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Abstract

We study lepton polarization asymmetries in the Λb → Λℓ+ℓ− decay using the

most general model independent effective Hamiltonian. The dependence of the lep-

ton polarizations and their combinations on the new Wilson coefficients are studied

in detail. It is observed that there is a region for the new Wilson coefficients for

which the branching ratio coincides with the standard model prediction, while lepton

polarizations show considerable departure from standard model.
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1 Introduction

Flavor–changing neutral current (FCNC) b→ s(d)ℓ+ℓ− decays provide important tests for
the gauge structure of the standard model (SM) at one–loop level. Moreover, b → s(d)ℓ+ℓ−

decay is also very sensitive to the new physics beyond SM. New physics effects manifest
themselves in rare decays in two different ways, either through new combinations to the
new Wilson coefficients or through the new operator structure in the effective Hamiltonian
which is absent in the SM. One of the efficient ways in establishing new physics beyond the
SM is the measurement of the lepton polarization [1]–[8].

In this paper we investigate the possibility of searching for new physics in the heavy
baryon decays Λb → Λℓ+ℓ− using the most general model independent form of effective
Hamiltonian.

The main problem for the description of exclusive decays is to evaluate the form factors,
i.e., matrix elements of the effective Hamiltonian between initial and final hadron states.
It is well known that for describing baryonic Λb → Λℓ+ℓ− decay quite some number of
form factors are needed (see for example [9]). However, when heavy quark effective theory
(HQET) is applied only two independent form factors appear [10].

It should be mentioned here that the exclusive decay Λb → Λℓ+ℓ− decay is studied in the
SM, the two Higgs doublet model and using the general form of the effective Hamiltonian,
in [9], [11] and [12], respectively.

The sensitivity of the lepton polarizations to the new Wilson coefficients in the B →
K∗ℓ+ℓ− decay is investigated in [13] using the general form of the Hamiltonian. It is
shown in this work that the lepton polarizations are very sensitive to the scalar and tensor
interactions. In this connection it is natural to ask to which new Wilson coefficients the
lepton polarizations are strongly sensitive, in the ”heavy baryon → light baryon ℓ+ℓ−”
decays. In the present work we try to answer this question.

The paper is organized as follows. In section 2, using the most general form of the
four–Fermi interaction, the general expressions for the longitudinal, transversal and normal
polarizations of leptons are derived. In section 3 we investigate the sensitivity of these
polarizations, as well as combined polarizations of lepton and antilepton to the new Wilson
coefficients.

2 Lepton polarizations

In order to calculate lepton polarization in Λb → Λℓ+ℓ− decay, we start with the effective
Hamiltonian for the b → ℓ+ℓ− transition. This effective Hamiltonian can be written in
terms of twelve model independent four–Fermi interactions [8],

M =
Gα

4
√
2π
VtbV

∗
ts

{

CSLs̄iσµν
qν

q2
Lbℓ̄γµℓ+ CBRs̄iσµν

qν

q2
bℓ̄γµℓ+ Ctot

LLs̄Lγ
µbLℓ̄LγµℓL

+ Ctot
LRs̄Lγ

µbLℓ̄RγµℓR + CRLs̄Rγ
µbRℓ̄LγµℓL + CRRs̄Rγ

µbRℓ̄RγµℓR

+ CLRLRs̄LbRℓ̄LℓR + CRLLRs̄RbLℓ̄LℓR + CLRRLs̄LbRℓ̄RℓL + CRLRLs̄RbLℓ̄RℓL

+ CT s̄σ
µνbℓ̄σµνℓ+ iCTEǫ

µναβ s̄σµνsσαβℓ

}

, (1)
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where L = (1−γ5)/2 and R = (1+γ5)/2 are the chiral operators. The coefficients of the first
two terms, CSL and CBR are the nonlocal Fermi interactions, which correspond to−2msC

eff
7

and−2mbC
eff
7 in the SM, respectively. The next four terms with coefficients Ctot

LL, C
tot
LR, CRL

and CRR in Eq. (1) describe vector type interactions. Two of these coefficients Ctot
LL and

Ctot
LR contain SM results in the form Ceff

9 −C10 and C
eff
9 −C10, respectively. For this reason

we can write

Ctot
LL = Ceff

9 − C10 + CLL ,

Ctot
LR = Ceff

9 + C10 + CLL , (2)

where CLL and CLR describe the contributions of new physics. The next four terms in
Eq. (1) with coefficients CLRLR, CRLLR, CLRRL and CRLRL represent the scalar type
interactions. The remaining last two terms leaded by the coefficients CT and CTE are the
tensor type interactions.

