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Abstract. We study the decay rate and the C'P violating asymmetry of the exclusive B — m¢T¢~ and
B — ptT¢~ decays in the case where one of the final leptons is polarized. We calculate the contributions
coming from the individual polarization states in order to identify a so-called wrong sign decay, which
is a decay with a given polarization, whose width and C'P asymmetry are smaller as compared to the
unpolarized one. The results are presented for electrons and tau leptons. We observe that in particular
decay channels, one can identify a wrong sign decay which is more sensitive to new physics beyond the

standard model.

PACS. 13.20.He, 11.30.Er, 13.88.4¢

1 Introduction

The rare B decays, which are induced at quark level by
flavor changing neutral currents (FCNC), have received a
lot of attention, since they are very promising for investi-
gating the standard model (SM) and searching for the new
physics beyond it. Among these B decays, the rare semilep-
tonic ones have played a central role for a long time, since
they offer the most direct methods to determine the weak
mixing angles and Cabibbo-Kobayashi-Maskawa (CKM)
matrix elements. These decays can also be very useful to
test the various new physics scenarios like the two Higgs
doublet models (2HDM), minimal supersymmetric stan-
dard model (MSSM) [1], etc.

On the experimental side, there is an impressive effort to
search for B decays, in B-factories such as Belle, BaBar and
LHC-B. The CLEO Collaboration reports for the branching
ratios (BR) of the B — 7~ ¢*vand B® — p~ (T v decays [2]

BR(B® - 7 (Tv) = (1.84044+03+0.2) x 1074,
BR(B® — p=¢tv) = (2.57+0.291533 +0.41) x 107
(1)

From these results, the value of the CKM matrix element
[Vip| = 3.25 4+ 0.1470:28 + 0.55 has been determined [2].
Recently, the BR of the inclusive B — X ,/T/~ decay has
been also reported by the Belle Collaboration [3];

BR(B — X (T¢7)=(6.1+1.4711) x1075, (2
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which is very close to the value predicted by the SM [4].
The experimental result from the BaBar Collaboration for
this BR is [5]

BR(B — X T¢7) = (63+1.671%)x107°.  (3)

From the theoretical point of view exclusive channels
are harder to evaluate than inclusive channels, because ex-
clusive channels require additional knowledge of the form
factors, which are used to incorporate hadronic effects.
However, the exclusive channels are easier to measure. The
decay channels that are induced by the b — df* £~ decay at
the quark level are promising for searching C'P violation.
For the B decays that are induced by the decay b — s¢*¢~,
the terms which describe virtual effects as ¢, ¢ and u@ loops
are in the matrix element proportional to Vi V.5, VsV
and ViV respectively. Because of the unitary property
of the CKM matrix and because of the fact that V,,;, V., is
small compared to the other CKM factors, the C'P viola-
tion is strongly suppressed in these decays [6,7]. Although
the BR of the B decays induced by b — d¢™ £~ are smaller,
the CKM factors Vi, V3, VipVy; and VoV are all of the
same order. Therefore C'P violation is much more con-
siderable in these decays [8]. In this context, the exclusive
By — (m,p,m,n') €Y=, and By — v £T¢~ decays have been
extensively studied in the SM [9-11] and beyond [12-16].

In [17], it has been observed that the unpolarized C' P
asymmetry and decay width for the inclusive b — d¢ ¢~
decay are comparable to the C'P asymmetry and decay
width when one of the leptons is in a specific polarization
state. The C'P asymmetry as well as the decay rate in the
case of the other polarization state turn out to be smaller
as compared to the unpolarized spectrum and in [17] this
is defined as the wrong sign polarized state. Along this
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line, in [18], a similar analysis of the C'P asymmetries in
b — d¢T ¢~ decays has been performed in a model indepen-
dent way and it was reported that polarized asymmetries
are very sensitive to various new Wilson coefficients. In this
paper, motivated by the works in [17,18], we make a sim-
ilar analysis of the exclusive B — 7f™¢~ and B — plT{~
channels and calculate the contributions coming from the
individual polarization states in order to identify a wrong
sign decay. This feature can provide measurements involv-
ing a new physics search.

