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Abstract. Double-lepton polarization asymmetries in Λb → Λ�+�− decay are calculated using a general,
model independent form of the effective Hamiltonian. The sensitivities of these asymmetries to the new
Wilson coefficients are studied in detail. Furthermore, the correlations between averaged double-lepton
polarization asymmetry and branching ratio are analyzed. It is shown that there exist certain regions of the
new Wilson coefficients where new physics can be established by measuring the double-lepton polarization
asymmetries only.
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1 Introduction

Rare B-decays induced by the flavor-changing neutral cur-
rent (FCNC) b → s(d)�+�− have received a lot of theo-
retical interest [1]. These transitions provide an important
consistency check of the standard model (SM) at loop level,
sinceFCNCtransitions are forbidden in theSMat tree level.
These decays induced by the FCNC are very sensitive to
the new physics beyond the SM. New physics appears in
rare decays through the Wilson coefficients which can take
values different from their SM counterpart or through the
new operator structures in an effective Hamiltonian.

Among the hadronic, leptonic and semileptonic decays,
the last decay channels are very significant, since they are
theoretically more or less clean, and they have a relatively
larger branching ratio. The semileptonic decay channels are
described by the b → s(d)�+�− transition and they contain
many observables like forward–backward asymmetry AFB,
lepton polarization asymmetries, etc. The existence of these
observables is very useful and can serve as a testing ground
for the standard model (SM) and for looking for new physics
beyond the SM. For this reason, many processes, like B →
π(ρ)�+�− [2], B → �+�−γ [3], B → K�+�− [4] and B →
K∗�+�− [5–12] have been studied comprehensively.

Recently,BELLEandBaBarCollaborations announced
the following results for the branching ratios of the B →
K∗�+�− and B → K�+�− decays:

B(B → K∗�+�−)

=

{(
11.5+2.6

−2.4 ± 0.8 ± 0.2
)

× 10−7 [13] ,(
0.88+0.33

−0.29

)
× 10−6 [14] ,
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B(B → K�+�−)

=

{(
4.8+1.0

−0.9 ± 0.3 ± 0.1
)

× 10−7 [13] ,(
0.65+0.14

−0.13 ± 0.04
)

× 10−6 [14] .

Another exclusive decay which is described at the inclu-
sive level by the b → s�+�− transition is the baryonic
Λb → Λ�+�− decay. Unlike mesonic decays, the baryonic
decays could maintain the helicity structure of the effective
Hamiltonian for the b → s transition [15].

Many experimentally measurable quantities such as the
branching ratio [16], Λ polarization and single-lepton po-
larization have already been studied in [17,18], respectively.
The analysis of such quantities can be useful for a more
precise determination of the SM parameters and looking
for new physics beyond the SM. It has been pointed out
in [19] that some of the single-lepton polarization asym-
metries may be too small to be observed and hence may
not provide a sufficient number of observables in checking
the structure of the effective Hamiltonian. In need of more
observables, London et al. [19] take into account the po-
larizations of both leptons, which are simultaneously mea-
sured, and construct a maximum number of independent
observables. It should be noted that the forward–backward
asymmetries due to the double-lepton polarizations in the
Λb → Λ�+�− decay are investigated in [20].

In the present work we analyze the possibility of search-
ing for new physics in the baryonic Λb → Λ�+�− decay by
studying the double-lepton polarization asymmetries, us-
ing a general form of the effective Hamiltonian, including
all possible forms of interactions. Note that the depen-
dence of the polarized forward–backward asymmetry on
the new Wilson coefficients for the meson → meson transi-
tion has been investigated in [11,20]. In the same manner,
an analogous analysis can be carried out to investigate the
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sensitivity of the double-lepton polarization asymmetries
to the new Wilson coefficients, in the case of the baryon
→ baryon transition.

This paper is organized as follows. In Sect. 2, using the
general, model independent form of the effective Hamilto-
nian, thematrix element for theΛb → Λ�+�− is obtained. In
Sect. 3 we calculate the double-lepton polarization asym-
metries. Section 4 is devoted to the numerical analysis,
discussions and conclusions.

