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Abstract. The C P-violating asymmetries in the b — d¢*¢~ decay, when one of the leptons is polarized, is
investigated using the most general form of the effective Hamiltonian. The sensitivity of the C' P-violating
asymmetries to the new Wilson coefficients is studied.

1 Introduction

Rare B meson decays, induced by the flavor changing
neutral current (FCNC) b — s(d) transitions, provide
one the most promising research area in particle physics.
Interest in rare B meson decays has its roots in their
role being potentially the precision testing ground for the
standard model (SM) at loop level and looking for new
physics beyond the SM [1]. Experimentally these decays
will provide a more precise determination of the elements
of the Cabibbo-Kobayashi-Maskawa (CKM) matrix, such
as Viq (¢ = d,s,b), Vi and CP-violation. In FCNC de-
cays, any deviation over the SM results is an unambigu-
ous indication for new physics. The first observation of
the radiative B — Xy decay by CLEO [2], and later
by ALEPH [3], have yielded |V;,V;%| ~ 0.035, which is in
confirmation with the CKM estimates.

Rare semileptonic decays b — s(d){T¢~ can provide
alternative sources for searching new physics beyond the
SM, and these decays are relatively clean compared to pure
hadronic decays. The matrix elements of the b — sfT£~
transition contain terms describing the virtual effects in-
duced by the tt, cc and ui loops, which are proportional
to Vs Vii|, |V V| and |V VS|, respectively.

Using the unitarity condition of the CKM matrix and
neglecting |V, V.%,| in comparison to |V V| and |V V|,
it is obvious that the matrix element for the b — sf™¢~
decay involves only one independent CKM matrix element,
namely |V V5|, so that C'P-violation in this channel is
strongly suppressed in the SM.

As has already been noted, b — ¢fT¢~ decay is a
promising candidate for establishing new physics beyond
the SM. New physics effects manifest themselves in rare
B decays in two different ways; either through new con-
tributions to the Wilson coefficients existing in the SM, or
through the new structures in the effective Hamiltonian,
which are absent in the SM. Note that the semileptonic
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b — g¢T ¢~ decay has extensively been studied in numerous
works [4-19] in the framework of the SM and its various ex-
tensions. Recently, the first measurement of the b — sf ¢~
decay has been reported by BELLE [20] and is in agree-
ment with the SM expectation. Therefore, this result puts
a further constraint on any extension of the SM.

In the present work we examine CP-violating effects
for the case when one of the leptons is polarized, in a
model independent framework, by taking into account a
more general form of the effective Hamiltonian. It should
be noted here that a similar calculation has been carried
out in the SM in [21].

One efficient way in establishing new physics beyond
the SM is the measurement of the lepton polarization
[22-33]. This issue has been studied for the b — sTt7~
transition and B — K*¢(*¢{~, B — K/{T/~ decays in a
model independent way in [27] and [32,33], respectively.

This paper is organized as follows. In Sect. 2, using the
most general form of the four-Fermi interaction, we derive
model independent expressions for the C'P-violating asym-
metry, for polarized and unpolarized leptons. In Sect. 3 we
present our numerical analysis.

2 The formalism

In this section we present the necessary expressions for
C P-violating asymmetry when the lepton is polarized and
unpolarized, using the most general form of four-Fermi
interactions. Following [25,27], we write the matrix element
of the b — d¢T £~ transition in terms of the twelve model
independent four-Fermi interactions
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where L and R stand for the chiral operators L = (1—-)/2
and R = (1 + ~5)/2, respectively, and Cx are the coeffi-
cients of the four-Fermi interactions. The first two terms,
Csr and Cpgg, are the non-local Fermi interactions which
correspond to —2msC$ff and —2m;,C$ff in the SM, respec-
tively. The next four terms are the vector-type interac-
tions with coefficients C1%', C%, Cgrr, and Crg. Two of
these vector interactions containing the coefficients C}9F
and C%} do already exist in the SM in the forms C§ —Cy
and C§T + Chg, respectively. Therefore C%%f and C’t 1% can
be represented as

