical CKM parameters but are not polluted by the new parameters
cleanness, allowing a precise determination of @rirde of  present in the extensions of the SM. These quantities simply
hadronic uncertainties that is independent of other paramdo not depend on the functiofs .

eters like|Vep|, |Vup/Vepl andm,. Therefore the compari- (2) There exists an absolute lower bound on $n22]

son of these two determinations of si@ @ith each other is that follows from the interplay oAM4 and ey, measuring

particularly well suited for tests aE P violation in the SM,  “indirect” CP violation in the neutral kaon system. It de-

and offers a powerful tool to probe the physics beyond itpends only onV,| and|Vy,/Vey, as well as on the non-

[19,22. erturbative parameterBy, Fg VB4 and & entering the
The simplest class of extensions of the SM are those moof3 P Ke " Bg ¥ od g

els with “minimal flavor violation” (MFV) in which the con- standard analysis of the unitarity triangle.

o X The UUT can be constructed, for instance, by using gin 2
tributions of any new operators beyond those presgnt in thﬁom Eq.(2) and the raticAM/AM,. At later stages also
SM are negllg|ble. In these models, all flavqr-chgnglng tran'formula(S) should become uéeful in this respect. While the
sitions are still governed by the CKM matrix, with no new error in the determination of sin@from Eq. (2) should de-
complex phases beyond the CKM ph4&8,24. If one as- crease down ta-0.05 around the year 2005 and further to

sumes, in addlpon, that all new-phys!cs contributions Whlchi 0.01 during the CERN Large Hadron CollidérHC) era,
are not proportional &5 are negligiblg24], then all the i £+0.05 for si f Eq. (3 ires th i
SM expressions for the decay amplitudes and particle- € error of=1.05 for sm;}' rom Eq.( )requweso € mea
antiparticle mixing can be generalized to the MFV models bysurements OBl. and B, with an accuracy ot-10%. _Th|s
simply replacing then,-dependent Inami-Lim functiorf@5] should be possible fd8, around the year 2005 but will take

by the corresponding functior; in the extensions of the longer forB,. The relevant formulas for these determinations

SM. The latter functions now acquire additional dependencegf .tth%IULfJT (t:ﬁ'n be found |ﬁ24}j,_where ZISO other quantities
on the parameters present in these extensions. Examples éi e for. |st£ur|i)ose al;e |sdcusse - i
the two-Higgs-doublet model (THDM) and the constrained oncerning the lower bound on si2a conservative

—  scanning of all relevant input parameters giy&2,15,
minimal supersymmetric standard mod&SSM) if tan B ¢ putp gives,19

=v,/v is not too large. For MFV models, dire€P viola- (sin 28) min=0.42, (10)
tion in By— ¥/Kg is negligible and the coAMt) term in Eq.
(1) vanishes. corresponding tg3=12°. This bound could be considerably

Let us consider the off-diagonal element of tBg—BJ  improved when the values ofVep|, [Vup/Veyl, B .
mixing matrix as an exampleq{d,s}). In the SM, we FBd\/B—, ¢ and—in particular of AM—will be better
have for a detailed discussion, s¢26]), known[12,15. A handy approximate formula for sigg2as a
function of these parameters has recently been givéh7h
M(lqz)=—2772 anBqBBqFéq(vrqvtb)zso(xt) el (7= dcp(Be). fLiJ:(;n(gSilﬁséz)i:]rlzsgg;tlve ranges of parameters, these authors

(7) There is also an upper bound on s 2vhich is valid for
the standard model and the full class of MFV models. It is
where BBq is a non-perturbative parametefg  the simply given by[29]
B,-meson decay constant, amgd=0.55 a perturbative QCD . T —max2
fac::tor[27,2€§|, Wﬁich is commwogn tav {9 a[;dM(fz). Fin;ﬁy, (5in 28)max=2RE™V1— (R™)*~0.82, (D
the convention-dependent phasgp(B,,) is defined through |\ here

(CP)|BY) =e'?cr®|BY). ® VY, p— A2\ 1|V
szw—ibl:JQZ_F 772: l——)— Lub (12)
In the MFV models, we just have to replace the Inami-Lim |VeqVapl 2 ) N[ Vep
function Sy(x,) resulting from box diagrams witht (\W™*) ) ) o
exchanges through an appropriate new function, which wés one side of the unitarity triangle. Hef29],
denote b 5,24 _ _
Fulozd e=0(1-)\22), 7=n(1-\%¥2), (13

