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Abstract. We study the exclusive Λb→Λ�
+�− decay in the Appelquist, Chang, Dobrescu model with a sin-

gle universal extra dimension. We investigate the sensitivity of the branching ratio, lepton polarization and
forward–backward asymmetry AFB to the compactification parameter 1/R. We obtain the result that the
branching ratio for the Λb→ Λ�

+�− (�= µ, τ ) decay changes about 25% compared to the SM value when
1/R = 250 GeV, and the zero position of the forward–backward asymmetry is shifted to the left compared
to the SM result. Therefore, measurement of the branching ratio of Λb→ Λ�

+�− decay and determination
of the zero position of AFB are very useful in looking for new physics in the framework of the UED models.

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

1 Introduction

Flavor-changing neutral current (FCNC) b→ s(d)�+�−

transitions are forbidden in the standard model (SM) at
tree level that occur at loop level, and therefore provide a
consistency check of the SM at the quantum level. These
decays induced by the FCNC are also very sensitive to the
new physics beyond the SM. New physics is embedded 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 (see [1]
and references therein).
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. From the theoretical side there are
many works in which the semileptonic decay channels due
to b→ s(d)�+�− transitions are investigated. These de-
cays contain many observables like the forward–backward
asymmetry AFB, lepton polarization asymmetries, etc.,
which are very useful and serve as a testing ground for the
SM and are suited for looking for new physics beyond the
SM [1]. From the experimental side, the BELLE [2, 3] and
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] ,
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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 which is described at 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 effect-
ive 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
extensively studied in the literature [7–34]. More about
heavy baryons, including the experimental prospects, can
be found in [7–21, 36].
Among the various models of physics beyond the SM,

extra dimensions attract special interest, because they
include gravity in addition to other interactions, giving
hints on the hierarchy problem and a connection with
string theory. The model of Appelquist, Cheng and Do-
brescu (ACD) [37] with a single universal extra dimension
(UED) [38], where all the SM particles can propagate in the
extra dimension, are very attractive. Compactification of
the extra dimension leads to a Kaluza–Klein (KK) model
in dimension four. In this model the only additional 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 experi-
ments put the bound about 1/R ≥ 300GeV. Analysis of
the anomalous magnetic moment [39, 40] and the Z → b̄b
vertex [41] also leads to the bound 1/R≥ 300GeV.



92 T.M. Aliev, M. Savcı: Λb→ Λ�
+�− decay in universal extra dimensions

A possible manifestation of UED models in the KL–KS
mass difference, parameter εK , B–B̄0 mixing, the ∆Md,s
mass difference, and the rare decays K+→ πν̄ν , KL→
π0ν̄ν,KL→ µ+µ−, B→Xs,dν̄ν, Bs,d→ µ+µ−, B→Xsγ,
B→Xs g, B→Xsµ+µ− and ε′/ε are comprehensively in-
vestigated in [42, 43]. Exclusive B→K∗�+�−, B→K∗ν̄ν
and B→K∗γ decays are studied in the framework of the
UED scenario in [44], and it is shown that the most strin-
gent bound comes from the B→K∗γ decay, restricting R
to have the value 1/R≥ 250GeV, which we will use in our
numerical analysis.
In the present work we study the 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 the ACD
model and study the rare Λb→ Λ�+�− decay in it. Section
3 is devoted to the numerical analysis and conclusions.

2 Theoretical background
for the Λb→ Λ�+�� decay
in a universal extra dimension model

Before presenting a detailed derivation of the matrix elem-
ent of Λb→ Λ�+�− decay, let us discuss the main ingredi-
ents of the ACD model, which is the minimal extension of
the SM in 4+ δ dimensions, and we consider the simplest
case, δ = 1. The five-dimensional ACD model with a single
UED uses orbifold compactification. The fifth dimension
that is compactified in a circle of radius R, with points
y = 0 and y = πR, that are fixed points of the orbifolds.
Generalization to the SM is realized by the propagating
fermions, gauge bosons and the Higgs fields in all five di-
mensions. The Lagrangian 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 aM T

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 a periodic function of y, and hence can be written
as

F (x, y) =
+∞∑
n=−∞

Fn(x)e
iny/R .

