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The rare decayB—K®)[ ¥~ B—K®)py and B.—ut ™ are analyzed in a generic scenario where new
physics effects enter predominantly \Zapenguin contributions. We show that this possibility is well moti-
vated on theoretical grounds, as B vertex is particularly susceptible to nonstandard dynamics. In addition,
such a framework is also interesting phenomenologically sinces_hﬁecoupling is rather poorly constrained
by present data. The characteristic features of this scenario for the relevant decay rates and distributions are
investigated. We emphasize that both sign and magnitude of the forward-backward asymmetry of the decay
leptons inB—K*11~, A®)  carry sensitive information on new physics. The observabff) + A& is
proposed as a useful probe of nonstandaRlviolation insbz couplings.
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[. INTRODUCTION standard AB=1 FCNC transitions: those mediated by
Z-boson exchange. As we shall discuss, these are particularly
Despite the fact that the Cabibbo-Kobayashi-Maskawanteresting for two main reason§) there are no stringent

(CKM) mechanism provides a consistent description of presexperimental bounds on these transitions Yiél;it is quite
ently available data on quark-flavor mixing, the flavor struc-natural to conceive extensions of the SM where the
ture of the standard modésM) is not very satisfactory from  z-mediated FCNC amplitudes are substantially modified,
the theoretical point of view, especially if compared to theeyen taking into account the present constraintsA@ 2
elegant and economical gauge sector. On the contrary, it igndb— sy processes.

natural to consider it as a phenomenological low-energy de- The simplest way to search for nonstandak®=1

scription of a more fundamental theory, able, for instance, tgECNC effects mediated bg-boson exchange is to look for
explain the observed hierarchy of the CKM matrix. arton-level transitions of the typb—s(d)+1"1"(»7).

A special role in search_ing_for ex_perimental clues ab(_)u one of such processes has been observed yet, but the situ-
non-standard flavor dynamics is provided by flavor-changlngd :

o tion will certainly improve in the short term, with the ad-
ngzgg;ggrﬂ(ifmg T;ﬁﬁfnsﬁz;,gym ;t](aea?j';jﬂitfgr?:ﬁ er vent of new high statistics experimentsedte” and hadron
9 y q . Nally SUBs tactories. In principle the theoretically cleanest observables
pressed by the smallness of the off-diagonal entries of th

) . . ? ; gre rovided by inclusive decays, which should play an im-
CKM matrix. On one side this makes their observation very ortgnt role in i/he longer run. gn the other handr,J thye exclu-

challenging but on the other side it ensures a large sensitivit ive variants will be more readily accessible in experiment.

L?g%():ﬁfrlgynsgjggndard effects, even if these occur at Ver[}ﬁespitg the sizable theoretical uncertainties in the exclusiye

In general we c;':m distinguish two types of FCNC pro_'hadronl_c for_m factors, these_ processes could' therefore give

o interesting first clues on deviations from what is expected in

cessesAF =2 andA_F= 1_tran5|t|0nsﬂe former has bgen the standard model. This is particularly true if those happen
successfully tested iK°— K andBy— By systems, both via tg be large or if they show striking patterns. Since in the
CP-conserving AMy andAMg ) andCP-violating observ-  present study we are mainly interested in such a possibility,
ables €k and sin). On the other hand, much less is we shall restrict our phenomenological discussion to the ex-
known about the latter. Fe&S=1 FCNC transitions have clusive three-body processeB—>(K,K*)+(,u+,u‘,v7).
been observed iK decays, but most of them are affected by Having branching ratios in the 16_1@5 range and a rela-
sizable long-distance uncertainties. The only exception igjvely clear signature, these decays represent one of the pri-
B(K*— 7" vv) [1], which is however affected by a large mary goals of the new experiments. As we will show,
experimental error. The situation is slightly better in e forward-backward an€ P asymmetries of these modes pro-
sector, where the inclusivie— sy rate provides a theoreti- vide a powerful tool not only to search for new physics, but
cally cleanAB=1 FCNC observabl§2]. Nonetheless, it is also to clearly identify the interesting scenario where the
clear that a substantial improvement is necessary in order tominant source of non-standard dynamics can be encoded
perform more stringent tests of the SM. in effective FCNC couplings of th& boson.

In the present paper we focus on a specific class of non- The paper is organized as follows. In Sec. Il the general
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features characterizing the FCNC couplings of theoson  limit My/M,—~. However, the above naive dimensional
beyond the SM are discussed; we further introduce a generargument remains a strong indication of an independent be-
parametrization of these effects, both fer»s and b—d havior of these couplings with respect to the other FCNC
transitions, in terms of the complex couplinng'bR(q amplitudeq3,4]. As we will illustrate in Sec. Ill, this inde-
=s, d), and evaluate their model-independent constraintspendent behavior is indeed realized within various exten-
In Sec. Il we present various estimates for these couplingsions of the SM.

in specific extensions of the standard model. Notation and Interestingly, FCNC couplings of th& represent also the
general formulas for the phenomenological analysis are inleast constrained class among those listed above: magnetic
troduced in Sec. IV. In Secs. V and VI we discuss how theoperators are bounded Hy—sy and, within most models,
non-standard FCNC couplings of thg would manifest dimension-6 operators are strongly correlated to those enter-
themselves and how they could possibly be isolated®in ing B—B mixing. The scenario where the dominant non-
—(K,K*)+vr and B—(K,K*)+u*u" decays, respec- standard contribution td—s(d)+1*1"(vv) transitions is

tively. Implications forBs— " n~ are briefly described in  agiated by &bs(d) coupling is therefore particularly ap-
Sec. VII. A summary of the results can be found in Sec. VIII. pealing also from a purely phenomenological point of view.

Il. GENERAL FEATURES OF FCNC COUPLINGS Effective Lagrangian and model-independent constraints
OF THE Z BOSON The effective FCNC couplings of thg, relevant for the

In a generic extension of the standard model where neW S transition, can be described by means of the following

particles appear only above some high sddig>M,, we  €ffective Lagrangian:

can always integrate out the new degrees of freedom and G 0

generate a series of local FCNC operators already at the elec- ,z__~F € ECOS w
sSin®y,

troweak scale. Those relevant for-s(d)+1*17 (vv) tran- V2 2
sitions can be divided into three wide classes: 4 He 1)

(i) Four-fermion operatorsThe local four-fermion opera- o
tors obtained by integrating out the new particles necessarilwhereZLbR are complex couplings and the overall normal-
have dimension greater or equal to 6. These could be genetaiion ﬁas been chosen in analogy to thed case dis-
ated either at the tree levét.g. by leptoquark exchanger cussed in[3,5]. For later convenience we also deﬁzé,sR

at one loop(e.g. by SUSY box diagramut in both cases, =(Z5R)*. The SM contribution tazl}, evaluated in the
due to dimensional arguments, their Wilson coefficients ar s S
Hooft—Feynman gauge, can be writtert as

€
expected to be suppressed at least by two inverse powers 6f

(i) Magnetic operatorsThe integration of the heavy de- stlsu=0: Zsplsu=VipVisColX0), @

grees of freedom can also lead to operators with dime”Sioﬂ/hereVi- denote the CKM matrix elements,= mtz/m\zN and
lower than 6, creating an effective FCNC coupling betweeny,o funcJtionCO(x) can be found if6].

quarks and SM gauge fields. In the case of the photon field, a¢ present the cleanest model-independent constraints on

the unbroken electromagnetic gauge invariance implies thg}k;ﬂ can be obtained from the experimental upper bounds
the lowest dimensional (Eupllng is provided by the so-calle n B(B—XJ*17). Normalizing the inclusive rate foB

