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Abstract. Double-lepton polarization asymmetries in Λb→ Λ�
+�− decay are calculated in the universal ex-

tra dimension (UED) model. It is found that numerous double-lepton polarization asymmetries are very
sensitive to the UED model and therefore can be a very useful tool for establishing new physics predicted
by the UED model.

PACS. 12.60.-i; 13.30.-a; 14.20.Mr

1 Introduction

Despite the impressive success of the standard model (SM)
in describing all existing experimental data, it is commonly
believed that SM is the low energy limit of a more funda-
mental theory. There are two different ways of looking for
evidence for new physics beyond the SM:

– direct production of new particles at high energy collid-
ers like LHC;
– signals of new interactions and particles can be ob-
tained indirectly through the analysis of rare decays.

Rare B meson decays induced by the b→ s(d) transi-
tions play a special role, since they are forbidden at tree
level in the SM and appear only at quantum (one-loop)
level. Moreover, these decays are the most promising ones
for establishing new physics. New physics in these decays
can appear either through the differences in the Wilson co-
efficients from the ones existing in the SM or through new
operator structures in the effective Hamiltonian, which are
absent in the SM.
Among all decay channels of B mesons, semileptonic

ones receive special interest. These decays are theoretic-
ally more or less clean, and they have a relatively large
branching ratio. These decays contain many physically
measurable quantities, like the forward–backward asym-
metry AFB, lepton polarization asymmetries, etc., which
are very useful and serve as a testing ground for the SM
and are useful for looking for new physics beyond the
SM [1]. From the experimental side, the BELLE [2, 3] and
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BaBar [4, 5] collaborations provide recent measurements
of the branching ratios of the semileptonic decays due to
the b→ s�+�− transitions, which can be summarized as
follows:

B(B→K∗�+�−) =

⎧
⎨

⎩

(
16.5+2.3−2.2±0.9±0.4

)
×10−7 [2] ,

(
7.8+1.9−1.7±1.2

)
×10−7 [4] ,

B(B→K�+�−) =

⎧
⎨

⎩

(
5.5+0.75−0.70±0.27±0.02

)
×10−7 [2] ,

(3.4±0.7±0.3)×10−7 [4] ,

B(B→Xs�
+�−) =

⎧
⎨

⎩

(
4.11±0.83+0.85−0.81

)
×10−6 [3] ,

(5.6±1.5±0.6±1.1)×10−6 [5] .

Another exclusive decay that is described at the inclu-
sive level by the b→ s�+�− transition is baryonic Λb→
Λ�+�− decay. Unlike mesonic decays, the baryonic de-
cays could maintain the helicity structure of the effective
Hamiltonian for the b→ s transition [6]. Radiative and
semileptonic decays of Λb such as Λb→ Λγ, Λb→ Λc�ν̄�,
Λb→ Λ�+�− (�= e, µ, τ) and Λb→ Λνν̄ have been studied
extensively in the literature [7–21] (see also [1] and refer-
ences therein). More about heavy baryons, including the
experimental prospects, can be found in [22, 23].
It is noted in [24] that some of the single-lepton po-

larization asymmetries might be too small to be observed
and therefore might not provide a sufficient number of ob-
servables for checking the structure of the effective Hamil-
tonian. In order to obtain more observables, London et
al. proposed to take polarizations of both leptons into ac-
count [24], which are simultaneously measurable. Along
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these lines the maximum number of independent polariza-
tion observables are constructed in [24].
Among the various models of physics beyond the SM,

extra dimensions attract special interest, because they in-
clude gravity in addition to other interactions, giving hints
on the hierarchy problem and a connection with string
theory. The model of Appelquist, Cheng and Dobrescu
(ACD) [25] with one universal extra dimension (UED),
where all the SM particles can propagate in the extra di-
mension, is very attractive (see also [26]). Compactification
of the extra dimension leads to the Kaluza–Klein model
in the four-dimensional case. In this model, the only addi-
tional free parameter with respect to the SM is 1/R, i.e.,
the inverse of the compactification radius.
The restrictions imposed on UED are examined in the

current accelerators; for example, Tevatron experiments
put the bound at about 1/R ≥ 300GeV. Analysis of the
anomalous magnetic moment [27, 28] and the Z → b̄b ver-
tex [29] also lead to the bound 1/R≥ 300GeV.
A possible manifestation of UED models in the KL–KS

mass difference, the parameter εK , B–B̄0 mixing, the mass
difference ∆Md,s, and the rare decays K

