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We study the potential effects of anomalous couplings of the third generation quarks to gauge bosons in rare
B decays. We focus on the constraints from flavor changing neutral current processes buebjaand b
—sl*1~. We consider both dimension-four and dimension-five operators and show that the latter can give
large deviations from the standard model in the still unobserved dilepton modes, even after the bounds from
b— sy and precision electroweak observables are taken into account.

PACS numbeps): 13.20.He, 14.65.Fy, 14.65.Ha

I. INTRODUCTION actions, a variety of electroweak precision measurements and
flavor changing neutral current processes provide testing
The continuing experimental success of the standardround for possible deviations originating in the EWSB sec-
model (SM) suggests the possibility that additional particlestor of the SM. The next-to-leading order terms in the effec-
and/or non-standard interactions may only be found at scales/e theory will generally contribute to oblique corrections,
much larger tharM,,. On the other hand, several questionstriple and quartic anomalous gauge boson couplings, and
remain unanswered within the SM framework that may recorrections to the NGB propagators that result in four-
quire new dynamics in order to be addressed. Chief amonfgrmion interactiong3].
these questions are the origin of electroweak symmetry In addition to the low energy description of the interac-
breaking and of fermion masses. In principle, it could betions of the EWSB sectdi.e. gauge bosons plus NGBsne
argued that the energy scales of the new dynamics related tnay consider the possibility that the new physics abdve
these questions may be so large as to be irrelevant to obsemnray also modify the effective interactions of the SM fermi-
ables at the electroweak scale. However, it is known that thens to the electroweak gauge bosons. In principle, this also
physics behind the Higgs sector, responsible for the breakingas a parallel in low energy QCD, as it is pointed out in Ref.
of the electroweak symmetry, cannot reside at scales mudh], where symmetry alone is not enough to determine the
higher than few TeV. Furthermore, it is possible that theaxial coupling of nucleons to pions. In fact, the departure of
origin of the top quark mass might be related to electrowealthis coupling from unity is a non-universal effect, only de-
symmetry breaking. Thus, at least in some cases, the dynartermined by the full theory of QCD. Thus, in Re#] it is
ics associated with new physics may not reside at arbitrarilsuggested that in addition to the effects in the EWSB sector
high energies and there might be some observable effects af the theory, it is possible that the interactions of fermions
lower energies. with the NGBs are affected by the new dynamics abave
The effects of integrating out the physics residing at someesulting in anomalous interactions with the electroweak
high energy scald>M,,, can be organized in an effective gauge bosons. This is particularly interesting if fermion
field theory for the remaining degrees of freedom. Such anasses are dynamically generated, as is the case with the
theory for the electroweak symmetry breakifiyVSB) sec-  nucleon mass. Interestingly, the proximity of the top quark
tor of the SM involves the electroweak gauge bosons as wethass to the electroweak scale- 246 GeV, hints the possi-
as the Nambu-Goldstone bosoiNGB) associated with the  bility the top quark mass might be a dynamically generated
spontaneous breaking &U(2), XU(1)y down toU(1)gpm “constituent” mass. Thus, it is of particular interest to study
[1,2]. The effective theory must be studied up to next-to-the couplings of third generation quarks to electroweak
leading order for the possible departures from the SM taqyauge bosons.
appear. This program resembles that of chiral perturbation Processes involving FCNC transitionsBnandK decays
theory for pions in low energy QCD where, for instance, theare a crucial complement to precision electroweak observ-
presence of the resonance results in deviations from the ables, when constraining the physics of the EWSB sector.
low energy theorems. For the case of the electroweak interfhe effects of anomalous triple gauge boson couplifids
as well as of the corrections to NGB propagatdikgive in
each case a distinct pattern of deviations from the SM expec-
*Current address: Department of Physics, Boston University, 59@ations in rareB and K decays. On the other hand, the
Commonwealth Ave., Boston, MA 02215. anomalous couplings of third generation quarks towhand
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the Z can come from dimension-four and dimension-five op-where L =exp(a?#/2) and R=exp{y7/2), with a® andy
erators. The indirect effects of the dimension-four operatordeing the parameters of the transformation.

