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Probing anomalous right-handed top quark couplings in rare B decays
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We explore the anomalous right-handE)W and tbw couplings usingB— Xgy andB— XJ "1~ decays
induced by the flavor-changing penguin diagrams. The anomIkmscoupling can yield 10% enhancement
of the B— X, "I~ decay rate under the constraint from the pregentX,y data, while it does not affect the
forward-backward asymmetry of the charged lepton. The allowed region for the anorﬁa}lmsoupling by
the B— X4y constraint is twofold: the small value region and the large value region. Although the effect of the
small anomalous coupling on tiB2— X *1~ branching ratio is very small, it can yield a substantial change for
the forward-backward asymmetry.
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After the discovery of the top quark at the Fermilab Teva-studied at next to leading ordédLO) in the SM[15,16 and
tron [1,2], several properties of the top quark have been exhas provided stringent constraints on various new physics
amined, such as the top quark md8$, production cross models[7,17—20. On the other hand, the first observation of
section[4], and the production kinemati¢5], etc. The pro- b—sl*I~ decay was reported by the Belle group through the
duction of 10—1C top quark pairs per year is expected atexclusive B—KI*|~ channel [21]: Br(B—KI I")
the CERN Large Hadron CollidgtHC), which will allow  =(0.75"323+0.09)x 10" %, from 30 fb ! data. The BaBar
us to study the detailed structure of top quark couplifls  Collaboration also presents a bound on this mode and the
The top quark dominantly decays through thebW chan- B—K*u~ " mode[22]. The inclusiveB— X/ "1~ decay
nel and other channels are highly suppressed by small mixate is to be measured soon as more data o ttiecay will
ing angles. Thus thébW coupling will be measured at the be accumulated. The measurement of this mode provides a
LHC with high precision. Effects of the anomalotsW complementary study on the flavor-changing penguin de-
coupling have been studied in direct and indirect ways &S _
many literatureg7—11). The subdominant channel in the [N this work, we examine the effects of the anomalous
standard mode[SM) is the Cabibbo-Kobayashi-Maskawa right-handedtbW and tsW couplings on the inclusivé
(CKM) nondiagonal decay—sW of which the branching —Xsy and B—XdJ "1~ decays. We concentrate on the
ratio is estimated as Br&sW~1.6x10 2, when [Vil anomalous couplings of charged current interactions and ig-
=0.04 is assumed. Although the branching ratio of this channore effects of new particles and the neutral current interac-
nel is rather small, the large number of top quarks expectetions. With the anomalous right-handed couplings, we write
to be produced at the LHC will give us a chance to measuréhe effective Lagrangian as
thet—sW process and enable us to probe tk&V coupling
respgnsible for_ this channel directly. There_fore the anc_)ma- L=— 9 2 thayﬁ(pLJrgqu)tW;JrH_C_’ (1)
lous tsW coupling, which has not been seriously examined V2 o=

yet, is worth examining at present. i
Before the LHC, we can study the top quark couplingsWherefq measures the new physics effects. Next, we present

indirectly in rareB decays. Rard decays involving loop the effective Hamiltonian approach with+th_e effective La-
induced flavor-changing neutral transitions are sensitive tgfangian Eq.(1). TheB—X,y andB—X "I~ decays are
the properties of internal heavy particles, so they can providdescribed in terms of the effective Hamiltonian and the ef-
a good probe of new physics beyond the SM. The radiativdects of the _ano_mal_ous couplings are analyzed later. Finally,
b—sy and semileptonico—sII~ decays are the most OUr conclusion is given.

promising channels to examine the new physics effects. The [N order to study the rare decay processes oBtmeson,
branching ratio of inclusive8— Xy decay has been mea- effectlv_e field theoretical a_pproach is _requwed to incorporate
sured by the CLEQ12] and ALEPH[13] groups and re- a consistent QCD c-orrectlon, which is substan_tlal in are
cently by the Belle Collaboration from a 5.8 T data decays. We can write thABfl_ effective Hamiltonian to
sample[14]. We have the weighted average of the branching?escribe théo—sy andb—sl"l~ processes as

ratio of this channel as BE— Xsy)=(3.23+0.41)x 10 4

10
i i i 4GF ! !
from those measurements. This channel has been mtenswe}_ye”: _ \/5 stthiZl [Ci(0)Oi( ) +Cl(w)O! ()], (2

*Email address: kylee@kias.re.kr where the dimension 6 operato@s constructed in SM are
"Email address: wysong@muon.kaist.ac.kr given in[23], and O] are their chiral conjugate operators.
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Matching the effective theor{2) and the Lagrangiafl) at  y=(°%). The 10< 10 anomalous dimension matrig has

_ . . 0 7Y
the p=m,, scale, we have the Wilson coefficienGi(x  peen calculated to leading logarithmic level in RE25,26).