+→ πν̄ν, KL→
π0ν̄ν,KL→ µ+µ−, B→Xs,dν̄ν, Bs,d→ µ+µ−, B→Xsγ,
B → Xsgluon, B → Xsµ+µ− and ε′/ε are comprehen-
sively investigated in [30, 31]. Exclusive B → K∗�+�−,
B→K∗ν̄ν and B→K∗γ decays are studied in the frame-
work of the UED scenario in [32], and Λb → Λ�+�− is
treated in the UED model in [33]. It is shown in [32] that
the most stringent bound on R comes from the B→K∗γ
decay, restrictingR to the values 1/R≥ 250 GeV, which we
will use in our numerical calculations.
In the present work we study the double-lepton polar-

ization asymmetries for Λb→ Λ�+�− decay in the UED
model. The plan of the paper is as follows. In Sect. 2 we
briefly discuss the main ingredients of ACD model and cal-
culate all possible double-lepton polarization asymmetries
for the rare Λb→ Λ�+�− decay. Section 3 is devoted to a
numerical analysis and conclusions.

2 Λb→ Λ�+�� decay in ADC model

Let us remind the interested reader of the main ingredients
of the simplest ACDmodel, which is the minimal extension
of the SM in 4+1 dimensions. The five-dimensional ACD
model with a single UED uses orbifold compactification;
namely, the fifth dimension y that is compactified in a cir-
cle of radius R, with the points y = 0 and y = πR fixed
points of the orbifolds. Generalization of the SM is realized
by the propagating fermions, gauge bosons and the Higgs
fields in all five dimensions. The Lagrangian in ACD can be
written as

L=

∫

d4xdy {LA+LH+LF +LY } ,

where

LA =−
1

4
WMNaW aMN −

1

4
BMNBMN ,

LH =
(
DMφ

)†
DMφ−V (φ) ,

LF = Q̄
(
iΓMDM

)
Q+ Ū

(
iΓMDM

)
U + D̄

(
iΓMDM

)
D ,

LY =−Q̄Ỹuφ
cU −Q̄ỸdφD+h.c.

Here M and N running over 0, 1, 2, 3, 5 are the five-
dimensional Lorentz indices, W aMN = ∂MW

a
N −∂NW

a
M +

g̃εabcW bMW
c
N is the field strength tensor for the SU(2)L

electroweak gauge group, BMN = ∂MBN −∂NBM is that
of the U(1) group, and all fields depend both on x
and y. The covariant derivative is defined as DM =
∂M − ig̃W aMT

a− ig̃′BMY , where g̃ and g̃′ are the five-
dimensional gauge couplings for the SU(2)L and U(1)
groups. The five-dimensional ΓM matrices are defined as
Γµ = γµ, µ= 0, 1, 2, 3 and Γ 5 = iγ5.
In the case of a single extra dimension with coordinate

x5 = y compactified on a circle of radius R, a field F (x, y)
would be periodic function of y, and hence can be written
as

F (x, y) =
+∞∑

n=−∞

Fn(x)e
iny/R .

The Fourier expansions of the fields are

Bµ(x, y) =
1

√
2πR
B(0)µ +

1
√
πR

∞∑

n=1

B(n)µ (x) cos
(ny

R

)
,

B5(x, y) =
1
√
πR

∞∑

n=1

B
(n)
5 sin

(ny

R

)
,

Q(x, y) =
1

√
2πR
Q
(0)
L

+
1
√
πR

∞∑

n=1

[
Q(n)L cos

(ny

R

)
+Q(n)R sin

(ny

R

)]
,

U(D)(x, y) =
1

√
2πR
U
(0)
R

+
1
√
πR

∞∑

n=1

[
U
(n)
R cos

(ny

R

)
+U

(n)
L sin

(ny

R

)]
.