have been considered in relation to electroweak observables The gauge fields are represented by the matrli\lgg
in Refs.[4,7], as well as thdd—sy transitions[8]. The con- — aWa/(Zi), é =3B /(2|), while the associated field
straints on dimension-five operators from electroweak phySStrengfhs are gi/\jen byM

ics have been studied in R¢f]. In this paper, we consider

the effects of all possible dimension-five operatorSifia- Wﬂvzaﬁ\fvv—avwﬂ—g[\fvﬂ W, 1,
vor changing neutral currefECNC) transitions such ab
—sy andb—sl"I~. For completeness, we also present the B,,=d,8,—39,B,.

analysis of the dimension-four operators. We discuss the ] .
stringent limits found for one dimension-four parameter in!n the nonlinear representation of the gauge gréy(2),
Ref.[8] for b— sy in light of underlying symmetries. More- XU(1)y, the mass term for the vector bosons is given by
over, we will see that the effects of dimension-five operatorghe lowest order operator involving the matix Therefore,
are comparable and may even dominate over the supposedfje kinetic Lagrangian for the gauge bosons reads
leading lower dimension contributions. 1 . . o 02

In Sec. Il we present a brief introduction to the effective Lg=75Tr(W, W+ BWB“V)+—Tr(DM2TD“2), 2
theory approach and set our notation. We present the con- 2 4
straints from ra_reB decays on the coefficie_nts of dimensiqn- where the covariant derivative of the fieklis D5 =3,S
four operators in Sec. Ill. In Sec. IV we discuss the possible W S+q'SB
effects in rareB decays from all possible dimension-five op- gWu "9 ©

erators involving the third generation quarks. Finally, we dis- . The effects of new dynamics on th_e co_up!mgs of ferm'of‘s
. with the SM gauge bosons can be, in principle, also studied
cuss the results and conclude in Sec. V.

in an effective Lagrangian approach. For instance, if in anal-
ogy with the situation in QCD, fermion masses are dynami-
Il. THE EFFECTIVE THEORY cally generated in association with EWSB, residual interac-
tions of fermions with Goldstone bosons could be important

trv breaking. i h i be effectivel 4] if the my=f_=v. Thus residual, non-universal interac-
Metry breaking, 1S very heavy, It can be etiectively removed, o of the third generation quarks with gauge bosons could
from the physical low-energy spectrum. In this case and for

q ical v breaki i Vi carry interesting information about both the origin of the top
ynamical symmetry breaking scenarios relying on new, . - o 4 EWSB.

strong interactions, one is led to consider the most generaﬂ
effective Lagrangian which employs a nonlinear represent
tion of the spontaneously brokeBU(2), XU(1)y gauge

symmetry[10]. The resulting chiral Lagrangian is a non-

renormalizable nonlineawr model coupled in a gauge- gocqic charge of fermiof. The usual left-handed fermion

!nvariant way to the _Yang—MiIIs theory. Thig model- doublets are then defined with the following transformation
independent approach incorporates by construction the lo inderG:

energy theorem$ll] that predict the general behavior of

Goldstone boson amplitudes, irrespective of the details of the 1
symmetry breaking mechanism. Unitarity requires that this \I’LZE( f,
low-energy effective theory should be valid up to some en-

ergy scale smaller than7# =3 TeV, where new physics wherlel—szzl andY=2Qf1—l. Right-handed fermi-

would come into play. _ _ ons are just the singlefs . This definition is useful since it