Ciof = O — C1o+ O,
O = CS™ + Cho + COrr,

where Crr and Cpgr describe the contributions of new
physics. The following four terms with coefficients Cprr g,
Crrrr, Crrrr and Crprr describe the scalar-type inter-
actions, and the last two terms with the coefficients Cp
and Cpp are the tensor-type interactions. It should be
noted here that in our further analysis we will assume
that all new Wilson coefficients are real, as is the case in
the SM, while only C§® contains an imaginary part and is
parametrized in the following form:

T =& + ko, (2)
where
>\u = VUquid )
Vis Vi
and

& = 4.128 + 0.138w(8) + g(1e, 8)Co (1)

—59(4,8)(Cs + Co)

1
7§g(mb, )(403 +4Cy + 3C5 + C6)

2
+§(3C3 + C4 + 3C5 + CG) ,

&2 = [9(1e, 8) — g(1hu, 8)](3C1 + Ca), (3)
where 1, = my/mp, § = ¢*/m2, Co(n) = 3C1 + Cz +

3C53 + Cy + 3C5 + Cg, and

w(8) = 7% 2 — %Lig(é) — —In(8)In(1 — 5)
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st 29 M s T o) MO
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5+ 95 — 657
3(1—8)(1+29) 4)
represents the O(qg) correction coming from one gluon
exchange in the matrix element of the operator Ogy [34],
while the function g(7ig, §) represents one-loop corrections
to the four-quark operators O1—Og [35], whose form is

. 8 R 8 4
g(my, 8) = ) In(rig) + o7 + oYa—

—M{Wl ~ Yq) [ha (ﬂ) —~ in]

+ 0(y, — 1) arctan (

2
§(2 + yq)

m)

where y, = 42 /5.

In addition to the short distance contributions, B —
X0t~ decay also receives long distance contributions,
which have their origin in the real @u, dd and éc interme-
diate states, i.e., the p, w and J/¢ family. There are four
different approaches in taking long distance contributions
into consideration:

(a) the HQET based approach [36],
(b) the AMM approach [37],

(c) the LSW approach [38], and
(d) the KS approach [33].

In the present work we choose the AMM approach, in
which these resonance contributions are parametrized us-
ing the Breit—-Wigner form for the resonant states. The
effective coefficient C§® including the p, w and J/1 reso-
nances are defined by

CSH = CQ(M) + Y}es(é)a (6)

where
3n
)/res = {(C(O ( ) + /\u [301 (:U’) + C(2 (/’L)])
o?
V — T4 M
8 Z K —¢* —iMy, FV

<3t } ™

Vi=p,w
The phenomenological factor K; has the universal value
for the inclusive B — X (¢~ decay K; ~ 2.3 [39], which
we use in our calculations.

As we have already noted, C P-asymmetry can appear
both for the cases when the lepton is polarized or unpolar-
ized, and hence, along this line, we will present the expres-
sions for the differential decay rate both for the cases when
the lepton is polarized and unpolarized. Starting with (1),
after lengthy calculations we get the following expression
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for the unpolarized decay width:

dr B G2a2mb
ds — 32768

where v = /1 — 4107 /§ is the velocity of the final lepton,
e = me/mp, and A(a, b, ¢) = a*+b?+c* — 2ab— 2ac— 2be
is the usual triangle function. The explicit expression of
the function A(S) can be written as

Vo V[P AV2(1,5,000A(3),  (8)

8 R . .
X Re{3§2(2m3 +3)(2+3)
X [|CBR|2 + 85 (|Cr|* + 4|Cre|?) }

8
—5(2mi +8) (CLL + CLR) Chr

32 . .
_ A semz — 5 — (22 + 8)]

(|Otot 2 + ‘C«tot|2 + ‘ORL|2 + |CRR| )
—2(21n3 — 3)
x (|Crrer|” + |Crerrl® + |CLrrL? + |CrLRL])