Our paper is organized as follows. In Sect. 2 we present
the effective Hamiltonian and derive the expressions for
the unpolarized and the polarized differential decay rates
of B— wf*t¢~ and B — pf*T¢~. The CP violating asym-
metries for these decays in the unpolarized as well as in
the polarized case are calculated in Sect. 3. The numerical
results and the discussions are presented in Sect. 4, which
is followed by a conclusion section.

2 Exclusive B — wfte—
and B — pfT{~ decays

2.1 Effective Hamiltonian

The leading order QCD corrected effective Hamiltonian,
which is induced by the corresponding quark level process
b— dltl, is given by [19-22]

=2u{C1()[OF (1) — O1 ()]

+ Ca(w)[03 (1) — Oz (u)]}} ; (4)
where
VoV
)\u = Vvtb‘/{;, (5)

using the unitarity of the CKM matrixi.e., Vis Vi + Vi Vi3
= =V V. The explicit forms of the operators O; can be
found in [19,22]. In (4), C;(p) are the Wilson coefficients
calculated at a renormalization point p and their evolution
from the higher scale p = my down to the low-energy
scale © = my is described by the renormalization group
equation. For C$ this calculation is performed up to next-
to-next-to-leading logarithmic (NNLL) order in [23-25],
while C§ and C1o were calculated in [26]. In the context
of the SM NNLL QCD corrections to the BR [26-30] and
the forward-backward asymmetry [31-34] in B — X (T4~
are also available. For a recent review see e.g. [35]. The
corresponding NNLL results for B — X4~ are given
in [36].
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The term that is the source of the C' P violation can be
parameterized as follows:

Cs™ =& + Mo, (6)
where

& = Cy + g(Me,s)(3C1 + Co +3C3 4+ Cy + 3C5 + Cs)

— 590, $)(Cs + Ca)
_%g(mb, 5)(4C5 + 4Cy + 3C5 + Co)
+§(303 +Cy +3C5 + Cs), (7)
and
€2 = [g(ic, s) — g (1, )] (3C1 + Ca). (8)

In (7) and (8), s = ¢®/m%, where ¢ is the momentum
transfer and 1, = my/my. The functions g(m,, s) arise
from one loop contributions of the four-quark operators
01—0g and are given by

. 8. 8 4
g(1ng, s) = 9 Inmg + 97 + 9Y (9)
52y -y
-2
(ln ﬁvtiﬁi‘ —in) , fory = 4:”‘1 <1
X -2
2 arctan \/%, for y = 4zlq >1.

The C§® term receives also contributions from long-distance
effects. The c¢ resonance can be parameterized by means
of a Breit~Wigner shape [37]. It is incorporated in the C§
term by the following replacement:

g(me, s) (10)
R 3n myBR(V — ¢tV
= g(me,s) — =~ Z V2 ( 2 - ) et
a smp —mi +imy Iy

V=J/$,y7,...

To reproduce the correct experimental BR for BR(B —

J/pX — X00) = BR(B — J/vX)BR(J/v — X L), the
factor x is taken to be 2.3 [37].

Neglecting the mass of the d quark, the effective short-
distance Hamiltonian for the b — d¢* ¢~ decay in (4) leads
to the QCD corrected matrix element:

X{Cgﬁ(mb) J’m(l — v5)b byl
+C1o(myp) dy,u (1 — v5)b byt ysl (11)

—2C$H(mb) %Jiawq”(l + %)b[w”f}.
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2.2 The exclusive B — £+ £~ decay

In this section we present the expressions for the differen-
tial decay rate of B — w7 ¢~ decay with both unpolarized
and polarized leptons. For this purpose, we need the fol-
lowing matrix elements, which are written in terms of the
form factors:

(m(pr)|dyu(1 —~°)b|B(pr))

= (@) (P +pr)u + (@), (12)
(m(px)|diog” (14 7°)b| B(ps))

= [*(pB + Pe)yu — qu(mB — m2fo(¢®).  (13)

Here, p, and pp are the 4-momenta of the m and the
B meson, respectively. Also f*, f~ and f, = —mijmﬂ
represent the relevant form factors.