Under the parity transformation P5, y→−y, fields having
a corresponding field in the four-dimensional SM should
be even, so that their zero-mode in the KK can be inter-
preted as the ordinary SM field, and all remaining new
fields should be odd.
In the ACD model the KK parity is conserved. This

conservation implies that there are no tree level diagrams
with exchange of KKmodes in low energy processes (at the
scale µ� 1/R), and a single KK excitation cannot be pro-
duced, i.e., these excitations appear only in pairs. Lastly, in
the ACD model there are three additional physical scalar
modes, a

(0)
n and a±n . The zero-mode is either right-handed

or left-handed.
The Lagrangian of the ACD model can be obtained by

integrating over x5 = y:

L4(x) =

∫ 2πR

0

L5(x, y)dy .

Note that the zero-mode remains massless unless we ap-
ply the Higgs mechanism. All fields in the four-dimensional



T.M.Aliev et al.: Double-lepton polarization asymmetries inΛb→ Λ�
+�− decay in universal extra dimensionmodel 377

Lagrangian receive the KK mass n/R on account of the
derivative operator ∂5 acting on them. The relevant Feyn-
man rules are derived in [30] and for more details of the
ACD model we refer the interested reader to [31, 32].
After this introduction, let us start to discuss the main

problem, namely, double-lepton polarization asymmetries
for Λb→ Λ�+�− decay.
At the quark level, Λb→ Λ�+�− decay is described by

the b→ s�+�− transition. The effective Hamiltonian gov-
erning this transition in the SMwith ∆B =−1 and ∆S = 1
is described in terms of a set of local operators:

Heff =
4GF√
2
VtbV

∗
ts

10∑

1

Ci(µ)Oi(µ) , (1)

where GF is the Fermi constant, and Vij are the elements
of the Cabibbo–Kobayashi–Maskawa (CKM) matrix. The
explicit forms of the operators, which are written in terms
of quark and gluon fields, can be found in [34–36].
The Wilson coefficients in (1) have been computed at

NNLO in the SM in [34–36]. At NLO these Wilson coef-
ficients are calculated for the ACD model including the
effects of KK modes, in [30, 31], which we have used in our
calculations. It should be noted here that there does not
appear any new operator in the ACD model, and there-
fore the effect of new particles leads to modification of the
Wilson coefficients existing in the SM, if we neglect the
contributions of the scalar fields, which are indeed very
small.
At the µ = O(mW ) level, only C

(0)
2 , C

(0)
7 (mW ),

C
(0)
8 (mW ), C

(0)
9 (mW ) and C

(0)
10 (mW ) are different from

zero, and the remaining coefficients are all zero.
In the SM, at the quark level, Λb→ Λ�+�− decay is de-

scribed by the following matrix element:

M=
GFα

4
√
2π
VtbV

∗
ts

{

−
2mb
q2
Ceff7 s̄iσµν(1+γ5)q

νb�̄γµ�

+C9s̄γµ(1−γ5)b�̄γ
µ�+C10s̄γµ(1−γ5)b�̄γ

µγ5�

}

. (2)

As has already been noted, Ceff7 , C9 and C10 are calcu-
lated in the SM in [34–36] (see also [37–40]).
Contributions coming from the UED model to these

Wilson coefficients are calculated in [30, 31], which can be
written as

C
(0)
7 (µW ) =−

1

2
D′(xt, 1/R) ,

C
(0)
9 (µ) = P

NDR
0 +

Y (xt, 1/R)

sin2 θW
−4Z(xt, 1/R)+PEE(xt, 1/R) ,

C
(0)
10 =−

Y (xt, 1/R)

sin2 θW
. (3)

Here PNDR0 = 2.60±0.25, and the superscript (0) refers to
the leading log approximation. Explicit expressions for the
functions D′(xt, 1/R), Y (xt, 1/R) and Z(xt, 1/R) can be
found in [30–32].