+8m [ (Ctot<Ctot)
+CrCkr) — (CLrLRCL pR1 + CRLLRC;%LRL)}

—dnmy { (Cr% — Cr%) (Cirrr — Cigrre)

+(Crt — Crr) (ChrrrLr —
-12(C}L + CF%) (CF —

CIELRL)
2Crg)

—12(Cgrr + Cgrr) (CT + 2C;E)} } . (9)

Our result agrees with the one given in [25], except
for the term multiplying the coefficient Ny(s) in [25]. The
differential decay width for the CP conjugated process can
be obtained from (7) by making the replacement

A— A, e, CSF

= 51 + /\ug2 — OSH

=&+ 086
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where p_, py and ps are the three-momenta of the lep-
tons £~, 1, and the strange quark in the center of mass
frame (CM) of £~ £+, respectively, and the subscripts L,
N and T stand for the longitudinal, normal and transver-
sal polarization of the lepton. Boosting the unit vectors
sy and si corresponding to the longitudinal polarization
by a Lorentz transformation, from the rest frame of the
corresponding leptons to the £~ ¢+ CM frame, we get

(S u) _ ‘p,|7 Ep_ 7

L /oM me " mye |p-|

+u _ Ip_| Ep_ 1
(SL )CM (me ) m”p |> (10)

while si# and s" are not changed by the boost.

The differential decay rate of the b — d¢* ¢~ decay, for
any spin direction n¥ of T, where n¥ is the unit vector in
the rest frame of /T, can be written in the following form:

dI'(s,n¥)
B )

1 /dr
=5 (ig) (14 (Pfef + Pied + Pfef) -nT],
0

where (dI'/d$§)o corresponds to the unpolarized differential
decay width (see (8)) for the b — d¢™¢~ decay. The dif-
ferential decay width for the b — d¢™¢~ decay can simply
be obtained by making the replacement

dI'(s,n¥) . dI'(s,nT)
ds ds ’

where dI"/d3 is obtained from dI'/d$ by replacing C§ff =
& 4+ Ao to CSH = &1 + A &2. The polarizations Pr,, Py
and Pr are defined by

The lepton polarization first has been analyzed in the
SM in [33,40], where it has been shown that additional in-
formation can be obtained about the quadratic functions
of the Wilson coefficients C$H7 CSH and C1g. In order to
calculate the final lepton polarization, we define the or-
thogonal unit vectors er,, er and ey in such a way that in
the rest frame of leptons they can be expressed as

a =)= (057).

dlj (nT =e) - dlj (nT = —¢;7) AF
PF(3) = ds ds == (12)
g dr dr A7

ds
withi =L, N, T.

(nF = ei:F) +

The explicit expressions for the longitudinal polariza-
tion asymmetries P and Pﬂ' are

32(1 - 3w

P = A
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xRe{ (O3 — C1%) Chn

2
—5(1+25)

(|Ctot 2 |Ctot|2 + |CRL|2 |CRR|2 — 128CTC;E)
].6 “ ~ *

+357(2+3) (Cr = 207e) Che

+21hy [ (CI% = C1%) (Cirpr + Clrrr)

+(Cre — Crr) (Crrrr + CRLRL)
-4 (3C1L — C1%) (C; — 2Ctg)

~4(Crr, — 3Crr) (C +2C;5) |
—§(|CLRLR|2 —|CrrrL> + |CrLLr|* — |CRLRLI?
+1280;CTE) } ,

and

P =

xRe{ 4(CIF — O Chn

2

+§(1 +23)
(|Ctot 2 |Ctot|2 + |CRL|2 |CRR|2 + 128CTC;E)
16 . *

—&—gmg@ + S) (CT — QCTE) OBR

+217, [ (CY% — Cr%) (Cirrr + CLrrL)

+(Cre — Crr) (Chrrr + CrirL)
+4(C19E — 301 (Ch — 2035)

+4(3Cns — Crn) (C +2Cg) |
_§(|OLRLR|2 —|CLrre* + |Crerrl* = |CrLRL)?
+1280;CTE) } .