So(Xp)— Fy; - ) )
where\, ¢ and » are Wolfenstein parametef&21]. In ob-
Expression (7) plays a key role for Eq.(2), as AMy taining the numerical value in E¢L1), which corresponds to
=2|M{9)|, and 28 results from the difference of aty({y)  B=28°, we have use&;*=0.46.
and the weak phase of tfBy— K s decay amplitude, where In this paper, we would like Fo point out that the_ anz_ilyses
the convention-dependent quantity:(B,) cancels. of the MFV models performed if24,12,15,17 have implic-
Two interesting properties of the MFV models have re-itly assumed that the new functioks, summarizing the SM
cently been pointed ol£4,12: and new-physics contributions tq, AM4 s andK— v,
(1) There exists a universal unitarity triangléUT) [24] have the same sign as the standard Inami-Lim functions. This
common to all these models and the SM that can be comassumption is certainly correct in the THDM and the MSSM.
structed by using measurable quantities that depend on th@n the other hand, it cannot be excluded at present that there
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exist MFV models in which the functiorfs; relevant forsy ,

= Ry 1

AM, andK — 7vv have a sigroppositeto the corresponding R¢= 1-10K =N with

SM Inami-Lim functions. In fact, in the case of thB

— Xgy decay, such a situation is even possible in the MSSM

if particular values of the supersymmetric parameters are [ AMy [230 MeV| [0.55

chosen. Beyond MFV, scenarios in which the new-physics Ro= 0. 50/p% o (15)

o L B

contributions to neutral meson mixing and rdfedecays

were larger than the SM contributions and had opposite sign

have been considered [80]. Due to the presence of new and

complex phases in these general scenarios and new sources R

of flavor violation, the predictive power of the corresponding AMy 15. 0/ps Fs,\VBs,

models is much smaller than of the MFV models considered R,=0.83 with §=——F—,

here. 0.50/ps Fg \/Bs
d d

In the following, we would like to generalize the existing (16)
formula for the MFV models to arbitrary signs of the gener-
alized Inami-Lim functionsF; and investigate the implica- respectively. The corresponding hadronic parameters were
tions of the sign reversal in question for the determination ofintroduced after Eq(7). The Wolfenstein parametéy is de-
sin2B and the unitarity trianglgUT) througha,, ek,  fined by|V,,|=AN2 These formulas show very clearly that

AMy s and K— mvw. In this context, we will also discuss the sign ofF is immaterial for the analysis afMg s.
strategies, allowing a direct determination of the sigi¥ gf On the other hand, the constraint from reads|{15]
However, the major findings of this paper deal with the rare

kaon decayK " — 7t vv and K, — #%vv. In particular, we

point out that—for giverBr(K*— " v») and ayks—only  where 7,=0.57 is a perturbative QCD factd27], and

two values forBr(K,— m°vv), corresponding to the two Pc(&)=0.30=0.05 [31] summarizes the contributions not
possible signs of the generalized Inami-Lim functdnare  proportional toViVyy

possible in the full class of MFV models, independently of  Following [12] but not assumingr,; to be positive, we
any new parameters present in these models. This featufd, from Egs.(15) and(17),
provides an elegant strategy to check whether a MFV model

is actually realized in nature and—if so—to determine the 1.65
sign of X. Moreover, we deriveabsolutelower and upper sin2p= sgr(Ftt)R

bounds on the branching ratix (K, — 7°vv) as a function

of Br(K*—a*vv), and emphasize the utility @—X.vr  where the first term in the parenthesis is typically by a factor
decays to obtain further constraints. The branching rati®—3 times larger than the second term. We observe that the

Br(K N VV) and theCP asymmetryawK should be Sign of Ftt determines the Sign of Slrﬁ Moreover, as Eq

known rather accurately prior to the measurement of17) implies 7<0 for F,<0, also the sign of the second
Br(K — W) term in the parenthesis is changed. This means that, for a
Our paper is organized as follows: in Sec. Il, we analyzediVen set of input parameters, not only the sign of giniaut

the unitarity triangle and sin@usingAM , ., anda also its magnitude is affected by a reversal of the sigh,pf
y nang n2using AMa;s, ex WKs At this point the following remark is in order. When using

Section I1l is devoted to th&— 7vv decays, and our con- analytic formulas like Eqgs(15), (16), and (17) one should

(1= 0)A2p,Fy+P.(e)]A?Bc=0.204,  (17)

0.204

e (18)

—— — P8 |,

clusions are summarized in Sec. IV. remember that the numerical constants given there are sen-
sitive functions of\. Consequently, varying but keeping
Il. sin2B AND THE UT FROM AMg, £¢ AND & these values fixed would result in errors. On the other hand,

for fixed |V.,| any change ok modifies the parametex and
consequently the impact of the variation ofwithin its un-
In MFV models, the new-physics contributions&d s  certainties on sing and the unitarity triangle is very small.
can be parametrized by a single functibpy, as we have The numerical values in Eq$15), (16) and (17) and the
noted in Eq.(9). The same “universal” function also enters value for P.(¢) differ slightly from those given if12,15
the observablesk [5,12,24. In the SM, it reduces to the due tox=0.222 used here instead bf=0.22 used in these

