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Improved model-independent analysis of semileptonic and radiative rard3 decays
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We update the branching ratios for the inclusive dec®ys X/ "l~ and the exclusive decayB
—(K,K*)I"1~, with I=e, u, in the standard model by including the expli€{as) and A gcp/m, correc-
tions. This framework is used in conjunction with the current measurements of the branching rats for
—Xsy andB—KI*I~ decays and upper limits on the branching ratios for the deBaygK* ,X,)I*1~ to
work out bounds on the Wilson coefficien®;, Cg, Cq and C;, appearing in the effective Hamiltonian
formalism. The resulting bounds are found to be consistent with the predictions of the standard model and
some variants of supersymmetric theories. We illustrate the constraints on supersymmetric parameters that the
current data on rarB decays implies in the context of the minimal flavor violating model and in more general
scenarios admitting additional flavor changing mechanisms. Precise measurements of the dilepton invariant
mass distributions in the decaBs— (X,K*,K)I*1~, in particular in the lower dilepton mass region, and the
forward-backward asymmetry in the deca®s-(Xs,K*)I "1, will greatly help in discriminating among the
SM and various supersymmetric theories.
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[. INTRODUCTION rent theoretical dispersion on the branching ratio, the agree-
ment between experiment and the SM is quite impressive
The measurement of the inclusive deddy-X.y, first ~ and this has been used to put nontrivial constraints on the
reported by the CLEO Collaboration in 199%], has re- parameters of models incorporating beyond-the-SM physics,
ceived resounding reception in the interested theoreticdl particular supersymmetisee, for example, Ref9] for a
physics community, both as a precision test of the standartecent analysis in a supersymmetric scenarithile the
model in the flavor sector and as a harbinger of new physicgneasurement of the dec#— Xy is being consolidated,
in particular supersymmetry2]. In the meanwhile, the se\_/eral other radiative an_d semll_eptonlc r&ealecays are _
branching ratio for this decay has become quite precisQe'ng searched for. In particular, first measurements of semi-

through the subsequent measurements by the CLED leptonic rareB decays have been recently reported in Bhe

ALEPH [4] and BELLE [5] Collaborations, with the BA-

BAR measurements keenly awaited. The present experime

tal average of the branching rati®s(B— Xsy)=(3.22
+0.40)x 10 *is in good agreement with the next-to-leading
order prediction of the same in the standard mo@&V),
estimated as3(B— Xsy)su=(3.35+0.30)x 10 4 [6,7] for
the pole quark mass ration,/m,=0.29+0.02, rising to
B(B—Xsy)su=(3.73+0.30)x 10" [8], if one uses the in-

put value mﬁ”_s(ﬂ)/mb,po,e=0.22t0.04, wheremﬁ"_s(,u,) is

—Ku*u~ andB—Ke e~ modes by the BELLE Collabo-

fation [10], and upper limits have been put in a number of

other related decay mod¢40-13. The current measure-
ments of the exclusive modes are in agreement with the ex-
pectations in the SM14,15, calculated in next-to-leading
logarithmic (NLO) approximation, taking into account the
experimental and theoretical errors. This, for example, can
be judged from the comparison of the combined branching
ratio for the decay modeB—KI*1~, I=e,u, reported by

the BELLE CollaborationB3(B—KI*17)=0.75"533+0.09

the charm quark mass in the modified minimal subtractionx 10~ ¢ with the light-cone QCD sum rule based estimates of

(MS) scheme, evaluated at a scalein the rangem.< u

the sameB(B—KI17)=0.57"315x 10" ° [15]. The upper

<m,. The inherent uncertainty reflects in part the presentimits on the inclusive decayB— X4 "1~ and the exclusive
accuracy of the theoretical branching ratio, which is limiteddecaysB—K*|*|~ are now approaching their respective
to O(as), and in part the imprecise measurements of theSM-based estimates, as we also show quantitatively in this

photon energy spectrum B— X,y decays. Despite the cur-
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paper.
With increased statistical power of experiments at Bhe

factories in the next several years, the decays discussed

above and related rai® decays will be measured very pre-

cisely. On the theoretical side, partial results in next-to-next-

to-leading logarithmidNNLO) accuracy are now available

in the inclusive decay8— XJ 1~ [16,17]. Recalling that
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the lowest order contribution for these decays starts aing ratios are larger, due to the form factors, and estimated at
O(1/ag), as opposed to the dec@®/— Xyy, which starts at  typically O(*35%). Using this updated theoretical frame-
O(ag), the NNLO accuracy iBB— X4 "1~ amounts to cal- work, we extract model-independent constraints that current
culating explicitO(ag) improvements. The same accuracy in data[summarized below in Eqg4)—(11)] provides on the

as amounts to calculating the dec@®/—~Xsy in NLO. We  Wilson coefficientsC,—C;,, which appear in the effective
also recall that power corrections igcp/my [18] and in Hamiltonian. We first work out the constraints 63 andCg
Aqcp/mc [19] are also known. For what concerns the exclu-implied by theB— Xyy measurement. To that end, we define
sive decays, some theoretical progress in calculating thefhe guantitiesR, o ow) = C%Y 1) /C o wy), and work out
decay rates to NLO accuracy in the—(K*,p)y [20-23,  poynds on them. Data 0B— Xgy allows both Ry & sw)

and to NNLQ accuracy i —K*| "1~ [21] decays, inclgd- >0 andR; g( uw) <0 solutions, which we show in terms of
ing the leadingA ocp/Mg, has been reported. Comparlsonsthe allowed regions in the (R(iy),Re(iy)) and

of these theoretical estimates V\_nth data®n:K* y decays (R/(up),Re(ep)) planes. We then transcribe the impact of
[23-25 have led to important inferences on the magnet|cthe B— (X, K,K*)I "1~ experimental data on the allowed
moment form factor. Our purpose in this paper is to incorpo- . st P .
rate these theoretical improvements, carried out in the cor{;eglons In the[C9’Clo]_ _plane. Depend|_ng on the two
text of the SM, and phenomenological implications from thePranches for the qﬁfnt't'd&ﬁ(“}(}g' we display the con-
observed radiative decays, and examine the quantitegjve  Straints in terms o€q" () andCy, . We show that the SM
port between the SM and current measurements of the semgolution [corresponding to the point (0,0) in this plane for
leptonic rareB decays. An equally important undertaking of the caseR; g uw)=1] is allowed by present data. More im-
our analysis is to investigate the impact of the current experiportantly, from the point of view of supersymmetry, our
mental measurements on the parameters of the possible sanalysis shows the allowed region in th€4,Cqo] plane,
persymmetric extensions of the SM. The question which weavhich leaves considerable room for beyond-the-SM contri-
address in this context is the following: do the current meabutions to these quantities. In fact, in some allowed regions,
surements in semileptonic rai@ decays already provide phenomenological profiles of semileptonic r&eecays can
more restrictive constraints on the parameters of the supemeasurably differ from the corresponding ones in the SM.
symmetric models than are provided by tBe-Xsy mea- The second part of our supersymmetric analysis deals
surements? We find that the dec&s» (Xs,K*,K)I "I~ do  with specific SUSY models and we quantify the additional
provide additional constraints in some parts of the supersymgonstraints that the generte—sl*1~ data implies for the

metric space, though with the current experimental knowlyarameters of these models. We show that no useful bounds
edge the decap— Xsy remains more restrictive over most rgr

eyond what are already known from tBe— Xy analysis
of the supersymmetric space. This is expected to change wi y y sY y

. d - th ileptonic ravel hich e at present obtained in the so-called minimal flavor vio-
IMproved precision on the semileptonic rareecays, whic lating modeld/including the constrained minimal supersym-
we illustrate in a number of supersymmetric scenarios.