In order to specify the effective Lagrangian for the Gold- permits the construction of linearly realized left-handed dou-
stone bosons, we assume that the symmetry breaking pattepiet fields in the same way that, when studying the breaking
is G=SU(2). xU(1)y—H=U(1)em, leading to just three of SyY(2)5x SU(2), —SU(2),, in QCD, one introduces
Goldstone bosonsr® (a=1,2,3). With this choice, the auxiliary fields for the nucleons which transform linearly un-
building block of the chiral Lagrangian is the dimensionlessger the broken axial group. In this framework, the lowest-

If the Higgs boson, responsible for the electroweak sym

In order to include fermions in this framework, we must

%efine their transformation und@. Following Ref.[4], we
postulate that matter fields feel directly only the electromag-
netic interactionf — ' = exp(yQ;)f, whereQ; stands for the

—W¥ =L expiyY/2)¥,, (3
L

unimodular matrix field, order interactions between fermions and vector bosons that
can be built are of dimension four, leading to anomalous
i vector and axial-vector couplings, which were analyzed in
2=e><ﬂ<' ) (D) detail in Ref.[7].

In order to construct the most general Lagrangian describ-
ing these interactions, it is convenient to define the vector

a . . .
where * (a=1,2,3) are the Pauli matrices. We |mplementand tensor fields

the SU(2)c custodial symmetry by imposing a unique di-
mensionful parameteu, for charged and neutral fields. Un- a i AR i At
der the action of5 the transformation ok is 3= ETr(T Vi) =— ETr(T 3'D,3),

33/ =L3R" 38,=—iT*2'[D,,D,]3]. (4)
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UnderG transformation§i andziv are invariant while In principle it is also possible to construct neutral current
. . _ . operators involving only the bottom quark. We will assume
E;(W)HE’;(W):GXP(“—”IY)E;(W), however, that these vertices are not modified by the dynam-
N 1 > ics of the symmetry breaking or, at most, that these modifi-
whereS 7 )= (S Fi2 50,12, cations are suppressed as compared to those of the top quark.
The basic fermionic elements for the construction of |5 g very general parametrization, the dimension-four
neutral- and Charged-current effective interactions are anomalous Coup”ngs of third generation quarks can be writ-

=, ten in terms of the usual physical fields as
Ax(9,9")=qPxq’,

@)=y P’ L= 1CU (T 7,00 + Cltar, bR
84(q.9")=aPxD*q’,

g — —

AE(q.q") =GPy 5 - E[N}_(tL‘y#tL)—}_Nt?(tR'yp,tR)]Z'u_l_ H.c., (7)

X 1 - X ’
wherePy (X=0, 5, L, andR) stands for, y°, P, , andPg
respectively, withl being the identity matrix an® (g, the
left (right) chiral projector. The fermionic field (q') repre-
sents any quark flavor, ard* stands for the electromagnetic
covariant derivative.

The most general dimension-four Lagrangian invarian
under nonlinear transformations undgris

wheresy, (cy) is the sing(cosing of the weak mixing angle,
Ow. The parameter€, g, NtLYR can be written in terms of
the constantsl3““ of Eg. (6) and contain the residual,
non-universal effects associated with the new dynamics, per-
haps responsible for the large top quark mass. Then, if we
tassume that the new couplings &® conservind12], there

are four new parameters. They are constrained at low ener-

_ NCp & 3, ANCA 3, 4CChpu + gies by a variety of experimental information, mostly from
La=dUAL(LDZ, +dRPAR(LD 2, + dCPAL(L D)X, electroweak precision measurements and the rate-e§y.
+dPTAL(b,1)S , +dECAK(LD)S ) In the case of dimension-five operators, the most general
neutral-current interactions, which are invariant under non-
+dg“TAE(b,DS (6) linear transformations unde, are[13]

LY =ay Ag(t,)3 3 +ay Ag(t,)S3 33 +iaYAg(t,1) oS3 +ibY AL (LOTITTW,, ]+ by AL (1,)B,,
+ibs’i'CAgV(t,t)(EZEJ—E:E;HiCTC[Zé‘(t,t)—Z_g(t,t)]Es“, (8)
and the charged-current interactions are