A. sin 26 from AMy s and g¢

Inami-Lim function Sy(x;) ~2.38. papers. Moreover, we have redefini@gl This increase of
An important quantity for our discussion is the length of in question is made in order to be closer to the experimental
one side of the unitarity triangl®, , defined by value of |V, [6].
The lower bound in Eq(10) has been obtained by varying
ViVl _ \/ﬁ— 1|Vig 14 over all positive values df; consistent with the experimen-
= VeVl (1=e)"+7=y Vep| 19 tal values ofAMgys, |Vup/Vepl and|Vepl, and scanning all

the relevant input parameters in the ranges given in Table I.
FromAMy4 andAMy4/AMg, one finds[24,12,15, Repeating this analysis fdéf,;<0, we find
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TABLE I. The ranges of the input parameters. where¢p(By— ¥/Kg) denotes a characteristic weak phase of
_ the By— /K5 amplitude. In the SM expressiof®), it has
Quantity Central Error been taken into account th&(x,)>0, and it has been as-
\ 0.222 sumed implicitly that the bag paramelfapgd is positive. As
Vel 0.041 +0.002 emphasized if32], for BBd<O, the sign in Eq(2) would
[Vub/ Vel 0.085 +0.018 flip. However, this case appears very unlikely to us. Indeed,
[Vl 0.00349 +0.00076 - . ~ .
5 0.85 +0.15 all existing non-perturbative methods giBg >0, which we
« . +0. . . - .
\/B—F 230 MeV +40 MeV shqll also assume.ln our anglygs. A similar comment applies
d" By 166 GeV 5 Gev to B . However, sincesy(x;) is replaced by the new param-
rrz /e N e/ eterF; in the case of the MFV models, which need not be
(AM)q 0.487/ps +0.014/ps positive, the following phaseb, is actually probed by the
(AM)s >15.0/ps CP asymmetry ofB;— y/Ks:
& 1.15 +0.06
da=2B+argFy). (21
(—sin 28) min=0.69. (19 consequently, formulé?) is generalized as follows:
This result is rather sensitive to the minimal value of 8= Sin 4= Sgr(F )sin 2. (22)

\Be,Fs,. Taking (/Bs Fs )mn=170 MeV instead of 190
MeV used_ in Eq(19), we _obtain the bound of 0.51. For the On the other hand, if we use E(L8) to predictal//Ks, the
san)e choice, the bound in E{.0) is decreased to 0.35. For sign of the resultingC P asymmetry is unaffected:
(\/B_BdFBd)min>195 MeV there are no solutions for siB2
for the ranges of parameters given in Table I. Finally, only 1.65
for Bx=0.96, |V, =0.0414 and|V,,/Vcy|=0.094 solu- dKs™ Rz,
tions for sin B exist.

We conclude that in the case Bf;<0 the lower bound  However, its absolute value will generally be larger Fag
on |sin 28| is substantially stronger than for a positig, . <0.

This is not surprising because in this case the contributions This analysis demonstrates that in the MFV models gin 2
to e proportional toViVy, interfere destructively with the = can either be positive, as in the SM, or negative. This implies
charm contribution. Consequent|gin 28| has to be larger to  that, in addition to the universal unitarity triangle proposed
fit ex. Our discussion in the preceeding paragraph showg [24], there exists another universal unitarity triangle with
that the decrease in the uncertainties of the parameters n 23<0, which is valid for MFV models wittF,,<0. This
Table | could well soon shiffsin 28| above the upper bound also means that the “true” CKM ang|@ in the MFV models

in Eqg. (11) and consequently exclude all MFV models with can only be determined from, and AMs/AMg up to a

0.204 ot (©)
— >
AzBK e

. (23

Fu=0. sign that depends on the signff . In the spirit of[24], one
can distinguish these two cases by studying simultaneously
B. aykg ek andAMy. If the data O should violate the bound in
ConcerningawKs, the situation is a bit more involved. As Eq. (19) but satisfy Eq.(10), the full class of MFV models
we have noted after qu), the ang|e ﬁ in Eq (2) Origi_ with Ftt<0 would be excluded by the meatsurement of
nates from ayk (t) alone. If also the boundlL0) should be violated, all
@ MFV models would be excluded. The present experimental
2p=argMiz) — ¢p(By— ¥Ks), (200 situation is given as follows:

0.59+0.14+0.05 (BaBar[1])
0.99+0.14+0.06 (Belle[2]) (24)
0.79'0%% [Collider Detector at FermilatCDF) [3]].

awKS:

Combining these results with the earlier measurement by ALEPH (@ﬁé 0.16) [4] gives the grand average

8,k =0.79x0.10, (25)

which does not yet allow us to draw any definite conclusions. In particular, the most Bxé&astory results in Eq(24) are no
longer in favor of a small value (ﬁws, so that not even the case corresponding to negé&tivean be excluded. On the other
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| Vub/ Vcbl max

FIG. 1. |sin 28|max as a function ofVyp,/Vep| max-

hand, in view of the Belle resu|2], the upper bound given
in Eq. (11) may play an important role to search for new
physics in the future. We observe that whereas the BaB
result [1] is fully consistent with|sin 28|,,,,=0.82, corre-
sponding to|Vp/Vep max=0.105, the Belle result violates

this bound. This can also be seen in Fig. 1, where we show

|sin 28| max @s a function ofV,/Vep| max- Only for values of

PHYSICAL REVIEW D 64 115010

COSS:COSy . (26)

Here &; is a strong phase corresponding to a given final-state
configurationf of the yK* system. Theoretical tools, such as
“factorization,” may be sufficiently accurate to determine
sgn(cosy), thereby allowing the direct extraction of c@g.