2 Matrix element for the Λb → Λ�+�− decay

In this section we derive the matrix element for the Λb →
Λ�+�− decay using the general, model independent form of
the effective Hamiltonian. At the quark level, the matrix
element of the Λb → Λ�+�− decay is described by the
b → s�+�− transition. The effective Hamiltonian for the
b → s�+�− transition can be written in terms of twelve
model independent four-Fermi interactions as [6]

M =
Gα√
2π

VtbV
∗
ts (1)

×
{

CSLs̄Riσµν
qν

q2 bL�̄γµ� + CBRs̄Liσµν
qν

q2 bR�̄γµ�

+ Ctot
LLs̄LγµbL�̄Lγµ�L + Ctot

LRs̄LγµbL�̄Rγµ�R

+ CRLs̄RγµbR�̄Lγµ�L + CRRs̄RγµbR�̄Rγµ�R

+ CLRLRs̄LbR�̄L�R + CRLLRs̄RbL�̄L�R

+ CLRRLs̄LbR�̄R�L + CRLRLs̄RbL�̄R�L

+ CT s̄σµνb�̄σµν� + iCTEεµναβ s̄σµνb�̄σαβ�

}
,

where q = PΛb
− PΛ = p1 + p2 is the momentum transfer

and CX are the coefficients of the four-Fermi interactions,
L = (1 − γ5)/2 and R = (1 + γ5)/2. The terms with coef-
ficients CSL and CBR describe the penguin contributions,
which correspond to −2msC

eff
7 and −2mbC

eff
7 in the SM,

respectively. The next four terms in (1) with coefficients
Ctot

LL, Ctot
LR, CRL and CRR describe vector type interactions,

two (Ctot
LL and Ctot

LR) of which contain SM contributions in
the form Ceff

9 −C10 and Ceff
9 −C10, respectively. Thus, Ctot

LL
and Ctot

LR can be written as

Ctot
LL = Ceff

9 − C10 + CLL ,

Ctot
LR = Ceff

9 + C10 + CLR , (2)

where CLL and CLR describe the contributions of new
physics. Additionally, (1) contains four scalar type inter-
actions (CLRLR, CRLLR, CLRRL and CRLRL), and two
tensor type interactions (CT and CTE).

The amplitude of the exclusive Λb → Λ�+�− decay is
obtained by calculating the matrix element of Heff for the
b → s�+�− transitionbetween initial andfinal baryon states
〈Λ |Heff |Λb〉. It follows from (1) that the matrix elements

〈Λ |s̄γµ(1 ∓ γ5)b|Λb〉 ,

〈Λ |s̄σµν(1 ∓ γ5)b|Λb〉 ,

〈Λ |s̄(1 ∓ γ5)b|Λb〉

are needed in order to calculate the Λb → Λ�+�− decay am-
plitude.

These matrix elements parametrized in terms of the
form factors are as follows [17,21]:

〈Λ |s̄γµb|Λb〉 = ūΛ[f1γµ + if2σµνqν + f3qµ]uΛb
, (3)

〈Λ |s̄γµγ5b|Λb〉 = ūΛ[g1γµγ5 + ig2σµνγ5q
ν + g3qµγ5]uΛb

,
(4)

〈Λ |s̄σµνb|Λb〉 = ūΛ

[
fT σµν − ifV

T (γµqν − γνqµ)

−ifS
T (Pµqν − Pνqµ)

]
uΛb

, (5)

〈Λ |s̄σµνγ5b|Λb〉 = ūΛ

[
gT σµν − igV

T (γµqν − γνqµ)

− igS
T (Pµqν − Pνqµ)

]
γ5uΛb

, (6)

where P = pΛb
+ pΛ and q = pΛb

− pΛ.
The form factors of the magnetic dipole operators are

defined as

〈Λ |s̄iσµνqνb|Λb〉

= ūΛ

[
fT
1 γµ + ifT

2 σµνqν + fT
3 qµ

]
uΛb

,

〈Λ |s̄iσµνγ5q
νb|Λb〉

= ūΛ

[
gT
1 γµγ5 + igT

2 σµνγ5q
ν + gT

3 qµγ5
]
uΛb

. (7)

Using the identity

σµνγ5 = − i
2

εµναβσαβ ,

and (5), the last expression in (7) can be written as

〈Λ |s̄iσµνγ5q
νb|Λb〉 = ūΛ [fT iσµνγ5q

ν ] uΛb
.

Multiplying (5) and (6) by iqν and comparing with (7),
one can easily obtain the following relations between the
form factors:

fT
2 = fT + fS

T q2 ,

fT
1 =

[
fV

T + fS
T (mΛb

+ mΛ)
]
q2 = − q2

mΛb
− mΛ

fT
3 ,

gT
2 = gT + gS

T q2 , (8)

gT
1 =

[
gV

T − gS
T (mΛb

− mΛ)
]
q2 =

q2

mΛb
+ mΛ

gT
3 .

The matrix element of the scalar s̄b and pseudoscalar
s̄γ5b operators can be obtained from (3) and (4) by multi-
plying both sides to qµ and using the equation of motion.
Neglecting the mass of the strange quark, we get

〈Λ |s̄b|Λb〉 =
1

mb
ūΛ

[
f1 (mΛb

− mΛ) + f3q
2]uΛb

, (9)

〈Λ |s̄γ5b|Λb〉 =
1

mb
ūΛ

[
g1 (mΛb

+ mΛ) γ5 − g3q
2γ5
]
uΛb

.