Our analysis is carried out in the effective Hamiltonian metric standard modeMSSM)] [26]. This reflects the ge-

approach, obtained by integrating out the heavy degrees rically small deviations to the SM rates and distributions
freedom aefined belofsee Eq(1)]. However, we make the anticipated in these models, as the allowed supersymmetric
tacit assumption that the dominant effects of an underlyin arameters are aIready h|ghly constrained. qukmg' in the
supersymmetric theory can be implemented by using the S ass insertion approximatidi27], we gho_w that insertions
operator basis for the effective Hamiltonian. Thus, supersym'—nI the down-s_quarl(; Eectcgmat enter prlrlmpallyt/ thmlégh.ttr:]e
metric effects enter in our analysis through the modification uino penguin and box diagrainare not constrained either

of the Wilson coefficients which in the SM are calculated at''o™m Present datg. On the other hand, insertions in the up-
some high scale, denoted generically fy,, with the SM squark sector get in some parts of the SUSY parameter space

anomalous dimension matrix controlling the renormalizationgenumely new constraints. To show possible supersymmetric

of these coefficients to a lower scale, typically=O(m,). effects that precise measurements in semileptonicBate-

Restricting the operator basis to the one in the SM obviousl ays may reveal, +W,e work out t.he fonyard—chkwgrd asym-
etry in B—XJ "1~ for four illustrative points in the

does not cover the most general supersymmetric case, but X ) .
g persy 8 (w),CIF) plane, representing solutions in the four al-

think that it covers an important part of the underlying pa- s ) s
ed quadrants in this space. However, a high density scan

rameter space, and hence can be employed to underta )
searches for supersymmetric effects in rBréecays. Within ~ OVer all the parameter space shows that the allowed solutions

this operator basis, we have split our analysis in two parts. Iff the Nf'QOd6|S c'\(‘)n3|dered by us are scattered mostly around
the first part we update the branching ratios for the decayf® (Co' (#w),Ci10) =(0,0) region, for the two branches for
B—(Xs,K,K*)ITI~, =€, pu,in the standard model. In do- the quantitiesR; g(uw), i.e. for Ry (uw) >0 andRy7 g(uw)

ing this, we work out the parametric uncertainties due to the=0. We present the resulting constraints on the supersym-
scale dependence, top quark mass, and the ratio of the Metric massedy, (mass of the lighter of the two top squark
qguark massesm./my,. Combining the individual errors mass eigenstateMy= (the charged Higgs boson masses
SB(w), B(m;), andsB(m./my) in quadrature, we find that and tarB (ratio of the two Higgs vacuum expectation val-
the resulting theoretical uncertainties at8(B—X.e'e") ue9, in the context of the minimal flavor violatiofMFV)
=+15% andsB(B— X u" u~)=*+17%. The correspond- MSSM framework, and on the mass insertion parameter
ing theoretical uncertainties on the exclusive decay branchtd»3) in the mass insertion approximatigsMIA ) framework.
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This updates similar results worked out along these lines invhere the subscripts andR refer to left- and right- handed
Ref.[28]. components of the fermion fields. We work in the approxi-
This paper is organized as follows: In Sec. I, we enlistmation where the combinationV{.V,,) of the Cabibbo-

the current measurements of the rdedecays which we Kobayashi-Maskawa matrix elemerft9] is neglected; in
have analyzed. The effective Hamiltonian for the SM and thehis case the CKM structure factorizes, as indicated in Eq.
supersymmetric models studied by us is also given here. I1). Of course, for the sake of book keeping, one can keep
Sec. lll, we present the NNLO implementation of the inclu- the individual top-quark and charm-quark contributions in
sive and exclusivé—s|™|~ transitions that we consider. In the loop separately, but as there is no way to distinguish
Sec. IV we discuss the branching ratios for the exclusivehese individual contributions we will give the results in the
decaysB—K®*)| ™|~ in the SM. In Sec. V, we study the summed form.

constraints on the supersymmetric parameters resulting from Note the inverse powers af in the definition of the
theB— Xgy decay in the NLO approximation. In Sec. VI, we operatorsO, ... ,0;0 in Eq. (2). These factors have been
present the results of the model-independent analysis of thatroduced by Misiak in Ref[30] in order to simplify the
b—sl*1~ modes based on current data. In Sec. VII, we deorganization of the calculations. In this framework, the LO
scribe the specific SUSY model that we study and present theesult for theb—slI*1~ decay amplitude is obtained in the
bounds on the relevant mass insertions. In Sec. VI, wefollowing three steps: the matching conditio@g u,) have
summarize our results. Some loop functions encountered itb be worked out aD(«?), the renormalization group evo-
the calculation and the top squark and chargino mass matrjgtion has to be performed using ti@( l) anomalous di-

ces are given in the Appendixes. mension matrix and the matrix elements of the operafrs
have to be worked out at orderdl. In going to the NLO
Il. EFFECTIVE HAMILTONIAN precision all three steps have to be improved by one order in
ag.

The effective Hamiltonian in the SM inducing the
—sl*I~ andb— sy transitions can be expressed as follows:
10

At an arbitrary scaleuw the Wilson coefficients can be
decomposed as

_ AGE 5
Hor= =" ViV, ClmIOi) ) o+ S oy 4 (SU;) cP(w)
4ar
where O;(x) are dimension-six operators at the scale ©)

Ci(u) are the corresponding Wilson coefficien@; is the
Fermi coupling constant, and the Cabibbo-Kobayashi-
Maskawa(CKM) dependence has been made explicit. The
operators can be chosen as Héb:

We note that in our basis onfy, is different from zero at the
matching scalewy at leading order, vizC{%(uy) = 8i,. At
the low scaleu,, (of ordermb) the coeff|C|ent33°(,ub) are
_ _ nonzero fori=1,...,6,9 whereas they vanish for
O1=(sL v, T )(cLy*T?), =7,8,10.
(e u We shall use this effective Hamiltonian and calculate the
O2=(sLy,uc0) ey by, matrix elements for the decays of interest, specifying the
degree of theoretical accuracy.
Os=( SLy" 2 (qy“q) g]I'he experimental input th)::\t we use in our analysis is
given below. Except for the inclusive branching ratio ®r
O4=(;|_7,LTabL)2 (qy“Taq), —Xgv, Which is the average of the results from CLEO,
q ALEPH and BELLE measuremenf8-5], all other entries
are taken from the two BELLE papers listed in RfO]:

05:(SL7',u17M27M3b'—)% (ay"y"zyteq), B(B—Xsy)=(3.22£0.40 X 104, (4)
_ _ B(B—Ku"u™)=(0.99535501)*x 107, (5)
Oe=(SL7,L17u2m3TabL)§q‘, (qyt1yr2y3Tq), B(B—Ke'e )=(0.48"932709% 1076 | (6)
e B(B—KI*17)=(0.75"3%+0.09x10°%, (7
O7=g—§mb(SLU””bR)Fuw B(B—K*utp )<3.0<10°% at 90% C.L., (8)
1 B(B—K*ete )<5.1x10 ° at 90% C.L., (9)
Os:g—mb(SLa“ "T?bR)G}, , B(B—Xeu" 1 )<19.1x10°% at 90% C.L., (10)

& B(B—Xete)<10.1x10 % at 90% C.L. (11)
= — M
O gg(SLY”“bL)Z (1), The experimental numbers given in E¢S)—(11) refer to the
so-called nonresonant branching ratios integrated over the
e . entire dilepton invariant mass spectrum. In the experimental
Oloz—z(SLnbL)E (Fy ysl), (2  analyses, judicious cuts are used to remove the dominant
! resonant contributions arising from the decayB
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— (X, KK, ... )— (X, K,K*)ITI 7. A direct com-  auxiliary quantitiesA;, Ag, Ag, A, Tg, Ug, Wy are the
parison of experiment and theory is, of course, very desirfollowing linear combinations of the Wilson coefficients
able, but we do not have access to this restricted experimei®;(«) [see Eq.(1)]:

tal information. Instead, we compare the theoretical

predictions with data which has been corrected for the ex- , _ 47 () — e (u)— 4 (u)— 20 (1)
perimental acceptance using SM-based theoretical distribu- "7 ag(u) ' U R A e T
tions from Refs[14,15. In the present analysis, we are as-

suming that the acceptance corrections have been adequately _ o

- : : o i " Co(u), (16)
incorporated in the experimental analysis in providing the 9

branching ratios and upper limits listed above. We will give

the theoretical branching ratios integrated over all dilepton _ Am 1

invariant masses to compare with these numbers. However, 87 5 () Ce(p) +Csa(p) — gC4(M)+20C5(M)

for future analyses, we emphasize the dilepton invariant

mass distribution in the low- region, s= m|2+|,/m§’pole _ E)CG(M) (17)
=<0.25, where the NNLO calculations for the inclusive de- 3

cays are known, and resonant effects dud&/'i, W', etc. are 6

expected to be small. 4 oMo 4
Ag=——Co(p)+ >, Ci(u)yPIn—+=C
0= oy S+ 2 Cilm)yigIn =4 3 Clu)
ll. INCLUSIVE b—slI*I~ DECAYS AT NNLO 64
We start by discussing the NNLO analysis of tBe g Cslm)+ 57Ce(n), (18)
—Xd 1~ decays presented in Refs6,17), recalling that
the O(ag) corrections to the matrix elements computed in
- A0~ ——=Cidp), (19
Ref.[17] have been calculated only below theresonances. as(u)
In the NNLO approximation, the invariant dilepton mass
distribution for the inclusive decaB— X/ "1~ can be writ- 4
ten as To=+ 3 Ca(p)+Capn) +6C5(1) +60Cs(1),
dr(b_))(srrI 7) [ em ZG'Z:mE poIe|V:cthb|2 Ao (20
—_—= ’ (1-5)
ds 4 4873 7 2 32
Ug=— 5Cali)~ 3Cal 1) ~38Cs() = 5 Col),
X ((1+29)(|C5">+ (S5 (21)
+4(1+2/5)|CS12 1 2 32
~ ot eff W9:_Ecs(ﬂ)_§C4(M)_8C5(M)_§C6(M)-
+12RdC5"C§™)). (12 (22)
In the SM the effective Wilson coefficien@&s", T andCSf  The elementsy§) can be seen in Eq26) of Ref.[16]. AL
are given by{16,17] in Egs.(13) and(14) denotes the lowest order piece A§:
ger_[ 1, %W o (1) ~OR) (0 _ () (0) Lo (0)
Cr=[1+ w7(8) A7_W(C1 Fi7(s) Ag’=Cg"(n) +Cj (M)_EC4 () +20C57 (1)
+COFD(5)+ALF{(s)), (13) 10
2 2 ( 8 8 ( _ ?C(GO)(/-L) (23)
et [ @) oy .
Co={1+— o(S) | (AgFToh(mg,S) +Ugh(1.5) The numerical values for the coefficiemts, AL, Ag, Ao,