In the case oBg decays, even information on the signkf

can be obtained in a direct way, as the SM “background” is
negligibly small in

b= (27)
In analogy to theBy— K*[ — 7°K¢] case, the quantity

—2\%2p+arg Fy)~arg Fy).

C0S8;C0Shs=C0Sd;SgN Fyy) (28
can be probed through the observables ofBke> y¢p angu-
lar distribution[35]. These modes are very accessible at had-
ron machines. Using again a theoretical input, such as “fac-

torization,” to determine sgn(c@¥, the sign ofF,, can be
extracted. If ¢4 is known unambiguouslySU(3) flavor-
symmetry arguments can be used to fix sgni@pgrom
By— #K* decays [35]; alternative ways to determine

Hosg=sgn(F,,) from B decays were also noted in that pa-

D. UUT from Aykg and AM¢/AMy

|Vun/Vep| that are substantially higher than the ones given in  In [36,24], a construction of the UUT by means afj_

Table | could the Belle result be valid within the MFV mod-
els. Finally, as seen from EL9) and Fig. 1, a decrease of
[Vub/Veblmaxdown to 0.085 would put the MFV models with
F<0 into difficulties, independently of other input param-
eters in Table I.

C. Direct determination of sgn(F )

It would of course be important to measure the sign of the
parametei; directly and to check the consistency with the
bounds discussed above. Let us, in order to illustrate how

this can be done, assume for a moment ta¢ =0.75 has

been measured, corresponding¢ig=48.6° or 131.4°. Tak-
ing into account the data oiV,,/V,|, requiring v o%+ 72
=0.5[see our discussion below E(L.3)], it is an easy ex-
ercise to convince ourselves thaf=48.6° corresponds to
B=24.3° and ardgt)=0, whereas 131.4° is related ®
—24.3° and argf;)=180°. Both cases can be distin-
guished through the unambiguous determinatiosf Sev-
eral strategies were proposed to accomplish this Rl

The key element for the resolution of the twofold ambi-

guity in the extraction okpy from Ak~ sin ¢y is the deter-
mination of cospy. For the example given in the previous
paragraph, cog,=+0.66 would imply MFV models with
F>0, containing also the standard model, whereas¢gos

physics, corresponding t6<<0 in MFV scenarios. The

quantity cospy can be probed through the angular distribu-

tion of B4— yK*[— 7K g] decayq34], allowing us to ex-
tract

0.66 would imply unambiguously the presence of new

andR; following from AM /AM4 has been presented. Gen-
erally, for given values OfdwKS, R;), there are eight solutions

for (E;) However, only two solutions are consistent with
the bound in Eq.11), corresponding to the two possible
signs ofFy; .

For the derivation of explicit expressions ferand », itis
useful to consider

sgn(Fy)ctgB= 1|_T|sz(,3)y (29
as Eq.(14) implies
Ri=(1-0)*+7*=[1(B)*+1]7". (30
Consequently, admitting also negatikg, we obtain
_ R _ _
n=sgrFy) W . e=1-1(B)[nl. (3D

If we take into account the constraint frdii,,/Vy|, yield-

ing E<1, we conclude that(B) is always positive. More-
over, asayy = sgn(Fy)sin 28, we may write

1i\/1—aﬁlKS_

1+|cos 28|
- Sgr(':tt) T ainopn

sin283

f(B)= (32)

a,/,KS

Now the upper boundpg|=28° [see Eq.(11)] implies
|ctgB|=f(B)=1.9. As 0<a,k <1, the “~ " solution in Eq.

115010-5
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(32) is hence ruled out, and the measuremermlgpjs deter-
minesf(,8) unambiguousithrough

f(B)=——. 33
(B~ (33
Finally, with the help of Eq(31), we arrive at
/ 2
n=sgnFy)Ry T —
2
_ 1+ 1-ap | _
o=1-|———|I7l. (34
Kg

PHYSICAL REVIEW b4 115010

The left over solutions correspond to two signs of sitBat
can be adjusted to agree with the analysis of In the SM,

the THDM and the MSSM, the functioris; and X are both
positive, resulting in sin2 given by Egs(3)—(5). We would
now like to generalize this discussion and the SM formulas
for K* =7t vr and K — 7%vr to MFV models with arbi-
trary signs ofF and X. As one of our major findings, we
point out the interesting feature that—for giver(K™*
—atvy) and a¢KS—onIy two values forBr(K,— mvv),
corresponding to the two signs & are possible in the full
class of MFV models, independently of any new parameters
arising in these models.