The amplitude of the exclusive Λb → Λℓ+ℓ− decay can be obtained by sandwiching
Heff for the b→ sℓ+ℓ− transition between initial and final baryon states, i.e., 〈Λ |Heff |λb〉.
It follows from Eq. (1) that in order to calculate the Λb → Λℓ+ℓ− decay amplitude the
following matrix elements are needed

〈Λ |s̄γµ(1∓ γ5)b|Λb〉 ,
〈Λ |s̄σµν(1∓ γ5)b|Λb〉 ,
〈Λ |s̄(1∓ γ5)b|Λb〉 .

Explicit forms of these matrix elements in terms of the form factors are presented in [12]
(see also [9]). The matrix element of the Λb → Λℓ+ℓ− can be written as

M =
Gα

4
√
2π
VtbV

∗
ts

{

ℓ̄γµℓ ūΛ
[

A1γµ(1 + γ5) +B1γµ(1− γ5)

+ iσµνq
ν [A2(1 + γ5) +B2(1− γ5)] + qµ[A3(1 + γ5) +B3(1− γ5)]

]

uΛb

+ ℓ̄γµγ5ℓ ūΛ
[

D1γµ(1 + γ5) + E1γµ(1− γ5) + iσµνq
ν [D2(1 + γ5) + E2(1− γ5)]

+ qµ[D3(1 + γ5) + E3(1− γ5)]
]

uΛb
+ ℓ̄ℓ ūΛ(N1 +H1γ5)uΛb

+ ℓ̄γ5ℓ ūΛ(N2 +H2γ5)uΛb

+ 4CT ℓ̄σ
µνℓ ūΛ

[

fTσµν − ifV
T (qνγµ − qµγν)− ifS

T (Pµqν − Pνqµ)
]

uΛb

+ 4CTEǫ
µναβ ℓ̄σαβℓ iūΛ

[

fTσµν − ifV
T (qνγµ − qµγν)− ifS

T (Pµqν − Pνqµ)
]

uΛb

}

, (3)

where P = pΛb
+ pΛ. Explicit expressions of the functions Ai, Bi, Di, Ei, Hj and Nj

(i = 1, 2, 3 and j = 1, 2) are given in [12].
From the expressions of the above-mentioned matrix elements we observe that Λb →

Λℓ+ℓ− decay is described in terms of many form factors. As has already been noted, when
HQET is applied the number of independent form factors reduces to two (F1 and F2)
irrelevant with the Dirac structure of the corresponding operators and it is obtained in [10]
that

〈Λ(pΛ) |s̄Γb|Λ(pΛb
)〉 = ūΛ

[

F1(q
2)+ 6vF2(q

2)
]

ΓuΛb
, (4)
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where Γ is an arbitrary Dirac structure, vµ = pµΛb
/mΛb

is the four–velocity of Λb, and
q = pΛb

− pΛ is the momentum transfer. Comparing the general form of the form factors
with (5), one can easily obtain the following relations among them (see also [9])

g1 = f1 = fT
2 = gT2 = F1 +

√
rF2 ,

g2 = f2 = g3 = f3 = gVT = fV
T =

F2

mΛb

,

gST = fS
T = 0 ,

gT1 = fT
1 =

F2

mΛb

q2 ,

gT3 =
F2

mΛb

(mΛb
+mΛ) ,

fT
3 = − F2

mΛb

(mΛb
−mΛ) , (5)

where r = m2
Λ/m

2
Λb
.

Having obtained the matrix element for the Λb → Λℓ+ℓ− decay, our next aim is the
calculation of lepton polarizations with the help of this matrix element. To achieve this
goal we write the ℓ− spin four–vector in terms of a unit vector ~ξ∓ along the ℓ∓ spin in its
rest frame as

s∓µ =





~p ∓ · ~ξ ∓

mℓ

, ~ξ ∓ +
~p ∓(~p ∓ · ~ξ ∓)

Eℓ +mℓ



 , (6)

and choose the unit vectors along the longitudinal, normal and transversal components of
the ℓ− polarization to be

~e ∓
L =

~p ∓

|~p−| , ~e ∓
N =

~pΛ × ~p ∓

|~pΛ × ~p−| , ~e ∓
T = ~e ∓

N × ~e ∓
L , (7)

respectively, where ~p ∓ and ~pΛ are the three momenta of ℓ∓ and Λ, in the center of mass
frame of the ℓ+ℓ− system. Obviously, ~p + = −~p − in this reference frame.