: - +
The normal asymmetries, Py and Py, are

4m(1 — 8)vV/3

Py =- A

8 A o o *
X Im{—émg (CYL - Ci%) Chr

81y [Ctot(ctot) — CriChn

—2(Crrer + Crrr) (CT —2CTg)
—2(Crrrr + Crire) (Cr + 20;15)}

[(CLRLR + CrLrrr) Chp + C1rClrRL

+C%Crrr + CrChirr + CrrChLLr

~4Chpy, (CF +2C45) — 4CEH (Ch - 205 p) |
16
—~ (Cr —201s) Ong} ,

4m(1 — 8)vV/3
A

x Im { 8 (CtOt

Pt =-
Ctot) CI*B’R

87| = CL(CIh)" + CruCirn
+2(Crrer + Crrre) (C7 —2CTE)
+2(Crrrr +Crrre) (CT + 20”;13)}

—4[(CLRLR +Crrrr) Opr + CriCLrr
+C1%Crirrr + CriChirr + CrRCRLRL

+4CLE (Cf — 2Cg) +4ChR (Cr + 2Ci5) |
16
+?CBR (Cr — QC%E)} :

The transverse asymmetries, P, and P;f , are

8n(1l — )
AV3

8
x Re {—mg|CBR| + 4y (3Ct0t + CtOt) Csr

P =-—

—2(1+8)mg (|Ct0t 2 |CRR|2)
s | — CEL(CER) + CruChg
+2(Crrir — Crrre) (CF

+2(Crerr — Crore) (Cr + 20;‘]3)}

—2C7p)

+2(1 — 8)my (|Ct°t\2 |CRL|2)
—25(Crrer — Crrri) Cer

8
+§(4ng +5)Cr (CT —2CrR)

+4m] [OtOtCLRLR CrrCirrL
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+CrLCRrLr — CRRCRLRL

—12C1% (CF — 2CF ) + 12CkR (CF + 2CFp)
+2(2m] — §)
[ctotCLRRL CtLCs mrr + CriClrmr
~CrrOprpr +4C1% (C1 — 2C1g)
—4Crr (CF +2C5E) | + 256mZCTC;“E} )
and

8n(1 — 3)
AV

x Re {8m£|CBR| + 4y (C1% + 3C1%) Chr

Pi=-

+2(1 — S)m( (|Ct0t|2 |CRR|2)

13 [Ctot(omt) — CriChp

+2(Crrrr — Crrre) (Cr — 2CTg)

+2(Crrir — Crirr) (CT + 2C;E):|

—2(1 + 8)ring (IC %1 — [Crel?)

+25(Crrrr — Crrrr) Chir

8 a2 . x *

tot ~tot vk
4| C1%Crpnr — CIhCinLr

+CrrCrrrr — CRRCRLLR

—12C1% (C — 2C5) + 12C kL (Cih + 2C55)

+2(2m2 — 3)
[CtOtCLRLR CrRCirrr + CrChirr

—CrrCRrL +4C1Y (CF — 2CT )

—4Crr (Cy + 26%)} + 256mchc;E} .

It should be noted here that these polarizations were
calculated in [25], using the most general form of the effec-
tive Hamiltonian. Our results for Py, and Py agree with the
ones given in [25], while the transversal polarizations Pp
and P{f both differ from the ones given in the same work.
In the SM case, our results for Pp,, Py and Pr coincide with
the results of [21]. It is quite obvious from the expressions
of P; that they involve various quadratic combinations of
the Wilson coefficients and hence they are quite sensitive
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to the new physics. The polarizations Py and Py are pro-
portional to m, and therefore can be significant for the 7
lepton only.