B.K*>atvy

The reduced branching rati®, defined in Eq(5) is given

The functionf(B) also plays a key role for the analysis of by

the K— 7w system, which is the topic of Sec. Ill.

E. Lower and upper bounds onJ¢cp and ImA,

The areasA, of all unitarity triangles are equal and re-

lated to the measure @ P violation J:p [37]:

2

[ImA, (35

2

A
|JCP|:2AA:7\( 1-

where\=V;Viq. The cleanest measurement ofNpis of-

fered byBr(K,— 7m°vv) [19], which is discussed in the fol-
lowing section. The importance of the measuremend gof
has been stressed in particular 88].

Frome andAMy 5, we find the following absolute up-
per and lower bounds oim\,| in the MFV models:

1.74x10°%4, F,>0,
[IM (| max= 1.70< 104, F<O, (36)
and
0.55x10°%,  Fy>0,
IMNifmn=11.13x107%,  F,<0, (37)

with sgn(lm\;)=sgnFy). In the SM, 0.94 10 *<Im\,
<1.60x10 4, and the unitarity of the CKM matrix implies
[IMA | max=1.83X 10 4.

Ill. sin2 B AND UT FROM K— vy IN MFV MODELS
A. Preface

In MFV models, the short-distance contributions K6
—m vy and K —7°vv proportional toV}V,y are de-
scribed by a functiorX, resulting fromz° penguin and box
diagrams. In evaluating sin&in terms of the branching ra-

tios for K*— " vy and K, — 7 vy, the functionX drops

out[19]. Being determined from two branching ratios, there

is a four-fold am_biguity in sin B that is reduced to a two-
fold ambiguity if o<1, as required by the size Bf ,,/V.y|.

i P [Ren _ Rey. |
(39
where\ = V{V 4 with
\? —
ImA\,= 7A2\°, R@xt=—<1—7)A2)\5(1—9),
(39

and A.=—\(1—\?/2). Therefore, the standard analysis of

the unitarity triangle by means & — 7+ v [19,29 can be
generalized to arbitrary signs of and F;; through the re-
placements

X—|X|, Pu(vr)—sgriX)P.(vv), n—sgrFy)|7.

(40)
We find then that the measured value Bif(K ™ — " vv)
determines an ellipse in the(#) plane,

_ 5 —
(Q_QO T A (41)
01 7
centered at ¢,,0) with
1+ sgroo P (42)
= S ,
Qo g AZ[X]
and having the squared axes
—>_ .2 (ro)z ith r2 0B, (43)
=rg, =|—| with r§= .
€1=fo, M=\, 0 AYX]2

The ellipse(41) intersects with the circl€l2). This allows us
to determinep and %:

— 1
= ﬁ[QoI Vo?ea+(1—a?)(r5—o?RY)1, (44)
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7=sgnF)VRZ— 2, 1-¢

n=sgrFy) VRy— e re= _Q =ctgB, (49
and consequently K

) 9 we then find
R2=1+R2—20. (45)
o , +Vo(By—By) —sgrnX)Pc(vv)
Given ¢ and 7, one can determin¥,q rs=sgrF)\o ;
o VB,
Vig=AN(1-g=i7), |Vl =ANR.  (46) 0

with Egs.(3) and(5) unchanged. We observe thatis inde-
portance of the internal charm contribution. F$r0, we pindent oﬂ>.(| b,Ut the sign of the mterfer_enc_e betvieen the
have, as usuak,™>1 so that the % ” solution in Eq. (44) is ~ VisVta cONtribution and the charm contributidh,(»v) to
excluded because @f<1. On the other hand, fot<0, the K™ — 7" vy matters.

The deviation ofo, from unity measures the relative im-

center of the ellipse is shifted t@,<1, and for |X| In order to deal with the ambiguities present in E50),
<P.(vv)/A? can even be ap,<0. we consider

OnceBr(K*—="* v?) will be accurately measured, it +Jo(B,—B,) —

. . — = FVo(B;—By) —sgn X)P(vv)
will be important to check whether the values forand 7 in sgnFi)rs= Jo L2 g ¢ =f(pB),
Eq. (44) obtained usingX=Xgy agree with those obtained \/B—z 51

by means of Eq(34). However, even in the case of agree-

ment it will be imﬁossible to claim the abserEe_of new phys'wheref(ﬁ) was introduced in Eq(29). As we have noted
ics in K*—7"vv as the same values for(n) can be  after Eq.(31), f(B) has to be positive. Consequently, fr
obtained for sgr) <0 with a suitably increaselX|. Aswe >0, only the “+” solution is allowed. On the other hand, in