The differential decay rate of the Λb → Λℓ+ℓ− decay for any spin direction ~ξ ∓ along ℓ∓

can be written as

dΓ(~ξ ∓)

ds
=

1

2

(

dΓ

ds

)

0

[

1 +

(

P∓
L ~e

∓
L + P∓

N~e
∓
N + P∓

T ~e
∓
T

)

· ~ξ ∓
]

, (8)

where (dΓ/ds)0 corresponds to the unpolarized differential decay rate, s = q2/m2
Λb

and
P∓
L , P∓

N and P∓
T represent the longitudinal, normal and transversal polarizations of ℓ∓,

respectively. The unpolarized decay width in Eq. (8) can be written as

(

dΓ

s

)

0

=
G2α2

8192π5
|VtbV ∗

ts|2 λ1/2(1, r, s)v
[

T0(s) +
1

3
T2(s)

]

, (9)

where λ(1, r, s) = 1+ r2 + s2 − 2r− 2s− 2rs is the triangle function and v =
√

1− 4m2
ℓ/q

2

is the lepton velocity. The explicit expressions for T0 and T2 can be found in [12].
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The polarizations PL, PN and PT are defined as:

P
(∓)
i (q2) =

dΓ

ds
(~ξ ∓ = ~e ∓

i )− dΓ

ds
(~ξ ∓ = −~e ∓

i )

dΓ

ds
(~ξ ∓ = ~e ∓

i ) +
dΓ

ds
(~ξ ∓ = −~e ∓

i )
,

where i = L,N, T . PL and PT are P–odd, T–even, while PN is P–even, T–odd and CP–odd.
The explicit forms of the lepton polarizations PL, PT and PN can be found in Appendix–A.

It follows from Eq. (A.1) that the difference between P−
L (P−

N ) and P+
L (P+

N ) can be
attributed to the existence of the scalar and tensor interactions. Again in the same way,
in massless lepton case, the difference between P−

T and P+
T results from scalar and vector

interactions. For this reason these above–mentioned polarizations are sensitive to the chiral
structure of the electroweak interactions and can serve as a useful tool in search of new
physics beyond the SM.

Combined analysis of the lepton and antilepton polarizations can give additional infor-
mation about the existence of new physics, since in the SM P−

L + P+
L = 0, P−

N + P+
N = 0

and P−
T − P+

T ≃ 0 (in mℓ → 0 limit). Therefore if nonzero values for the above men-
tioned combined asymmetries are measured in the experiments, it can be considered as an
unambiguous indication of the existence of new physics.

3 Numerical analysis

In this section we will study the dependence of the lepton polarizations, as well as combined
lepton polarization to the new Wilson coefficients. The main input parameters in the
calculations are the form factors. Since the literature lacks exact calculations for the form
factors of the Λb → Λ transition, we will use the results from QCD sum rules approach in
combination with HQET [10, 14], which reduces the number of quite many form factors
into two. The s dependence of these form factors can be represented in the following way

F (q2) =
F (0)

1− aF s+ bF s
2 ,

where parameters Fi(0), a and b are listed in table 1.

F (0) aF bF

F1 0.462 −0.0182 −0.000176

F2 −0.077 −0.0685 0.00146

Table 1: Transition form factors for Λb → Λℓ+ℓ− decay in the QCD sum rules method.

We use the next–to–leading order logarithmic approximation for the resulting values of
the Wilson coefficients Ceff

9 , C7 and C10 in the SM [15, 16] at the renormalization point
µ = mb. It should be noted that, in addition to short distance short distance contribution,
Ceff

9 receives also long distance contributions from the real c̄c resonant states of the J/ψ
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family. In the present work we do not take into account the long distance effects. In order
to perform quantitative analysis of the lepton polarizations the values of the new Wilson
coefficients, which describe the new physics beyond the SM, are needed. In the foregoing
numerical analysis we vary all new Wilson coefficients in the range − |C10| ≤ CX ≤ |C10|.
The experimental bounds on the branching ratio of the B → K∗µ+µ− and Bs → µ+µ− [17]
suggest that this is the right order of magnitude range for the vector and scalar interaction
coefficients. Furthermore we assume that all new Wilson coefficients are real.