(10)
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Using these definitions of the form factors, for thematrix
element of the Λb → Λ�+�− we get [17,18]

M =
Gα

4
√

2π
×VtbV

∗
ts

{
�̄γµ� ūΛ [A1γµ(1 + γ5) + B1γµ(1 − γ5)

+iσµνqν [A2(1 + γ5) + B2(1 − γ5)]

+ qµ [A3(1 + γ5) + B3(1 − γ5)]]uΛb

+�̄γµγ5� ūΛ [D1γµ(1 + γ5) + E1γµ(1 − γ5)

+iσµνqν [D2(1 + γ5) + E2(1 − γ5)]

+ qµ [D3(1 + γ5) + E3(1 − γ5)]]uΛb

+�̄� ūΛ (N1 + H1γ5) uΛb
+ �̄γ5� ūΛ (N2 + H2γ5) uΛb

+4CT �̄σµν� ūΛ

[
fT σµν − ifV

T (qνγµ − qµγν)

− ifS
T (Pµqν − Pνqµ)

]
uΛb

+4CTEεµναβ �̄σαβ� iūΛ

[
fT σµν − ifV

T (qνγµ − qµγν)

− ifS
T (Pµqν − Pνqµ)

]
uΛb

}
, (11)

where the explicit forms of the functions Ai, Bi, Di, Ei, Hj

and Nj (i = 1, 2, 3 and j = 1, 2) can be written as [17]

A1 =
1
q2

(
fT
1 − gT

1
)
CSL +

1
q2

(
fT
1 + gT

1
)
CBR

+
1
2

(f1 − g1)
(
Ctot

LL + Ctot
LR

)
+

1
2

(f1 + g1) (CRL + CRR) ,

A2 = A1 (1 → 2) ,

A3 = A1 (1 → 3) ,

B1 = A1
(
g1 → −g1; gT

1 → −gT
1
)

,

B2 = B1 (1 → 2) ,

B3 = B1 (1 → 3) ,

D1 =
1
2

(CRR − CRL) (f1 + g1)

+
1
2
(
Ctot

LR − Ctot
LL

)
(f1 − g1) ,

D2 = D1 (1 → 2) , (12)

D3 = D1 (1 → 3) ,

E1 = D1 (g1 → −g1) ,

E2 = E1 (1 → 2) ,

E3 = E1 (1 → 3) ,

N1 =
1

mb

(
f1 (mΛb

− mΛ) + f3q
2)

× (CLRLR + CRLLR + CLRRL + CRLRL) ,

N2 = N1 (CLRRL → −CLRRL; CRLRL → −CRLRL) ,

H1 =
1

mb

(
g1 (mΛb

+ mΛ) − g3q
2)

× (CLRLR − CRLLR + CLRRL − CRLRL) ,

H2 = H1 (CLRRL → −CLRRL; CRLRL → −CRLRL) .

From these expressions it follows that Λb → Λ�+�−
decay is described in terms of many form factors. It is shown
in [22] that HQET reduces the number of independent form
factors to two (F1 and F2) irrelevant of the Dirac structure
of the corresponding operators, i.e.,

〈Λ(pΛ) |s̄Γ b|Λ(pΛb
)〉 = ūΛ

[
F1(q2)+ �vF2(q2)

]
ΓuΛb

,
(13)

where Γ is an arbitrary Dirac structure and vµ = pµ
Λb

/mΛb

is the four-velocity of Λb. Comparing the general form of
the form factors given in (3)–(10) with (13), one can easily
obtain the following relations among them (see also [17,
18,21]):

g1 = f1 = fT
2 = gT

2 = F1 +
√

r̂ΛF2 ,

g2 = f2 = g3 = f3 = gV
T = fV

T =
F2

mΛb

,

gS
T = fS

T = 0 ,

gT
1 = fT

1 =
F2

mΛb

q2 ,

gT
3 =

F2

mΛb

(mΛb
+ mΛ) ,

fT
3 = − F2

mΛb

(mΛb
− mΛ) , (14)

where r̂Λ = m2
Λ/m2

Λb
.

From (11), we get for the unpolarized decay width(
dΓ

dŝ

)
0

=
G2α2

8192π5 |VtbV
∗
ts|

2
λ1/2(1, r̂Λ, ŝ)

×v

[
T0(ŝ) +

1
3

T2(ŝ)
]

, (15)

where λ(1, r̂Λ, ŝ) = 1 + r̂2
Λ + ŝ2 − 2r̂Λ − 2ŝ − 2r̂Λŝ is the

triangle function, ŝ = q2/m2
Λb

and v =
√

1 − 4m̂2
�/ŝ is

the lepton velocity, with m̂� = m�/mΛb
. The explicit ex-

pressions for T0 and T2 can be found in [18]. In the next
section, we present the expressions for the double-lepton
polarization asymmetries.