“magnetic” operators~bo*”sF,,. Having dimension 5, _,x |*|~ to the well-knownI'(B—X.e* ) and assuming
their Wilson coefficients are expected to be suppressed @hat all contributions to the former but those generated by

ZM( ZébHL YMSL + ZSRbER‘yMSR)

least by one inverse power & LZ. are negligible, we can write
(i) FCNC Z couplings. Because of the spontaneous
breaking ofSU(2), XU(1)y, we are allowed, in the case of T(B—XJ 1) o2

the Z boson, to build an effective FCNC coupling of dimen- = .
. = - . I'(B—X.etvy) wsinf@y

sion 4: b, gy ¥*s(r)Z,.- The coefficient of this operator

must be proportional to some symmetry-breaking term but, |ZL |2+|ZR 2

for dimensional reasons, it does not need to contain any ex- _7sbl | TTsh

plicit /My suppression. Ve ?f(me/my)
Given the above discussion, the effective FCNC cou- 5 6 -8 4 _

plings of the Z boson appear particularly interesting andWhere f(2)=(1—8z°+8z°-z"-24z"Inz) is the phase

worth to be studied independently of the other effects: in @Pace factor due to the non-vanishing charm mass and, for

generic model with additional sources 8U(2), XU(1)y

breaking, these are the onb=1 FCNC couplings that do

not necessarily decouple by dimensional arguments in thelAs it is well known, the SM contribution to FCN@ penguin

limit My/M>>1. It should be noted that the requirement of amplitudes is not gauge invariant. We recall, however, that the lead-

naturalness in the size of th8U(2), XU(1)y breaking ing contribution to bottb—s(d)I I~ andb—s(d)vv amplitudes

terms suggests that also the adimensional couplings of tha the limit x,— is gauge independent and is indeed generated by

non-standard-mediated FCNC amplitudes decouple in thethe Z penguin amplitudéCq(x,) — /8 for x,— ).

[(al)?+(ap)?l, (3

014015-2



PHENOMENOLOGY OF NONSTANDARDZ COUPLINGS IN . .. PHYSICAL REVIEW D63 014015

consistency, we have neglected the small QCD correction _ GEMSacogey

factor in T'(B—X.e"ve). Here a'| (g denotes the left- B(Z—bs)= ——————(|Z5*+|Z5/?)
(right-) handed coupllng of the lepton to tf#& namelya) 47T 7SIt Oy

=sir®,,—1/2 andak=sir’@,, for I=e or u, whereasa’ —2.3x1075(|Z5,|>+|ZR? 8

=1/2 and ag=0 for the neutrino case. Using3(B
—Xe"vg)=0.105, sif®,=0.23, @ 1=129, |[V,,|=0.04  which is quite far from the present experimental sensitivity at
and f(m./m,)=0.54, we find the CERNe" e~ collider LEP of ©(10"%) [13], even for
|Z5R|~ O(1). Using the bounds6) in Eq. (8) leads to
B(B—Xd T17)=1.76x103(|25,)2+|28)%), (@) _
B(Z—bs)<5x10 7, 9

B(B— Xsvv)=1.05%10"%(| 25,2 +]Z5/?), to be compared with the SM expectatid®(Z—bs)|sy
) =1.4x108[14]
ConcerningB¢-Bg mixing, assuming for simplicityZSRb

where in the neutrino mode we have summed over the three 5 4 employing the notation 6], we find

lepton families. Experimental upper bounds exist both for
B(B— X *17) and B(B— X¢vv), leading to aG2ZM?2,

M(Bs—Bg)2= ——

_ f2|v| Zt)?  (10)
37TS|n20 B B’?B( b

(125,2+|28|?)Y?<0.15, from
Zgy
Vt*bvts

_ 4aM(Bs—By)SM
 msirPOySy(%,)

B(B—XJ*17)<4.2x10757], (6)

11)
(125,2+|28|?)Y?<0.27, from (
At the moment we cannot extract any interesting information
from Eqg.(11) due to the lack of a significant upper bound on
| M(Bs— BS)| If in the future we were able to exclude that

|M(Bs—Bg)?| is larger than|M(Bs—Bg)SY|, then we
would obtain

B(B—Xswv)<7.7x10 *[8]. 7)

The strongest bound is presently imposed IB(B
— X *17), since the larger sensitivity a8(B— X.vv) is
compensated by its more difficult experimental |Z ol <76 Vi Visl ~ (12
determinatiorf. The limits in Eqs(6), (7) have been derived

assuming that all the naA-mediated contributions are neg- Performing the exchange—»d in Egs. (1) (2) we can define,
ligible, which is a reasonable approximation in view of the analogously tOZSb , the coupllngsz relevant for theb
present experimental sensitivities. On the other hand, if the~d transition. The upper boun@®) Would be valid also for
experimental bounds were much closer to the SM expectahese couplings if we could assumB(B— Xqu*u™)
tions, we stress that the neutrino mode would definitely bes B(B—Xqu™x~), but in theb—d case more stringent

preferable from the theoretical point of view due to the ab-constraints can be derived froab_gd mixing. The SM con-

sence of electromagnetic and long-distance contribution§ribution toM(Bd—gd) can account for the observed value

[10,11. of AMg , nevertheless, due to the theoretical uncertainty on
Employing the Wolfenstein expansion of the CKM matrix 5 Ba’ L . y
in powers of \=0.22 [12] and recalling thatCy(x,) Bg,fs, non-standard contributions of comparable size can-

~O(1), the SM contribution to Z5, turns out to be of not be excluded at present. Imposing for instanté(By
O(\?)~0.04[see Eq(2)], therefore much below the bound —Bg)?|<|M(By—Bg)SM| and replacings—d in Eq. (11)
(6). As we will show later, more severe constraints|gl,\|  we obtain
can be obtained by the experimental bound on the exclusive
branching ratio3(B—K* u* u~). These are however sub- |Zdb|<7 6Vi,Via| ~0.06, (13
Jseucé:,?,osrfgogr??ﬂ;?ﬁfﬁ;ﬁ'ofsn(;enréa:ggifrergIzgftgléod t;iciiévhlch is still substantlally larger than the SM contribution:
sion that we postpone to Sec. VI B. db|SM O(r*)~0.01.

Additional model-independent information on these cou-
plings could in principle be obtained by the direct constraints !ll. MODEL-DEPENDENT EXPECTATIONS FOR  Zgf

on B(Z—bs) and byBs-Bs mixing, but in both cases these | the previous section we have seen that sizable non-
are not very significant. Concerning the first case, we find standard contributions to the FCNC couplings of there
allowed, at least from a purely phenomenological point of
view, both forb—s andb—d transitions. In the following
2A result similar to the one in Eq6) has recently been presented We shall analyze the expectations for @ig)® couplings in a
also in Ref.[9]. few specific theoretical frameworks. Moreover, we will show
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various consistent models where it is a good approximatiofiields turn out to be generated only at the quantum level, like
to encode all the non-standard FCNC effects in the couplings the SM. However, in addition to the standard penguin and
of EEC. box diagrams, also their corresponding superpartners, gener-
ated by gaugino- and Higgsino-squark loops, play an impor-
A. Fourth generation tant role. These contributions to inclusive and excludive
, ) , — sl transitions have been widely discussed in the litera-
A simple extension of the SM, particularly useful as a toyy,re (see e.g[19—23 for a recent discussion and a complete

model for more complicated scenarios, is obtained by addingg; of referencels employing different assumptions for the
a sequential fourth generation of quarks and leptons. This Soft-breaking terms. In the following we will emphasize the

allowed by Fermilab Tevatron and LEP data provided all thggje of the Z penguins in the context of the mass-insertion
new fermions, neutrinos included, are sufficiently heaVyapproximatior{lS].