L5=af A (t,b)3 33 +affAr(t,b)S /33 +iaf A (t,b)D#S F +iagTAR(t,b)D#S F + b AL (1,0)S |,
+ bEFAR(t,b)2 1, + bECAL (1,)(S 1 23-3 3 %) + bSTAL"(1,b) (2,333 5% +ici AL (t,b)S
+icTRAL(t,b)S ) +H.c. 9
In general, since chiral Lagrangians are related to strongly interacting theories, it is hard to make firm statements about the
expected magnitude of the couplings. Requiring the loop corrections to the effective operators to be of the same order of the
operators themselves suggests that these coefficients &€19f[14]. However, this is not necessarily the case when the
operators result from small symmetry breaking effects, as we will see below.

In the unitary gauge, we can rewrite the interacti®)sand(9) as a scalar, a vector, and a tensorial Lagrangian involving
the physical fields. For the Lagrangian involving scalar currents we have

2

T2A

2

g —
2\/§Acw{t[a

Ls tt +i 20?,\, n ayCtyStorz, + 81— +afS(1+ %) Tbw, 2+

NC
o
) OW W+ izz#zﬂ)
2Cy

g
2\2

—blasS(1+y°) + a5 (1— ¥*) L (*W, —ie A*W,, )} (10)

+b[afC(1+ 9% + afR(1— y*) ItW, ZH} +i A {t[asS(1— %) + a3 (1+ %) 1b(*W,, +ie A*W)
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The Lagrangian containing vectorial current is given by

1] 9 g ~ v, 9=
Ly= Salics NCt(D t)Z'“—I—y <D, t)tZ”—i—th[y (1- %)+ yg%(1+ ¥ 1(D ,b)W “—lm(DMb)
X[y Y1+ )+ yg (1~ y5>]tw—ﬂ] : (11)

Finally, the piece involving a tensorial structure is

taWt( CeF, +/3Ncgz +4ig2BYW W [t_cr””[ﬁic(l—75)+Bf§(1+75)]b[WZV+ie

g
L= +
TT4A 2\2A
g—

X (AW, — AW*)]+baw[ﬁ (1+9°)+BSS (1= (W, —ie(A,W, AW)]+|—tcr’“’[,8 C(1-+°

g

+B5R(1+ ) 1b(Z, W) —Z,W,)) —i avgo‘”[ﬁ?f(“ Y°)+ BSR (1= ) U(Z,W, =Z,W,) | . (12)

The couplings constanig’s, 8's and y's are linear combi-

nations of thea’s, b’s andc’s in Egs.(8) and(9). In writing 0O,=
the interactiong10) and (12), the coupling constants were

defined in such a way that we have a faaé¢2c,,) perZ

boson,g/\/i per W=, and a factore per photon. Similar and the four-fermion operators corresponding to the vector
interactions were obtained in Ref13] and for a linearly —and axial-vector couplings to leptons,

realized symmetry group, in Ref15].

As an example of the above anomalous couplings, we e? __ _
show their couplings for the SM with a heavy Higgs boson Og=—— (sLy,b)(1¥*1), (15
integrated out. In this case, we can perform the matching 6m
between the full theory and the effective Lagrangjas].

For instance, if we concentrate on the non-decoupling efand
fects, the leading contributions come at one-loop ofde&t.

SMy(s 0, bRIFA, (14)

Setting m,=0 and keeping only the leading terms of the e? _
order mlog(M?2), we find that only the first two effective O10= 6 5 (SLy, b (1 y*ysl). (16)
operators of Eq(10) are generated with coefficients, ™
The operators above are already present in the SM. In addi-
2m.A M2 . . . . .
GNC_ GNC_ g my oot tion, the dimension-five anomalous couplings generate the
! 2 16m°M2, 2 operators
o e m, — S
lll. RESULTS FOR THE b—sy AND b—sl*l On=—— —[s10,,(IQMbrI(I y*ysl), (17
TRANSITIONS 167° M7