3 Double-lepton polarization asymmetries
in the Λb → Λ�+�− decay

In the present section we calculate the double-lepton polar-
ization asymmetries, i.e., when polarizations of both lep-
tons are considered. In order to calculate the double-lepton
polarization asymmetries, we define the following orthogo-
nal unit vectors s±µ

i in the rest frame of �± (i = L, T or N ,
stand for longitudinal, transversal or normal polarizations,
respectively):

s−µ
L =

(
0, e−

L

)
=
(

0,
p−
|p−|

)
,
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s−µ
N =

(
0, e−

N

)
=
(

0,
pΛ × p−
|pΛ × p−|

)
,

s−µ
T =

(
0, e−

T

)
=
(
0, e−

N × e−
L

)
,

s+µ
L =

(
0, e+

L

)
=
(

0,
p+

|p+|

)
,

s+µ
N =

(
0, e+

N

)
=
(

0,
pΛ × p+

|pΛ × p+|

)
,

s+µ
T =

(
0, e+

T

)
=
(
0, e+

N × e+
L

)
, (16)

where p∓ and pΛ are the three-momenta of the leptons �∓
and Λ baryon in the center of mass frame (CM) of �− �+

system, respectively. Transformation of unit vectors from
the rest frame of the leptons to CM frame of leptons can
be accomplished by the Lorentz boost. Boosting of the
longitudinal unit vectors s±µ

L yields

(
s∓µ

L

)
CM =

(
|p∓|
m�

,
E�p∓

m� |p∓|

)
, (17)

where p+ = −p−, E� and m� are the energy and mass of
leptons in the CM frame, respectively. The remaining two
unit vectors s±µ

N , s±µ
T are unchanged under a Lorentz boost.

Having obtained the above expressions, we now define
the double-polarization asymmetries as follows [19]:

Pij(q2)

=

{(
dΓ (s−

i , s+
j )

dq2 −
dΓ (−s−

i , s+
j )

dq2

)

−
(

dΓ (s−
i ,−s+

j )
dq2 −

dΓ (−s−
i ,−s+

j )
dq2

)}
/ {(

dΓ (s−
i , s+

j )
dq2 +

dΓ (−s−
i , s+

j )
dq2

)
(18)

+

(
dΓ (s−

i ,−s+
j )

dq2 +
dΓ (−s−

i ,−s+
j )

dq2

)}
,

where the first subindex i represents a lepton and the second
one an antilepton. Using this definition of Pij , nine double-
lepton polarization asymmetries are calculated. Their ex-
pressions are

PLL =
8m4

Λb

3∆
Re
{

32m2
Λb

m̂�λ
(
1 +

√
r̂Λ

)
(A1 + B1)C∗

T fS∗
T

−12
(
1 +

√
r̂Λ

)(
1 − 2

√
r̂Λ + r̂Λ − ŝ

)
× {m̂�(D1 − E1)H∗

2

+8m2
Λb

m̂�ŝ(A2 + B2)CT fV ∗
T + 32mΛb

ŝ

×
[
|CT |2 (2v2 − 1) + 4v2 |CTE |2

]
fT fV ∗

T

}
+12m̂�

(
1 −

√
r̂Λ

)(
1 + 2

√
r̂Λ + r̂Λ − ŝ

)
×(D1 + E1)F ∗

2

−32m3
Λb

m̂�λŝ(A2 + B2)C∗
T fS∗

T

+3ŝ
(
1 + 2

√
r̂Λ + r̂Λ − ŝ

)
×
[
v2 |F1|2 + |F2|2 + 4mΛb

m̂�(D3 + E3)F ∗
2

]
−12mΛb

√
r̂Λ(1 − r̂Λ + ŝ)

×
[
ŝ(1 + v2)(A1A

∗
2 + B1B

∗
2) − 4m̂2

�(D1D
∗
3 + E1E

∗
3 )
]

+3ŝ
(
1 − 2

√
r̂Λ + r̂Λ − ŝ

)
×
[
4mΛb

m̂�(D3 − E3)H∗
2 + v2 |H1|2 + |H2|2

]
+12mΛb

(1 − r̂Λ − ŝ)

×
[
ŝ(1 + v2)(A1B

∗
2 + A2B

∗
1) + 4m̂2

�(D1E
∗
3 + D3E

∗
1 )
]

+24
√

r̂Λŝ(1 + v2)
(
A1B

∗
1 + D1E

∗
1 + m2

Λb
ŝA2B

∗
2
)

+24m2
Λb

m̂2
� ŝ(1 + r̂Λ − ŝ)