Having obtained all necessary expressions, we can pro-
ceed now to the study of the C'P-violating asymmetries. In
the unpolarized lepton case, the C'P-violating differential
decay width asymmetry is defined by

dar B dr
ds /, ds /,
dar n dr
ds /, ds /,
where

dr _ drgp— dZ*E*) dr df(b — dlte)
ds ds ds ds ’

and (dI'/d3)o can be obtained from (dI'/d$)y by making
the replacement

=&+ Mk = G

. A

;o (13)

NN

=& F A6

Using (11) and (13), we get for the C P-violating asym-
metry

(14)

)

Acp(3) = —Alm[A, ]A(é)j-()

~ —2Im[A, ] —== Z()

A(8)” (15)

and X(8), whose explicit form we do not present, can easily
be obtained using (9) and (13).

In the presence of the lepton polarization the CP-
asymmetry is modified and the source of this modification
can be attributed to the presence of new interference terms
which contain C§T (in our case C}%f and CI9%). We now
proceed with the calculation of this new contribution.

In the polarized lepton case, the C'P-asymmetry can
be defined as

ACP(S) — ds ds _

where
dI'  dI'(b— déte—(n™))
ds ds ’
and
drr  dIr'(b— d¢+(n*)e)

ds ds
The differential decay width with lepton polarization
for the b — d¢*¢~ channel is given by (11). Analogously,

for the corresponding C'P conjugated process we have
the expression

FRCUEE (df)o [1+ P e 7))

1
ds ds (17)
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With the choice n™ = n™, P;" can be constructed from the
differential decay width analogous to (12). At this stage
we have all necessary ingredients for the calculation of the
C P-violating asymmetry for the lepton ¢~ with polariza-
tion n = e;. Inserting (11) and (17) into (16), and setting
n~ = nt, the CP-violating asymmetry when the lepton
is polarized is defined as

% <(i1];>0 [1+ P (e -m)] - % ((211:)0 [1+ P (e" - m)]
(), (%),

Taking into account the fact that eﬂf N = —€L n;and e{f =

er , we obtain

ACPZ (18)
() (), () o ()
1 ds /, ds 0 ds /, ' ds /, °
dr n dr
ds /, ds /,

2 dr n dr
s ), "\ s ),

Acp(n=TFe; ) = . {

Using (8), we get from (18),
A+ AT A+ A

2

S {Acr(3) £84Lp(3)} . (19

where the upper sign in the definition of A¢p corresponds
to the L and N polarizations, while the lower sign corre-
sponds to the T polarization.

The AL p(8) terms in (19) describe the modification
to the unpolarized decay width, which can be written as

i iy —4Im\,, 8% (3)
dACp(8) = W,
SEi(é)

A(s)

Q

—2ImA, (20)

We do not present the explicit forms of the expressions for
8X%(8), (i =L,N,T), since their calculations are straight-
forward.

3 Numerical analysis

In this section we will study the dependence of the CP-
asymmetries Acp(3) and 8AL ,(8) on § at fixed values
of the new Wilson coefficients. Once again, we remind
the reader that in the present work all new Wilson co-
efficients are taken to be real. The experimental result
on b — sy decay puts a strong restriction on Cpp, i.e.,
practically it has the same value as it has in the SM.
Therefore, in the further numerical analysis we will set
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Cpr = —2C&. Throughout our numerical analysis, we
will vary all new Wilson coefficients in the range —4 <
Cx < 4. The experimental bounds on the branching ratios
of B— K(K*)utu~ [41,42] and B — pTp~ [43] suggest
that this is the right order of magnitude for vector- and
scalar-type interactions. Recently, the BaBar and BELLE
collaborations [40,41] have presented new results on the
branching ratios of the B — K{T¢~ and B — K*{T{~ de-
cays. When these results are used, stronger restrictions are
imposed on some of the new Wilson coefficients. For ex-
ample, -2 S CLL S O, 0 S CRL S 2.3, —1.5 S CT S 1.5
and —3.3 < Crg < 2.6, and the rest of the coefficients
vary in the region —4 < C'x < 4. However, since the re-
sults of BaBar and BELLE are preliminary we will not
take into account these results in the present analysis and
vary all of the new Wilson coefficients in the region -
4 < Cx < 4. Furthermore, in our analysis we will use
the Wolfenstein parametrization [44] for the CKM matrix.
The currently allowed range for the Wolfenstein param-
eters are 0.19 < p < 0.268 and 0.19 < 7 < 0.268 [45],
where in the present analysis they are set to p = 0.25
and n = 0.34.