From (11), and using the matrix elements in (12) and
(13), we obtain the amplitude governing the B — m¢T ¢~
decay:

GFOé
2v/2n
x{(2Apk + Bg")ly, L + (2Gpk + D)y, 71},

MBoT = Vo Vi, (14)

where
A=C§tft —2mpCst £,
B= G (f* + ) +27 O iy —m — ¢P),
G=Ciuof",
D = Cio(f™ + f7).

Using the matrix element in (14), performing summa-
tion over final lepton polarizations and integrating over
angle variables, the unpolarized differential decay width is
obtained as

ar= Gia? «12 3
< ds )0 = W‘thvtd ‘ mp U/ Ar Am (16)
where
Ar = 5 mip Ae(3 =0 (AP +|G?)
+16 m3 rr |G]> +4 m s |D|?
+8 m? (1 —ry — s)Re[GD*], (17)

i/mQB, A = 72 4+ (s = 1)2 — 2r(s + 1),

=4/1— 4t2 and t =my/mp.

with r, =

In order to calculate the polarized decay spectrum, we
need the final lepton polarizations. For this, one defines
orthogonal unit vectors er,, et and ey such that in the
rest frame of £~ lepton they are written as

Sl‘]’j = (O,BL) = <O7 pl) )

P1\
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Sk =(0,ex) = (O,

Sk =(0,er) =

kxpl)
|k§><p1‘ ’

(0,61\7 X e{) . (18)

Here, p; is the 3-vector of the £~ lepton and k is the 3-
vector of the final meson. The longitudinal unit vector Sy,
is boosted to the CM frame of £*£~ by the Lorentz trans-

formation:
E; p: )
melp1] )’

while St and SN are not changed by the boost. The dif-
ferential decay rate of the B — m¢T¢~ decay, for any spin
direction n of =, can be written in the following form:

Sy = ('pl'v (19)

my

dI'(s,n) B 1 dr=
ds ds

> 14+ PTe;-n] , (20)
0

where a sum over ¢ = L, T, N is implied. The polarization
components P in (20) are defined as

dI'(n =e;)/ds —dI'™(n = —e;)/ds
dI'"(n=-e;)/ds+dI"(n = —e;)/ds

The resulting expressions for the polarization asymmetries
are obtained as

Pr(s) =

K2

(21)

Pr= ‘gZB v Ar Re[AG*],
Pr " S (22)
VsAz
X (Re[AD*]s + Re[AG™](1 — rx — 3)) ,
PI=0.

Our results for P[" and PT agree with the ones given in [38].
As can be seen from the explicit expressions of P/, the
polarization PT is proportional to m, and therefore can be
significant for 7 lepton only.

2.3 The exclusive B — pfT£~ decay

In this section we present the expressions for the differential
decay rate for B — plT{~ decay with both unpolarized
and polarized leptons. For this, we need the following ma-
trix elements:

(p(pp, ©)ldyu(1 = 5)b|B(pp))

2V(g®) .
*U, A\ O * 2
—€uvre€  PpPB m _IEN(mB +mp)A1(q )

. o Aa(g?
+i(ps +pp)ule Q)m;%

p

. L\ 2m

+igu(e"q) sz [A3(¢*) — Ao(q?)], (23)

(p(pp, ©)|dioq” (1 +75)b| B(pp))
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= 4€#u)\a'€*up2anl(q2) (24) x [(m%s —m3) (|A| + | E]| ) +6m3 Re(AE*)}

+2i —m2) — (pB + pp) (e Q) T2(q? 1
5 = ) = ( ”)“(2 NTe’) +24m? Re(BF*) + T—m‘gmjsAp D — H|?
S0 % q P
+2i(e"q) (qﬂ — (B +pp)uM> T3(¢%), 9
B r +—m23m%)\p
Tp