(
|D3|2 + |E∗

3 |2
)

+16mΛb

[
(1 − r̂Λ)2 + ŝ

(
1 − 6

√
r̂Λ + r̂Λ

)
− 2ŝ2

]
×
[
2m̂�(A1 + B1)C∗

T fV ∗
T

−32mΛb
m̂2

�

(
|CT |2 + 2 |CTE |2

) ∣∣fV ∗
T

∣∣2
+4mΛb

ŝ
(

|CT |2 + 4 |CTE |2
) ∣∣fV ∗

T

∣∣2 ]
−2(1 + v2)

[
1 + r̂2

Λ − r̂Λ(2 − ŝ) + ŝ(1 − 2ŝ)
]

×
(
|A1|2 + |B1|2

)
−2
[
(5v2 − 3)(1 − r̂Λ)2 + 4m̂2

�(1 + r̂Λ)

+ 2ŝ(1 + 8m̂2
� + r̂Λ) − 4ŝ2] (|D1|2 + |E1|2

)
−2m2

Λb
(1 + v2)ŝ

[
2 + 2r̂2

Λ − ŝ(1 + ŝ) − r̂Λ(4 + ŝ)
]

×
(
|A2|2 + |B2|2

)
+64m3

Λb
λŝ

×
[
2
(
1 +

√
r̂Λ

)
fS

T fV ∗
T

+ mΛb

(
1 + 2

√
r̂Λ + r̂Λ − ŝ

) ∣∣fS
T

∣∣2]
×
[
(2v2 − 1) |CT |2 + 4v2 |CTE |2

]
−4m2

Λb
ŝv2 [2(1 + r̂2

Λ) − ŝ(1 + ŝ) − r̂Λ(4 + ŝ)
]

×
(
|D2|2 + |E2|2

)
+24mΛb

ŝ(1 − r̂Λ − ŝ)v2 (D1E
∗
2 + D2E

∗
1 )

−24mΛb

√
r̂Λŝ(1 − r̂Λ + ŝ)v2 (D1D

∗
2 + E1E

∗
2 )

+48m2
Λb

√
r̂Λŝ

(
ŝv2D2E

∗
2 + 2m̂2

�D3E
∗
3
)

−128m2
Λb

λŝ
[
(2v2 − 1) |CT |2 + 4v2 |CTE |2

]
fT fS∗

T

+32mΛb
m̂�

{[
2(1 − r̂Λ)2 − ŝ(1 + r̂Λ) − ŝ2]
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×(CT − 2CTE) − 6
√

r̂Λŝ

× (CT + 2CTE)} A∗
2fT

+32mΛb
m̂�

{[
2(1 − r̂Λ)2 − ŝ(1 + r̂Λ) − ŝ2]

×(CT + 2CTE) − 6
√

r̂Λŝ

× (CT − 2CTE)} B∗
2fT

−96m̂�

[(
1 +

√
r̂Λ

)(
1 − 2

√
r̂Λ + r̂Λ − ŝ

)
CT

+ 2
(
1 −

√
r̂Λ

)(
1 + 2

√
r̂Λ + r̂Λ − ŝ

)
CTE

]
A∗

1fT

−96m̂�

[(
1 +

√
r̂Λ

)(
1 − 2

√
r̂Λ + r̂Λ − ŝ

)
CT

− 2
(
1 −

√
r̂Λ

)(
1 + 2

√
r̂Λ + r̂Λ − ŝ

)
CTE

]
B∗

1fT

+128
[
(3v2 − 1)(1 − r̂Λ)2

+ 6m̂2
�

(
1 + 2

√
r̂Λ + r̂Λ + ŝ

)
− ŝ(1 + r̂Λ + ŝ)

]
× |CT |2 |fT |2

+512
[
(3v2 − 1)(1 − r̂Λ)2
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� ŝ [(D3 + E3)C∗

T f∗
T − 2(D3 − E3)C∗

TEf∗
T ]

+ŝ
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)
×
{
8Re

[
fT fV ∗

T

]
CT C∗

TE − mΛb
m̂�(A2 + B2)C∗

TEfV ∗
T

}
−ŝ
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)
(D1 + E1)F ∗

1

+32m3
Λb
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ŝ
∣∣fV

T

∣∣2 CT C∗
TE − m̂�(A1 + B1)C∗

TEfV ∗
T

]
−1536

√
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[
CT − 2CTE −

√
r̂Λ(CT + 2CTE)

]}
B∗

1fT

−16mΛb
m̂�

{
2(1 − r̂Λ)2(CT − 2CTE)

−ŝ
[(

1 − 6
√

r̂Λ + r̂Λ

)
CT − 2

(
1 + 6

√
r̂Λ + r̂Λ

)
CTE

]
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∗
3 + E1E

∗
3 )
]