For theb—sy and b—sl™|~ transitions it is useful to
cast the contributions of the dimension-four and dimension- __<
five anomalous couplings as shifts in the matching condi- 127 162
tions atM,y for the Wilson coefficient functions in the weak
effective Hamiltonian

LY~ " br](1y*1 18
M%[SLU[LV(IQ) R]( Y ) ( )

However, these new operators will not lead to important ef-
fects as will see below, due to the fact that they are further
Fooy suppressed by the weak scale.
Hef= — ﬁvtbvtsizl Ci(n)Oi(u), (13 The anomalous couplings of E({), (10), (11) and (12)
- will induce shifts in the Wilson coefficient functior@; ()
at the matching scale, which we take to pe=M,,. We
with the operator basis defined in REE8]. Of interestin our make use of the next-to-leading order calculation of the Wil-
analysis are the electromagnetic penguin operator son coefficients as described in REE9].

10
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A. Effects of the dimension-four operators

The dimension-four operators defined in E@) induce
new contributions to thé—sy andb—sZ loops as well as

the box diagram. They appear in the effective Hamiltonian

formulation as shifts of the Wilson coefficienG;(My),
Co(Myy) and C,o(Myy). The contributions from thé&—sy
loops toC,(My,) are

my
6C,=——C

(5x?—31x+ 20)
my

R{ 12(x—1)2

1
—Sx(3x—2)log(x)] +CL[ 2

—X
2(x—1) 4(x—1)4

1
X (3x—2)log(x) — —Sx(8x2+5x—7)] ,

24(x—1)
(19

where we have defined the dimensionless quantity

=m?/M3,. We should notice that the above result is finite,
i.e. independent of\, and agrees with the previous result in
the literature[8]. On the other hand, the result for all other

leading non-analytic, i.e. logarithmic, dependence on th
new physics scald . In this way, forCq(M,,) we have

operators is not finite and in this case we have kept only thg

A2
YA

Y=

5CY

1
— 1_ZCL(3X_ 16)Iog( (20

The corrections arising froftn— sZ loops toCq(Myy) and
Cio(My) are

5C4 :_—csczzi(mt —NL+C,)xlog A—2
10 1—48\2/\/ 9 165\2/V L R M\ZN ’
(21)
while box loops contributions can be written as
1 2
8Ce%= — 5Ch*=——-C(x—16)log| —|. (22)
1 W MW

The measureth— sy branching ratio imposes a stringent
bound onCy as its contribution to Eq(19) is enhanced by

PHYSICAL REVIEW D 61 114016
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- i
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e
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-0.50 -0.25 0.09 0.25 0.50
Cy, (Cg)

FIG. 1. The b—sy branching ratio vsCg (solid) and C,
(dashedl The horizontal band corresponds to the ihterval from
the latest CLEO result23].

1 mym
CR=am g2

m

log (23

his is well within experimental bounds in all ETC incarna-
ions, and it is even smaller in modern ETC theories such as
op-color-assisted technicolf21], where the top quark mass
entering in Eq.(23) is only a few GeV[22]. Thus,Cg is a
consequence of the explicit ETC-breaking of chiral symme-
try responsible fom,, . Another hint of this, is the fact that in
generalCg contributes to the renormalization of thequark

line with a term which does not vanish withy,:

g
3 =—
(my) 32

7T2

A2

Crm; (x—4) Iog( (29

Thus if we take into account the potential role of chiral sym-
metry in suppressin@€r and we rescale this coefficient by

definingCr, as

(25

(Wherev =246 GeV, the rescaled bounds @@y are O(1),
which is a more natural value of this coefficient once the
underlying symmetry is taken into account.