Before performing numerical analysis, few words about lepton polarizations are in order.
From explicit expressions of the lepton polarizations one can easily see that they depend
on both s and the new Wilson coefficients. For this reason it may experimentally be
problematic to study their dependence on these variables simultaneously. Therefore we will
eliminate the dependence of the lepton polarization on one of the variables. We choose
to eliminate the variable s by performing integration over s in the allowed kinematical
region, so that lepton polarizations are averaged over. The averaged lepton polarizations
are defined as

〈Pi〉 =

∫ (1−
√
r)2

4m2

ℓ
/m2

Λ
b

Pi
dB
ds
ds

∫ (1−
√
r)2

4m2

ℓ
/m2

Λ
b

dB
ds
ds

. (10)

The dependence of the averaged lepton polarizations
〈

P−
L

〉

,
〈

P−
T

〉

and
〈

P−
N

〉

on the new

Wilson coefficients are shown in Figs (1)–(3). From these figures we obtain the following
results.

•
〈

P−
L

〉

is strongly dependent to the tensor interaction for both µ and τ channels. In
the τ channel it is also sensitive to the scalar interaction with coefficient CLRRL. More
over it is observed that

〈

P−
L

〉

is negative for all values of the new Wilson coefficients

in the µ channel, while it is positive for CT
<∼ −1.7 and CT

>∼ 0.5 for the τ case.

•
〈

P−
T

〉

is strongly dependent to the scalar interaction CLRRL, as well as to the ten-
sor interaction for the µ channel. The τ channel is strongly dependent on the ten-
sor interaction. From Fig. (2a) we see that

〈

P−
T

〉

is negative (positive) for the

µ channel when CLRRL
<∼ −1.5 (CLRRL

>∼ −1.5), CT
>∼ 0.75 (CT

<∼ 0.75) and

CTE
<∼ −0.5 (CLRRL

>∼ −0.5). For τ channel the situation is different and
〈

P−
T

〉

is positive when CT
<∼ −2.6 and CT

>∼ 0.6 and is negative for all other values of the
new Wilson coefficients.

• It follows from Eq. (A.3) that the normal polarization is proportional to the imaginary
parts of the combination of the products of the new Wilson coefficients. However,
since in this work we assume that all new Wilson coefficients are real, the nonzero
value of

〈

P−
N

〉

is due to the imaginary part of the Ceff
9 only. Moreover, since

〈

P−
N

〉

is

proportional to the lepton mass, it is maximum value is around 1% for the µ channel
and therefore we do not present its dependence on the new Wilson coefficients. For
the τ case

〈

P−
N

〉

shows stronger dependence on CLL, CLRRL, as well as on CT . It
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is interesting to note that
〈

P−
N

〉

is positive when CT
<∼ −1.25, cT >∼ 0.7, while it is

negative for all other cases.

Our numerical analysis for the combined lepton, antilepton polarizations leads to the
following results.

•
〈

P−
L + P+

L

〉

is strongly dependent only to the scalar type interactions and quite weakly

on the remaining new Wilson coefficients.
〈

P−
L + P+

L

〉

is positive (negative) when

CRLRL, CLRRL are negative (positive) and CRLLR, CLRLR are positive (negative). The

magnitude of
〈

P−
L + P+

L

〉

for the µ channel varies between −0.15 and 0.15 depending
on the variation of the scalar interaction.

For τ case,
〈

P−
L + P+

L

〉

exhibits strong dependence on the tensor interaction CT

and scalar interactions CLRLR and CLRRL.
〈

P−
L + P+

L

〉

is positive (negative) when

CT
<∼ 0 (CT

>∼ 0) and the sign of the scalar interactions are negative (positive). The

value of
〈

P−
L + P+

L

〉

for this case varies between −0.35 and 0.4 depending on the
variation of the corresponding tensor and scalar interactions. It should be noted that
〈

P−
L + P+

L

〉

= 0 in the SM.