With these coefficients and the operators in (1) the in-
clusive b→ s�+�− transitions are studied in [30, 31].
The amplitude of exclusive Λb→ Λ�+�− decay is ob-

tained by sandwiching the matrix element given in (2) be-
tween the initial and final baryon states 〈Λ |M|Λb〉. It fol-
lows from (2) that the matrix elements

〈Λ |s̄γµ(1−γ5)b|Λb〉 ,

〈Λ |s̄σµν(1+γ5)b|Λb〉 (4)

are needed in order to calculate the Λb→ Λ�+�− decay
amplitude.
These matrix elements, parametrized in terms of the

form factors, are as follows [41–43]:

〈Λ |s̄γµb|Λb〉= ūΛ [f1γµ+ if2σµνq
ν +f3qµ]uΛb , (5)

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

(6)

where q = pΛb −pΛ.
The form factors of the magnetic dipole operators are

defined as

〈Λ |s̄iσµνq
νb|Λb〉= ūΛ

[
fT1 γµ+ if

T
2 σµνq

ν+fT3 qµ
]
uΛb ,

〈Λ |s̄iσµνγ5q
νb|Λb〉=

ūΛ
[
gT1 γµγ5+ ig

T
2 σµνγ5q

ν + gT3 qµγ5
]
uΛb . (7)

Using the identity

σµνγ5 =−
i

2
εµναβσ

αβ ,

the following relations between the form factors are
obtained:

fT1 =−
q2

mΛb −mΛ
fT3 ,

gT1 =
q2

mΛb +mΛ
gT3 . (8)

Using these definitions of the form factors, for the ma-
trix element of Λb→ Λ�+�− we get

M=
GFα

4
√
2π
VtbV

∗
ts

1

2

×
{
�̄γµ(1−γ5)� ūΛ [(A1−D1)γµ(1+γ5)

+ (B1−E1)γµ(1−γ5)

+ iσµνq
ν ((A2−D2)(1+γ5)+ (B2−E2)(1−γ5))

+qµ ((A3−D3)(1+γ5)+ (B3−E3)(1−γ5))]

×uΛb+ �̄γµ(1+γ5)� ūΛ
× [(A1+D1)γµ(1+γ5)+ (B1+E1)γµ(1−γ5)

+ iσµνq
ν ((A2+D2)(1+γ5)+ (B2+E2)(1−γ5))

+qµ ((A3+D3)(1+γ5)+ (B3+E3)(1−γ5))]uΛb

}

,

(9)
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where

A1 =
1

q2
(
fT1 − g

T
1

)
(−2msC7)

+
1

q2

(
fT1 + g

T
1

)
(−2mbC7)+ (f1− g1)C

eff
9 ,

A2 =A1 (1→ 2) ,

A3 =A1 (1→ 3) ,

B1 =A1
(
g1→−g1; g

T
1 →−g

T
1

)
,

B2 =B1 (1→ 2) ,

B3 =B1 (1→ 3) ,

D1 = C10 (f1− g1) ,

D2 =D1 (1→ 2) ,

D3 =D1 (1→ 3) ,

E1 =D1 (g1→−g1) ,

E2 =E1 (1→ 2) ,

E3 =E1 (1→ 3) . (10)

From these expressions it follows that Λb→ Λ�+�− de-
cay is described in terms of many form factors. It is shown
in [6] (see also [44]) that heavy quark effective theory
(HQET) reduces the number of independent form factors
to two (F1 and F2) irrespective of the Dirac structure of the
corresponding operators, i.e.,

〈
Λ(pΛ) |s̄Γ b|Λ(pΛb)

〉
= ūΛ

[
F1(q

2)+ �vF2(q
2)
]
ΓuΛb ,

(11)

where Γ is an arbitrary Dirac structure and vµ = pµΛb/mΛb
is the four-velocity of Λb. Comparing the general form
of the form factors given in (5)–(7) with the ones given
in (11), one can easily obtain the following relations [41,
43]:

g1 = f1 = f
T
2 = g

T
2 = F1+

√
r̂ΛF2 ,

g2 = f2 = g3 = f3 =
F2

mΛb
,

gT1 = f
T
1 =

F2

mΛb
q2 ,

gT3 =
F2

mΛb

(
mΛb +mΛ

)
,

fT3 =−
F2

mΛb

(
mΛb −mΛ

)
, (12)

where r̂Λ =m
2
Λ/m

2
Λb
.