will discuss below the removal of this amb|gu|ty will be the case Of>(<0, the “—" solution gives also a positive
possible with the help oK, — 7°vv. value of f(B) if
In the case of disagreement between E@4) and (44) o
the assumption of MFV would necessarily imply some new P.(vv)?
B,—B,< ~0.15. (52

physics contributions td&*— 7" vv. On the other hand,
such a conclusion could turn out to be premature in the case
of significant contributions of new operatorsAd g and no  Numerical studies show that botBr(K*—z* 1;) and
such contributions td My andK* — 7" vv. In this case the Br(K,— #°»») have to be below ¥ 107! to satisfy Eq.
relation betweerR; and AM /AMy, as given in Eq(16),  (52). As such low values are extremely difficult to measure,
would be modified[39], resulting in different values for we will not consider this possibility further, which leaves us
(0,7) obtained using E(34). The latter could then in prin-  with the “+” solution in Eq. (50).

ciple agree with the ones obtained by means of &d) In Table 1l, we show the resulting values of
within the SM. This is precisely the situation in the MSSM at sgn(Fy)sin28=a,¢, for several choices of Br(K”
large tanB=v, /v, [39]. — 7 vr) and Br(K_— 7°vv), setting P,(v»)=0.40. We
observe that the sign of is important; we also note that
C. K —»#m%w, K*>atprr and the unitarity triangle certain values violate the bounds in E¢E0) and(11). This

implies that certain combinations of the two branching ratios
b are excluded within the MFV models. Let us then find out
y which combinations are still allowed.

2
X]

The reduced branching rati®, defined in Eq(5) is given

ImA;
)\5

B,=

(47 D. Br (K —#%vp) from a,_and Br(K*—a*vy)

AS 8 andBr(K*— =+ vv) will be known rather accu-

Following [19], but admitting both signs oK andF.,, we rately prior to the measurement Bfr (K, — 7%vv), it is of

find
interest to calculatdr(K, —7vv) as a function ofa,,,KS
o1+ * VU(Bl—Bz)JFSgr(X)Pc(VV)l andBr(K*— =" vv). From Eq.(51), we obtain
AZ[X] ' — 12
f B,+sgn X)VoP.(vv
- 8,—p, | (B)B: g: WoPm) P o
_ B,
=S F —_ 48
7= S9N Fe) \/;A2|X| “9 The important virtue of Eq(53) when compared with Eq.
(50) is the absence of the ambiguity due to then front of
whereo was defined in Eq(6). Introducing Vo (B;—B)).
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TABLE Il. sgn(F;;)sin 2B=ayx, in MFV models for specific values dBr(K, — woyj)EBr(KL) and
Br(K*—a*vw)=Br(K*) for sgn(X)=+1 (—1) andP(vv)=0.40.

Br(K,) 107

Br(K*)=8.0 [10" 1Y

Br(K")=16 [10 1Y

Br(K*)=24 [10 1Y

2.0 0.60(0.35 0.40(0.27) 0.31(0.22
3.0 0.71(0.43 0.48(0.32 0.38(0.27)
4.0 0.79(0.49 0.55(0.37) 0.43(0.32
5.0 0.86(0.54) 0.60(0.42) 0.48(0.35
6.0 0.91(0.59 0.65(0.45 0.52(0.39
7.0 0.94(0.64) 0.70(0.49 0.56(0.41)
8.0 0.97(0.69 0.73(0.52 0.60(0.44)

As we have seen in Eq33), the measurement @& . corresponding plot for sgiX)=—1 is shown in Fig. 3. It
determinesf(8) unambiguously. This finding, in combina- should be emphasized that the plots shown in Figs. 2 and 3
tion with Eq. (53), implies the following interesting property are universal for all MFV models. Table Il and Figs. 2 and 3

of the MFV models:
For givena, and Br(K"— @ vv) only two values of

make it clear that the measurements BRif(K, — 7°vv),
Br(K*— =" vv) and Ay will easily allow the distinction

Br(K.— 7701{;), corresponding to the two possible signs of between the two signs €. The uncertainty due t8(vv) is
X, are possible in the full class of MFV models, indepen-non-negligible but it should be decreased with the improved

dently of any new parameters present in these models.
Consequently, measurirgr(K,— w’vv) will either se-

knowledge of the charm-quark mass.
We would like to emphasize that the upper bound on

lect one of these two possible values or rule out all MFVBr(K, — 7%vv) in the last column of Table Ill is substan-

models. We would like to emphasize that the latter possib
ity could take place even if the lower bound [@in 28| [12]
is satisfied by the data e: IV which is favored by the most

recentB-factory results given in Eq24).

In Table Ill, we show values oBr(K, — fnov?) in the
MFV models for specific values otawKS and Br(K*
— " vr) and the two signs oK. Note that the second col-
umn gives theabsolutelower bound OI’IBI’(KL—MTOV;) in

the MFV models as a function d8r(K*— =" vv). This
bound follows simply from the lower bound in EGL0). On
the other hand, the last column gives the corresponding

solute upper bound. This bound is the consequence of the

upper bound in Eq(11). The third column gives the lower

bound onBr (K, — 7701/7) corresponding to the bound in Eq.
(19) that applies for a negativiey; .