• The situation for the combined
〈

P−
T − P+

T

〉

polarization is as follows. For the µ

channel,
〈

P−
T − P+

T

〉

is strongly dependent on the tensor interactions CT , CTE and

the scalar CLRLR, CLRRL coefficients when CTE
<∼ −0.5, CT

>∼ 0.9, CLRLR
>∼ 2 and

CLRRL
<∼ −2,

〈

P−
T − P+

T

〉

is negative and for all other cases it is positive. The

magnitude of
〈

P−
T − P+

T

〉

varies between the values (−0.2 ÷ 0.45) depending on the
variation of the scalar and tensor interaction coefficients.

When we investigate the τ case,
〈

P−
T − P+

T

〉

is observed to be strongly dependent on

tensor interactions.
〈

P−
T − P+

T

〉

is negative only for CTE
>∼ 1.2, otherwise it is positive.

The magnitude of
〈

P−
T − P+

T

〉

for the τ channel lies in the region (−0.01 ÷ 0.98)
depending on the variation of the tensor interaction coefficient.

• The final analysis we present is the combined
〈

P−
N + P+

N

〉

polarization, which essen-
tially shows dependence only on CT and CTE . Its value ranges between −0.015 and
0.035 depending on the variation of the tensor interactions.

From these analyzes we can conclude that the change in sign and magnitude of both
〈

P−
i

〉

and
〈

P−
i + (−)P+

i

〉

(– sign is for the transversal polarization case) is an indication
of the existence of new physics beyond the SM.

At the and of our analysis, we would like to discuss about the following problem. The
branching ratio of the Λb → Λℓ−ℓ+ decay depends also on the new Wilson coefficients.
Moreover its experimental measurement is easier compared to the case with the lepton po-
larizations. One could ask then what advantage the measurement with lepton polarizations
has, since similar information can be attained from the branching ratio measurement. Ob-
viously, measurement of lepton polarizations are quite useful for establishing new physics
if we can find the parameter space of the new Wilson coefficients in which the decay rate
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agrees with the SM while the lepton polarizations deviate considerably from the SM case.
The intriguing question is whether there exist such a region for the new Wilson coefficients
CX . In order to answer this question we present in Figs. (4)–(8) the correlation between
the branching ratio and the averaged and averaged–combined lepton polarizations for the
Λb → Λℓ−ℓ+ decay. In Fig. (4) we present the correlation in the

(

B,
〈

P−
L

〉)

plane by
varying the coefficients of the scalar, vector and tensor type interactions. Depicted in Fig.
(5) is the correlation in the

(

B,
〈

P−
L + P+

L

〉)

plane by varying the coefficients of the new
scalar, vector and tensor type interactions. In these figures the value of the branching ratio
is restricted to have the values in the region 2× 10−7 ≤ B(Λb → Λτ+τ−) ≤ 5× 10−7 which
is quite close to the SM prediction.

We observe from these figures that, indeed there exist regions for the new Wilson coeffi-
cients for which

〈

P−
L

〉

and
〈

P−
L + P+

L

〉

show considerable departure from the SM prediction,
while branching ratio coincide with the SM result.

Our numerical results show that the case for the transversal, normal and the combined
polarizations

〈

P−
T − P+

T

〉

and
〈

P−
N + P+

N

〉

, one can find similar regions of the new Wilson
coefficients with branching ratios coinciding with the SM results while lepton polarizations
differing considerably (see Figs. (7),(8)).

In conclusion, we present the most general analysis of the lepton polarizations in the
exclusive Λb → Λℓ−ℓ+ decay, using the general, model independent form of the effective
Hamiltonian. The sensitivity of the longitudinal, transversal and normal polarizations of
ℓ−, as well as lepton–antilepton combined asymmetries on the new Wilson coefficients, are
studied. We find out that there exist regions in the parameter space of the new Wilson
coefficients, in which branching ratios coincide with the SM results while lepton polariza-
tions differ considerably. A thorough study of the lepton polarizations in this region of the
parameter space of the new Wilson coefficients can establish new physics beyond the SM.
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Appendix A : Lepton polarizations

In this appendix we present the explicit form of the expressions for the longitudinal
PL, transversal PT and normal PN lepton polarizations. The –(+) sign in these formulas
corresponds to the particle (antiparticle), respectively.