(m;=200 GeV) and the splitting among the weak isospin - — . .
doublets is very small|(n, —my, |[/m, <0.1) (see e.g[15] Similarly to theZsd case, extensively d|scussec[B)2_4],

and references thergin the potentially dominant non-SM effect in the effecti@bq
This model exhibits a typical non-decoupling effect in the Vertex is generated by chargino—up-squark diagrgr@1].

Z4p coupling. Indeed, denoting by;. the mixing angles of _Indeed sizabl&U(2), breaking effects can be expe_cted only

the new up-type quark with the light generations, the domi" the up sector due to the large Yukawa coupling of the

nant non-standard contribution to tZeBR coupling is given t_hird generation. Moreover, since terms involving externa_ll
right-handed quarks are suppressed by the corresponding

b . A
y down-type Yukawa couplings, also within this framework
R . . Xy, Z§, turns out to be negligible.
qu|4"“=0’ qu|4‘“=Vt'th’qC0(Xt’):?Vt/bvt’w Employing the notation off3], the full chargino—up-
(14)  squark contribution t&%, can be written as
—m2/m2 e 1
wherex, =m;,/mg,. In the limit le_b|SUSY:§AjSIKibijilk , (16)
* 2 * 2
VipVig—0, m;—o, Vi Vegmg—const, (15 where
this is the only non-standard effect surviving ln—s(d A A A A
F1 (T Y " ; " J () A5 =His V=g VisHi VY 17
+1717 (vv) transitions. Choosing sufficiently small mixing ! L R4

angles one can therefore easily evade the experimental con- At e £ AT O
straint oan,th/q and, by raising the value ah,,, still Aik_HbLkVil_gtthHtRkViZ' (18
obtain sizable effects iZgy,. o o

In the case ob—s transitions the dominant constrainton  Fjik = Vj1V; Sick(Xik . Xjk) — 20,07, 8
the combination\/:‘,bvt,S is imposed byb—sy. Indeed the — A A
bounds fromK-K mixing and K decays can always be XXl (X ) = Oy Hicq, Ha kOt i) -
evaded assuming/;,q=0, whereas the constraint from (19

Bs-Bs mixing is very loose. Barring accidental cancellations _ . . s
in the b—sy amplitude, namely assuming that the dominantH€r€g:=m¢/( V2my;sinp) is the top Yukawa couplingy is

contribution to the latter is the SM one, leads|¥d, V; | the CKM matrix,V andU are the unitary matricies the}t di-
=\?, almost independently of the value of . Even em- agonalize the chargino mass matrix(U*M V'

ploying this stringent constraifithowever, one could still =diag(MXl,MX2)] and H is the one that diagonalizes the
have|Z4y| 41 ~|Zgy|sul providedm, =400 GeV. up-squark mass matrigwritten in the basis where the|
—Ul — x, coupling is family diagonal and the! —UL— xn

B. Generic SUSY models one is ruled by the CKM matrix The explicit expressions of

Because of the large number of new particles carryind<(x.y) andj(x,y) can be found ir{3,24] and, as usual;;
flavor quantum numbers, sizable modifications of FCNC amdenote ratios of squared masses.
plitudes are naturally expected within low-energy supersym- The product ofAJ-SI and KFK in Eg. (16) generates four
metric extensions of the SM with generic flavor couplingsindependent terms, proportional 6§V Vis, 9iVis, 9¢V3
[17,18. AssumingR parity conservation and minimal par- and 1, respectively. As a first approximation we can neglect
ticle content, FCNC amplitudes involving external quarkthose proportional t&/,s, which are clearly suppressed with
respect to the SM contribution. A further simplification can
be obtained employing the so-called mass-insertion approxi-
SSubstantially larger values 4V, are possible assuming mation, i.e. expandmg the up-squark mass matrix around its
that the contribution of the fourth generation changes the sign of thQ'aQP”a'- In th|§ Wf'"y 't_ can been shown that the pqtentlally
b—sy amplitude. See Refl16] for a recent discussion of this dominant contribution is the one generated to the first order

point. by thetgr— U’ mixing [19]: namely,
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(ij Sy~ - the new dynamics is encoded in the Wilson coe_fficients of
Zéb@bsvz_ggtVfb—zVL[leVLk(XiuL,XjuL,XtRuL) higher-order operators, suppressed by appropriate inverse
M3, powers ofA.
A conservative assumption, usually employed to reduce
= 8ijK(Xiy  Xegu, » 1) the number of free parameters, is that the higher-order op-
o R erators do not involve directly the fermionic sector. In other
— 20107, Xiu XjuJ i, Xju Xequ )1 Vi2- words, it is assumed that the new dynamics involves only the

interactions of electroweak gauge fields and Nambu-
Goldstone bosong25]. Under this assumption most of the
coefficients of the allowed dimension-4 operat@ppearing
Notice that, contrary to th&g case, here the CKM factor gt the next-to-leading ordeare strongly constrained by elec-
V}, does not imply any additional suppression and thereforgroweak precision data. However, as pointed otji2ié—28§,

the double left-right mixing discussed [8] represents only some of them naturally escape these bounds and could show
a subleading correction. I75,|S5sy the necessargU(2),  up in sizable modifications of FCNC amplitudes. Interest-
breaking Al,=1) is equally shared by the left-right mixing ingly, this happens despite the intrinsic flavor-conserving na-
of the squarks and by the chargino-Higgsino mixisgown ture of these terms. It occurs at the loop level, either via

(20

by the mismatch o/ indices, carrying bothAl,,= 1/2. modificatio_ns of the trilinear gauge-boson couplihg8] or
For a numerical evaluation, varying the SUSY parameterdia corrections to the Nambu-Goldstone boson propagators
entering Eq(20) in the allowed ranges, we find [26,2 o _
Also within this context the FCNC couplings of tEeplay
(M2) a special role. As an example, we consider here the effect of
L IRL UJtes | U the anomalou®WWZ coupling. Following the work of Ref.
|Z5blsus =01 M2 =048k, 21 [28], this can be written as
up
. poen, 3% [ME
in agreement with the results $19]. The factor ¢R,)sz, Zgblwwz= @39 VibVigg 109 e +-
which represents the analogue\gf in the SM case, is not
very constrained at pres€rit9,24] and can be o®(1), with g2m? M2
an arbitraryC P-violating phasg21]. ~(9(1)><Vfbvtq—2t|og(—\;v , (22
Equations(16)—(21) can simply be extended to the A A

—d case with the replacemesat-d. Similarly to (5g,) 32, _ _ o
also (83,)3; is essentially unconstrained at present. whereg is the usualSU(2)_ coupling and the ellipsis de-
As can be checked by the detailed analysi§1®, in the notes additional finite termsi.e. not logarithmically en-
interesting limit where the left-right mixing of the squarks is N@nced. The adimensional couplings is one of the un-
the only non-standard source of flavor mixing, f¥penguin ~ known coefficients appearing in the next-to-leading order
terms discussed above are largely dominant with respect te2drangian of Ref{25]. This is essentially unconstrained by
supersymmetric box andy-penguin contributions tob other. processefunless furthtzar azssumpt[ons are employed
—sl*1~. On the other hand, we note that in processes of th@nd is expect to be QO(MLW/A_ ) by dimensional argu-
type b—sqq these true penguin terms could easily competé“e”ts' The relative shift citqb with respect to the SM case