Tq, Ug, Wy, C; andC, are obtained after solving the renor-
+W9h(0,§))— as(p) (C(lO)F(lg’(:c,)+C(2°)F(29)(§) malization group equations for the Wilson coefficients

A Ci(w), using the matching conditions from R¢16] and the
() (9), 2 anomalous dimension matrices from Rdf$6,6]. As men-
+Ag Fg(9)), (14)  tioned earlier, we do not separate charm- and top-quark con-
tributions and perform the matchingor both at the scale
E:elzg: 1+as('“) wg(é))Am, (15) Mmw=Mmy . The resulting _values are summarized in Taple I
™ Note that when calculating the decay widtt?), we retain

o A only terms linear invs (and thus inwg andw,) in |CE"? and
where the funftionﬁ(mg,sz and wg(s) are given in Ref. |CeM2 | the interference term REETCE™) too, we keep
[16], while w(S) andefg(s) can be seen in Refl7]. The  only terms linear inag. By construction, one has to make

034002-4



IMPROVED MODEL-INDEPENDENT ANALYSIS O . .. PHYSICAL REVIEW D 66, 034002 (2002

. These shifts at the matching scale are translated through the
0 s RGE step into modifications of the coefficiel@g ) at the
_0.05f low scaleuy,, leading in turn to modifications of the effec-
tive Wilson coefficients defined in Eq&l3)—(15). They now
-0.1 read
= as(pm) .
-0.15 C$“=(1+ ~—w1(3) | (Ar+ A7CY ()
-0.2 ( )
)72
~0.25 +ACYP () = (COF(3) + COFE(S)
-0.3} - -
+A<8°’Fé”<s>+Ag%)C§P<uW>FQ’<s>>, (25
FIG. 1. Relative sizeR(S) of the combined h, and 1fn, _ adpw) . L .
power corrections as defined in E(®4) in the decay rate irB cgff: + wy(S) (A9+T9h(m§,s)+U9h(l,S)
— X *1~ decays as a function of the dilepton invariant mass in the
SM (solid line) and forC,=—C3" (dashed ling A S( )
+Woh(0.8) + Cy () — —,— (CLFE(s)

the replacement&y— w-9 and w;— w7g in this term where
the functionw-¢(S) can be found in Ref17]. +cg‘”F(;’)(é)+Ag°>Fg9>(§)+A<°> Pluw) F§(9)),

We now turn to the modifications of the effective Wilson (26)
coefficientsCS", CE" andCeM in the presence of new physics
which enters through a mod|f|cat|on of the Wilson coeffi- ¢eff—
cientsC,, Cg, Cq9 and C,q at the matching scalg,. By
doing so, we tacitly assume that the scale of new physics i
close enough to the weak scai®,,, justifying integrating
out simultaneously the heavy SM particles and the addition
ones present in the new physics scenario. For simplicity we
assume that only the lowest nontrivial order of these Wilson
coefficients get modified by new physics, which in our setup
[see Egs.(1), (2), (3] means thatC{(uy), C§(uw),
C(uw), CY(ww) get modified. The shifts of the Wilson
coefficients atw,, can be written as

14 ag(u)

w9<§>) (As0+Cig).- (27)

¥he numerical values for the parametes,, Az, ALY,
hich incorporate the effects from the running, are listed in
able I.

A. Power corrections in inclusiveB—XJ*1~ decays

Before presenting a theoretical analysis of the available
data on rareB decays, we would like to discuss power cor-
rections in the inclusivB— XJ "1~ decays. In the NNLO
approximation and including leading order power corrections
in 1/my, [14] and 1M, [19], the invariant dilepton mass dis-
(24) tribution for the inclusive decaB— X¢ *1~ can be written

s NP
+-—Cl :
477C' (pw) as

Ci(uw) —Ci(uw)

TABLE I. Coefficients appearing in Eq$13)—(15) and Eqgs.(25—(27) for three different scaleg.
=25 GeV,u=5 GeV andu=10 GeV. Forag(u) (in the MS schemgwe used the two-loop expression
with 5 flavors andag(m;)=0.119. The entries correspond to thtS top quark mass renormalized at the
scalem,,, m(m,)=175.9 GeV. The superscript (0) refers to the lowest order quantities while the super-
script (1) denotes the correction terms of ordgr, i.e., X=X +X® with X=C,A,T,U,W.

u=2.5 GeV u=5 GeV u=10 GeV
s 0.267 0.215 0.180
(c®,cH) (—0.697,0.241) €0.487,0.207) €0.326,0.184)
c®,cH 1.046-0.028 1.024-0.017 1.011;0.010
2 2
(AQD Al (—0.353,0.023) €0.312,0.008) €0.278,-0.002)

(A9, AR) (0.577;-0.0524)

(0.109-0.00520)

A(SO) —0.164
Ag%) 0.618
(Ago),A(l)) (4.287-0.218)

(T T (0.114,0.280)
CIQNIR) (0.045,0.023)
(W Wby (0.044,0.016)

(AQ . AD) (—4.592,0.379)

(0.672-0.0391) (0.760;0.0277)

(0.0914; 0.00193) (0.0707% 0.000263)
~0.148 ~0.134
0.706 0.786

(4.174-0.035)
(0.374,0.252)
(0.033,0.015)
(0.032,0.012)

¢ 4.592,0.379)

(4.177,0.107)
(0.575,0.231)
(0.022,0.010)
(0.022,0.008)

¢ 4.592,0.379)
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TABLE Il. Input parameters and their assumed errors used in calculating-thel "1~ decay rates. The
quantitiesk, A, and\, are, respectively, the Wolfenstein parameter and the two HQET parameters appearing

in the heavy quark expansion.

m;, 91.1867 GeV ag(my) 0.119
My 80.41 GeV e 1/133
My, pole 4.8 GeV SikBy 0.23124
M pole (173.8:5) GeV Gr 1.1663% 10 ° GeV 2
TR0 1.54 ps VoV 0.038
BoXeer 0.104 A 0.225
mfxlpmb 0.29+0.04 [Vio| 2 Vs | Vepl? 0.95
N -0.2 GeV Np +0.12 GeV
dl'(b—sl*17) [ em ZGémg,po|e|V?st|2 ., Since our basis in E_q2) § diffeient from_the one often used
T — 18, (1-9) in_the literature, i.e.,O;= (s y,bi)(cLy“c) and O,
=0,/2—-0,/6, Eq. (32) differs superficially from the one
X[(1+28)(|CE"2+|CSM2) Gy (s) reported in[19]. The functionF(r), wherer =s/(4m2), is
a - given below[19]:
+4(1+2/5)|CEM?G,(s)
+12 R CSCE™)G(5) + Ge(3)],
28 ;arctan\/%—l, o<r<1,
where F(r)=i r-n
2r — 1=
- A 1-1582+10s% X\, ! |r~.1 ! 1/r+i77 -1 r>1.
Gi(s)=1+—+3 > = > (29 2r(r=21)\ 1+yJ1-1k
2mg  (1—-s5)9(1+2s) 2mg (33
N 6+35—5s% N\,
Ga(s)=1+ 2m§_°(1—§)2(2+§) ng’ The impact of power corrections in inclusive dec&s
(30) —Xd 17 at NLO has been studied [18] in the SM. In the
low dilepton mass region and far? not too close to the
R N, 5+65—75% \, photon pole wher€®-, dominates, the i, effects enhance
Ga(s)=1+ - @D the rate by~1%. In the highs region they become negative

2m2  (1-s)? 2m2’

The values of the heavy quark matrix elemenisand X,

and decrease the rate by a few percent. Their magnitude rises
more and more towards the bounday§~ mﬁ, where the

that we use in our analysis are given in Table Il. The termexpansion in Ih, breaks down{14]. The 1Mm. expansion
denoted byG, takes 1 corrections into account. Itis writ- Eq. (32) is valid everywhere except near threshék%l4ﬁ1§,

ten as

Cf(2+5)

.8 Ciina [,
Gc(S)=—§ Cz—g FR F*(r)

and it also fails at the charmonium resonandég and
higher ones likey’. The 1, corrections decrease the rate
below the charm threshold and enhance it above by a few
percent.