A more detailed presentation is given in Figs. 2 and 3. In

Fig. 2, we showBr(K,—7°vv) as a function ofBr(K*
— " vv) for chosen values GﬁwKs and sgnk)=+1. The

TABLE lIl. Values of Br(KL—wTOV;) in the MFV models in
units of 10" ** for specific values o0& andBr(K*— " vv) and
sgnX)=+1 (—1). We setP (»v)=0.40.

Br(K*—a*vv) [10° 1] ayk =042 a, =069 a, =082
5.0 0.45(2.0) 1.4(5.8 2.2(8.9
10.0 1.2(35 3.8(10.0 5.9(15.0
15.0 2.1(4.8 6.3(14.0 9.9(21.)
20.0 3.06.2 9.0(17.9 14.1(27.0
25.0 3.9(7.5 11.8(21.7 18.4(32.9
30.0 49(8.7 14.6(25.4 22.7(38.9

ilially stronger than the model-independent bound following
from isospin symmetry40]
Br(K,— m°vv)<4.4xBr(K*—a"vv). (54)

Indeed, taking the experimental bourBir(K+—>7T+v;)
<5.9x10 %% (90% C.L.) from AGS E78741], we find

4.9x10°10
7.1x10°10

sgnXx)=+1,

sgnX)=—1. (55

Br(KL—”TOV;)MFV$|

20

18

16

14

12 -

10 -

Br(k,) [10™"]

8 L

0 5 10 15 20 25 30 35 40 45 50
Br(K") [10™]

FIG. 2. Br(K,—m%vv) as a function oBr(K*—*vv) for

several values ofa,,,KS in the case of sgi{)=+1. For K

=0.62, also the uncertainty due R}:(V;):OA-O'_" 0.06 has been
shown.
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20 ; . oo . . =

/ 4 y — 0.104
- S y 4 7 ] Br(K —7%vr)=42.3<(Im\ )% —————
A 4 e Br(B—X.ev)
VY Ay - ) PR
e ,/// 1 which is valid in all MFV models. Equatio(69) constitutes
// /,/'/ _ still another connection betwed&r and B-meson decays, in
7 e addition to those discussed already in this paper and in
e T [19,20,22,17 4%
P 1 Now, the experimental upper bound @&r(B— Xsvv)
---- 082 reads[45]
rrrrrrrrrrrr 072 -
— 0.62 _
——-052 | Br(B—Xsvv)<6.4x10°% (90% C.L). (60
—-— 042

, i . , ) y ’ . H i P - —4
O B R R Using this bound and setting hp=1.74<10" [see Eq.

Br(K") [10™] (36)], |Vis| =|Vepl, f(z)=0.58 andBr(B— X.ev)=0.10, we
find from Eq.(59) the upper bound
FIG. 3. Br(K,—7°v») as a function oBr(K*—z"vv) for _
several values ofa,_ in the case of sgn()=—1. For a,, Br(K —m%1)<9.2x107 1% (90% C.L), (61)
=0.62, also the uncertainty due R)C(vj):OAOi 0.06 has been

which is not much weaker than the bound in Esp). As the
shown.

bound in Eq.(60) should be improved in thB-factory era,

) ) — also the latter bound should be improved in the next years.
This should be compared withBr(K, — 7 vv)<26

X 1071% (90% C.L.) following from Eq.(54), and with the

. . F. Determination of X
present upper bound from the KTeV experiment at Fermilab

sl 0,73 -7 ) The knowledge of the functioX would be very important
gr?s]pyglccjzltrrgnir\fv}fth; ;Lemé)l\jfeiaé? - The correspond information, providing constraints on the MFV models. In
o the SM, we haveX~1.5. Present bounds on the functi¥n
Br(K"— 7" vy)=(7.522.9x10 1}, from K*— 7" vy and B— Xsvv within MFV models were
_ recently discussed ifl7]. In particular, from Egs(58) and
Br(K,— 7%wv)=(2.6+1.2)X10 1% (56) (60) we find

As can be seen in Table Il and in Figs. 2 and 3, the bounds X|<6.38, (62)
in Eq. (55 will be considerably improved wheBr(K*™  \which agrees well wit17].