As we have already noted, our purpose is the calcula-
tion of double-lepton polarizations in the UED model.
For calculation of the double-lepton polarization asym-

metries, the following orthogonal unit vectors s±µi in the
rest frame of �± (i = L,T or N stand for longitudinal,
transversal or normal polarizations, respectively) are cho-
sen as

s−µL =
(
0, e−L

)
=

(

0,
p−
|p−|

)

,

s−µN =
(
0, e−N

)
=

(

0,
pΛ×p−
|pΛ×p−|

)

,

s−µT =
(
0, e−T

)
=
(
0, e−N ×e

−
L

)
,

s+µL =
(
0, e+L

)
=

(

0,
p+
|p+|

)

,

s+µN =
(
0, e+N

)
=

(

0,
pΛ×p+
|pΛ×p+|

)

,

s+µT =
(
0, e+T

)
=
(
0, e+N ×e

+
L

)
, (13)

where p∓ and pΛ are the three-momenta of the leptons �
∓

and of theΛ baryon in the center of mass frame (CM) of the
�−�+ system, respectively. Transformation of the unit vec-
tors from the rest frame of the leptons to the CM frame of
the leptons can be done by a Lorentz boost. Boosting of the
longitudinal unit vectors s±µL yields

(
s∓µL

)

CM
=

(
|p∓|

m�
,
E�p∓
m� |p∓|

)

, (14)

where p+ = −p−, E� and m� are the energy and mass of
the leptons in the CM frame, respectively. The remain-
ing two unit vectors, s±µN and s±µT , are unchanged under a
Lorentz boost.
The double-polarization asymmetries are defined in the

following way [24]:

Pij(q
2)

=

[(
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

)

+

(
dΓ (s−i ,−s

+
j )

dq2
+
dΓ (−s−i ,−s

+
j )

dq2

)]

,

(15)

where the first subindex i represents the lepton and the
second one the antilepton. Using this definition of Pij ,
nine double-lepton polarization asymmetries are calcu-
lated. Their expressions are

PLL =
16m4Λb
3∆

Re

{

−6mΛb
√
r̂Λ(1− r̂Λ+ ŝ)

×
[
ŝ
(
1+ v2

)
(A1A

∗
2+B1B

∗
2)

−4m̂2� (D1D
∗
3+E1E

∗
3 )
]

+6mΛb(1− r̂Λ− ŝ)
[
ŝ
(
1+ v2

)
(A1B

∗
2 +A2B

∗
1)

+4m̂2� (D1E
∗
3 +D3E

∗
1 )
]

+12
√
r̂Λŝ

(
1+ v2

) (
A1B

∗
1 +D1E

∗
1 +m

2
Λb
ŝA2B

∗
2

)

+12m2Λbm̂
2
� ŝ(1+ r̂Λ− ŝ)

(
|D3|

2
+ |E∗3 |

2
)
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−
(
1+ v2

) [
1+ r̂2Λ− r̂Λ(2− ŝ)+ ŝ(1−2ŝ)

]

×
(
|A1|

2+ |B1|
2
)

−
[
(5v2−3)(1− r̂Λ)

2+4m̂2�(1+ r̂Λ)

+2ŝ
(
1+8m̂2�+ r̂Λ

)
−4ŝ2

]

×
(
|D1|

2
+ |E1|

2
)

−m2Λb
(
1+ v2

)
ŝ
[
2+2r̂2Λ− ŝ(1+ ŝ)− r̂Λ(4+ ŝ)

]

×
(
|A2|

2
+ |B2|

2
)

−2m2Λb ŝv
2
[
2
(
1+ r̂2Λ

)
− ŝ(1+ ŝ)− r̂Λ(4+ ŝ)

]

×
(
|D2|

2
+ |E2|

2
)