This is illustrated in Fig. 1, where the relative size

_ . 14+6s5—¢82 2 - -
4 Ceff (32) R(s) of the combined Ih, and 1Mm. corrections
7 ~ : .
s defined as
dl'(b—=Xd17) _ dl'(b—Xd ™ 17) _
—— = (with power corrections— d—A(no power corrections
. S
R(s)= 34
(=) dl'(b—XJd*17) ] (39
d—A(wnh power corrections
S
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is shown for the SM, and for comparison also fOr= of these cases for the same three choices of the scale
—C3SM. Both 1m corrections thus partially cancel in the (dashed curves Note that in the left-hand plot, the lowest
SM. The situation with new physics can be different. In alying curves are fou=10 GeV and the uppermost ones are
generic scenario witi;= — C5" the power corrections can for ©=2.5 GeV. In the right-hand plot, the scale depen-
be more pronounced, in particular for low dilepton massdence is reversed, i.e., the highest lying curves areufor
where both Ith corrections are negative. Together they =10 GeV and the lowest fgu=2.5 GeV. The crossingn
lower the rate by a few percent. Note that in our estimates ofne partial NNLO BR happens nea=0.04 and this feature
the B— X "1~ branching ratio, we include the power cor- leads to a certain cancellation of the dependence in the

rections in the semileptonic branching rat[@i] as well. decay rate forB—X.e*e~. We also note that the NNLO
dilepton invariant mass spectrum in the right-hand pit (
B. Branching ratios for B—Xd*1~ in the SM >0.05) lies below its partial NNLO counterpart, and hence

) . . T
In order to eliminate the large uncertainty due to the fac_thexpa:ual_béanchmg ratlods fordbptr;rflﬁi—]r(ﬁleNfo andB
tor m> ., appearing in the decay width f@— X4 "1, it~ 7's# # decays are requced in the 1u accuracy.
P : : . More importantly, from the point of view of our subsequent
has become customary to consider instead the followin

branching ratio %nalysis, Fig. 2 shows that the full NNLO invariant mass
9 distribution is very well approximated by the partial NNLO
B .o for the choice of the scalg=2.5 GeV, in the entire love
5BX |+|,(A) exp ¢ dI'(B—Xd"17) (35 range. This is yet another illustration of the situation often
—AS S)= — = s H 3 B ] H
['(B—X.ev) ds met in perturbation theory that a judicious choice of the scale

reduces the higher order corrections. From this observation,
it seems reasonable to use the partial NNLO curve corre-

. . . . di t =25 GeV timate for th tral
in which the factom; pole drops out. The explicit expression Sponding tosy ev @s an esima e. or e centa
for the semileptonié decay width'(B— X.ev,) can be value of the full NNLO fors>0.25. We estimate the scale
found, e.g., in Ref[16]. Note that as we ;re eignoring the dependence in this region by assuming that it is given by the
annihilation contributions, which lead to isospin violations in genuine NNLO calculation &=0.25. _
the decay widths, and we are using the averaged semilep- [N order to complete our discussion of the computation of
tonic branching ratio to normalize, all our inclusive branch-the inclusive branching ratios, it is necessary to discuss their
ing ratios are to be understood as averaged oveBthand ~ dependence on the quark massgsndm (in particular, the
BO(@) decays. latter is marked for what concerns the SM predictioive

The dilepton invariant mass distribution for the processVa"y both masses within the errors that we quote in+T§bIe I
B—X.e"e" calculated in NNLO is shown in Fig. 2 for the and present the results for the branching raBes X.e™ e
three choices of the scaje=2.5 GeV, x=5 GeV andu and B—X,u"u~ in Table 1ll where we include also the
=10 GeV (solid curves. In this figuré the left-hand plot power corrections discussed in Sec. Il A. In Table IV we
shows the distribution in the very low invariant mass regionSNoW the SM central values and the parametric uncertainties
(3¢[0,0.09, with 0 to be understood as the kinematic by means of independent error bdts be interpreted as

el ) o a 68% C.L. uncertaintigs In this table, the first error on the

threshold s=4m’=10"° Ge\?, yielding s=4.5x10 %),

] : i exclusive channel is due to the form factors, and is by far the
and the right-hand plot shows the dilepton spectrum in thgjominant one. The other errors in both the exclusive and

region beyonds>0.05, and hence this also holds for the inclusive decays come from the scal@pf, M e @and
decayB—X.u"u~. We should stress at this point that a m./m, respectively. Summing the errors in quadrature we
genuine NNLO calculation only exists for valuesobelow  get for the inclusive decays

0.25, which is indicated in the right-hand plot by the vertical B(B—X.e"e )=(6.89+1.01)x10 ©

dotted line. For higher values sf an estimate of the NNLO

result is obtained by an extrapolation procedure discussed in (OBxoe=* 15%), (36)

more detail at the end of this paragraph. The so-called partial B(B—Xeu"u")=(4.15+0.70x 10" ¢

NNLO dilepton spectrum, obtained by switching off the

quantitiesF (3% in Egs.(13) and(14), is also shown in each (8Bx yuu=*17%). (37)
F AARRARARARE T FIG. 2. Partial(dashed lingsvs full (solid
8 i - i lines) NNLO computation of the branching ratio
] J E 1 | . B—Xe"e. In the left plot [0,0.05) the

lowest curves are for=10 GeV and the upper-
most ones fow=2.5 GeV. In the right plot the

u dependence is reversed: the uppermost curves
correspond tgu=10 GeV and the lowest ones to
pn=2.5 GeV. The right-hand plot also holds for
the decayB—Xut ™.

BR(8) [10-°]

BR(3) [10-%]

0'||||I.||.I|||.I||||I||.|'
0 0.01 0.02 0.03 0.04 0.05
B
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Using the same input parameters, but restricting to the NLQhe matrix elements given by the functions(s) since this
precision, the inclusive branching ratios have the central valgan be regarded as included in the full QCD form factors. In
ues B(B—X.e'e )=7.8<10° and B(B—Xsu ")  adopting this procedure, we are ignoring the so-called hard
=5.2% 10_6. Thus, NNLO corrections reduce the branChing Spectator corrections, calculated in the decay_s K*|*|~
ratios by typically 12% and 20%, respectively. In Réf, it [21] in the large energy limit of QCI)32], necessarily lim-
was recently suggested in the context of the dé8ayXsy,  iting the invariant mass to the smalkegion. The findings of
where the charm quark mass enters the matrix elements gef. [21] are that the dilepton invariant mass distribution in
the two-loop level only, that it would be more appropriate tothjs region is rather stable against the expl@{te) correc-
use the running charm mass evaluated at ghe-O(m,)  tions, and the theoretical uncertainties are dominated by the
scale, leading tan./m,=0.22. Intuitively, this is a reason- form factors and other nonperturbative parameters specific to
able choice since the charm quark enters only as virtual pathe large-energy factorization approach. This is so, even if
ticle running inside loops; formally, on the other hand, it is one takes the point of view that the form factor(0), gov-
also clear that the difference between the results obtained kyrning the transitioB— K* to the transversely polarize¢*
interpretingm, as the pole mass or the running mass is ameson, can be assumed known from the analysis of the ra-
higher order QCD effect. In what concerBs—X¢ 17, the  diative transitiorB— K* y in this approach and current data,
situation is somewhat different, as the charm quark masas it is the contribution of the longitudinally polarizéd®
enters in this case also in the one-loop matrix elements asvhich dominates the decay rate in the snﬁﬂange, for
sociated withO; andO,. In these one-loop contributions,,  which a knowledge ot is required. In principle, using es-
has the meaning of the pole mass when using the expressiotimates of SW3)-breaking and heavy quark effective theory
derived in Ref[17]. Concerning the charm quark mass in the (HQET), the function&; for the decay8—K*1"I~ can be
two-loop expressions, the definition, is not fixed, like in  obtained from the semileptonic decas-plv,. However,
B—Xsy. In our analysis, we prefer not to include this effectas present data on th@? dependence in the decad
related to the definition of the charm quark mass in the final—pl v, is rather sparse and a helicity-based analysis of the
errors that we have listed. decaysB— pl v, has yet to be undertaken, one will have to
resort to form factor models fafj, which as opposed to the
transverse form factof, , is essentially unbounded. In view

IV. EXCLUSIVE B—K®)|*|~ DECAYS of this, we ignore the hard spectator correction and discuss a
plausible range of the form factors in the decals
*\[+]—
For what concerns the exclusive decags-K®)1+1—,  —(KKHITI

we implement the NNLO corrections calculated by Bobeth AS @lready stated, some inference about the magnetic mo-
et al.in Ref.[16] and by Asatriaret al. in Ref.[17] for the ~ Ment form factorT,(0), mvolvmg*the matrix element of the
short-distance contribution. Then, we use the form factor@PeratorO; in the decayB—K*y, has been derived by
calculated with the help of the QCD sum rules in Ras).  comparing the explicitO(as) and Aqcp/Mg corrected

Note that, in this case, we have dropped the contribution t&ranching ratios in the factorization approach with da@-
22]. One finds that present data @+ K*y decay vyield

typically a value in the rang&,(0)=0.28+0.04. This sug-
gests that, including the explic®(«) corrections, data re-
quire a value of this form factor which is smaller than its
typical QCD sum rule estimate. To accommodate this, we
use the minimum allowed form factors obtained in the light-
cone QCD sum rule formalism, given in Table V of Ref.