—atyy) and Ay will be known better. The experimental In the future, a theoretically clegn deteLminatiorDofviII
outlook for both decays has recently been reviewed by Litbe made possible by determining and ¢ by means of
tenberg[43]. The existing measuremeptl] AMs/AMy anday [see Eq.(16) and(34)], and inserting
Br(K*—a v_)=(1.5ff"2‘)><10*1°, (57) them into (39)_and (38). In this manner, we may calculate
’ Br(K*— =" vv) as a function ofX. The measurement of
should be considerably improved already this year. this branching ratio yields then two values pf|, corre-

sponding to sgrX) = = 1. We illustrate this in Fig. 4, where
we plotBr(K™— " vv) as a function ofX| for sgn(X) =
+1. Here we have assumed, as an example;0.83,
The branching ratio for the inclusive rare dec&® (, 7)=(0.23,0.35), which corresponds &= 0.75, and
— Xsvv can be written in the MFV models as follows5]: P.(v7)=0.40. As expectedBr(K*—*vp) is substan-

E. An upper bound on Br (K, —»@vv) from Br(B—Xwr)

— . Br(B—>XCe7) tially smaller in the case of a negative
Br(B—Xsv»)=1.57x10 0.104 Direct access tdX| will also be provided byBr(K_
) —a%vp), as can be seen from E@7). If a MFV model is
XE 0.54 X2 (58) realized in nature, both determinations have to give the same
Vel [F(2)] value of |X|. This requirement allows us to distinguish be-

tween the two branches in Fig. 4, thereby offering another
where f(z)=0.54+0.04 is the phase-space factor fBr  way to fix the sign ofX.

—>Xce7with z=m§/m§, andBr(B— X.ev)=0.104+0.004. However, the strategy presented in Sec. Ill D, which is
Formulas(47) and (58) imply an interesting relation be- based on Figs. 2 and 3 @d involves jugfc,, Br(K"
tween the decayk, — 7°vv andB— X.vv: —a"vr) and Br(K — wvv), is much more elegant to
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implied by |V,,/Vp|. Since the BaBar and Belle results are
not fully consistent with each other, the measurement of
ayk . will remain a very exciting issue. Let us hope that the
S
situation will be clarified soon.
We have generalized the SM analysis of the unitarity tri-
angle throughK— 7wvv to MFV models, allowing negative
values ofX. In particular, we have explored the behavior of

Br(KL—m-rOv;) as a function of Ay and Br(K™*

40

—at v;) for the general MFV model. This is an important
exercise, since the latter two quantities will be known rather

precisely beforeBr(K, — w’vv) will be accessible. In this
context, we have pointed out that for giveBr(K*
—atvy) andalJ,KS, only two values foBr(K, — 7%vv) are
possible in the full class of MFV models, which correspond
7 just to the two signs oK and are independent of any new
IX| parameters present in these models. Consequently, the mea-
o surement of this branching ratio will either select one par-
FIG. 4. Br(K"—m"vv) as a function ofX| for sgnX)=*1 ticular class of MFV models, or will exclude all of them.
in the case oA=0.83, (¢,7)=(0.23,0.35) and.(vv)=0.40. At present, the existing lower and upper boundsagr@s
__in the MFV models allow us to findbsolutelower and up-
check Whethe-r a MFV mOdeI- is realized in the— 7vv per bounds on the branching ram(KL_> WOV;) as a func-
system and—if so—to determine sgf)( In order to deter- Br(K*—m"vv). We find that the present upper
mine also|X|, AM;/AMy is needed as an additional input, N L= .
bounds onBr(K™— 7" vv) and|V,,/V.| imply an abso-

as we have seen above.
lute upper boundr (K, — mrr)<7.1x10 1°(90% C.L),
IV. CONCLUSIONS Which_ is s_ubstantially stronger than the bound foII_owing
from isospin symmetry. On the other hand, the experimental
In this paper, we have explored the determination ofypper bound onBr(B—Xsvv) implies Br(K, — w%vv)
sin 26 through the standard analysis of the unitarity triangle,<9.2x 1071° (90% C.L).
theCP asymmetrya and the decayK— mwvv in MFV The present paper, in conjunction with earlier analyses

models, admitting new-physics contributions that reverse th&24,12,15,17, demonstrates the simplicity of the MFV mod-
sign of the corresponding generalized Inami-Lim functions€ls, allowing transparent and general tests of these models

F, andX. Our findings can be summarized as follows: without the necessity of assuming particular values for their
There are bounds on siB2which can be translated into N€W parameters. _
lower bounds ona_. For Fy>0, (ayk)mn=0.42 [12] It will be exciting to follow the development in the ex-
S 1 S - ) R

whereas we obtain a stronger bound @fj£)min=0.69 in perime_ntal values fawKsi Br(K"—m"wvr), Br(K.
the case of;<0. Consequently, for 0.42a,<0.69, the — %), Br(B—Xsvv) ar_ldAMS/AMd. Possibly already
full class of MFV models withF ;<0 would be excluded; Pefore the LHC era we will know whether any of the MFV

for a,_<0.42, even all MFV models would be ruled out. Models survive all tests discussed here and in
The reéuction of the uncertainties of the relevant input «31—[1(‘9’22’24'12’15’117 or whether new operators and/or new
. . put p complex phases are required to describe the data.
rameters could improve these bounds in the future. We havé
also discussed strategies to determine the sidx,airectly,
allowing interesting consistency checks of the MFV models.
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