in size with the so-called trojan-penguin amplitudes dis-c@n thus be up to 503/0 Interestingly, the same relative shift
cussed if9]. would be present iiZgg, leading to interesting correlations
between rard andK decayd28]. It is worthwhile to point
) out that this is the only non-standard FCNC effect due to
C. Strong electroweak symmetry breaking anomalous gauge-boson couplings which is logarithmically
The natural alternative to low-energy supersymmetry isdivergent, which can be taken as an indication of a particular
the scenario where the Higgs field is not elementary and theensitivity on'as to the new dynamicg28]. We finally note
electroweak symmetry breaking is generated by some nethat also within this contengeb remains unaffected: this is
strong dynamics appearing at a scale-1 TeV. Without clearly due to the chiral nature of the SM gauge group and
detailed knowledge of the new dynamics and of the newindeed it remains valid also if we consider the effects due to
degrees of freedom associated with it, a convenient way tenodified Nambu-Goldstone boson propagaf@d.
describe this scenario is obtained by considering the most If the conservative assumption that higher-order operators
general effective Lagrangian written in terms of fermionsdo not involve directly the fermionic sector is relaxed, the
and gauge fields of the SM, as well as the Nambu-Goldstonfreedom in generating new FCNC effects is clearly en-
bosons associated with the spontaneous breaking dfanced. The first natural step is to include only higher-order
SU(2).XU(1)y—U(1)em [25]. In this way, imposing the operators which involve the quarks of the third generation, as
custodialSU(2) symmetry on the Nambu-Goldstone bosonfor instance done if29]. However, the most general sce-
sector, the lowest order terms in the Lagrangian are comnario is obtained by considering all generations. In this latter
pletely determined, corresponding to the SM case in the limibption one could generate FCNC transitions already at the
of infinite Higgs boson mass. On the other hand, the effect ofree level[30] and, by restricting the attention to the lowest-
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dimensional operators, one would recover the general case e _ e _

described by Eq(1). The predictivity of this scenario is ob- Q7= —s, 0, ,mpbgF*”, ng—zsRawmbbLF’”,
viously very limited, but still, only on dimensional argu- 4m
ments, one can conclude that the FCNC couplings ofzhe
could play a very special role. The natural suppression of
FCNC would then suggeglgi'~O(m{/A%) X Vi Vg, leav-

ing open the possibility o©(1) corrections with respect to

e’ _ _ e’ _ _
Qo= ﬁsm’”bﬂ Yuls Q6=ESR7“bR| Yl

the SM case. e? _ _ ) e? _ _
Q0= 4_7_r23|_7’“b|_I YuYsl, Q10:4_Tr25R7MbR| Vsl
D. Tree-level Z-mediated FCNC couplings (4
The last two operators ift.¢; are defined as
FCNC couplings of th&Z can be generated already at the
tree level in various exotic scenarios. Two popular examples e? _ _
discussed in the literature are the models with addition of QE,R=4_7TZSL,R7’,U,bL,RV7'u(1_75)” (25

non-sequential generations of quaKkee e.g[31] and ref-
erences therejrand those with an extrid(1) symmetry(see
e.g.[32] and references thergirin the former case, adding a
different number of up- and down-type quarks, the pseud%u
CKM matrix needed to diagonalize the charged currents is
no more unitary and this leads to tree-level FCNC couplings.
On the other hand, in the case of an extrél) symmetry

the FCNC couplings of th& are induced byZ-Z’ mixing,  whereas the remaining non-vanishing coefficients are known
provided the SM quarks have family non-universal chargesit the next-to-leading ord€6,34,35. The coefficients 004,
under the newJ(1) group. Interestingly these two possibili- andQ/’ are scale independent and are completely dominated
ties[i.e. the extral(1) and the non-sequential quajkee  py short-distance dynamics associated with top quark ex-
often linked in many consistent extensions of the 88].  change. Their values are therefore well approximated by the

Here we will not discuss such a model in detail. We simply eading order results. given bym.(m.) =166 Ge
note, however, that for our purposes these could be we,I g 9 yrm(my) v

and constitute the complete basis relevanbtesvy.
Because of the absence of flavor-changing right-handed
rrents, within the standard model one has

C1-1dsw=Cglsm=0, (26)

described by the effective Lagrangian in Ed), provided 4By(x) — Co(X)
the contribution of thez’ exchange is negligible or the cou- Cllsw= .t S —6.6,
plings of theZ’ to light charged leptons and neutrinos are SinF @,y
proportional to the SM ones.
Bo(X;) —Co(X
) e TGl -
IV. GENERALITIES OF EXCLUSIVE b—sI*I~(vv) SiF Oy

DECAYS where the contribution proportional ©,(x;) is the one in-

A. Effective Hamiltonian duced byZ§b| sm in EQ. (2) once theZ field has been inte-
- grated oufthe full expression foBy(x) can be found i6]].

The starting point for the analysis bf—sl*|~(vv) tran-  The difference among the two numerical values in Eg%)
sitions is the determination of the low-energy effectivecan be taken as an indication of the size of the non-
Hamiltonian, obtained by integrating out the heavy degreeg-induced contributions to these coefficients within the SM.
of freedom of the theory, renormalized at a scale On the other hand, in the generic non-standard scenario de-

=0O(my). In our framework this can be written as scribed byL £ we can write
G 10
F ! !
Hett=— Eviksvtb ;1 [CiQi+C/Q{1+C/Q/+CrQr “Here and in the following we employ the runnirigrodified
minimal subtraction schemé/S) | mass for the top quarkn,(m;).
+ H.c., (23 For b—sl*l~ the distinction between the pole mass and the run-

ning mass enters, strictly speaking, only beyond the next-to-leading
order we are working ih36]. However, the short-distand¢S mass
whereQ, denotes the standard model basis of operators re,’_g the more appropriate defir]ition for FCNC processes involving
vant t - n " their helicity fli nter virtual top quarks, a_nd_the hlgher oro!er corrections are ggnerally
evant tob—s . [6] and O their helic y! pp_ed cou .e better behaved. This is true in particular for the transititms
parts. In particular, we recall tha®;~(sb)(cc), for i —svy andB,— u* 1, where the use of the running mass in the

=1,...,6, Qg~mps(c-G)b, whereas the only operators known next-to-leading order expressions is entirely well defined
with a tree-level non-vanishing matrix element ib and leads indeed to a small size of the next-to-leading didle®)
—sl|™1™ are given by QCD corrections.
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C!/—C/|su=C10— Cidsm directly measurable but is related to the kaon energy irBthe

meson rest frame, varying in the interval,<E,<(m3

Zb—Zbd sm +m?)/(2mg) by the relationg?=m3+m2—2mgE,,. For
T VAVLLSirO. convenience we define also the dimensionless variables

tsTtb W =@?/mj andry=mZ/m3, and the function
yAN _ 2 12 9 _
CL=Cly=— b.s _ (29) My(S)=1+rp+s°—25—2ry—2rys. (29
VAV, SirF@

In the caseH =K the hadronic matrix elements needed for
In principle the coefficient€q andCq are also sensitive to our analysis can be written as
Zi andZ{. In this case, however, the contribution 6F

is suppressed by the smallness of the vector coupling of the <K(pK)|§7Mb|§(p)>:f+(q2)(p+ Pt f (a9,

Z to charged leptons|&S/as|=|4 sirf®y—1/=0.08) and as (30)
a first approximation can be neglected. Given the above con-
siderations, we will assume in the following that all the wil- o fr(q?)
son coefficients but those in E¢&8) coincide with their SM gq*(K(p,)[s,,b[B(p))=i n [q?(p+ Py
expressions. Mg+ Mk

—(mg—my)a,], (31)

B. Kinematics and form factors
In the following sections we shall discuss integrated ob-Whereg“=p*—p/. Up to small isospin breaking effects,
servables and distributions in the invariant mass of the dilepwhich we shall neglect, the same set of form factors de-

ton systemg?, for the three-body decayB—HII, with H scribes both charge®( — K ~) and neutral B°—KP) tran-
=K, K* andl=u,v. The kinematical range aj? is given  sitions. Similarly, in the casel=K* we can write ¢%1?°=
by 4m?=0<g?<(mg—my)>. In the neutrino casg? is not  +1)

g*.