P∓
L =

256

3
λmℓm

5
Λb
v(1 +

√
r) Re[(A1 +B1)

∗CTEf
S
T ± (D1 + E1)

∗CTf
S
T ]

+ 32mℓm
3
Λb
v(1 +

√
r)[s− (1−

√
r)2] Re[(D1 − E1)

∗H1]

− 32mℓm
3
Λb
v(1−

√
r)[s− (1 +

√
r)2] Re[(D1 + E1)

∗F1]

+
512

3
λm6

Λb
sv
(

8Re[C∗
TCTE] Re[f

∗
Tf

S
T ]−mℓ Re[(A2 +B2)

∗CTEf
S
T ± (D2 + E2)

∗CTf
S
T ]
)

− 4096

3
λm7

Λb
sv(1 +

√
r) Re[C∗

TCTE] Re[f
S∗
T fV

T ]

± 64m4
Λb
sv
√
r
(

2Re[A∗
1E1 +B∗

1D1]−mΛb
(1− r + s) Re[A∗

1D2 + A∗
2D1]

)

∓ 64m5
Λb

√
r(1− r + s)svRe[B∗

1E2 +B∗
2E1]

− 512m5
Λb
sv(1 +

√
r)[s− (1−

√
r)2]

(

8Re[C∗
TCTE] Re[f

∗
T f

V
T ]

− mℓ Re[(A2 +B2)
∗CTEf

V
T ± (D2 + E2)

∗CTf
V
T ]
)

+
2048

3
λm8

Λb
sv[s− (1 +

√
r)2]

∣

∣

∣fS
T

∣

∣

∣

2
Re[C∗

TCTE]

± 128m6
Λb
s2v

√
rRe[A∗

2E2 +B∗
2D2]

− 16m4
Λb
sv[s− (1 +

√
r)2] Re[F ∗

1F2 + 2mℓ(D3 + E3)
∗F1]

− 16m4
Λb
sv[s− (1−

√
r)2] Re[H∗

1H2 + 2mℓ(D3 −E3)
∗H1] (A.1)

± 64m5
Λb
sv(1− r − s) Re[A∗

1E2 + A∗
2E1 +B∗

1D2 +B∗
2D1]

∓ 64

3
m4

Λb
v[1 + r2 + r(s− 2) + s(1− 2s)] Re[A∗

1D1 +B∗
1E1]

+
512

3
m4

Λb
v[(1− r)2 + (1− 6

√
r + r)s− 2s2]

(

mℓ Re[(A1 +B1)
∗CTEf

V
T ± (D1 + E1)

∗CTf
V
T ]

− 4m2
Λb
s
∣

∣

∣fV
T

∣

∣

∣

2
Re[C∗

TCTE ]
)

− 4096

3
m4

Λb
v[2(1− r)2 − (1 + r)s− s2] |fT |2 Re[C∗

TCTE]

+
256

3
mℓm

4
Λb
v
{

(1 + 2
√
r + r − s)(2− 4

√
r + 2r + s) Re[(B2 −A2)

∗CTfT ]

+ 2(1− 2
√
r + r − s)(2 + 4

√
r + 2r + s) Re[(B2 + A2)

∗CTEfT ]
}

± 512

3
mℓm

4
Λb
v
{

(1− 2
√
r + r − s)(2 + 4

√
r + 2r + s) Re[(D2 + E2)

∗CTfT ]

− 2(1 + 2
√
r + r − s)(2− 4

√
r + 2r + s) Re[(D2 −E2)

∗CTEfT ]
}

∓ 64

3
m6

Λb
sv[2 + r(2r − 4− s)− s(1 + s)] Re[A∗

2D2 +B∗
2E2]
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∓ 512mℓm
3
Λb
v
{

(1 +
√
r)(1− 2

√
r + r − s) Re[(D1 + E1)

∗CTfT ]

+ 2(1−
√
r)(1 + 2

√
r + r − s) Re[(D1 − E1)

∗CTEfT ]
}

+ 256mℓm
3
Λb
v
{

(1−
√
r)(1 + 2

√
r + r − s) Re[(B1 − A1)

∗CTfT ]

− 2(1 +
√
r)(1− 2

√
r + r − s) Re[(B1 + A1)

∗CTEfT ]
}

,

P∓
T = −16πmℓm

3
Λb

√
sλ
(

|A1|2 − |B1|2
)

∓ 64πmℓm
3
Λb

√
sλRe[(CTF

∗
2 − 2CTEH

∗
2 )fT ]

± 128πm2
ℓm

3
Λb

√
sλRe[2(D3 − E3)

∗CTEfT − (D3 + E3)
∗CTfT ]

+ 32πmℓm
4
Λb

√
sλRe[A∗

1B2 − A∗
2B1]