In Fig. 1 we plot theb— sy branching fraction as a func-

the factorm,/my,. This has been discussed in the literaturetion of Cr. We also include the effect &, , which is now

[8], where the obtained bounds @x: —0.05<Cg<0.01.

comparable for similar values of the coefficients. The hori-

Although this is very small, it is possible to generate suchzontal band corresponds to the latest CLEO re$R8g]
value forCy in a large variety of generic strongly coupled Br(b—sy)=(3.15+0.35+0.32+0.26)x 10" %, where we
theories. For instance, the pseudo Nambu-Goldstone bosotake a Ir interval after adding the statistical, systematic and

(PNGB3 of extended technicolofETC) that result from the
breaking of the various fermion chiral symmetrj@§], gen-
erate at one loop a smdllg proportional tom,:

model-dependent errors in quadrature.
On the other hand, the effect m—sl*|~ is dominated
by the coefficientC, , N{ and N§ in Egs.(20), (21), and
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(iii) Finally and for completeness, we consider the case
N{ ~NFE/4. With this approximate relation these two coeffi-
cients cancel inR, leaving no sizeable effect from the
dimension-four Lagrangiar7) in this quantity. However,
this relation leads to a potentially large contribution to The
parameter proportional ta3 + 3Nt r/4). When this bound is
incorporated, the effect in—sI™1~ branching ratio is con-
strained to be below 15%.

In sum, we have seen that the leading effects of the
dimension—four operators in raR:decays are given b
in b—sy, and the effects ih—sl*1~ due toC,, N} and
N}, are below 15% deviations once the constraints from elec-
troweak precision measurements are considered. This dis-
tinction comes from the fact that-pole quantities are not
significantly sensitive toCg. The effects of Cg in b
—sl*I~ can be significant, but— sy is considerably more
sensitive to this parameter.

(22). In principle, these coefficients are constrained by elec-
troweak precision measurements, most notably=Ap
=aT ande, [7]:

2

€ =i3m2(—Nt+Nt+C )log A

1 2\/5772 t L R L M\ZN
A2

€,= ———3m ——N‘+Nt lo

- 2\/—77 t( 4 g(MW)

(26)

B. Effects of the dimension-five operators

Although in principle dimension-five operators are con-
sidered sub-leading with respect to the operators in(E&qg.
due to the additional suppression by the high energy stale
they can still induce large deviations in both electroweak
observables and FCNC processes. In R&fbounds on the
coefficients of dimension-five operators were derived from
data at theZ pole. Here we consider the effect of these op-
erators inb—sy andb—sl*1~. They induce new contribu-
tions to theb—sy and b—sZ loops as well as the box
diagram. They appear in the effective Hamiltonian formula-

In general, the bounds obtained on a particular coupling frontion as shifts of the Wilson coefficientS;(Myy), Co(M)
electroweak observables strongly depend on assumptio@dCio(Mw), C11(My), andCix(My).

about the other couplings. For instance, enforcing custodial The contribution from théo—sy loops to these coeffi-
isospin symmetry in order to avoid the strong constraint$lents are

from T will imply that N}

=C, and Ng

=0. On the other

hand if C, =0, then the combinationN; —N}) is strongly 1 M3,
constrained since it breaks custodial isospin symmetry and 6C7=— 2m, A[4a X—4BIR(3x—T)
contributes toT. ImposingC, =N} , then N;<0.02 [4,24]
since it is the only linear source of isospin breaking. A2

We study here three cases in which the stringent con- +ygc(x+ 2)]Iog(—2), (27)
straints from electroweak observables can be evaded. My

(i) C_.~N} . In this case the contributions & andN| to
the T parameter cancel, leavinyi, as the only seriously
constrained quantity. HoweveR, still gives the bound  and
—0.03<N| <0.15(for A=1 TeV). In Fig. 2 we plot theb
—sltl™ branchmg ratio, normalized to the SM expectation,
as a function ofc, =N} (solid line). From this plot it can be
seen that, when incorporating tRg constraint, the effect in
b—sl*l~ is bound to be smaller than roughly a 10% devia-
tion.