(P(pps (1 + 15 B (pa) = —2im, (=" 0) Ao(a?). R

(25) +Re[F(C* +D* — H")])
where p, and € denote the 4-momentum and polarization +1mg Re[(C — G)(D* — H*)]
vectors of the p meson, respectively. 2
From (23)—(25), we get the following expression for the 2 X
matrix element of the B — pf*¢~ decay: _EmBmf)\ p(2+ 21 — s) Re(CG))
MB=P = Gra Vi V- —imQB/\p [m?(Q —2r,+s)+ mEs(l — T, — 5)]
2v/2n tb Vs 3r,s
X {0y, (1 = v5)l[2A€ o™ P)pG + 1Be), x [Re(BC™) + Re(FG")]
. X . 1
—iC(pp + pp)u(e*q) —1D(e"q)q,] T [2mG (A, — 675) + mBs(A, + 12r,s)]
_ . N P
(1 + )L 2Ee 0™ Py +iFe), x (|B|2 - |F|2)
—iG(e"q)(pB +pp) —1H("q)qp]} (26)
1
where + 31,5 m Ap
= (CsT — Cw)L + 470;3ffT17 x (mEsh, +mg[2X, + 3s(2 + 2r, — s)])
mp+m,
2 2
B = (mp +m,) x (Il +16?) | (29)
« <<C§ — Cho)As + 4my, (m% — m2)C7eHT2> 7 where A, =12 + (s — 1)* — 2r,(s + 1) and 7, = m>/m3.
q? r The polarization components are obtained in the same
A, way as in the previous section. The differential decay rate
C = (CST — Cpg) ——— of the B — pf*™¢~ decay, for any spin direction n of £~
mp +m, can be written in the following form:
2
Mo ~eff q
4—C | To+ ———T3 |, dI* (s, 1 /dre
+ @2 7 <2+m2B—m,2) 3) M: — ) 1+ Ple;-n], (30)
ds ds /,
_ eff mp _ off 71
D =2(C Cro) q? 7 (As = Ao) — 407 T‘S’ where a sum over ¢ = L, T, N is implied. The resulting ex-
E = A(Cyo — —Cho), (27) pressions for the polarization asymmetries are obtained as
F = B(Cip — —Cho), P”:;l 2
L 3,4, "BY
G = C(Cro — —Cho), A ) )
H = D(Cio — —Cho). x (8mpsroA,(|EI* =A%)

—(127r,5 + A\ (|1 B> = |[F|?) + mpA(|G]* - |C)?
Here Ag, A1, As, A3, V, T1, T5 and T3 are the relevant (azr, PJIBI" = IFT) s (IG17 — 1CT)

form factors. —2mE A, (—1 + 71, + s)Re[CB* — FG"]) ,
Using the matrix element in (26), we find the unpolar-
ized differential decay width as P’ = VA
Y T 4rp\fA MBI
dre a’Gimp .12 2 2
( g ) = TR P v /Ay Ay, (28) x (mpAo(r, = 1)(CI” = |G)

+m%s(1 + 3r, — s)Re[CF* — BG*]
+8r,smERe[(A + E)(B* + F*)]

where

8
A, = gmng,, +m%
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X(Ap+ (=1+71,+5)(r, —1))Re[BC* — FG"]
+(=1+7,+5)
x(|BI* = |F* + smpRe[(B + F)(H* — D*)))

+m¥EsA,Re[(C + G)(H* — D*)]) , (31)
1
P _ 3
B = ir, meszCU\/S)\p

x (8Im[EB* + FA*]

—(1 =1, — )Im[(B — F)(D* — H")

—(1+43r, —s)Im[(B — F)(C* — G")]

+mpA,Im[(C — G) (D* — H")]) .
Our results for P{, P§ and P{ agree with those given in [39]
for the SM case. As can be seen from the explicit expres-
sions of P/, they involve various quadratic combinations
of the Wilson coeflicients and hence they are quite sensi-
tive to the new physics. The polarizations P§ and PL are

again proportional to my as in the B — 7fT¢~ decay and
therefore can be significant for the 7 lepton only.

3 C P violation
3.1 CP violating asymmetry in B — m¢T£~ decay

In B — wf*¢~ decay with unpolarized final leptons, C'P
violating differential decay width asymmetry is defined as

7 (5) = (dI'™ /ds)g — (A" /ds)o  Ar - A (32)
CPN T ArT /ds)g — (A7 /ds)y  Ap+ Ax
where
dr~  dI'(B—mete™) dI'™  dI'(B— 7eter)

ds ds T ds ds

In the SM, the Wilson coefficient C§ is the only one that
contributes to Az p above since it has an imaginary compo-
nent as well as a real one, which can be parameterized as in
(6). Therefore, (dI'™ /ds) and A, in (32) can be obtained
from (dI'™/ds)p and A, by making the replacement

darr darr -
= * Aﬂ— == Aﬂ— * .
( ds )0 ( ds )0 |>\ua>\u ) |)\u~>)\u

(33)