TABLE lIl. Dependence of the inclusive branching ratiBs
—Xd 17 (I=e,u) in the SM on the scalg,, m, andm,/m, .

B(B—X.ete )x10 ©
m(GeV) m./m, w,=2.5 GeV u,=5 GeV u,=10 GeV

168.8 0.29 6.30 6.83 7.00 [15], as our default set. This, for example, corresponds to

173.8 0.29 6.52 7.08 7.26 settingT,(0)=0.33. In our numerical analysis, we add a flat

178.8 0.29 6.75 7.32 7.52 +15% error as residual uncertainty on the form factors.

173.8 0.25 5.83 6.30 6.47

173.8 0.29 6.52 7.08 7.26 TABLE IV. SM predictions at NNLO accuracy for the various

173.8 0.33 7.38 8.12 8.35 inclusive and exclusive decays involving the quark transition
—sl™1~. For the exclusive channels the indicated errors correspond

B(B—Xeu ™ p~)x10°° to variations of the form factorgy,, m; po1e andmg/my,, respec-

m(GeV) m./m, u,=25 GeV uy,=5 GeV u,=10 GeV tively. For the inclusive channels the errors correspond, respec-
tively, to variations ofuy,, M; o1 @NAM /M.

168.8 0.29 3.70 4.03 4.21

173.8 0.29 3.88 4.23 4.42 B—KI*I~ (0.35+0.11+0.04+0.02+ 0.0005)x 10" °
178.8 0.29 4.08 4.44 4.64 B—K*ete™ (1.58+0.47+0.12" 335+ 0.04)x 10" ©
173.8 0.25 3.35 3.70 3.92 B—K*utu~ (1.19+0.36+0.12" 5:35+0.04)x 10 ©
173.8 0.29 3.88 4.23 4.42 B—Xeu'tpu~ (4.15+0.27+0.21+0.62)x 10" ©
173.8 0.33 453 4.93 5.15 B—Xe e~ (6.89+0.37+0.25+0.91)x 10 ©
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Thus, the input range foil;(0) in our analysisT;(0) V. MODEL INDEPENDENT CONSTRAINTS
=0.33+:0.05 overlaps with the phenomenologically ex- FROM B—Xgy

tracted value in the factorization approach given earlier.
Again, following the argument given earlier for the inclusive
decays, we sgkt,=2.5 GeV, and include the NNLO correc-
tions in an analogous fashion to the inclusiBe- X "1~
case. The explicit expressions for tBe-K™*)| "1~ branch-

In this section we work out the 90% C.L. bounds that the
measurement(4) implies for AY(2.5 GeV), where this
quantity is defined as follows:

ing ratios can be found, for example, in REE5]. A¥(2.5 GeVi=A.(2.5 Ge\))C?P(,uW)
The input parameters that we use in the analyses are sum- P
marized in Table Il. Our SM predictions for the above dis- +Ag(2.5 GeVCq  (uw)

cussed inclusive and exclusive branching ratios are summa- SM
rized in Table IV. Note that the dominant source of TAT(2.5 Gev. (4D)

uqcertainty comes from the form factqrs dependence. Sum- | was recently pointed out in Ref8] that the charm mass
ming the errors in quadrature we obtain dependence of thB— X¢y branching ratio was underesti-
mated in all the previous analyses. Indeed, the replacement
of the pole mass M o1/ Mp,pole=0.29+0.02) with the
MS running mass 1y (p)/ My pole=0.22+0.04) in-
creases the branching ratio of about 11%. In order to take
(dBy = +34%), (3g)  into account this additional source of uncertainty, we work
out the constraints on the Wilson coefficients for both
choices of the charm mass; we will then use the loosest
B(B—K*e*e )=(1.58+0.49x 10 © bounds in theo—sI™1~ analysis.

We use the numerical expression for the integraiBed
—Xgy branching ratio as a function ofR;g(uw)

(0Byxee= +31%), (39) =CPY uw)/CT%(uw) presented in Ref7]. (Note that, for
m./m,=0.22, we had taccompute the small corrections to
the coefficientsB;;.) For the sake of definiteness we shall
take u\= My in deriving the constraints on physics beyond
the SM. We impose the bourd) at 90% C.L. and include
the theoretical uncertainty due to the variation of the scale
“p in the rangel my/2,2my]. In Fig. 3a), we present the
Note that the dependence of the exclusive decay branchingsulting allowed regions in tHé&k;(xw),Rs(1w) Iplane; the
ratios on m./m, is much milder, as we are using the solid and dashed lines correspond to thg=mc o and
(m¢/my-independent lifetime 7(B% in calculating the me=my>(up) cases, respectively. According to the analysis
branching ratios for exclusive decays, as opposed to the irpresented in Ref.[33], we restrict, in Fig. &), to
clusive decays8— X *1~, where the semileptonic branch- |Rg(uw)|<10 in order to satisfy the constraints from the
ing ratios are used for normalization. Since the semileptonicdecaysB— X,g andB— Xy (whereX; denotes any hadronic
decay widths depend an./m,, this sensitivity goes over to charmless final state Evolving the allowed regions to the
the inclusive decay branching ratios fBr—XJ"l1~. Note = scaleu,=2.5 GeV and assuming that new physics only en-
also that as we have use¢B°) in calculating the branching ters inC$}, we plot in Fig. 3b) the corresponding low-scale
ratios for exclusive decays, all the branching ratios giverbounds in the plang¢R;(2.5 GeV)Rg(2.5 GeV)|, where
above are for th&°(B°) decays. The ones for " decays Ry d(up) =AY 1p)/AT%(1p). The regions in Fig. 3 translate
can be scaled by taking into account the lifetime differencein the following allowed constraints:

B(B—KI*17)=(0.35-0.12x 10 ©

B(B—K*u"pn )=(1.19-0.39x10 6

(8B = = 33%). (40)

mJ/m,=0.29: AY{(2.5 GeVe[-0.37,—0.18] and[0.21,0.4Q,
mJ/m,=0.22: A¥{(2.5 GeM e[—0.35,-0.17] and[0.25,0.43. (42)

In the subsequent numerical analysis we impose the union of the above allowed ranges

—0.37=<A""<0(2.5 Ge\y<—0.17 and 0.2&A®""%2.5 Ge\)=<0.43 (43
calling themA¥"-positive andA'*-negative solutions.
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10

R (2.5 GeV)

8

5

2 05
R(M)

0
R (2.5 GeV)
7W 7

FIG. 3. 90% C.L. bounds in tHeR,(u),Rg(w)] plane following from the world averaggé— Xqy branching ratio fo= M,y (left-hand
plot) and ©x=2.5 GeV (right-hand plot. Theoretical uncertainties are taken into account. The solid and dashed lines correspond to the
M= M yo1e 2N mc=m2"s(,ub)cases, respectively. The scatter points correspond to the expectation in the MFV(thedeinges of the
SUSY parameters are specified in the text

VI. MODEL INDEPENDENT CONSTRAINTS full and partial NNLO scenarios previously discussetk a
FROM b—sl*I~ result, the strong constraints on the new physics Wilson co-

_ . . efficients resulting from the NLO analysis are softened by
In this section we compute, in t€5"(4w),C1g ] plane, the inclusion of the NNLO corrections.

the bounds implied by the experimental results given in Eqgs. In Fig. 10 we identify four regions still allowed by the

(5)—(11). The results are summarized in Figs. 4-10. In each,,qaints on the branching ratios that present very different

figure we focus on a different experimental bound and th‘?orward—backward asymmetries. In Fig. 11 we show the
ot , ot - X X ! ghape of the FB asymmetry spectrum for the SM and other

the A7"-negative andA7 -p03|t|vetsto'lut|ons just discussed. three sample points. The distinctive features are the presence

Within each plot we then vanA7" in the allowed range or not of a zero and global sign of the asymmetry. A rough

[given in Egs. (43)]. The present bounds impact more jndication of the FB asymmetry behavior is thus enough to

strongly the decaysB—(Xs,K*)e"e™, for which the yyle out a large part of the parameter space that the current

branching ratios are larger due to the smallness of the ek?‘b‘ranching ratios cannot explore.

tron mass. On the other hand, the decBysKI| |~ do not For the decay8—Ku "~ andB—Kete™, a measure-

show any enhancement in the Iéwegion and hence they ment is now at hand which we have already listed. The

are practically the same for the dielectron and dimuon finaBELLE Collaboration has combined these branching ratios,

states. Hence, the bounds for tke*e~ andKu " u~ cases getting B(B—KI"I7)=0.75933+0.09x10 ¢ [10]. In

are presented in the same plot. In Fig. 10 we combine all thghowing the constraints in Fig. 7 froB—KI*1~, we have

bounds in a single plot. Note that the overall allowed regionused this measurement to get the following bounds:

is driven by the constraints emanating from the decBys

—Xete  andB—Kutu™.