+48mΛb
m̂2
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λŝ + 2m̂2

�(1 + r̂2
Λ − 2r̂Λ + r̂Λŝ + ŝ − 2ŝ2)
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m̂�(D3 − E3)H∗
2 + |H2|2

]
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+96m2
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m̂2
�

√
r̂Λŝ2(A2B

∗
2 + D3E

∗
3 )

+64m2
Λb

λŝ2
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(3 − 2v2) |CT |2 − 4v2 |CTE |2
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2fT fS∗
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(
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r̂Λ

)
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T fV ∗
T
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) ∣∣fS
T

∣∣2]}
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√

r̂Λ + r̂Λ − ŝ
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(
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]
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√
r̂Λ

)(
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r̂Λ + r̂Λ − ŝ

)
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1fT CT

+ 2
(
1 −

√
r̂Λ

)(
1 + 2

√
r̂Λ + r̂Λ − ŝ

)
A∗

1fT CTE

]
−96m̂�ŝ

[(
1 +

√
r̂Λ

)(
1 − 2

√
r̂Λ + r̂Λ − ŝ

)
B∗

1fT CT

− 2
(
1 −

√
r̂Λ

)(
1 + 2

√
r̂Λ + r̂Λ − ŝ

)
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1fT CTE

]
−768ŝ
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�

(
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√
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−
√

r̂Λŝ
]
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[
m̂2

�

(
1 − 2
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r̂Λ + r̂Λ − ŝ

)
+
√

r̂Λŝ
]
|CTE |2

}
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m̂�ŝ

2
[(
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√
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)
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(
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r̂Λ + r̂Λ − ŝ

)
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TE

]
A2f

∗
T
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[(
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√
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)
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+
(
1 − 2
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]
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ŝ2
(
1 +

√
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)(
1 − 2
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r̂Λ + r̂Λ − ŝ
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×
(
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T
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ŝ
(
1 − 2
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×
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�

(
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+ ŝ
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PTT =
8m4

Λb

3ŝ∆
Re
{

32m2
Λb

m̂�λŝ
(
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r̂Λ
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ŝ(A2 + B2)C∗
T fV ∗

T

]
−3ŝ2
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λŝ − 2m̂2

�(1 + r̂2
Λ − 2r̂Λ + r̂Λŝ + ŝ − 2ŝ2)
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r̂ΛŝA∗
2(CT + 2CTE)fT

}
−32mΛb

m̂�ŝ
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8m̂2
�

(
1 + 2

√
r̂Λ + r̂Λ − ŝ
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4 Numerical analysis

We start this section by presenting the numerical results for
all possible double-lepton polarization asymmetries. The
values of the input parameters we use in our calculations
are |VtbV

∗
ts| = 0.0385, mτ = 1.77 GeV, mµ = 0.106 GeV.

mb = 4.8 GeV. For the Wilson coefficients we use their SM
values which are given by CSM

7 = −0.313, CSM
9 = 4.344

and CSM
10 = −4.669. The magnitude of Ceff

7 is quite well
constrained from b → sγ decay, and hence well established.
Moreover, we will fix the values of the Wilson coefficients,
i.e., CBR and CSL are both related to Ceff

7 as follows:
CBR = −2mbC

eff
7 and CSL = −2msC

eff
7 . As far as the

Wilson coefficient CSM
9 is considered, we take into account

only the short distance contributions, and we neglect the
long distance contributions, coming from the production
of c̄c pair at intermediate states. It is well known that the
form factors are the main and the most important input
parameters necessary in the numerical calculations. The

Table 1. Form factors for Λb → Λ�+�− decay in a three pa-
rameter fit

F (0) aF bF

F1 0.462 −0.0182 −0.000176
F2 −0.077 −0.0685 0.00146

calculation of the form factors of Λb → Λ transition does
not exist at present. But we can use the results from QCD
sum rules in corporation with HQET [22, 23]. We noted
earlier that HQET allows us to establish relations among
the form factors and reduces the number of independent
form factors into two. In [22,23], the q2 dependence of these
form factors are given as follows:

F (ŝ) =
F (0)

1 − aF ŝ + bF ŝ2 .

The values of the parameters F (0), aF and bF are given
in Table 1.