We start our numerical analysis by first discussing the
dependence of Agp on § at fixed values of C;, i.e., C; =
—4;0;4 which can be summarized as follows.

(1) For the b — du4p~ case, far from the resonance re-
gions, Acp depends strongly on Crr. We observe that
when Cp is positive (negative), the value of Acp de-
creases (increases), while the situation for the Cp g case is
the opposite way around (see Figs. 1 and 2). If the tensor
interaction is taken into account, Acp practically seems
to be zero for all values of Cr and Crg. Furthermore,
Acp shows quite a weak dependence on all remaining Wil-
son coefficients and the departure from the SM result is
very small.

(2) For the b — d7 7~ case, in the region between second
and third v resonances, Acp is sensitive to Crr, CLRrLR,
Crrrr, Cr, and Crg, as can be seen from Figs. 3, 4, 5,
6 and 7, respectively. When Crr and Cprrr are positive
(negative), they contribute destructively (constructively)
to the SM result. The situation is contrary to this behavior
for the Cprprr scalar coupling. In the tensor interaction
case, in the second and third resonance region, the magni-
tude of Acp is smaller compared to that of the SM result.
But it is quite important to observe that the Acp asym-
metry changes its sign, compared to its behavior in the
SM, when Cr (Crg) is negative (positive). Therefore, de-
termination of the sign and magnitude of Acp can give
promising information about new physics.

The results concerning 8 Acp for the b — du™ = decay
can be summarized as follows.
(1) In the region 1GeV?/m} < § < 8 GeV?/m3, which is
free of a resonance contribution, the C'P-asymmetry due
to the longitudinal polarization of the p lepton is strongly
dependent on Cpp, and is practically independent of all
remaining vector interaction coefficients. When C 1, is neg-
ative (positive), 8A¢p is larger (smaller) compared to that
of the SM result (see Fig. 8).
(2) 8AL 5 depends strongly on all scalar-type interactions.
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Fig. 1. The dependence of Acp on § for the b —
d,u*uf transition, at fixed values of Crp

Fig. 2. The same as in Fig.1, but at fixed values
of CLR

Fig. 3. The same as in Fig. 1, but for the b — drtr~
transition, at fixed values of Crr

Fig. 4. The same as in Fig.3, but at fixed values
of CLrrL
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Fig. 5. The same as in Fig.3, but at fixed values
of CLrLr

Fig. 6. The same as in Fig.3, but at fixed values
of CT

Fig. 7. The same as in Fig.3, but at fixed values
of Cre

Fig. 8. The dependence of A%y on § for the b —
d,u*;f transition, at fixed values of Crr, when one
of the final leptons is longitudinally polarized
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Fig. 10. The same as in Fig. 8, but for the b — dr ™7~
transition, at fixed values of Cr

Fig. 11. The same as in Fig. 10, but at fixed values
Of CTE
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As an example we present the dependence of 0Acp on
Crrrr in Fig.9. The terms proportional to tensor inter-
action terms contribute destructively to the SM result.

For the b — drtr~
sults:
(1) 8AL, depends strongly on the tensor-type interac-
tions and when Cr is negative (positive) it constructive
(destructive) contribution to the SM result. For the other
tensor interaction coefficient C'rg, the situation is contrary
to this behavior (see Figs. 10 and 11).
(2) Similar to the p lepton case, AL is quite sensitive
to the existence of all scalar-type interaction coefficients.
When the signs of the coefficients C'rrrr, and Crrpr are
negative (positive) the sign of A%, is positive (negative),

case, we obtain the following re-

in the region § > 0.6 (see Figs. 12 and 13). Note that in
the SM case the sign of A% 5 can be positive or negative.
Therefore in the region § > 0.6, the determination of the
sign of 8Af p can give unambiguous information about the
existence of new physics beyond the SM. For the remain-
ing two scalar interaction coefficients Crrrr, (CrrLr), the
sign of 8A% 5 is negative (positive) (see Figs. 14 and 15).
Again, as in the previous case, determination of the sign
and magnitude of A%, can give quite valuable hints for
establishing new physics beyond the SM.