" src(;z\f comments on the results shown in these figures are 0.38X10 S<B(B—KI*1")
From the comparison of Figs. 4 and 5, the importance of <1.2x10 ¢ at 90% C.L. (44

performing the analysis using the NNLO precision clearly
emerges. In Fig. 4 we used the NLO precisieee for in-
stance in Ref[34]). In this approximation we have to drop

3::23 f'gr';iﬁotr r(e 1;;;}? t?]feofrf:z;c[);hgj I)S all tgﬁéerm§ \\,’vah rently a discrepancy exists between the BEL1B] and the

sup ptiLhan . 97 @79, ~ BABAR [11] results, with the latter reporting an upper limit
retain thewg term in C§" but drop the corresponding one in B(B—KI*17)<0.5x 10 (at 90% C.L) conflicting mildly
CST. The impact of switching on all these corrections is towith the BELLE measurements. However, this could just
lower sizably the branching ratidshis happens both in the represent the vagaries of statistical fluctuations, and hope-

Concerning the upper bound, X20 ®, we note that cur-
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15 15
(a) ) (b)
10 10
o
0 0
45 -10 Np-s 0 5 S5 -10 -5 0 5
NP
cC (M) c (M)
9 W 9 W

FIG. 4. NLO case. Constraints in tH€}"(uy),C)5 ] plane that come from the BELLE upper lim#(B— X.e"e™)<10.1x10 .
Theoretical uncertainties are taken into account. The plots correspondA&'(2e5 GeV)<0 andA®'(2.5 GeV)>0 cases, respectively. In
each plot the outer contour corresponds to the smpgh value. The dot in the left-hand plot is the SM point.

fully this apparent mismatch will soon be resolved with morehand. According to the Belle analysis presented in REd]
data. Note that the branching ratio 8 KI*|~ is bounded We choose the integration limits as follows:

both from above and below, resulting in carving out an inner . (02 Ge 2
region in the(C§"(uw),Clt) plane. B—Xse'e: My
At the end of this section we present the numerical ex- 5
pressions for the inclusive branching ratios integrated over _ie My —0.6 Ge\/) 45)
the low=s region only where the full NNLO calculation is at My ’
15 15
(a) (b)
10 10
5
2o 2,2 °
0 0
-5 5 :
15 10 5 0 5 -15 =T 5 0 5
NP (l:\lF(‘M)
W 5 W

FIG. 5. NNLO case. Constraints in th€§ " (u\),Ch¢ ] plane that come from the BELLE upper lini(B— X.e"e~)=<10.1x 10 . See
Fig. 4 for further details.
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20 20
(a) (b)
15 15
10 10
5 o
%0\— 209 5
0 0
-5 5
-10 10
20 5 10 5 0 5 10 FE S 0 5 10
&) ¢
9w W

FIG. 6. NNLO case. Constraints in th€} " (uw),Ci] plane that come from the BELLE upper lim(B— Xou " ~)<19.1x 10" °.
See Fig. 4 for further details.

B Xt e (Zmu>2 +aslm AP+ agRe Cy"+aglm C§ +a;Re C){1,
— | —=
s M m, 47)
3 Maw— 035 Ge 2 (46  Where the numerical value of the coefficieajsare given in
T m, ' Table V forl=e, u. For the integrated branching ratios in

) ) _ _ the SM we find
The integrated branching ratios have the following form:
B(B—Xd "17) . 6
B(B—Xe"e )=(2.47+0.40 %10
=10 S [a;+a,|AY|2+as(|Cy"2+|Cig1?)

+a, ReAP'Re C{"+agim APIm C§"+agRe A (0Bx ee=+16%), (48)

20 20

-15 -10 = 0 5 10 -15 -10 =5 0 5 10

FIG. 7. NNLO case. Constraints in tH€} " (uw),Ci] plane that come from the 90% C.L. BELLE constraints 38 °< (B
—KIT17)=<1.2x10"° [Eq. (7)]. Note that only the annular regions between the two circles are allowed. See Fig. 4 for further details.
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20 20
15 15
10 10
20° ° 2= 5
0 0
5 -5
-10 -10
-20 -15 -10 -5 0 5 10 -20 -15 -10 -5 0 5 10
NP NP
C M) cM)
9w 9w

FIG. 8. NNLO case. Constraints in tH€}"(uy,),CY] plane that come from the 90% C.L. BELLE constralftB— K* u" u ")
<3.0x10 °. See Fig. 4 for further details.

B(B—Xsu" p”)=(2.75:0.45% 10 ° which we will adopt the so-called mass insertion approxima-
(8Bx =+ 16%). (a9 Uon (MIA) [27,35.

A. Minimal flavor violation
VII. ANALYSIS IN SUPERSYMMETRY L .
As already known from the existing literatufsee for

In this section we analyze the impact of the-sy and instance Ref[36]), minimal flavor violating(MFV) contri-
b—sl™1~ experimental constraints on several supersymmetbutions are generally too small to produce sizable effects on
ric models. We will first discuss the more restricted frame-the Wilson coefficient€4 andCyy. In the MFV scheme all
work of the minimal flavor violating MSSM, and then extend the genuine new sources of flavor changing transitions other
the analysis to more general models in which new SUSYthan the CKM matrix are switched off, and the low energy
flavor changing couplings are allowed to be nonzero fortheory depends only on the following parameteis: M,

20
(a) 20 (b)
15
15
10
10
5
oy 262 - 5
0 0
-5 5
-10 -10
20 -15 -10 5 0 5 10 20 15  -10 -5 0 5 10
NP NP
C M) C M)
9w 9w

FIG. 9. NNLO case. Constraints in th€§"(uy),C)¢] plane that come from the 90% C.L. BELLE constrafifB—K*e"e )<5.1
X108, See Fig. 4 for further details.
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15
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1
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o1
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FIG. 10. NNLO case. Superposition of all the constraints. The plots correspond &5 GeV)<0 andAY(2.5 GeV)>0 case,
respectively. The points are obtained by means of a scanning over the EMFV parameter space and requiring the experimental bound from
B— Xsy to be satisfied.

tang, My=, My, and 6; (see Appendix A for a precise defi- M=90 GeV-1 TeV

nition of the various quantiti¢s Scanning over this param- 03=—ml2—ml2
eter space and taking into account the lower bounds on the tang=2.3-50
sparticle massesM~2> 90 GeVM, =90 GeV) as well as i

: pu=-—1TeV-1 TeV

the b— sy constraint given in Eq(4), we derive the ranges
for the new physics contributions ©y andC,,. In order to M,=0-1 TeV

produce bounds that can be compared with the model inde- M,-=78.6 GeV—1 TeV

pendent allowed regions plotted in Fig. 10, we divided the M->50 GeV 50
surviving SUSY points in two sets, according to the sign of v € (50

tot H H
A7". Scanning over the following parameter space we find that the allowec, andC;, ranges are

CY™(uw) e[—0.2,0.4,

51
ciVe[-1.0,0.7, 6D

At70t<02[
Cy V(mw) €[-0.2,03,

52
cMVe[-0.8,0.5. 62

1 AP> 0= {

We stress that the above discussion applies to any supersym-
2. oooemmsooooooazooassaseEss metric model with flavor universal soft-breaking terms, such
as minimal supergravity MSSM and gauge-mediated super-
ol = symmetry breaking models. Beyond-the-SM flavor viola-
\\/ ------------ 1 tions in such models are induced only via renormalization
"""""""""" group running, and are tiny. Hence, they can be described by

-0.5 Tm— MFV models discussed in this paper.