In the further numerical analysis, the values of the
new Wilson coefficients which describe new physics be-
yond the SM are needed. In the numerical calculations we
will vary all new Wilson coefficients in the range −

∣∣CSM
10

∣∣ ≤
CX ≤

∣∣CSM
10

∣∣. The experimental results on the branching
ratio of the B → K∗�+�− decay [13, 14] and the bound
on the branching ratio of B → µ+µ− [24] suggest that
this is the right order of magnitude for the vector and
scalar interaction coefficients. Here, we emphasize that the
existing experimental results on the B → K∗�+�− and
B → K�+�− decays put stronger restrictions on some of
the new Wilson coefficients. For example, −2 ≤ CLL ≤ 0,
0 ≤ CRL ≤ 2.3, −1.5 ≤ CT ≤ 1.5 and −3.3 ≤ CTE ≤ 2.6,
and all of the remaining Wilson coefficients vary in the
region −

∣∣CSM
10

∣∣ ≤ CX ≤
∣∣CSM

10

∣∣.
It follows from the explicit expressions of the double-

lepton polarization asymmetries that they depend on q2

and the new Wilson coefficients. For this reason there may
appear difficulties in studying the dependencies of the phys-
ical properties on both parameters at the same time. Hence,
it is necessary to eliminate the dependence of Pij on one
of these parameters. In the present work, we eliminate the
q2 dependence of Pij by performing the integration over
q2 in the kinematically allowed region. The averaging of
Pij over q2 is defined as

〈Pij〉 =

∫ (mΛb
−mΛ)2

4m2
�

Pij
dB
dq2 dq2

∫ (mΛb
−mΛ)2

4m2
�

dB
dq2 dq2

. (28)

In Figs. 1–5 we present the correlation of the averaged
double-lepton polarization asymmetries on the branching
ratio for the Λb → Λµ+µ− decay. From these figures we
obtain the following results.
(1) There exist regions of the new Wilson coefficients where
〈PLL〉 departs considerably from the SM result when
B(Λb → Λµ+µ−) is close to the SM prediction.
(2) 〈PLT 〉 and 〈PTL〉 are both very sensitive to the exis-
tence of the tensor and scalar interactions. We observe that
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Fig. 1. Parametric plot of the correlation between the av-
eraged double-lepton polarization asymmetry 〈PLL〉 and the
branching ratio for Λb → Λµ+µ− decay, when both leptons are
longitudinally polarized
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Fig. 2. The same as in Fig. 1, but for the averaged double-lepton
polarization asymmetry 〈PLT 〉
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Fig. 3. The same as in Fig. 1, but for the averaged double-lepton
polarization asymmetry 〈PTL〉

〈PLT 〉 exceeds the SM prediction three times and 〈PTL〉
two times, respectively. More essential than that, 〈PLT 〉 as
well as 〈PTL〉 both change their signs when Wilson coeffi-
cients vary in the allowed region. Such behaviors can serve
as a good test for establishing new physics beyond the SM.
(3) 〈PNN 〉 and 〈PTT 〉 are quite sensitive to the existence of
the vector interactions, especially to CLR. In the presence
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Fig. 4. The same as in Fig. 1, but for the averaged double-lepton
polarization asymmetry 〈PNN 〉
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Fig. 5. The same as in Fig. 1, but for the averaged double-lepton
polarization asymmetry 〈PTT 〉

of this coefficient, the values of 〈PNN 〉 and 〈PTT 〉 can both
exceed the SM result three–four times, and both change
their sign when CLR varies in the allowed region. There-
fore, determination of the sign and magnitude of 〈PNN 〉
and 〈PTT 〉 can give unambiguous information about the
existence of the new vector type interaction.

We do not present the correlation of 〈PLN 〉, 〈PNL〉,
〈PNT 〉 and 〈PTN 〉 on the branching ratio, since their values
are quite small.

In Figs. 6–12 the correlations of 〈Pij〉 with the branch-
ing ratios for the Λb → Λτ+τ− decay are presented. Similar
to the Λb → Λµ+µ− decay, we observe that several of the
double-lepton polarization asymmetries are very sensitive
to the existence of new physics and the presence of the
new Wilson coefficients can produce results that depart
considerably from the SM prediction. More precisely, we
can briefly comment on the results as follows.
(1) All 〈Pij〉 are very sensitive to the existence of tensor
interactions with coefficients CT and CTE .
(2) The situation for the Λb → Λτ+τ− decay is slightly
different from the Λb → Λµ+µ− decay, for which a consid-
erable dependence on the existence of the scalar type in-
teraction is observed, especially for the coefficients CLRLR

and CLRRL.
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Fig. 6. The same as in Fig. 1, but for Λb → Λτ+τ− decay
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Fig. 7. The same as in Fig. 6, but for the averaged double-lepton
polarization asymmetry 〈PLN 〉
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Fig. 8. The same as in Fig. 6, but for the averaged double-lepton
polarization asymmetry 〈PNL〉

(3) 〈PLL〉, 〈PLT 〉, 〈PTL〉 and 〈PTT 〉 exhibit a strong de-
pendence on the vector interaction with coefficients CLR,
while 〈PLN 〉 and 〈PNL〉 do so on the vector interaction
with coefficient CLL.
(4) 〈PLL〉 and 〈PNN 〉 change sign when the new Wilson
coefficients vary in the allowed region. For this reason, mea-
surement of magnitude and sign of the averaged double-
lepton polarization asymmetry can be a very useful tool
in establishing new physics beyond the SM.