W* o =Y, q * 8*'q
(K (pK,e)|SyMy5b|B(p)>=2mK*Ao(q2) o q#+(ms+mK*)A1(q2)[8ﬂ_ o QM]

2 2
e* -q Mg — My«
—A()—— | (p+ -——q,| 32
2(q )mB+mK* (PP )y e A (32)
K* Sy,b[B(p)) =i 2v(a") *rpPpo 33
< (pK18)|S’)’,U, | (p)>_lme/.wpa's p pK, ( )
A" (K* (p,,2)[S0,,(1+ ¥5)b|B(P)) = = 2T1(0%) €08 * "PPPI~ i T2(A?) [ £} (M~ Mis) = (8* - Q) (P+P, ) ]
o 9*(P+P,)u
—iT3(q%)(e*- Q)| A= —F 3| (34)
Mg — My«
|
Here we have used the phase conventior{8df. In particu- For the numerical evaluations 6f(q?), Ai(9%), T(q%)

lar, all form factors are real and positive. We remark that theand V/(g?) we refer to the recent analysis of RE20], per-
large-energy limit discussed [87] is especially useful to fix  formed in the framework of light-cone sum rules.

the relative sign of the various form factors in a model inde-
pendent way.

The form factorst, T,, T, andT3 depend on the renor-
malization scale, which here and in the following is under-
stood to bew=my,. There is no need to further specify the  From a theoretical point of view the neutrino channels are
renormalization scheme for the tensor operaE,rW(l certainly much cleaner compared to the charged lepton ones
+ vs)b, since the issue of a non-trivial scheme dependencdue to the absence of long-distance effects of electromag-
enters only beyond the next-to-leading logarithmic approxi-netic origin. Moreover the smaller number of operators in-
mation inb—sl*l . volved (only two) simplifies their description. Finally the

V. B (K,K*)vr
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_ EIG. 1. Dilepton invarignt mass distribution faB(B—>Kv7_) _ FIG. 2. Dilepton invariant mass distribution f&(B— K* »v)
within the SM. The three lines correspond to the central, minimalyithin the SM. The three lines correspond to the central, minimal
and maximal values of, (s) from [20]. and maximal values, as obtained by varying the form factors within

the ranges quoted if20].
branching fractions are enhanced by the summation over the

three neutrino flavors. All these virtues, however, are par- cr+crl?
. . . . . — +1 - L R
tially compensated by the difficult experimental signature. B(BHKw)=(3.8_O§)><10 6
CL|§M
A. B—Kvy

The dilepton spectrum of this mode is particularly simple 6 (ZtL,S— ZES|SM)+ZES‘2

and is sensitive only to the combinati¢@; + Cg| [38]: ~4x107°11- 0.06 |’
(37)
dr(B—Kvv) Gfa’mg 312/ o £2 v, v
ds REPTST: ViV AR () TL(S)ICL+CRI% where the error in the first equality is due to the uncertainty

(35) in the form factors and the second relation has been obtained
by means of Eq(28). Given the constraint), without fur-

ther assumptions we find3(B—Kvr)<5x107° This
The differential branching ratio computed within the SM is bound sets the level below which an experimental constraint
plotted in Fig. 1, showing the uncertainty due to the formon this mode starts to provide significant information. On the
factors. Note that in the neutral modes the strangeness eigeother hand, in most of the scenarios discussed in Sec. I,
states of the kaons do not coincide with the mass eigenstataﬁherezsszo and|st|S0-1, we find
which are experimentally detected. Therefore, neglecting
isospin-breaking and\ S=2CP-violating effects, we can
write

B(B—Kpr)<2x10 5. (39

F(BHKVV)EF(B-FHK-FVV):ZF(BOHKL’SVV).
36
(39 If the experimental sensitivity oﬂ?(B—>Kv7) reached the
1078 level, then the uncertainty due the form factors would
The absence of absorptive final-state interactions in this prgsrevent a precise extraction [, + Cg| from Eq.(37). This
cess also leads td'(B—Kwvv)=T'(B—Kwvv), preventing Problem can be substantially reduced by relating the differ-
the observation of any dire@-P-violating effect. ential distribution of B—Kwvv to the one of B— wev,
Integrating Eq.(35) over the full range of leads to [39,4Q:

014015-8



PHENOMENOLOGY OF NONSTANDARDZ COUPLINGS IN . .. PHYSICAL REVIEW D63 014015

3 end point region. An additional uncertainty in EQ9) is

dI'(B—Kwv)/ds ; X 5 o
RN induced by the CKM ratidV;.Vyp|“/|Vyp|* Which, however,
dl'(B"—m e ve)/ds can independently be determined from other processes.
3 stvth(xK(s))?”z C] P
42| Vo | \Na(9)] [f7(g)) 5T TR B. BoK*vw

39 The dilepton invariant mass spectrum Bf- K* vy de-

IndeedfX (s) andf7(s) coincide up toSU(3) breaking ef- cays is sensitive to both combinationf€/—Cg| and
fects, which are expected to be small, especially far from théC| + Cg| [38,41:

dr(B—K*vr) G2a’m3 8Shkx(S)VA(s
( ): F B|Vrthb|2>\i/3(5) kx(S)V( )|CE+C§|2
ds 10247° (1+ \rs)?
1 N« (S)AY(S)
+ 14 r s ) 2O\ (S) + 12r e« S)A(S) + —————
rK* ( K ) ( K ( ) K ) 1( ) (l+\/m)2

2N kx (S) (1= Tkx —S)AL(S)Ay(S)

|Cl— c;|2] : (40)

The branching fraction obtained within the SM is shown in Fig. 2.
Integrating Eq.(40) over the full range o leads to

2 2
_ Cl+Ch cl/—C
B(B—K*vp)=(2.4 59 x 107 8| ———| +(1.1°3)x10°5| ——| (41)
CLlSM CL|SM
B(B—K* vv)|su=(1.3"99x107®. (42)

Similarly to the case oB(B—»Kv?), the bound(6) leaves open the possibility of enhancement&8@— K* v?) up to one
order of magnitude with respect to the SM case. Whered§ 0 and|ZJ=<0.1, we find the constraint

B(B—K*pv)<10 4, (43

which is almost one order of magnitude below the present experimental sen$ui®ijty
A reduction of the error induced by the poor knowledge of the form factors can be obtained by normalizing the dilepton

distributions ofB—K* v to the one oB— pev, [43,40. This is particularly effective in the limis—0, where the contri-
bution proportional tdC}+ Cg| (vector currentdrops out:

* 2
Vtthb

Vub

dI'(B—K*vv)/ds
dI'(B%—p e'v,)/ds

3a?
T2
<0 4

|Cl—Cgl?