∓ 16πmℓm
4
Λb

√
sλRe[A∗

1E3 − A∗
2E1 +B∗

1D3 − B∗
2D1]

+ 4πm4
Λb

√
sλ(1−

√
r)
(

± Re[(A1 − B1)
∗H2] + 512mℓRe[CTC

∗
TEf

∗
Tf

V
T ]
)

∓ 4πm4
Λb

√
sλ(1 +

√
r)
(

Re[(A1 +B1)
∗F2]− 16mℓ Re[CTF

∗
2 f

V
T ]

− 32m2
ℓ Re[(D3 + E3)

∗CTf
V
T ]
)

+ 16πmℓm
5
Λb

√
sλ(1− r)

(

|A2|2 − |B2|2
)

+ 16πmℓm
4
Λb

√
rsλRe[2A∗

1A2 − 2B∗
1B2 ∓ A∗

1D3 ∓A∗
2D1 ∓B∗

1E3 ∓B∗
2E1]

− 16πmℓm
3
Λb

√

λ

s
(1− r)

(

± Re[A∗
1D1 +B∗

1E1] + 128 |fT |2 Re[C∗
TCTE ]

)

(A.2)

± 4πm5
Λb
s
√
sλ
(

Re[(A2 +B2)
∗F2 + (A2 − B2)

∗H2] + 4mℓRe[A
∗
2D3 +B∗

2E3]
)

± 128πm2
ℓm

4
Λb

√

λ

s
(1−

√
r)[(1 +

√
r)2 − s] Re[(D1 + E1)

∗CTf
S
T ]

± 64πmℓm
5
Λb

√
sλ[(1 +

√
r)2 − s]

(

Re[F ∗
2CTf

S
T ] + 2mℓ Re[(D3 + E3)

∗CTf
S
T ]
)

∓ 32πm4
Λb

√
sλ(1− 2v2)

{

(1−
√
r) Re[(D1 + E1)

∗CTfT ]

+ 2(1 +
√
r) Re[(D1 − E1)

∗CTEfT ]
}

− 32πm4
Λb

√
sλ(2− v2)

{

(1 +
√
r) Re[(A1 − B1)

∗CTfT ]

+ 2(1−
√
r) Re[(A1 +B1)

∗CTEfT ]
}

+ 32πm5
Λb
s
√
sλ(2− v2)

(

Re[(A1 −B1)
∗CTf

V
T ] +mΛb

(1−
√
r) Re[(A2 − B2)

∗CTf
V
T ]
)

− 32πm5
Λb

√
sλ(1− r)(2− v2)

(

Re[(A2 −B2)
∗CTfT ]− 2Re[(A2 +B2)

∗CTEfT ]
)

+ 4πm4
Λb

√
sλv2

{

(1−
√
r) Re[(D1 −E1)

∗H1]− (1 +
√
r) Re[(D1 + E1)

∗F1]
}

∓ 32πm5
Λb

√
sλ(1− r)v2

(

Re[(D2 + E2)
∗CTfT ]− 2Re[(D2 − E2)

∗CTEfT ]
)

+ 4πm5
Λb
s
√
sλv2

(

Re[(D2 + E2)
∗F1] + Re[(D2 −E2)

∗H1]
)

∓ 64πm6
Λb
s
√
sλ(1−

√
r)v2Re[(D2 − E2)

∗CTEf
V
T ]
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± 64πm3
Λb

√

λ

s

{

2m2
ℓ(1− r) Re[(D1 + E1)

∗CTf
V
T ]−m2

Λb
s2v2Re[(D1 − E1)

∗CTEf
V
T ]
}

,

P∓
N = ±16πmℓm

3
Λb
v
√
sλ
(

Im[A∗
1D1 − B∗

1E1] + 4 Im[F ∗
1CTfT ]− 8 Im[H∗

1CTEfT ]
)

+ 16πmℓm
4
Λb
v
√
sλ
(

± Im[B∗
1D2 −A∗

1E2] + Im[(±A2 +D2 +D3)
∗E1]

− Im[(±B2 − E2 − E3)
∗D1]

)

+ 32πm4
Λb
v
√
sλ
(

Im[B∗
1(CT − 2CTE)fT ]−

√
r Im[B∗

1(CT + 2CTE)fT ]
)