Since transversal and normal polarizations are pro-
portional to the lepton mass, for the light lepton case,
obviously, departure from the SM results is not substan-
tial for all Wilson coefficients. On the other hand, for the
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Fig. 12. The same as in Fig. 10, but at fixed values
of CLrRL

Fig. 13. The same as in Fig. 10, but at fixed values
of CLrLr

Fig. 14. The same as in Fig. 10, but at fixed values
of CrrrL

Fig. 15. The same as in Fig. 10, but at fixed values
of CrLLR
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Fig. 16. The same as in Fig. 10, but when one of the
final leptons is transversally polarized, at fixed values
of Crr
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Fig. 17. The same as in Fig. 16, but at fixed values
of Crr
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Fig. 18. Parametric plot of the correlation between
h the partially integrated A% p and §A%p as a function
of the new Wilson coefficients C'x, for the b — du™pu™
transition, when one of the final leptons is longitudi-
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b — d¢=¢* transition, AL, (i = T or N) is strongly de-
pendent on Cp g (see Fig. 16), Crr (see Fig. 17) and scalar-
type interactions. Note that the dependence of 8AL ,» on
Cr and Crg is quite weak.

Finally, we would like to discuss the following question.
As has already been mentioned, Acp as well as dAcp is
very sensitive to the existence of new physics beyond the
SM. The intriguing question is: can we find a region of C'x
in which Acp agrees with the SM result while 8 Acp does
not? The possible existence of such a region will allow us
to establish new physics by only measuring 8 Acp. In order
to verify whether such a region of C'x does exist or not, we
present the correlations between partially integrated Acp

oo nally polarized

and 8Acp in Figs. 18-20. The integration region for the
b — du™p~ transition is chosen to be 1GeV2/mg <5<
8 GeV?/m?, and for the b — dr* 7~ transition it is chosen
as 18 GeVQ/mﬁ < § < 1. These choices of the regions are
dictated by the requirement that Acp and 8Acp be free
of resonance contributions.

In Figs.18 and 19 we present the correlations 8A%
and Ay p asymmetries, when one of the leptons is longi-
tudinally polarized, for the p and 7 lepton cases, respec-
tively. In Fig.20 we present the flows in the (Afp and
8ALp) plane, when the final lepton is transversally po-
larized. From these figures we observe that, indeed, there
exists a region of new Wilson coefficients in which Acp
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Fig. 19. The same as in Fig.18, but for the b —

dr 7~ transition
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Fig. 20. The same as in Fig. 19, but when one of the
final leptons is transversally polarized
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agrees with the SM prediction, while Acp does not (in
Figs. 18-20, the intersection point of all curves correspond
to the SM case).

The numerical values of 8AY , and AN are very small
and for this reason we do not present this correlation. As
a final remark we would like to comment that a similar
calculation can be carried out for the B — pf™¢~ decay in
search of new physics, since its detection in the experiments
is easier compared to that of the inclusive b — d¢T ¢~ decay.

In conclusion, we study the C P-violating asymmetries,
when one the final leptons is polarized, using the most gen-
eral form of effective Hamiltonian. It is seen that 8 Acp and
Acp are very sensitive to various new Wilson coefficients.
Moreover, we discuss the possibility whether there exist
regions of new Wilson coefficients or not, for which Acp
coincides with the SM prediction, while 8 Acp does not. In
other words, if there exist such regions of Cx, this means
that new physics effects can only be established in Acp
measurements. Our results confirm that such regions of
Cx do indeed exist.
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