1-rg«\3r,
1-r,

Mk

2
- (44)

y AT (0)(1+ Vi) — A5 (0) (1= 1)/ (14 e
AL(0)(1++F,) —AS(0)(1—1)/(1+1,)
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Similarly to the ratiof (s)/f7(s) in Eq. (39), also the last e — L L B
term in Eq.(44) is equal to 1 up t&sU(3)-breaking correc- - 1
tions. L i

VI. B—(K,K*)I*I~ - ) 1

The possibility to detect the leptons not only provides a L .
clear experimental signature f&— (K,K*)I "1~ decays; it
also allows one to consider interesting observables in addi-
tion to the decay distribution, such as the forward-backward
asymmetry. Moreover, the non-vanishing absorptive contri-
butions lead to potentially large dire€tP-violating effects. L

The problem of these modes is the uncertainty in the non- -
perturbative contributions generated by the opera@ysg L
in Hets. Indeed these induce transitions of the type N

—s(cc)—sl'l~, which can be handled in perturbation L
theory only within specific regions of the dilepton spectrum. 0 =—r——t—
In the following we shall restrict our attention to the tran- 0 0.2

sitions with au ™ «~ pair in the final state, which have the

clearest experimental signature; however, the whole discus- FiG. 3. The imaginary part ofc" as a function ofs:

sion is equally applicable to the"e™ case. ImCEM(s)=1mCE™(s) as in Eq.(45) (dotted ling, KS prescription

[46] (solid line), Ref. [48] (dot-dashed line For comparison we

have also included the approach of Ref7] (dashed ling where

Breit-Wigner resonances are naively added to the partonic calcula-
In the kinematic region of large dilepton invariant mass,tion. (This procedure is disfavored since it has a manifest problem

above theV' peak, the light quark fieldsu(d,s,c) appear- of double counting.

ing in Hess may be integrated out explicitly since they enter

loop diagrams with a hard external scabg ¢ mﬁ) [43,44). Far from the end point region it is not possible, in prin-

The end point effective Hamiltonian thus derived, valid atciple, to safely integrate out the light quark fieldshia¢s and

the next-to-leading order in QCD, can be obtained from theone should estimate separately the matrix elemen€3;of.

one in EQ.(23) setting to zero the coefficients 6J;_g and  In general this is a very complicated task that has so far been

replacingCq with treated only with the help of some non-rigorous simplifying

assumptions. For instance, assuming that the matrix elements

of Q1_g can be factorized as

Im[C8(s)]

A. Non-perturbative cc corrections and cef

2

EP m; Mg
Cg (s)=Cg+h o 2S (3C1+C3)+O(Csy),
b mi

(45 <HM+M’|Q1|§>“<H|§L7"bL|§>><<M+M’|37”C|0>,(46

where the functionh(x,y) and the numerically small

O(C4_g) terms can be found 5] (we recall that to the one can employ the Kger-SehgalKS) approach46] and
next-to-leading order accuracy, only the leading order valuegstimate( . * .~ |cy*c|0) by means ofr(e*e”—cc) data.

of Cy_g are need irCg"). Note that the coefficient function This approach has the advantage of avoiding double count-
in Eq. (45) differs from the effective coupling d@g usually  ing and providing a rigorous non-perturbative estimate of
@ntroduced to describe inc_Iusive decd¥s, sjnce it does not <M+M—|a,ﬂc|0>' Other recipes to evaluate the contributions
Eclude the QCD correction to the matrix element of the (Q,_¢) can be found e.g. if47] and[48]. In all cases, in
s_.y“b. current. Indeed the latter has to be included in theanalogy with Eq(45), these contributions are encoded via an
corresponding hadronic matrix elements, assuming they argffective coupling for the operatd, of the type

computed in full QCD and appropriately normalized at
=0(my).

In the region of large? one still expects non-perturbative
corrections induced by intermediate states. Although in _
principle power suppressed-(Aocp/mp), locally these are  Because of the real intermediate states,Y(s) develops an
likely to produce sizable modifications to the dilepton specimaginary part that plays a crucial role in determining the
trum. The relative importance of these non-perturbative efsize of direct€ P-violating observables. A comparison of the
fects, however, can be diminished by integrating over suffi-different approaches to compute (D@ff(s) is shown in Fig.
ciently large ranges of?. 3.

Cfi(s)=Cq+Y(s). (47)
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In the following we shall compare results obtained by identify@'@‘(s) with CSP(S) or, alternatively, by employing the
KS approach.
B. Branching ratios and dilepton spectra

Neglecting the lepton mass, tig distributions ofB—Ku* u~ andB—K* u* 1~ decays, computed with the effective
Hamiltonian of Sec. IV A, can be written as

dr'(B—Ku'u™) Gga’mg , of7(s)
ds 1536775| VipVis A¥A(s){ F2(9)[IC§ (S)|2+|C10+C10|2]+W|C7|2
Ampfr(9)f(8) o
+ Wchg (S)C7] s (48)
AEK ) ANB=K )| CRea i) SN VA 0 o
ds ds v 10247 0T TR g1 ) ?
Ax(S)+12r xS _ Akx(9)
—|Crdsml?) + | T (14 ) 2AK(S) — (L= Tx — ) Aq(S)Ag(S)
rK 3I’K*
AR (S)IA3(S)

(|C10=C1d*~[Cidsml?) (49

6rK* (1+ \/rK*)
The SM expression of'(B—K* u* n~)/ds is given by

2

dl(B—K*u'u™) Gia’mg
( ) R9[|C6ﬁ(3)|2+|Clo|2]+R7_|C7|2+R97_Receﬁ(5)C* (50
m

| VisVipl N V2(s)

ds 1024n° 2
where
A4S\« (S)VA(S)  (1+ryx)? Ngu(s)  AY(s Akx(S)(1—rgs—s
= 2R« (s)Vi(s) ( K*) D\ (8)+ 120w SJAZ(S) + K 2(8) A (9)(A—rg )Al(S)Az(S)
3(1+\rix)? Br x Brix (1+re)? 3rys
(51
16\ (THS) | 21— 1) 2 (8) L, A () (1T —9)
= Ak (S) +12r xS T5(S) + ——————=T4(S) — To(S)Ta(s
7 3 g eI esITO + o TS P 2(S)T(s)
(52)
100 (SV(S)Ta(S)  2(1— 1) (14T s 2N g (8)(1= )
e e VIS | A7) 1y ()4 101, S]A(5)T(5)+ K AN TA(S)
3(1+ rg+) 3rg*S Brg«(L—rg«)
2 k*(S)(L—rgx—S) [ 1—+rg
— = As(S)Ta(s) + A1(S)T4(s 53
3rK* 2(S)Ta(s) _\/—1()4) (53
|
and we have defined As can be noticed, the coefficien®,, and C;,, which
1y could have a potentially larg€ P-violating phase induced
Ta(S)=Ta(s)+ ——Tu(s). (54 by z5R, do not interfere withCg(s), which has a non-

vanishingC P-conserving phase. As a consequence, similarly
Here we have again neglected the lepton mass, which i® the SM case, also within our generic nonstandard scenario
an excellent approximation fdr=e, u if s>4m?/m3. The  we do not expect to observe any sizable. above the 107
full m; dependence can be found for instanc¢2al. level) CP asymmetry in the dilepton invariant mass
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distribution of both decay modes. In the remaining part ofmore precise information 0@, andC;, could be obtained
this subsection we will therefore not distinguish betw&n by relating the form factors of this mode to those of its

andB states. SU(3) partnerB— pev,.
The integration over the full range o with CS“(S)
=CE(s) (non-resonant branching ratiand the SM Wilson C. Forward-backward asymmetry in B—K*p*+u~
.. —\n.r| _ + 0.5 .. Sy . .
coefficients leads to B(B—K*u"u )nr|SM— 19503 As anticipated, the possibility of detecting the leptons in