+ 4πm4
Λb
v
√
sλ
{

(1−
√
r) Im[±(A1 − B1)

∗H1 + (D1 −E1)
∗H2]

− (1 +
√
r) Im[±(A1 +B1)

∗F1 + (D1 + E1)
∗F2]

− 128mℓ(1−
√
r)
(

4 |CTE |2 − |CT |2
)

Im[f ∗
T f

V
T ]
}

∓ 64πmℓm
4
Λb
v
√
sλ(1 +

√
r) Im[F ∗

1CTf
V
T ]

+ 32πm4
Λb
v
√
sλ
(

Im[(A1 ∓D1 ±
√
rE1)

∗(CT + 2CTE)fT ] (A.3)

− Im[(
√
rA1 ±

√
rD1 ∓ E1)

∗(CT − 2CTE)fT ]
)

− 32πm5
Λb
v
√
sλ(1− r)

(

Im[(A2 ±D2)
∗(CT − 2CTE)fT ] + Im[(B2 ∓E2)

∗(CT + 2CTE)fT ]
)

∓ 16πmℓm
4
Λb
v
√
sλ
(

mΛb
(1− r) Im[A∗

2D2 − B∗
2E2] +

√
r Im[A∗

1D2 + A∗
2D1]

)

+ 16πmℓm
4
Λb
v
√
rsλ Im[D∗

1(D2 −D3)− E∗
2(±B1 + E1)− E∗

1(±B2 + E3)]

+ 4πm5
Λb
vs
√
sλ Im[±(A2 +B2)

∗F1 + (D2 + E2)
∗F2]

− 32πm5
Λb
vs
√
sλ Im[2(A1 −B1)

∗CTEf
V
T ∓ (D1 −E1)

∗CTf
V
T ]

+ 4πm5
Λb
vs
√
sλ
(

Im[±(A2 −B2)
∗H1 + (D2 − E2)

∗H2] + 4mℓ Im[D∗
2D3 + E∗

2E3]
)

− 32πm6
Λb
vs
√
sλ(1−

√
r)
(

Im[2(A2 − B2)
∗CTEf

V
T ∓ (D2 −E2)

∗CTf
V
T ]

∓ 64πmℓm
5
Λb
v
√
sλ[(1 +

√
r)2 − s] Im[F ∗

1CTf
S
T ] ,
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[13] T. M. Aliev, M. K. Çakmak, M. Savcı, Nucl. Phys. B607 (2001) 305.

[14] C.–S. Huang, H.–G. Yan, Phys. Rev. D59 (1999) 114022.

[15] C. Bobeth, M. Misiak, and J. Urban, Nucl. Phys. B574 (2000) 291.

[16] H. H. Asatrian, H. M. Asatrian, C. Greub, and M. Walker, Phys. Lett. B507 (2001)
162.

[17] CDF Collaboration, T. Affolder at. al, Phys. Rev. Lett. 83 (1999) 3378;
CLEO Collaboration, Yongsheng Gao, prep. hep–ex/0108005 (2001).

11

http://arxiv.org/abs/hep--ph/0202120
http://arxiv.org/abs/hep--ex/0108005


Figure captions

Fig. (1) The dependence of the averaged longitudinal lepton polarization
〈

P−
L

〉

on the

new Wilson coefficients for the Λb → Λℓ+ℓ−, (ℓ = µ, τ) decay.

Fig. (2) The same as in Fig. (1), but for the averaged transversal lepton polarization
〈

P−
T

〉

.

Fig. (3) The dependence of the averaged normal lepton polarization
〈

P−
N

〉

on the new

Wilson coefficients for the Λb → Λτ+τ− decay.

Fig. (4) Parametric plot of the correlation between the branching ratio B (in units of

10−7) and the averaged longitudinal polarization
〈

P−
L

〉

as a function of the new Wilson

coefficients for the Λb → Λτ+τ− decay.

Fig. (5) The same as in Fig. (4), but for the combined averaged longitudinal lepton

polarization
〈

P−
L + P+

L

〉

.

Fig. (6) The same as in Fig. (4), but for the averaged transversal lepton polarization
〈

P−
T

〉

.

Fig. (7) The same as in Fig. (4), but for the combined averaged transversal lepton

polarization
〈

P−
T − P+

T

〉

.

Fig. (8) The same as in Fig. (4), but for the combined averaged normal lepton po-

larization
〈

P−
N + P+

N

〉

.
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