+12mΛb ŝ(1− r̂Λ− ŝ)v
2
(
D1E

∗
2 +D2E

∗
1

)

−12mΛb
√
r̂Λŝ(1− r̂Λ+ ŝ)v

2
(
D1D

∗
2+E1E

∗
2

)

+24m2Λb

√
r̂Λŝ

(
ŝv2D2E

∗
2 +2m̂

2
�D3E

∗
3

)
}

, (16)

PLN =
16πm4Λbm̂�

√
λ

∆
√
ŝ

Im {(1− r̂Λ) (A
∗
1D1+B

∗
1E1)

+mΛb ŝ (A
∗
1E3−A

∗
2E1+B

∗
1D3−B

∗
2D1)

+mΛb
√
r̂Λŝ (A

∗
1D3+A

∗
2D1+B

∗
1E3+B

∗
2E1)

−m2Λb ŝ
2 (B∗2E3+A

∗
2D3)

}
, (17)

PNL =−
16πm4Λbm̂�

√
λ

∆
√
ŝ

Im {(1− r̂Λ) (A
∗
1D1+B

∗
1E1)

+mΛb ŝ (A
∗
1E3−A

∗
2E1+B

∗
1D3−B

∗
2D1)

−mΛb
√
r̂Λŝ (A

∗
1D3+A

∗
2D1+B

∗
1E3+B

∗
2E1)

−m2Λb ŝ
2 (B∗2E3+A

∗
2D3)

}
, (18)

PLT =
16πm4Λbm̂�

√
λv

∆
√
ŝ

Re
{
(1− r̂Λ)

(
|D1|

2
+ |E1|

2
)

− ŝ (A1D
∗
1−B1E

∗
1 )

−mΛb ŝ [B1D
∗
2+(A2+D2−D3)E

∗
1 −A1E

∗
2

−(B2−E2+E3)D
∗
1]

+mΛb
√
r̂Λŝ [A1D

∗
2+(A2+D2+D3)D

∗
1

−B1E
∗
2 − (B2−E2−E3)E
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, (19)

PTL =
16πm4Λbm̂�

√
λv

∆
√
ŝ

Re
{
(1− r̂Λ)

(
|D1|

2
+ |E1|

2
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∗
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r̂Λŝ [A1D

∗
2+(A2−D2−D3)D

∗
1−B1E

∗
2

−(B2+E2+E3)E
∗
1 ]
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3 )
}
, (20)

PNT =

64m4Λbλv

3∆
Im

{
(A1D

∗
1+B1E

∗
1 )+m

2
Λb
ŝ (A∗2D2+B

∗
2E2)

}
,

(21)

PTN =

−
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Im

{
(A1D

∗
1+B1E

∗
1 )+m

2
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ŝ (A∗2D2+B

∗
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}
,

(22)

PNN =
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3ŝ∆

Re
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λŝ−2m̂2�

[
2
(
1+ r̂2Λ

)
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, (23)

PTT =
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The explicit expression for∆ appearing in Pij can be found
in [43].

3 Numerical results

In this section we present our numerical results for the
double-polarization asymmetries. The values of the in-
put parameters we need in performing the numerical
calculations are |VtbV ∗ts| = 0.0385, mτ = 1.77GeV, mµ =
0.106GeV, mb = 4.8 GeV [45], mt = 172.7GeV [46] and
τB0 = (1.527±0.008) ps.
The Λb→ Λ transition form factors are the main input

parameters in performing the numerical analysis, which
are embedded into the expressions of the double-lepton
polarization asymmetries. The analysis of all form factors
responsible for the Λb→ Λ transition has not been accom-
plished so far. Therefore, for the form factors we will use
the results coming from QCD sum rules in cooperation
with HQET [42, 47], which reduce the number of indepen-
dent form factors to two, and their q2 dependence are given
in terms of a three-parameter fit as follows:

Fi(ŝ) =
F (0)

1−aF ŝ+ bF ŝ
2 .

The values of the parameters F (0), aF and bF are given
in Table 1.
In numerical calculations we take into account the er-

rors in the form factors. The errors in F1(0) and F2(0) are
estimated to be ±0.03 for each of the form factors in the
framework of the QCD sum rule method [47].
The analysis of the double-lepton polarization asymme-

tries leads to the following results.