=my) andC/(u=my). When we let{,=0, we have the Using the initial condition afe=myy, (C;(Myw),C/(Mw))

Wilson coefficients in the SM,C,(my)=—-1, C,(m _ 1~
o0, e ) 2(My) (M) —(0,-1, 0,0,0,0€7,Cg,Cs,C10,0,0,0,0,0,0C7,C4,Co.0),
’ ' we can solve the RG equation to obtain the Wilson coeffi-
—CriCZycy cients evolved fromw=m,, to x=m, scales.
ColMw)=Co+Cy+Cy The branching ratio of thB— Xy process with the right-
=—Do(x))—4[1— (4 sirt6y) 1]Co(X) handed interactions are obtained at NLO as:
—(sir*6w) ' Bo(Xy), Br(B— X.y)=[Br(B—X.e)/10.5%j
Cio(my) =C%4+CL X{Bool 8) +B7A 8)(|r7|*+r7[?)

+Bgg(8)(|rg|?+[r5|%) + Bod S)Re(r7) + Bog S)RE(r)
+Bog(S)[Re(rorg) +Re(ror's)1},

= — (sirfOy) " Co(x,) + (i)~ Bo(Xy),

Ci(my)=C/(my)=0 otherwise, wherd(x),G(x),Dy(x),
Co(X),Bp(x) are the well-known Inami-Lim loop functions
and can be found in Reff23,24. Let us switch to the right- Where the ratios; andr; are defined by
handedtbW and tsw couplings. Keeping the effects of
anomalous couplings in linear order, we obtain the modified
Wilson coefficientsC;— C3Y+ &, (m/m,)F(x,), Cg—C3

+ & (M/Mp) G (X)), Co—C5"'— &, (My/m)D(x;), and the
new Wilson coefficients C,=é&s(m/my)F(x), Cj The component®;;(5) depend on the kinematic cui, of

_ = P = : which numerical values are given in R¢t5].
|O§E)(:S;{$kgr§()(t)’ Co &s(Me/m)D(x,), with the new With the measured branching ratio, we can set the conser-

vative bounds on the paramet&y and &5 as —0.0021< &,
<0.0031 (A), |&|<—0.0485<¢,<—0.0433 (B), |&

_ Ci(my) C*"(my) , Ci(my)

" cMmy)  cMmy)' T CcMimy)

- —20+31x—5x> x(2—3x)

X) = + In x <0.012, at the & level. We assume thdt, and ¢ are real
12(x—1)? 2(x—1)° for simplicity. The anomalous coupling}, contributes in lin-
ear and quadratic order whilg dominantly contributes in
_ A+ x4+ %2 3x quadratic order since the contribution of the linear order is
G(x)=— A1) + 20x 1)3In X, strongly suppressed by the ratitt/mZ. Thus the parameter

& is less constrained by thg— Xy measurement thagy, in
general. Due to the cancellation by the interference term

5(X):x(sg— 38x+ 25x2+2x°) B,/Re(r;), however, the largeé,| solution in region B is
36(x—1)% also allowed, which gives the positive Wilson coefficient
C,(my)>0.
2(x+1) X2 The dilepton invariant mass distribution &—XdJ "1~

X. decays consists of the following contributionstBr(B
— X 71T) /ds= (dB,/ds) + (dBl,mgldé) + (dBy2/d9),
Our new loop functiond=(x) andG(x) agree with those in where the first term denotes the decay at the parton level, the

Ref.[19] andﬁ(x) is the first calculation. Note that th@( ) second term the power correction in the heavy quark effec-

terms of theZ penguin diagram are suppressed by the heavy?ve theory (HQET), and the last term is due to the nonper-
mass of theZ boson asmﬁ/m% or q2/m§, and we neglect urbative virtual quark loop effects with the soft gluon. We

them here. For the box diagram, ti£) terms vanish by have the explicit expression including the HQET corrections

the chirality relation and the leading contribution is &  ©f order O(1/m;) given in Refs[27-29,
order. As a consequence, the contribution of ord¥g)
comes only through the’ penguin and gluon penguin dia-
grams. Thus there exists no new effectdg, and C;,=0.
The renormalization groufRG) evolution of the Wilson

3x—1)5  2(x— 1)4In

dBr(B—Xd "1")/ds=2Bg{[ $(1—5)%(1+25)(2+X,)

+(1— 1552+ 108%)X,](|Co| >+ C4|2+]C1d?)

coefficients C=(C; ,Ci’)T given by w(d/du) C(My)= +[4(1-8)2(2+8)(2+1y)

— (g%/16m%) y'C(Myy), is governed by a 2020 anoma-

lous dimension matrixy. Since the strong interaction pre- +4(—6-35+55%)\,](|C4|?+|CP)/s
serves chirality, the operator® are evolved separately R )

without mixing between those and the SM operators. Thus +[4(1—-8)%(2+X\y)

the 20<20 anomalous dimension matrix is decomposed SR

into two identical 10x 10 matricesy, given in the SM as +4(—5-65+75%)\,)]Re(C;C§ +C;C'§)},
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Wheregz(p++p_)2/m§ is the normalized dilepton invari- the branching ratio is not much affected. It is because the
branching ratio is dominated by the SM contributif@y|?
+|C1q? but Agg is proportional to the substantial Wilson
coefficientC4, and shifted by the term-£,C,. As a con-
_ 3a? |VEVy|? 1 sequenceArg summed over the region considered here is