The Fourier expansion of the fields is

Bµ(x, y) =
1

√
2πR
B(0)µ +

1
√
πR

∞∑
n=1

B(0)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 a parity transformation P5 : y→−y fields having
a corresponding one in the four-dimensional SM it should
be even, so that their zero-modes in the KK can be inter-
preted as the ordinary SM field. Fields having no corres-
ponding one in the SM should be odd. From this expansion
we see that the fifth component of the vector field is odd
under a P5 transformation.
One important property of the ACD model is that the

KK parity is conserved. The parity conservation leads to
the result that there is no tree level contribution of the
KK modes in low energy processes (at the scale µ� 1/R)
and a single KK excitation cannot be produced in an or-
dinary particle interaction. Finally note that 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 nonzero modes come in a chiral pair. This chirality is
a consequence of the orbifold boundary conditions.
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
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 [42] and for more details about the
ACD model we refer the interested reader to [42, 43].
After this preliminary introduction, let us discuss the

main problem. In this section we present the matrix elem-
ent of Λb → Λ�+�− decay as well as expressions of the
branching ratio, forward–backward asymmetry and lepton
polarizations.
At the quark level, Λb→ Λ�+�− decay is described by

a b→ s�+�− transition. The effective Hamiltonian govern-
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ing this transition in the SM with ∆B = −1, ∆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. Ex-
plicit forms of the operators, which are written in terms of
quark and gluon fields and the corresponding Wilson coef-
ficients in (1), which are computed at NNLO in the SM, can
be found in [45–47]. At NLO these Wilson coefficients are
calculated for the ACD model including the effects of KK
modes [42, 43], 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, therefore, new effects are
implemented by modifying the Wilson coefficients exist-
ing in the SM, if we neglect the contributions of the scalar
fields, which are indeed very small.

At 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 following we do not consider the contribution

to Λb→ Λ�+�− decay from the lepton pair being created
from a c̄c resonance due to the O2 operators. It can be re-
moved by applying appropriate cuts to the invariant dilep-
ton mass around the mass of the resonance.
The matrix element of the Λb→ Λ�+�− decay is de-

scribed with the help of the Wilson coefficients C7, C9 and
C10 as follows:

M=
GF

4
√
2
VtbV

∗
ts

{
CSM9 s̄γ

µ(1−γ5)b�̄γµ�

+CSM10 s̄γ
µ(1−γ5)b�̄γµγ5�

−2mbC
SM
7 s̄iσµν

qν

q2
(1+γ5)b�̄γ

µ�
}
. (2)

TheWilson coefficients in the ACDmodel receive new con-
tributions, since new particles which are absent in the SM
can contribute as intermediate states in penguin and box
diagrams. As a result, the Wilson coefficients can be ex-
pressed in terms of the functions f(xt, 1/R), which modify
the corresponding SM functions f0(xt) according to

f(xt, 1/R) = f0(xt)+
∞∑
n=1

fn(xt, xn) , (3)

where xt =m
2
t/m

2
W , xn =m

2
n/m

2
W andmn = n/R.

Contributions to these Wilson coefficients coming from
the new particles existing in UED are calculated in [42–44]
they can be written as

C
(0)
7 (mW ) =−

1

2
D′(xt, 1/R) ,

C
(0)
8 (mW ) =−

1

2
E′(xt, 1/R) ,

C
(0)
9 (mW ) = 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
. (4)

Explicit expressions of PNDR0 and PE can be found in [45–

51], and numerically PNDR0 = 2.60±0.25, and PE is of the
order of O(10−2), so that the last term of C(0)9 (mW ) in
(4) can be neglected. Here the superscript (0) refers to the
leading log approximation.
The functions D′ and E′, which describe electromag-

netic and chromomagnetic penguins, respectively, are cal-
culated in [42, 43] and lead to the following results [44]:

D′0(xt) =−
(8x3t +5x

2
t −7xt)

12(1−xt)3
+
x2t (2−3xt)

2(1−xt)4
lnxt , (5)

E′0(xt) =−
xt(x

2
t −5xt−2)

4(1−xt)3
+

3x2t
2(1−xt)4

lnxt , (6)

∞∑
n=1

D′n(xt, xn)

=
xt[37−xt(44+17xt)]