Using (17), (32) and (33), the C'P violating asymmetry is
obtained as

_ —2Im[X\, | X (s)

A+ 2Im[\ ] X, (s) ]

ACP(S)

S(s) = %mQB)\,r(?) —?) (34)

< (£ mlgE] - 2mp fof 6050 ).
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When one of the leptons is polarized in B — 7T ¢~ decay,
the C'P violating asymmetry can be defined as follows:

_ dI™(s,n)/ds —dI™ (s, = —m)/ds

cp(sm) = (dI'™/ds)o + (A7 /ds)o » (35)

where
dI'(s,n) dI'"(B — mete (n))

ds ds ’
dI'™(s,n) B — met(R)e)
ds N ds '

Here, 7 is the spin direction of the ¢* in the B — 7¢T¢~
decay. From the expression for the polarized differential
decay width for the B — wf*¢~ decay given by (20), the
width for the corresponding C'P conjugated process reads

drr~(s,n) 1 /dI'™ -
= = 1+ Pre; - . 36
ds 2<ds)0[+ze n] (36)
Since in the C'P conserving case_Pi’T = —P, in the general

case with the choice &; = e;, P can be constructed by

K3
the replacement

P = =P |\,

K2

(37)
Inserting (20) and (36) into (35), and setting 7 = mn, the
C P violating asymmetry when the lepton is polarized, with
n = *+e;, is given by

AZp(5,m = +e,)

_1(dr™/ds)o [1 £ PF]— (I'™/ds)o [1 + PF]

2 (dI'™/ds)o + (A" /ds)o ’

or, by making use of the replacements in (33) and (37) we
further obtain

At p(s,n = te;)
1 {@rjsm - oL
2 | (dI'™/ds)o — (dI'™/ds)o
(dI™/ds)o P — (A1 /ds)o )
(dI'™/ds)o — (dI'™ /ds)o

= L gt 845,60}

The 3AL p(s) terms in (38) describe the modifications to
the unpolarized decay width, which can be written as

—2Im[\, 03¢ (s)

Au—s A% }

(38)

BAEH () = Ayt ot Y
where
B5H(s) = 5 v As fT ImIECl, (10)
55T (s) = B LT VA ;\T/Egm (41)
x (=) 2 s ) ImfaClo]
3xN(s)=0. (42)
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3.2 CP violating asymmetry in B — pf1T¢~ decay

In B — pf*¢~ decay with unpolarized final leptons, C'P
violating differential decay width asymmetry is defined as
in (32) with the replacement A, — A, and dI'"/ds —
dI'”/ds. Using (29), (32) and (33), the C' P violating asym-
metry is given as

—Im[A]Xs(s)
24, +Im[\,|X,(s) ’

APCP(S) = (43)

x{mppIm[és]

X [Alm%p (comB(—1+71,+35)A, +c1(12r,5 + )
+mEA,

x (8m2rpsVes + Ax(ci (=147, + 5) + compA,)) ]
—2Iml[§; &3]

X [2A1A2m23m23p)\ (=14+7r,+5)

—I—Alme(lQrps + )

—l—mB)\p(SrpsVQ + A%Ap)]} , (44)
with mp, = mp + m, and
8my et
c1 = b2 7 (mQB — )TQ s
q

My ~eff q2
Cy = 8726'7 T2 + 272T3 )

q mp —my
c3 = 8mbc7 T . (45)

When one of the leptons is polarized in B — pf* ¢~ decay,
the C'P violating asymmetry can be defined as follows:

dre(s,n)/ds —dI'*(s,in = —n)/ds
AP = — 4
CP<s7n> (de/dS)0+(de/dS)0 ) ( 6)
where
dI’(s,n) dI'(B — plt{(n))
ds a ds ’
dI'*(s,n) B — plt(n)(")
ds o ds '