Bo=Br(B—X.ev) enhanced by four times with,= —0.0021 and even its sign

1 is changed ifé,=0.0031. With¢, in the region B, the shift
of dAgg/dsis huge as is the case of the decay rate, because

of the large shift ofC,. In addition, the anomalouss W
coupling does not affeddrg, sinceC;,=0.

ant massf\m:)\l,z/mﬁ the normalized HQET parameters,
and the normalization constant is given by

6m? |Vcb|2 f(rhc)K(':hc)’

with the phase space functidr(r?lc) and the perturbative
QCD correctionk(m,) of B— Xl v decay. The long distance

correction due to the virtuatc loop is considered in Ref. We studied B d h th | iaht
[30]. Numerically this correction is at the 1-2 % level in the € studied rareb decays wi € anomalous ngnt-

region of$ considered here away from the resonances, anfj@ndedtbW and tsW couplings in a model-independent

we ignore it. We plot the differential branching ratio with Way- This kind of anomalous coupling can be obtained
respect tos in Fig. 1. The values o€, ¢ given earlier are the ~general leftright (LR) model based on the
o ) b:s ~ 5 SU(2).XSU(2)zxU(1) gauge group31l] or the dynamical
used. We consider the region fos as 1 GeV<smy  gjocioweak symmetry breaking modg82]. In the LR
<7.5 GeV in order to avoid the large resonant contribution model, the right-handed quark mixing is also an observable.
of J/y and ’. We show that the total decay rate over thist \ye do not demand that the symmetry between left- and
region is enhanced by the anomalous coupligs:0.012  (ighi handed sectors is manifest, the right-handed quark mix-
leads to 10% enhancement of the branching ratio. The enng s not necessarily identical to the left-handed quark mix-
hancement by, in region A is less than 1% and the branch- ing described by the CKM matrix. Thus we have right-
ing ratio with &, in region B is more than twice the SM handed charged current interactions, which is suppressed by
prediction since there is no interference term betw@gand  he heavy mass of the extvl boson but still enhanced rela-
C; in the B—X l"I" decay rate, which cancels the en- jyely by the right-handed quark mixing matrix. On the other
hanced |C7|? contribution. Hence such a enhancementhand, when the electroweak symmetry breakdown is dy-
should be observed in the near futuregjf coupling in re-  npamical, one may expect that some nonuniversal interactions
gion B exists. exist which lead to anomalous couplings on charged current
The forward-backwardFB) asymmetryAgg is defined as  jpteractions.
The constraint orgg by theB— Xy data is weaker than
dArg fl d?Br d cosf— JO d’Br dcosd that of &, in the region A because of the chirality relation. As
ds Jodsdcosé cos —1dsd cos6 cose, a result, a considerable enhancement of the branching ratios

for B—XJ "1~ decay is possible with the anomalotswW

where the angle is measijrgd between thiequark and the  ¢qypling while the influence of the anomalauswW coupling
positively charged leptoh™ in the dilepton center-of-mass

o ) . in region A is rather small. In addition, the anomaldumsn
(c.m) frame. TheAgp distribution with respect t® is de-  coypling can change the forward-backward asymmetry con-
picted in the Fig. 2. We find tha, in region A can bring a  sjgerably under thB— X,y constraints, and even the sign of
substantial shift of the differential FB asymmetry although A . — .

rg May be reversed while the anomalotsW coupling
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FIG. 1. The differential branching ratio &— X, "I~ decays. FIG. 2. The forward-backward asymmetry Bf—X.J*|~ de-

The solid line denotes the SM prediction, the dotted the predictiorcays. The solid line denotes the SM prediction, the dotted the pre-
with &, in the region A, the dashed the prediction wih in the diction with &, in the region A, and the dashed the prediction with
region B, and the dash-dotted the prediction wigh 0.012. &, in the region B.
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does not affecAgg. Therefore it is possible to discriminate

the effects of the anomalou®W and tsW couplings if we
combine the analysis of the branching ratio akek for B

PHYSICAL REVIEW D56, 057901 (2002

SM [33] due to the large errors and theoretical uncertainties.

Thus it may be a clue of the new physics signal and the

anomalous coupling, in region B might be a candidate for

—XdJ "1™ process. On the other hand, a relatively largethe new physics. If we measurg-g in the future, it will be

value of |&,| in region B is also allowed due to the cancel-
lation between th€,C-, and|C-|? terms forB— X,y decay,
which leads to a much larger branching ratio and altéxggl

a clear probe of the nature of the top quark anomalous cou-

plings.
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