X106 and B(B—Ku"u )™|su=5.7"18x10"" [20], the final state allows us to study interesting asymmetries in
where the error is mainly determined by the uncertainty onthe decay distribution oB—Hu ™ uo modes The(lepton

the form factors. Interestingy3(B—K*x"u")"|su IS fonyard-backward asymmetry @—K* u*u~ can be de-
quite close to the experimental limit

fined as
B(BY—K*Out ™ )""<4.0<10°8 (55) - 1 1
: . , AB)(s)= —— — f d coséd
recently obtained by the Collider Detector at Fermil@DF) dl'(B—K*u*u™)/ds) -
[49], whereas forB(B—Kut u™)™" the best bound-to-SM o
ratio is around 949]. Thus theK* mode provides a power- dZF(BHK*;ﬁM‘)B
ful tool to constrainC,¢ and|C}|, or |Z}F|, via the rela- X ds dcosé sgr(cosf),  (60)

tion
. 4+ —nr . 4 —nr 1 where ¢ is the angle between the momentazof andB in
B(B—K* u* ™)™ =B(B—K* u* u ™)yt (4.1°57) the dilepton center-of-mass frame. Given the vector or axial-
% 10" 8(|C.mC! 12— |C 2 vector structure of the Ieptonlc current generate_d?h.yf,.
(|C10~ Cad”~|Caolsul®) this asymmetry can be different from zero only if the final

+(0.9"33)x 10 8(|Cyo+ C1g? hadronic system has a non-vanishing angular momentum and
ICad vl (56) therefore it is identically zero in the case d(B)
101SMI /> _>K(K)M+M* )
obtained by integrating Eq49). Using the bound55) and The explicit expression ford &(s) in terms of Wilson

setting C;,=0 we recover the result of20] |C, =10, coefficients and form factors can be written as

which in turn implies ) 5
2 * 2
Gramg| ViVl

256m°dl(B—K* u* 7 )/ds

L |=<0.10. (57) AR(s)=—

Note that, sinceC,, is basically dominated by the penguin
d|agraLm _already within the SM, _the_maX|maI allowed vaI_ue X\ (S)|V(5)Aq(5)|Re] C*y sCE(s)
for |Z;4 is to a good approximation independent of the sign
of Zf. On the other hand, if we allow als®), to be differ- c R
- . m m
ent from zero, we find the relation +a(s) b7 +a_(s) b7 *10 “ . (61)
m
|C1g2+]C1g?— (1.2550.09Re(C3,Co) =100, (58) BT
- . . ) where
where the coefficient of R&(},C1o) is quite stable with re-
spect to variations of the form factors. Varying agg/C1,) To(s)
over 27 we find|Cyq|, |C}=<13, leading to a:(s)= % (S)( NI V( S (1+ Vrs) (62
|1Z571=<0.13. (59 and we have used the model-independent relation between

the signs oiV(s) andA4(s), discussed in Sec. IV B, to elu-

idate the overall sign oft &)(s).
The ratios of form factors in Eq62) can be determined

Because of the uncertainties in the form factors and the
assumptions on the non-perturbative non-resonant contribf”
tions, the bounds derived from E¢(66) could appear less
clean, from a theoretical point of view, than those derivedi© & 900d accuracy by means of those enteBagpev de-
from the inclusive rates. We stress, however, that even dod:ayS leading to a precise determination of the psjnwhere
bling the errors on the form factors the constraints in EqsA{2(So)=0 [50]. The interest in the zero oft {(s) is
(57) and(59) do not increase by more than 10%. further reinforced by the fact that most of the intrinsic had-

Though still at the border of most of the model predic- ronic uncertainties affecting, ,, A; andV cancel ina..(s)
tions discussed in Sec. llI, the bouldl7) starts to provide [20,50, an observation that can be justified in the large-
significant information. For instance, it strengthens theenergy expansion of heavy-to-light form fact8y]. In this

model-independent character of the bou(®8) and(43) for  limit it is also easy to realize thdtr_(s)/a, (s)|=ry« /(1
the neutrino modes. As already discussed in Sec. V, if the-s)<1, so that the term proportional @;,in Eq. (61) is to
experiments reached the SM sensitivity Ba-K* u* ™, a good approximation negligible. Since the positionsgf
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does not depend on magnitude or sign @f, (@assuming  asymmetry, as in thB—Ku* ™ case. On the other hand, if

C10#0), we conclude that within our new physics scenariothe polarization of the lepton pair is 1, then the positive

the zero ofA(FBB)(s) remains unchanged with respect to thelepton prefers to travel backward with respect to the total

SM case $o|gy="0.10" 003 [20]). momentum of the dilepton system or in the direction of the
Contrary to's,, magnitude and sign of the forward- K* meson. This configuration corresponds to a positive

backward asymmetry can be very much affected by possibleose, leading to a positived ,(:%)(S).

non-stan_dard contr_ibutions tblg. The sign_, in particular, is Having firmly established the sign 04(FBB)(5) within the

of great interest being relate_d ina modgl_—mdepen(_jent way th, a striking signal of new physics could clearly be ob-

the relative signs of the Wilson coefficients. This relatlonserved if sgn(RE€y)=—Sgn(R€,dsy). In this case

deserves a clarifying discussion, as there is apparently some g, . )
confusion on this issue in the recent literature. X(FB)(S) would be positive fors<s, and negative fors
(i) First of all we stress that the sign is different ®and  ~ So» OPPOSite to the SM expectation. Similarly, a clear sig-

§decays. In fact, in the limit o£P conservation one ex- nal of .non-.standard dynagucs would occur if Rg was
pects purely imaginary, so thatﬁl(FB)(s) would be very much sup-
B/ ®) pressed with respect to the SM case. Note that in both of
Arg(s)=—Agg(s). 63 these examples one could still have an absolute valu®,gf
close to its SM expectation, hiding these new physics effects

This can be easily understood by noting tBd® conjugation in branching ratios and dilepton spectra.

requires not only the exchangB—E but also the one of

M+H_M‘. Since the two leptons are emitted back to back in 1. Forward-backward CP asymmetry
the dilepton center-of-mass frame, the asymmetry defined in .
terms of the direction of the positive charged leptbath for More generally, a powerful tool to probe a possible

B and§) changes sign und@P conjugation. CP-violating phase inCyq is prolided by the sum of the
(i) The sign in Eq(61) implies that within the SM, where forward-backward asymmetries BfandB decays, which is

. . . expected to vanish in the absenceG® violation> For this
Re(C3,Co) <0, AEB)(s) is positivefor s>s, (see Fig. 4 . H K
This coincides with the SM behavior of the inclusive purpose we introduce tfferward-backward CP asymmetry

forward-backward asymmetry of the processssu™ u~ defined as
(_see e.g[44]) and indeed it has a simple parto_nlc interpreta- A®)(s)+ AB)(s)
tion (we recall that we denote B the meson with a valence ch(s)= .
b quarK. At sufficiently large values ofj? the contribution A8 (s)— A8)(s)
of C; can be neglected and, within the SM, the decay is

almost a pure Y—A)X(V—A) interaction Cigsu~ This observable is very small within the SM, where the
—Cy). In the B rest frame the emitted quark tends to be CP-violating phases of the relevant Wilson coefficients are
left-handed polarized and, when its spin is combined withsuppressed by the factor IMg,VidVipVio)~O(7\?)

the one of the spectator, this leads t&% meson with he- ~0-01. The explicit calculation ofd £(s) within the SM
licity —1 or 0. Since the initiaB meson has spin 0, the total Tequires to keep the smalli contribution inC(s) (see e.g.
helicity of the recoiling lepton pair must also bel or 0,  [52]), which we have so far neglected. Employing the par-
respectively. If it is zero, then there is no forward-backwardtonic calculation for bothuu andcc loops we find

(64)

(3C,+Cy)

. Im
_Im(vubvus)

a,(S) m,C
A(F:BP(S)|SM_ - il

1+ , (65)
S mgReCSf(s)

my
Re(V,VE) ReCS(s)

which in the region above thé’ peak leads to an integrated which can be substantially different from zero above tice
asymmetry below 10°. threshold if INC,,/ReC;5~O(1). Note that the expression
On the other hand, if we allowC,, to have a large (gg) is almost free from uncertainties in the form factors,
CP-violating phase and neglect those©f andCy, as €x-  gjnce for larges [where INCE(s) # 0] the term proportional
pected within our generic non-standard framework, we findy, ¢_ s rather small. Unfortunately this virtue is somewhat