−4.0 ≤ CRLLR ≤ 4.0
−4.0 ≤ CRLRL ≤ 4.0
−4.0 ≤ CLRLR ≤ 4.0
−4.0 ≤ CLRRL ≤ 4.0

−4.0 ≤ CRR ≤ 4.0
−4.0 ≤ CRL ≤ 4.0
−4.0 ≤ CLR ≤ 4.0
−4.0 ≤ CLL ≤ 4.0
−0.4 ≤ CTE ≤ 1.0
−2.6 ≤ CT ≤ 1.3

107×B(Λb → Λτ−τ+)

〈P
L

T
〉(Λ

b
→

Λ
τ

−
τ

+
)

8.07.06.05.04.03.02.01.0

0.4

0.3

0.2

0.1

0.0

-0.1

Fig. 9. The same as in Fig. 2, but for Λb → Λτ+τ− decay
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Fig. 10. The same as in Fig. 3, but for Λb → Λτ+τ− decay
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Fig. 11. The same as in Fig. 4, but for Λb → Λτ+τ− decay

The next question we would like to discuss is the pos-
sibility of the existence of such a region of the new Wilson
coefficients for which the branching ratio coincides with
SM result, while the double-lepton polarizations do not,
similar to the Λb → Λµ+µ− decay.

From the relevant figures we see that the Λb → Λτ+τ−
decay is far more informative on this issue. There exist
regions of the new Wilson coefficients CLR, CT and CTE ,
where double-lepton polarization asymmetries differ from
the SM result, but the branching ratio coincides with that
of the SM.
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Fig. 12. The same as in Fig. 10, but for the averaged double-
lepton polarization asymmetry 〈PTT 〉

At the end of this section, let us discuss the problem
of measurement of the lepton-polarization asymmetries in
experiments. Experimentally, to measure an asymmetry
〈Pij〉 of the decay with the branching ratio B at nσ level,
the required number of events (i.e., the number of BB̄
pairs) are given by the expression

N =
n2

Bs1s2〈Pij〉2
,

where s1 and s2 are the efficiencies of the leptons. Typical
values of the efficiencies of the τ -leptons range from 50% to
90% for their various decay modes (see for example [25] and
references therein), and the error in τ -lepton polarization
is estimated to be about (10 ÷ 15)% [26]. As a result, the
error in measurement of the τ -lepton asymmetries is of the
order of (20÷30)%, and the error in obtaining the number
of events is about 50%.

From the expression for N we see that, in order to ob-
serve the lepton-polarization asymmetries in Λb → Λµ+µ−
and Λb → Λτ+τ− decays at 3σ level, the minimum number
of required events are (for the efficiency of τ -lepton we take
0.5):
(1) for Λb → Λµ+µ− decay

N =
{

2.0 × 106 (for 〈PLL〉) ,

2.0 × 108 (for 〈PLT 〉 = 〈PTL〉 , 〈PNN 〉 , 〈PTT 〉) ,

(2) for Λb → Λτ+τ− decay

N =




(4.0 ± 2) × 109 (for 〈PLT 〉 , 〈PNN 〉) ,

(1.0 ± 0.5) × 109 (for 〈PTT 〉) ,

(2.0 ± 1.0) × 1011 (for 〈PLN 〉 , 〈PNL〉) ,

(9.0 ± 4.5) × 108 (for 〈PTL〉) .

The numbers of BB̄ pairs that are produced at B-
factories and LHC are about ∼ 5 × 108 and 1012, respec-
tively. As a result of a comparison of these numbers and
N , we conclude that only 〈PLL〉 in the Λb → Λµ+µ− decay
and 〈PLT 〉, 〈PNN 〉 and 〈PTL〉 in the Λb → Λτ+τ− decay,
can be detectable at LHC.

In summary, we present the most general analysis of
the double-lepton polarization asymmetries in the Λb →

Λ�+�− decay using the most general, model independent
form of the effective Hamiltonian. The correlation of the
averaged double-lepton polarization asymmetries on the
branching ratio have been studied. Our results show that
the study of double-lepton polarization asymmetries can
serve as a good test for establishing new physics beyond the
SM.Moreover,we observe that there exist regions of thenew
Wilson coefficients for which double-lepton polarization
asymmetries depart considerably from the SM, while the
branching ratio coincides with that of the SM predictions.
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A. Özpineci, M. Savcı, Phys. Rev. D 64, 055007 (2001)
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