Before finishing this subsection and starting our discus-
sion on models with new flavor changing interactions, let us
0 0.2 0.4 0.6 0.8 1 show in more detail the impact &f—sy on MFV models.
The scatter plot presented in Fig. 3 is obtained varying the

FIG. 11. Differential forward-backward asymmetry for the de- MFV SUSY parameters according to the above ranges and
cayB— X4 *1~. The four curves correspond to the points indicatedShows the strong correlation between the values of the Wil-
in Fig. 10. son coefficientC; andCg. In fact, the SUSY contributions

-1

w)
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TABLE V. Numerical values of the coefficients (evaluated aju,=5 GeV) for the decayB— XTI~ (I=e,u). A" is computed at
w,=5 GeV while C}" at uy=M,, (C)¥ is scale independentWe use the full NNLO calculation which is available only in the lew-
region. The actual ranges for the integrations are chosen according to the Belle analysis presentdd @ Rbey arese [4mi (M 3
—0.35 GeVY] for theX;utu™ andse[(0.2 GeVY,(M;y—0.60 GeVY] for the X.ete™ modes.

| a; az az as as ag az ag ag CE)
e 1.9927 6.9357 0.0640 0.5285 0.6574 0.2673 —0.0586 0.4884 0.0095 —0.5288
) 2.3779 6.9295 0.0753 0.6005 0.7461 0.5955 —0.0600 0.5828 0.0102 —0.6225

to the magnetic and chromomagnetic coeffiecients diffepresented in Refl36] we see that the dominant diagrams
only because of color factors and loop functions. In Figs. 14nvolve the parameterdy,),, and that large deviations from
and 13 we present the dependence of the charged Higgs bthe SM are unlikely. The impact ofs.), r is negligible for

son and chargino contributions ©; on the relevant mass the following two reasons. First of all, contributions to either
parametergthat are the charged Higgs boson mass for theCq or C;, are obtained by, — s, transitions and LR inser-
former and the lightest chargino and top squark masses fdions can therefore enter only at the second order in the mass
the lattey. Note that we plot the SUSY Wilson coefficients at insertion expansion. More importantly, the insertio?gg}m

the scaleu, normalized to the SM values. In the chargino gives a contribution to the coefficie@t, that is two orders of
case we are able to exploit tifle and tang dependence since magnitude bigger than the SM one. The bottom line of this
(for non-negligible values of the top squark mixing angle discussion is that {35, r contributions to the semileptonic
the chargino contribution is essentially proportional toWilson coefficients are extremely suppressed. Moreover,
sing@itang. In order to show the full strength of these fig- there are no gluino box diagrams and thepenguins dia-
ures let us entertain a scenario in which has the same sign grams are enhanced with respect to thenes so that only

as in the SM. In this situation large contributions@g are  contributions toCq are nonvanishing. Their explicit expres-
completely ruled out. This means that, looking at Figs. 12sion is(see Ref[36] for the analytical equations

and 13, it is possible to obtain lower bounds on some SUSY ~ 31(250 Ge\)) 2fg’“(x~~

gMI— gq)(é‘ém, (53)

particles. Note that Fig. 13 has very strong consequences. Cs 13
Assuming for instance/l;f M,=500 GeV we see that the
ratio RY/(sin#7tanp) is of order 0.2. If we then allow for
larger values of the top squark mixing angle and ofgathe
contribution can easily violate the— sy constraint by more
than one order of magnitude.g. for sing;=0.5 and tarB
=50 we obtain something of order 6 that is orders of mag
nitude above the current limit

M3

wherexg; = MS/M%, and thefy''(x) loop function is always
smaller than 1/3 and can be found in Appendix C. The situ-
ation is thus similar to the MFV case and the same conclu-
'sions hold.

B. Gluino contributions C. Chargino contributions: Extended-MFV models

Gluino contributions tadCq andC;, are governed by mass A basically different scenario arises if chargino-mediated
insertions in the down squark mass matrix. From the analysipenguin and box diagrams are considered. As can be inferred

4," 100 GeV
-0.2 2:M - 200 Gev
0.5 L
@ 34M1‘: 300 GeV
tanp=23 2 1 § 4:M, - 400 Gev
04 | -0 5:M - 500 GeV
+1 c
T b~ @
0.3 -0.6
0.2 0.8
200 400 600 800 1000
M —~
t,

FIG. 13. Dependence ORX(uwp)=C%(uy)/C5M(1p) on the
. . mass of the lightest top squark in MFV models. The chargino con-
FIG. 12. Dependence d®7 (uy)=CH (up)/C3M(u,) on the  tribution is essentially proportional to sitytan3 for not too small
mass of the charged Higgs boson. sing;.
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by Table IV in Ref.[36], the presence of a ligtt, generally  the following EMFV parameter space requiring each point to
gives rise to large contributions ©, and especially t€,,.  Survive the constraints coming from the sparticle masses
In the following, we will concentrate on the so-called ex- lower bounds and—sy:

tended MFV(EMFV) models that the two of us described in

Ref.[37] and that we will briefly summarize below. In these M1=90 GeV-1 TeV
models we can fully exploit the impact of chargino penguin 6=—m/10—7/10
diagrams with a light still working with a limited number tan3=2.3-50

of free parameters.
EMFV models are based on the heavy squarks and gluino p=—1Tev-1TeV

assumption. In this framework, the charged Higgs boson and M,=0-1 TeV

the lightest chargino and top squark masses are required to M,:=78.6 GeV—1 TeV

be heavier than 100 GeV in order to satisfy the lower

bounds from direct searches. The rest of the SUSY spectrum M-=50 GeV

is assumed to be almost degenerate and heavier than 1 TeV. O =—1-1. (55

The lightest top squark is almost right handed and the top

squark mixing angléwhich parametrizes the amount of the The surviving points are shown in Fig. 10 together with the

left-handed top squark_ present in the lighter mass eigen- model independent constraints. Note that these SUSY mod-

statg turns out to be of orde®(M,/M7)=10%; for defi- els can account only for a small part of the region allowed by

niteness we will takéd;|< 7/10. The assumption of a heavy the model independent analysis of current data. We stress

(;1 TeV) g|uino tota”y suppresses any possib'e g|uin0_that in our numerical ana|ySiS reported here, we have used

mediated SUSY contribution to low energy observablesthe integrated branching ratios to put constraints on the ef-

Note that even in the presence of a light gluifie. My fective C(_)efficients. This procedure allows multiple soIL_J-
ons, which can be disentangled from each other only with

=0(300 GeV) th in di i
( eV) these penguin diagrams remain suppresse%‘e help of both the dilepton mass spectrum and the forward-

due to the heavy down squarks present in the loop. In th kward mmetry. Onl hm rements would allow
MIA approach, a diagram can contribute sizably only if the ackward asymmetry. y such measurements would atio
us to determine the exact values and signs of the Wilson

inserted mass insertions involve the light top squark. All the -

. . . ; coefficientsC;, Cq andCy.
other diagrams require necessarily a loop with at least two
heavy &1 TeV) squarks and are therefore automatically

suppressed. This leaves us with only two unsuppressed flavor VIll. SUMMARY

Ch_a_”g'”g sources other than the CK~M rEatrlx, hamely the We have presented theoretical branching ratios for the
mixings u_ —t, (denoted bysj 7,) andc —t, (denoted by  rareB decaysB— X *I~ andB— (K,K*)I*1~, incorporat-
57:52)- We note thatzSt,LNt2 and 3,1, are mass insertions ex- ing the NNLO contributions in the former and partial NNLO

tracted from the up-squarks mass matrix after the diagonalmprovements in the latter. This has allowed us to carry out a
ization of the top squark system and are therefore linear contheoretical analysis of the radiative decdys-Xsy and the

binations of G %, (8190, and of () s, (890, , Mentioned semileptonic decays to the same orderginin
respectively. The insertions relevant to our discussion ar@ddition, we have included the leading power corrections in
normalized as follows: 1/my and 1M, in the inclusive decays. The dilepton invariant
M2 mass spectrum is calculated in the NNLO precision in the
Lo Uty Vi)l (54) low dilepton invariant mass regios<0.25. The spectrum
u(e) tp M7,M7 Vfd@ ' for s>0.25 calculated to the same theoretical accuracy is not

yet available. We estimate the spectrum in this range from
the known partial NNLO, by noting that the dilepton mass
spectrum in the full NNLO is close to the partial NNLO
Ref.[37] and its impact on the—sy andb—sl*|~ transi- spectrum in the rangé<0.25 for the 'choice of the scalg
tions is indeed negligible. Therefore, we are left with the#b=2.5 GeV. FO"Q;’:”%Q this (IJbservat_lon, Wehuse the ﬁ)artllal
MIA parameter&;zgL only. Thus, the SUSY parameter space ’c\)Ithtstﬁel’\mtg :;I)I:acttr 'Smsf?éi E)OZGSStl;?]?Er;r?cﬁ?nng;r?at\'ljsue
s - o u u .25. i [

thatwe have to deal with |8, M, tang, M1, sinf, My, in the NNLO accuracy in the SM are calculated to have the
M3 and ;. values B(B—X.e"e”)=(6.89+1.01)x10°% and B(B