Here, 7 is the spin direction of the ¢+ in the B — pf* ¢~
decay. From the expression for the polarized differential
decay width in the B — pft¢~ decay given by (30), the
width for the corresponding C'P conjugated process reads

dre(s,n) 1 /dr» _
——~=—-|—) [1+Ple -n| . 4
ds 2<ds>0[+ Ve 7l (47)
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Inserting (30) and (47) into (46), and setting 7 = n,
the C'P violating asymmetry when the lepton is polarized,
with n = +e,, is given by

Al p(s,n = *e;)

_1(dI*/ds)o[1 + P] — (I'/ds)o [1 + P!
T2 (v /ds)o + (A7 /ds)g ’

or, by making use of the replacements in (33) and (37) with
m — p we further obtain

Al p(s,n = *e;)
1 { (de/dS)() — (df’”/ds)o
(dIe/ds)o — (dI'? /ds)g

(dI'*/ds)o P} — ((dI'"/ds)oPf) [x,—x; }
(dIe/ds)o — (dI'? /ds)o

1

= 5 {4lp(9) £84L,(9)} - (48)

The 8A%,},(s) terms in (48) describe the modifications
to the unpolarized decay width, which can be written as
Im A, 83 (s)

84 (s) = A (s) + A(s)

(49)

where

dmpu
3rp(1 + \/>)

le €2 {Alme

SZL( )=

x (chmB (=1 +71 4 s)A, + f(12r,s + A,))

+mEA, (50)

x (8mir,sVey + Ao (e (=1 + 71, + 5) + chymBA,)) }
mEmen /Ay

ro(1+ /) Vs

X {—AlmQBPIm[fg] [(=1+7,+ s)cy/m%

85T (s) =

+H(=1+7,+8)(=1+1,)ch
+5(8rpcs + (=141, 4 5)c5)]
+1Im[&y]
X [8rpsVier — Ao, () + mp((r, —

—32mp,r,sAVIm[1£5]}
2
_ mpmmu
2r,(1+ 7)) ¥ Ao/sRel6o]

X {(—Ang + AngmBP)(—l — ?)Tp + S)

1)ch — scg))]
(51)

3X(s) =

—me(—l + Tp + S)(Angme — 2D1T3/mb)

fSrP(Alcﬁlszp +d4)}, (52)
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where
¢ = —2mp,A:1Cio , b =—-245C10/mp,,
¢y = —4T3C10/my, , ¢y = —2VCio/mp,, (53)
and
Dy = F(CT - 0), D =G(C5F —0),
D3 = H(CST = 0) . (54)

4 Numerical results and discussion

In this section we present the numerical analysis of both
the exclusive decays B — 7fT¢~ and B — plT¢~ for
{ = e, 7. We do not present the results for ¢ = u because
they are similar to the ones for £ = e. The input parameters
we used in our numerical analysis are as follows:

mp = 5.28GeV, mpy =4.8GeV, m. = 1.4GeV,

m, = 1.78GeV, m, = 0.511MeV, m,, = 0.106 GeV,
my = 0.14GeV, m, = 0.77GeV,

Mg =my = my = 0.14GeV , |Vyy| = 0.044,

a ' =129, Gp =117 x 107° GeV 2,

5 = 1.56 x 107 %s. (55)

Using the Wolfenstein parametrization of the CKM ma-
trix [40], A, in (6) can be written as

— ) —n2 —j
A, = PL=p) = L

56
=7+ 0
Furthermore, we use the relation
Vi Vo 2
bl 21 p24) + 000, 67
cb

where A = sinfc ~ 0.221 and adopt the values of the
Wolfenstein parameters as p = 0.25 and n = 0.34.

In order to obtain numerical results for the B — wf+¢~
and B — pfT¢~ decays, we also need the numerical values
of the decay form factors. The literature on this subject
is very rich; we give some references here. For B — m(p)
the form factors are calculated in the constituent quark
model [41] and using the light-cone QCD sum rules [42,43]
([44,45]). In [46] the results of the lattice QCD calculations
are given for the B — 7, p form factors, while the pertur-
bative QCD approach [47] and the so-called large-energy
effective theory [48] have also been employed to calculate
these form factors.