ImCyImCE(s)[ ai(s)  mc; |

ACh(s)= ,
ReCyo ReCSﬁ(S) S mBReCSﬁ(S) SThis effect has already been pointed out in BBL] in the con-
(66) text of b—dI "~ transitions.
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0.6 ——— — — . VIl. Be—putu~
i i The constraint(58) implies also an upper bound for
04 - B(B,— u* ) in our generic non-standard scenario. Intro-

i | ducing theBg decay constanthS, the decay rate for this
ol ] process can be written as
E I ] 2 2
4 i | Gra
3 - 1 +oN_ —F 2 |\/* 2 2
ri 0 g ) F(Bs—p u )= 1677 st|Vtthb| mg M,
| 2/ 7 q

N7 1/2

S L7 ] 4m?
E70RT ] x( 1-—"| [Cwu—Cid% (69

L ] mg

L i S

—04 —
i ] implying
_06 L 1 1 1 | 1 1 1 | 1 1 1 | 1 i C _C, 2
0 0.2 0.4 0.6 _ _ 10~ C10
s B(Bs—u"un )=B(Bs—u" 1 )|sm T
10/SM

FIG. 4. Forward-backward asymmetry fér—K*u*u~, de- (70

fined as in Eq(60). The solid(dotted curves have been obtained

employing the Kiger-Sehgal approacfusing CSf(s)=C5%s)].  Using the constrain(58) we then find a maximal enhance-

The dashed lines show the effect of varying the renormalizatiorment of a factor 7 fol3(Bs— ™) with respect to the SM

scale of the Wilson coefficients between/2 and an,, within the  value.

Kriiger-Sehgal approach. Employing the full next-to-leading order expression for
Cidsm [6,34,39 one has

compensated by the uncertainties indgﬁ(s) discussed in L
Sec. VIA. A plot of ASE(s), in units of INC1o/ReCyg, i B(Bs—a"17)|sm
the interesting region above thie peak is shown in Fig. 5. 2
. . fg Vo \2[ 78

To decrease the effect of the non-perturbative uncertain-  _3 4109 s ( tso> s
ies i eff( sy it i i i cP ' 0.210 GeV |0.040 \1.6
ties in IMCg'(S) it is convenient to integratel g (s) over a p
large interval ofg?. To avoid the uncontrollable errors asso-
ciated with the narrow andV’ peaks, as well as with the

D-D threshold, we consider a safe integration region

(71

— 3.12
my(m,)
170 GeV

0Zi,=14.5 GeV¥=g’<(mg—my+)?=0%,. (67)
where we find

ImCyo
ReCyq’

Smax
AAEE= f dsAFf(s)=(0.03+0.01)

Smin

(68)

A% (s)

The central value in Eq(68) has been obtained within the
Kruger-Sehgal approach, whereas the error has been esti-
mated by comparing this result with the one obtained by
identifying CE"(s) with C5%(s). Here and in Fig. 5 we did
not use any phenomenological correction factors for the
resonance contributions in applying the KS method, that is
we putxy=1 (notation of[46]).

Unfortunately the numerical coefficient of ©qy/ReCq
in AAEE is rather suppressed, however it leaves open the

possibility of O(10%) effects. These would naturally occur g 5. The forward-backware P asymmetry defined in Eq.

if the non-standard contributions &} had the same mag- (e4), in units of IMC,o/ReC1o, as a function ob. Solid and dotted
nitude as the SM term and@P-violating phase ofJ(1), a lines correspond to the Kger-Sehgal approach and to the choice
scenario that is allowed in most of the specific models disCg(s)=CE7(s), respectively. The vertical dashed line denotes the
cussed in Sec. lll. lower limit of the integration range in E¢67).
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Allowing for the maximal enhancement in E¢70) and nario still allows for substantial enhancements that could
adopting conservative upper bounds for the ratios in(Et).  saturate the experimental bounds B K* u*u~ and in-
we finally obtain crease the remaining branching fractions by factors of 5-10.
An observable of particular interest is the forward-
backward asymmetryd () in B—K*u*u~ decay. This
which is about two orders of magnitude below the currentduantity is complementary to rate measurements and can re-
best limit from CDF [53]; B(Bs—u*u)<2.6x10°6  Vveal non-standard flavor dynamics that might remain invis-
(95% C.L). ible from the decay rates alone. We have clarified the sign of
the asymmetry within the standard model. The sigs a
function of the dilepton magsas the same behavior in the

exclusive channeB—>f*,u+,u‘ as in the inclusive decay
We have presented a study of the rare decay ma@les hs,*,~. As we have shown, even for the hadronic pro-
—K®py, BKI*I™ andBs—u*u”, which are medi-  cessB - K* " 11~ the sign ofA®) can be fixed in a model-
ated byb—s FCNC transitions. These processes have longngependent way. This property provides us with an impor-
been recognized as very interesting probes of the flavor segynt standard model test. The “wrong” sign of the

tor where new physics effects could modify considerably theexperimentally measured &) would be a striking manifes-
standard model expectations.

In this paper we have pursued the idea that the Iargeé?tlon of new physics. Such a test is comparable, and

deviations from the standard model could arise in the FCNCgv?]mplemer;tallrr]y, to deterrr|1|n|:g :hg po?'EOCVthmBF zehro, been
couplings of theZ boson. We have thus investigated a sce- 0S€ USEIUNESS as a clean probe of New physics has bee
stressed in the literature. An interesting observation is that

nario where new dynamics determines #1&y“b, rZ,, In- yjithin our scenario of nonstandaZdcouplings the asymme-

teractions, while the contributions of a different origin L . . .
I 4y A8 is likely to be affected, possibly including even a

(boxes, photonic penguipsre still, to a good approxima- . . . :
tion, given by their standard model values. As we havechangg of sign, while this class of new physics would leave
B)

shown, this scenario is both phenomenologically and theothe A& zero essentially unchanged.
retically well motivated. Indeed, contrary to other FCNC am-  Finally, we have emphasized that theP violating
plitudes, thesbZ couplings are not yet very well constrained forward-backward asymmetoy £ is an interesting probe of
by experimental data and considerable room for substantialon-standardCP violation in thesbZ couplings. Potential
modifications still exists. On the other hand, also on theoreteffects are of order 10%, compared to an entirely negligible
ical grounds these couplings play a special role and are pastandard model asymmetry of about £0
tentially dominant in the presence of a high scale of new Similar observables can also be studied with inclusive
physics. It has also been shown that such a generic scenameodes such ab—su™ ™, which are theoretically cleaner
could naturally arise in specific and consistent extensions adnd could play an important role for precision tests in the
the SM, as for instance in the framework of supersymmetryfuture. Nevertheless, on a shorter term the exclusive channels
Within the standard model the following branching ratiosare more accessible experimentally, in particular at hadron
are expected, listed here in comparison with the current exmachines. As we have seen, exciting possibilities for tests of

B(Be—p pn)<3.4x10°8, (72)

VIlIl. SUMMARY AND CONCLUSIONS

perimental limits: the flavor sector exist also in this case in spite of, in general,
_ larger hadronic uncertainties. The pursuit of these opportuni-
B(B—Kvr)=4x10"°% (<7.7x10 "[42]) ties in rareB decays will certainly contribute to a deeper
. understanding of flavor physics in the standard model and
B(B—K*vy)~1.3x10° (<7.7x10 “42]) beyond.
BB—Kutu )" ~6x10" (<5.2x10 9[49])
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