– PLL in UED for Λb→ Λµ+µ− decay practically coin-
cides with the SM result, for all values of q2.
– For the Λb→ Λτ+τ− case the difference between the
predictions of SM and UED is substantial at q2 =
12GeV2, i.e., (PLL)UED = 1.5× (PLL)SM at 1/R =
250GeV; with increasing q2 the difference between
the two models decreases, but they never coincide
(see Fig. 1). From this figure we see that when the errors
in the form factors are taken into account, the results do
not practically depart from the results obtained using
their central values.
– For the Λb→ Λµ+µ− decay, starting from q2 = 1GeV2

up to the end of the spectrum, the value of PTT in
the SM is larger compared to that of the one predicted
by the UED model. Especially, up to q2 = 10GeV2,
(PTT)SM = 2× (PTT)UED (see Fig. 2).

Table 1. Form factors for Λb→Λ�
+�− de-

cay in a three parameter fit

F (0) aF bF

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

Therefore, measurement of the values of PLL for Λb→
Λτ+τ− decay and PTT for Λb→ Λµ+µ− decay can give
quite important information on the presence of new
physics beyond the SM.
– For Λb→ Λτ+τ− decay, the difference between the pre-
dictions of the SM and UED is maximally about 60%,
i.e., in terms of moduli, |(PLT)UED|> |(PLT)SM|, which
can also be very useful for establishing new physics
(see Fig. 4). The upper (lower) line in this figure corres-
ponds to the cases when the error is added (subtracted)
to the central values of the form factors. We observe
that the departure of the results constitutes maximally
20% from the ones obtained using the central values of
the form factors, and they are essentially distinguish-
able near the end of the invariant mass distribution.
– The maximum value of the difference between the SM
and UED models concerning PTN, PNT, PLN , PNL and
PTL (excluding the q

2 = 1GeV2 region for the Λb→
Λµ+µ− channel) for both decay channels is about 10%.
Note that at q2 = 1GeV2, (PLT)UED = (PTL)UED � 2×
(PLT)SM = 2× (PTL)SM, for Λb→ Λµ+µ− decay.

Fig. 1. The dependence of PLL on q
2 for the Λb→ Λτ

+τ− de-
cay at fixed values of the compactification parameter 1/R. Here
and in all following figures the upper (lower) line corresponds
to the cases when the error is added (subtracted) to the cen-
tral values of the form factors. For completeness, here and in all
following figures, SM results are also given

Fig. 2. The dependence of PTT on q
2 for the Λb → Λµ

+µ−

decay at fixed values of the compactification parameter 1/R
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Fig. 3. The same as in Fig. 1, but for PLT

Fig. 4. The same as in Fig. 2, but for PNN

Fig. 5. The same as in Fig. 1, but for PNN

– When 2GeV2 ≤ q2 ≤ 10GeV2, the prediction of the
UED model for PNN is maximally two times larger
than the SM prediction for the Λb→ Λµ+µ− decay
(see Fig. 3).
– As far as PNN for the Λb→ Λτ+τ− decay is concerned,
the situation is more promising. When the momentum
transfer square q2 varies in the region 14GeV2 ≤ q2 ≤
18 GeV2, the difference between the results of the two
models on PNN is quite large, about 2.5 times; i.e.,
(PNN)UED � 2.5× (PNN)SM, and it may be measurable
in the experiments (see Fig. 5).

From the above-presented discussion we conclude that
measurement of various double-lepton polarization asym-

metries can be very useful for establishing new physics
predicted by the UED model. Here we should note that
single-lepton polarization is not a suitable tool for discrim-
ination of the UED model and SM [34–36].
In conclusion, we study the double-lepton polariza-

tion asymmetries in the UED model. We find that various
double-lepton polarization asymmetries are very sensitive
to the UED model, and the results are substantially differ-
ent from the ones obtained in the SM, and hence can serve
as a promising tool for establishing new physics beyond the
SM.
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