4.1 Numerical results
of the exclusive B — w¢1 ¢~ decay

In order to obtain numerical results for the B — w4~
decay, we have made use of the results of the constituent
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Table 1. B — 7 transition form factors in the constituent
quark model

f(0) o o2

fr 029 0.48
Fo 029 076 028
fr 028 0.48

o
fo%]

<
=

<o
o

10" dBR(B — me~et)/ds
o
~

o

Fig. 1. Polarized and unpolarized differential branching ratios
for B — meTe™ decay

quark model [41], where the form factors fr and fi can
be parameterized as

f(qz) = (1—@/M?)[1 - a{(gg/MQ + 03 ¢4 /MY -(58)
In this model, f_ is redefined as
¢
Fo=f++m—v (59)
and its interpolation formula is given as
fl?) = /) (60)

1—o01 ¢2/M? + 0y ¢*/M*] "

The parameters f(0), o1 and oy can be found in Table 1.
Note that for fi and fr a simple monopole two parameter
formula is used, viz. g9 = 0.

In Fig. 1 we present our results of the differential branch-
ing ratios (dBR/ds) of the unpolarized and longitudinally
polarized B — meTe™ decay. dBR/ds for the n = —ey, po-
larized case is close to the one of unpolarized decay, which
implies that the decay is naturally left handed. dBR/ds for
the n = +ey, polarization case is far below dBR/ds for the
unpolarized one. Thus, n = +ey, polarized B — meTe™
decay corresponds to a wrong sign decay.

In Figs.2 and 3, we plot the longitudinally polarized
asymmetries and the unpolarized C'P violating asymmetry
together with —8AL , of the B — mete™ decay, respec-
tively. From Fig. 2 it can be observed that Acp(n = —er,)
is much larger than Acp(n = +er). It is also observed
from Fig.3 that —8Af exceeds the unpolarized Acp in
some kinematical regions but is mostly comparable with
it. Particularly, in the region (2my/mp)* < s < ((my/y —
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T
n = +er,
n=—er

02

0.15 | -

1) (B — me~e™)
o
T
L

=

Acp(

-0.05 |- .

0.1 | | | |

Fig. 2. Longitudinally polarized C P violating asymmetries for
B — mete™ decay

0.25
0.2

0.15
0.1
0.05
0
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-0.1F -
-0.15 | | | |
0

Fig. 3. Unpolarized C'P violating asymmetry and longitudi-
nally polarized quantity —8A%p for B — mete™ decay

108 dBR(B — nr~ 1) /ds

L 1
0.5 0.6 0.7 0.8 0.9 1

Fig. 4. Polarized and unpolarized differential branching ratios
for B — wr 7~ decay

0.02)/mB)?, which is free of any resonance contribution,
we find that AL, and Acp are about 6%. We see also
from Fig.3 that in the resonance region 5A15 p can reach
values up to 25%.

In Fig. 4, we present dBR/ds for the decay B — w77~
for unpolarized, longitudinally and transversely polarized
7 leptons. We observe that dBR/ds for n = —er, and
n = —er are close to unpolarized dBR/ds, while it be-
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Fig. 5. Unpolarized Acp and —8ALp with i =L, T for B —
771 decay

comes smaller for n = +e, and n = +er. The n = +er
polarization case gives a very small dBR/ds as compared to
the unpolarized decay and thus can be identified as wrong
sign decay.

In Fig.5, we plot the unpolarized Acp and longitu-
dinally and transversely polarized —8Acp of the decay
B — mrt7=. We observe that although 8A% , is small,
SAE p is very close to Acp especially in the resonance re-

gions. Therefore, we can conclude that A% ,(n = +e;) ~
Al p(n = —e;). The asymmetries reach a maximum value
of 13%.

4.2 Numerical results
of the exclusive B — pf ¢~ decay

In our numerical calculation for B — pf™¢~ decay, we use
a three parameter fit of the light-cone QCD sum rule [44]
which can be written in the following form:

F(0)

F(g*) = :
@) = T Ems, + o (@)

(61)

where the values of the parameters F(0), ar and bp are
given in Table 2. The form factors Ay and A3 can be found
from the following parametrization:

T3 ¢°

mymy’

Ag = Ay —

As = mB2—|—m,,A1_ mB—mpAQ.
mg 2m,

(62)

In Fig. 6 we present dBR/ds for the decay B — pete™
with unpolarized and longitudinally polarized electrons. It
can be seen from this figure that the polarized spectrum
for n = —er, almost coincides with unpolarized spectrum,
whereas the polarized n = +ej, spectrum is far below
the unpolarized one. So, decay is naturally left handed in
the SM.