The explicit expressions for the mass insertion contribu-— X . * )= (4.15+0.7)x 10 ®. They are lower by typi-
tions to the Wilson Coeﬁicient§7—Cm are summarized in Ca"y 12% and 20%, respecti\/e|y, Compared to their NLO
Appendix B. estimates for the central values of the input parameters, and

In order to explore the region in theCy"~,Ci¢] plane  are approximately a factor 2 to 4 away from their respective
(whereC’Q‘E0 are the sum of MFV and MI contributions and experimental upper limits. Hence, curretfactory experi-
are explicitly defined in Appendix Bthat is accessible to ments will soon probe these decays at the level of the SM
these models, we performed a high statistic scanning ovesensitivity. In view of the fact that the dilepton mass spec-

The phenomenological impact GE;Z;,L has been studied in
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trum is calculated to the NNLO accuracy only f&0.25,  sions regarding this work took place. E.L. acknowledges fi-
and the long-distance effects are not expected to be domfancial support from the Alexander von Humboldt Founda-
nant, we stress the need to measure the inclusive d&aystion. The work of C.G. was partially supported by
—Xd 17 in this dilepton mass range. In fact, as shown inSchweizerischer Nationalfonds. The work of G.H. was sup-
this paper, such a measurement is theoretically as robust rted by the Department of Energy, Contract DE-ACO3-
the inclusive radiative decaB— Xy. 76SF00515.

In the second part of this paper, we have used our im-
proved theoretical calculations to extract from the current APPENDIX A: TOP SQUARK AND CHARGINO MASS
data, listed in Eqs(4)—(11), the allowed ranges of the effec- MATRICES
tive Wilson coefficientsC,(u)—C1o( ). In doing this, we

have first determined the ranges on the Wilson coefficients The 2x2 top squark mass matrix is given by

2 2
C,(w) andCg(u) from B— Xgy (_je_cay, gnd then detSFr)mined 5 MILL Tk
the allowed ranges of the coefficier®§ " (uy) andCly (at M:= M2+ > | (AL)
90% C.L). Since the decayB—KI| |~ are now measured Tr trr

by the BELLE Collaboration, they carve out an inner region

here
in the (C"(uw),CYs) plane, allowed previously. Under the W

assu_mpti_on Fhat the_ SM-op_erator basis of the effective M2 =M+ E—zsinzaw)cos%m?rmf, (A2)
Hamiltonian is sufficient to incorporate also the beyond- e 9123

the-SM physics effects, the analysis presented in this paper is ) , 2

model independent. We find that all current data are consis- M: = Ma+ §sin20Wcos 2,8m§+ mf, (A3)
tent with the SM. However, present experimental measure- RR

ments allow considerable room for beyond-the-SM effects, M%LR=mt(At—,u*cotﬂ). (A4)

which we have worked out in specific supersymmetric con-

texts. For this purpose, we have used the MFV model, and amhe eigenvalues are given by
extended-MFV model introduced in R¢B7]. The resulting
constraints on the supersymmetric parameters are worke?M?  =(MZ +M% )= \/(M% —MF )P+A(ME )2,
out, in particular on the charged Higgs boson midss:, the 1e L RR L RR LR(AS)
lighter of the two top squark massedy , the ratio of the ~
two Higgs vacuum expectation values, @nand the MIA  with Mis M~t21. We parametrize the mixing matriR ' so

parameter §,3). With more data, expected from the leptonic 5t
and hadroni® factories, these constraints will become either

much more stringent, pushing the supersymmetric frontier 1, [T, cosf; sind;\ [T,
further, or else, more optimistically, new data may lead to J=RY .= . - (AB)
impeccable evidence for new physics effects. We have illus- ts tr —sindy  costi/ |\ tg
trated this using the forward-backward asymmetry Bn . .
- The chargino mass matrix

— X717 decays.

Note added in proofRecently th+e BABAR Collatior+at|_on -, M, my/2 sing
has reported results oB—KI"I~ and B—K*I7I M= (A7)
decays, withB(B—KI*17)=(0.84"5-39"0-1 % 107% and My2 cosp K

B(B—K*I*17)<3.5x10° % [J. Berryhil, DPF-2002,
Willamsburg, Virginid. The BABAR branching ratio on
B—KI*I™ is now in agreement with the BELLE result. U* M}*V* =M~+8 (A8)
Moreover, the BELLE Collaboration has presented first evi- Jaap Tk g Tk

dence for the decaB—Xd"I™ [J. Kaneko, DPF-2002, herel) andV are unitary matrices such thtt+ are posi-
Williamsburg, Virginiad, having a branching ratioB . dM-=+ <M~ J

XJ T =(7.17 1871451076 which is in very good UVE andMir<Ms;.
agreement with the SM-based estimate presented in this pa-

can be diagonalized by the bi-unitary transformation

per. APPENDIX B: WILSON COEFFICIENTS C;-C,yIN EMFV
MODELS
ACKNOWLEDGMENTS In this appendix we collect the explicit expressions for the

Wilson coefficient<C;—C 4 in the mass insertion approxima-

We would like to thank Wulfrin Bartel, Ed Thorndike, tion. The conventions for the definition of the chargino mass
Mikihiko Nakao, Hiro Tajima, Vera Lth and Howie Haber, matrix is summarized in Appendix A, the normalization of
for helpful discussions and communications on the data. Wehe mass insertion is given in E¢4) in the text, and the
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8i 5 | VedM2, M7, 2 —m,cosé; \/EM
MI 2¢L| Ves| 'MW 2 t t * . * | Ml .
= Vi | ——=—————V5+sing;VE [ 175X, %) +sing;U s Xi ,x~)
7,8 6 Vts M”é Ma ;l il \/Esin,BMW i2 tVil 1,3( (R % t |2M COSB ( i
(B1)
The contributions to the semileptonic coefficients can be divided in three classes:
Photon mediated penguin diagrams:
chr=o, (B2)
M 1 VM2 M7, 2 v, m,cos6; Vi —singev, |1 83
8 Vi 2 Mg =4 4| R singy 2 o]0 o
Z mediated penguin diagrams:
Sig, |V M1, 2 — m,Cos; MM,
Wzm ZL1Z8 2 S v | - eV sin gV [ URU G — (X X,
10 4 sirf Oy Vi Mqu_l i1 JZ sinBMy, j2 tVi1 i1 JquMtzj i Xj,
VEV k(xi !X] ’XE ) 5 V. V% k(xl :XE 1) in oV 5 VoV k(xi ;szyl) (B4)
+ViVy —— —— —sin —_—,
itVvijl 2XE2 il1VvVi2 ZXTZ tVijl i1Vi2 2X¥2
Cy'4=(4 sirfoy—1)CH~. (B5)
Box diagrams with an internal sneutrino line:
MI,box_ &ZEL Ves MW 2y m,COos 6 ; * | qMI -~
C1o = aio | Vel M2 M~ E [Vi1]?Vi1 \/fs ey o= singiViy | dy (X X)X, %3), (B6)
W w
Cg/ll,box:_ClMOI,box. (B7)

The branching ratios for the various decays are obtained from(E4s.(15) by means of the following replacement:
Crs—Cls +Crg, (B8)
CooCanto +Co16+ Cog +Col1p ™, (B9Y)

where the expressions f@" can be found in Ref34].

APPENDIX C: LOOP FUNCTIONS

The various loop functions introduced in Appendix B are listed below:
—7+12x+3x2—8x3+ 6x(— 2+3x)|ogx

f1(x)= 6(x— 1)4 (C1
5= 12x+7x*—2x(—2+3x)logx
fZ(X)_ 2(X_l)3 ’ (CZ)
_ 2+3x—6x*+x°+6xlogx
fa(x)= 6x—1)° , (C3
_ —1+x*—2xlogx
f4(X)_ 2(X_l)3 ’ (C4)
Ml B fi (1) —fi(y/x) o
fi (x,y)—W (I—1,2,3,4, (C5)
52— 153X + 144x2— 43x3+ 6(6— 9x + 2x%)log x
f7(x)= (C6)

6(x—1)* ’

034002-18



IMPROVED MODEL-INDEPENDENT ANALYSIS O . ..

PHYSICAL REVIEW D 66, 034002 (2002

2—9x+18x?— 11x3+ 6x3log x

fg(x)= (x—1)3 ) (C7)
fN'(x,y>=w (i=78), (C8)

| 00~ ] (2 -y,
T e 9

2 _ —
0= ko= k= A (10

1 x logx

4V (x,y,z,t) = 2 LD 7 de(Xy. 20 (C12
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