(i) N[ ~Ng. In this scenario the measurement of fhe
parameter greatly constrail@® , which prompts us to take
this coefficient as equal to zero in this portion of the analysis.
The dashed line in Fig. 2 corresponds to the effecNbf

1 M7
8CT= 54 mo (L3(2a5R — 7RO

2

cc A
+4(3a 6:31R+7R )1Hog| — vz (29)

w

& in the dilepton branching fraction. As we can see, the The corrections arising fromh— sZ loops to the different

effect in this decay is rather small.

114016-6
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— 1 m
S5C4=——— 5Cé=— 3(2a5f+12a5°+12 CC4+8yNCYx—18c2(a5E+ 285 )x
10 1—4S\ZN 9 9&\2/\’/\[ ( 1L B Y ) W( ﬁlL)
+253,(y = 12a5°)x—9(2a$ - 485+ 1285° — £ C— 4yNC) — 18c8 (a5 — 2 85C
AZ
—6s5,( Y+ 12855 ]log| — (29
Iv'W
and
-1 1 M2
5CZ=—5CZ: 3 CC+ cC _9 CCX+3C cC -6 CC+ CCX 2 4a CCX
11 1_45\2/\/ 12 488Wm A[ (@R + azr —2B5R) wlasg —6BR+vg ) Sw( —Yr)
A2
+3(2afx +8BTk — 45k — YR +6CH a5k +6BTx + yrO) — 4SH(8BTK RC>]IogM—2. (30)
W

The box loops contributions can be written as

1 m A2
8Cg™=—8C15"= %Ssvft4a§f<2x—5)—36ﬂff—yE%x—l)]log(M—z), (31)
w
and
2
SCBo= — sCbors GSsva[za X—ABSE (x—2)]|og(|\//|\—§). (32
w

In order to quantify the effect of the operators of Egs.are not chirally suppressed. The contribution)y° to the
(10), (11) and (12) we classify them into two groups: the penguin operator gives rise to a deviation of thessy
right-handed and left-handed couplings. The RH couplingsranching ratio from its SM expectation. In Fig. 3 we plot
that are of interest due to their potential effects afg,  this branching fraction as a function of this coefficient. This

BSS andySC. Just as for the dimension-four coefficie®,  measurement is the most constraining bound on these type of
the effects of these coefficients can be very large in operatonsperators It can be seen that even for rather small values of
such asO; generating important deviations in—sy, as € there could be considerable deviations from the SM

seen in Eq(27). This is particularly so since their contribu- expectatlons On the other hand, the effect is less dramatic in
tions appear to be unsuppressednyy. As we noted for the b—slI*1~, as shown in Fig. 4, where an observable devia-
dimension-four coefficienCg, the coeff|C|ent$x andB
are chirally unsuppressed in E@L0), which results in an R B e B B L e A e I
renormalization of thé-quark mass. Although, unlik€g, X
the dimension-five coefficients are not tightly bound by cur-
rent experiments, we could also build strongly coupled theo- 8~
ries where these are small due to chiral symmetry. If this __
suppression is present, it would make their effect on the op- &
eratorO, negligible. On the other hand, the coefficierft® :
has a chiral suppression already present in the accompanyinE [ \ /
* 31—

41—

operator in Eq(11). Because of this its contribution to the
renormalization of thé-quark line vanishes witim,,:

10*

2 2

CCmZ(x+1)lo A
b g M\ZN

3( b)— ) (33

g
87TA

Thus it is possible that some of the RH coefficients arenatu- £ 1 v N W 1 W/ 0 10w 0 0 L0 0 0 |

rally suppressed while others may not be. We will illustrate —080 025 ;-"& 028 050
the effects of the RH couplings usin@C as an example. ®
The effects ofaSs and BSS would be of similar size if they FIG. 3. Theb— sy branching ratio vsyS©.
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FIG. 4. Theb—sl*I~ branching ratio(normalized to the SM
prediction vs y5©.

tion from the SM will result only ifySC is large enough to
dominate theb— sy branching ratio.