In Figs.7 and 8 we plot the longitudinally polarized
CP violating asymmetries, Acp(n) with n = —ey, and
n = +er, and unpolarized Acp together with the polar-
ized quantity SAIé p for the decay B — pete™, respectively.
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Table 2. B — p transition form factors in a three parameter fit

F(0) ar br
AP7P 0264004 029 —0.415
AP=P 0224003 093 —0.092
VE=r 0344005 137 0315
TP7?  0154+0.02 141  0.361
7777 0154002 028 —0.500
TSP 0.10+0.02 1.06 —0.076

A
=
P
‘QJ
:
(8]
<
1
a
Ao
3
X
é’ 03

0 i 1 !

0 0.1 0.2 0.3
s

Fig. 6. Polarized and unpolarized differential branching ratios
for B — peTe” decay
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02 ii=+& ——— -

= —er
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Acp(t)(B — peten)

Fig. 7. Longitudinally polarized C P violating asymmetries for
B — peTe™ decay

As can be seen from Fig. 7, Acp(n = —er,) is much larger
than Acp(n = +er,). We see from Fig. 8 that polarized C'P
violating asymmetry 8AL , becomes larger than its unpo-
larized counterpart in some kinematic regions. Particularly,
in the region (2my/mp)* < s < ((myy — 0.02)/mB)?,
which is free of resonance contributions, we find that A%
is about 6%, while the unpolarized Acp is about 4%. We
see also from Fig. 8 that in the resonance region 8 A%, can
reach values up to 25%.

In Fig.9, we present the dBR/ds for the decay B —
prt1~ for unpolarized, longitudinally, transversely and
normally polarized 7 leptons. We see that dBR/ds for n =
+en and n = —ey almost coincide, while for n = *er,,
the state with n = —ey, is much more comparable with the
unpolarized dBR/ds with respect to the one withn = +er,.
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Fig. 8. Unpolarized CP violating asymmetry and longitudi-
nally polarized quantity —8A%p for B — pete™ decay
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Fig. 9. Polarized and unpolarized differential branching ratios
for B — prTr~ decay
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Fig. 10. Unpolarized Acp and —8ALp with i = L, T, N for

B — prt7~ decay

In Fig. 10, we give longitudinally, transversely and nor-
mally polarized and unpolarized C'P violating rate asym-
metries for the decay B — pr 7. We observe that §A}
and AN, are both smaller than AL ,. Therefore, we

can conclude that Acp(n = +e;) ~ Acp(n = —e;) for
i =T,N, while for i =L Acp(n = +er) is quite small as
compared to its counterpart with n = —er..
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5 Conclusion

We have calculated the polarized decay rate and CP vi-
olating asymmetries of the decays B — wf*¢~ and B —
plt L~ . For ¢ = e, which is in the specific polarized channel
n = —ey,, the decay rate is comparable to the one of the
unpolarized decay. The normal and the transverse polar-
izations are proportional to the mass of the lepton and
therefore can be significant for the 7 lepton only. For the
B — w7 decay, n = Ze, and for the B — prtr~
decay n = +er and n = tey give similar widths. For the
rest, which are defined as the wrong sign decays, the decay
rates and the C'P violating asymmetries are much lower
as compared to the unpolarized ones.

In conclusion, we studied the decay rate and the C'P
violating asymmetry of the exclusive B — 7T/~ and
B — plT¢~ decays in the case where one of the final
leptons is polarized. Since the SM is naturally left handed,
the wrong sign decays, in particular n = +er, polarized
B — (m,pleTe”, n = +er polarized B — 7777~ and
n = +ey, polarized B — p77 7~ decays, are more sensitive
to new physics. Taking into account the typical branch-
ing ratios and C'P violating asymmetries, 10'°-10'' BB
pairs are needed for the observation of C'P violation in the
exclusive channels [9], which is a challenging task for the
future hadron colliders. An unexpected large asymmetry
in these channels and the wrong sign decays would be very
significant in the search for new physics beyond the SM.
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for useful discussions.
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