The effects of the new operato€3;; and O;, are negli-
gible. Although the presence ofi, in the denominators in

Egs. (28), (30) and (32) suggests the possibility of an en-
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FIG. 5. Theb—sl*I~ branching ratio(normalized to the SM
prediction vs B5°, for a5®=p5°=9N (solid ling and a5”

=yNC=0 (dashed ling

bosons. We computed the effects of all possible dimension-
five operators irB FCNC transitions such as—svy andb
—sl™1~. For completeness, we have also also presented the
analysis of the dimension-four operators.

hancement, this is not enough. The effect is suppressed by an We have shown that with the natural assumption of chiral

effective scale given byn,A/M,=55 GeV, which should be
compared with the typical momentum transferdBilecays.

symmetry, in fact enforcing vanishing fermion mass renor-
malization in the chiral limit, the effects of the dimension-

The remaining group of coefficients we dubbed left-four operators with coefficien€g for b—sy, are not as

- CC  CC ,CC  cC . CC NC
handed includesey”, a3, B1°, Ba, ¥~ plus y

dramatic as found in Ref.8], and somehow smaller than

which actually is the coefficient of a vector operator, butthose ofC,, which can produce important deviations in the
since is not chirally suppressed is included with the LH inPranching ratio that could be resolved in the next round of
this part of the analysis. These operators affect mainly th€xperiments aB factories.

b—sl*I~ rates. Then we could imagine that the underlying The effects irbo—sI"I* due toC,_, N andN, are below
new physics preserves chiral symmetry in such a way that5% deviations once the constraints from electroweak preci-

does not generate sizeable contributions to the RH operator§ion measurements are taken into account. o
Thus it is possible a scenario where no deviations in b On the other hand, we have found that the dimension-five

— Sy occur; but where the new interactions give rise to operators with RH coefficients can give rise to observable

large effects in the dilepton mode&lthough these have not

deviations of théb— sy branching ratio from its SM expec-

been observed yet, the current experimental sensitivity igation. We illustrated these effects for .the'coefficieaﬁtc,
very close to the SM predictions and it will reach them in thefor which no additional chiral suppression is expected. Left

near future. The leading effects in—sl*I~ come from the

coefficientsas”, A5 and yNC. For simplicity we only con-

handed operators, on the other hand, affect mainly the
—sl*I~ rates and we have illustrated that in several sce-

sider these and plot in Fig. 5 the branching ratio, normalizedarios sizeable deviations m—sl"|~ are possibleeven in

to the SM one, for two cases5, "= B5°=yNC (solid line)

and a5°=yN®=0 (dashed ling From Fig. 5 it is apparent

the absence of effects in-bsy.
The dimension-five operators, just as in the case of the

that cancellations occur when the three coefficients are similore studied dimension-four operators, can be generated at

lar. The effect of considering onlB$° shows than even

larger effects are possible. In any case, sizeable deviations

b—sl*1~ are possible even in the absence of effectd in
— 8.

IV. DISCUSSION

Processes involving FCNC transitionsBrnandK decays

high energies scales by the presence of new particles and/or
IHteractions. For instance, as a simple example, a heavy sca-
ar sector with both charged and neutral states, would give
contributions to many of the coefficients of the Lagrangian in
Egs.(10). Richer dynamics at the TeV scale might generate
also some of the vector and/or tensor couplings of E4b.
and(12).

The e*e” B factories at Cornell, KEK and SLAC are

are a crucial complement to precision electroweak obser/@XPected to reach better measurements obthesy branch-
ables, when constraining the physics of the EWSB sector. {19 ratio, ‘(’:Vg"Ch will largely constrain the dimension-five co-
this paper, we have considered the effects of anomalous coffficient yg~ and to a lesser extent the dimension-four coef-

plings of third generation quarks to th& and Z gauge

ficientsC, and CR. Furthermore, these experiments as well

114016-8
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