72(xt−1)3

+
πmWR

12

[∫ 1
0

dy(2y1/2+7y3/2+3y5/2)

× coth(πmWR
√
y)

−
xt(2−3xt)(1+3xt)

(xt−1)4
J(R,−1/2)

−
1

(xt−1)4
{xt(1+3xt)+ (2−3xt)[1− (10−xt)xt]}

×J(R, 1/2)

−
1

(xt−1)4
[(2−3xt)(3+xt)+1− (10−xt)xt]J(R, 3/2)

−
(3+xt)

(xt−1)4
J(R, 5/2)

]
, (7)

∞∑
n=1

E′n(xt, xn)

=
xt[17+(8−xt)xt]

24(xt−1)3

+
πmWR

4

[∫ 1
0

dy(y1/2+2y3/2−3y5/2)

× coth(πmWR
√
y)

−
xt(1+3xt)

(xt−1)4
J(R,−1/2)

+
1

(xt−1)4
[xt(1+3xt)−1+(10−xt)xt]J(R, 1/2)

−
1

(xt−1)4
[(3+xt)−1+(10−xt)xt)]J(R, 3/2)

+
(3+xt)

(xt−1)4
J(R, 5/2)

]
, (8)
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where

J(R,α) =

∫ 1
0

dyyα [coth(πmWR
√
y)

−x1+αt coth(πmtR
√
y)
]
. (9)

The functions Y (xt, 1/R) and Z(xt, 1/R) are defined by

Y (xt, 1/R) = Y0(xt)+
∞∑
n=1

Cn(xt, xn) ,

Z(xt, 1/R) = Z0(xt)+
∞∑
n=1

Cn(xt, xn) , (10)

with

Y0(xt) =
xt

8

[
xt−4

xt−1
+

3xt
(xt−1)2

lnxt

]
, (11)

Z0(xt) =
18x4t −163x

3
t +259x

2
t −108xt

144(xt−1)3

+

[
32x4t −38x

3
t −15x

2
t +18xt

72(xt−1)4
−
1

9

]
lnxt

(12)
∞∑
n=1

Cn(xt, xn) =
xt(7−xt)

16(xt−1)

−
πmWRxt

16(xt−1)2
[3(1+xt)J(R,−1/2)

+(xt−7)J(R, 1/2)] . (13)

With the help of these Wilson coefficients and the ma-
trix element given in (2), the inclusive b→ s�+�− transi-
tions have been studied in [42, 43].
The amplitude of the exclusive Λb→ Λ�+�− decay is

obtained by sandwiching the matrix element of the b→
s�+�− transition between initial and final baryon states
〈Λ |M|Λb〉. It follows from (2) that the matrix elements

〈Λ |s̄γµ(1−γ5)b|Λb〉 , (14)

〈Λ |s̄σµν(1+γ5)b|Λb〉 (15)

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

form factors as follows [32, 52]:

〈Λ |s̄γµb|Λb〉= ūΛ
[
f1γµ+if2σµνq

ν +f3qµ
]
uΛb , (16)

〈Λ |s̄γµγ5b|Λb〉= ūΛ
[
g1γµγ5+ig2σµνγ5q

ν + g3qµγ5

]
uΛb ,

(17)

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 .

(18)

Using the identity

σµνγ5 =−
i

2
εµναβσ

αβ ,

the following relations between the form factors are ob-
tained:

fT1 =−
q2

mΛb −mΛ
fT3 ,

gT1 =
q2

mΛb +mΛ
gT3 . (19)

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

M=
Gα

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

}
,

(20)

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) , (21)

D3 =D1 (1→ 3) ,

E1 =D1 (g1→−g1) ,

E2 =E1 (1→ 2) ,

E3 =E1 (1→ 3) .

From these expressions it follows that Λb→ Λ�+�− de-
cay is described in terms of many form factors. It is shown
in [6, 53] that heavy quark effective theory (HQET) re-
duces the number of independent form factors to two (F1
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and F2), independent of the Dirac structure of the corres-
ponding operators, i.e.,〈
Λ(pΛ) |s̄Γ b|Λ(pΛb)

〉
= ūΛ

[
F1(q

2)+ � vF2(q
2)
]
ΓuΛb ,

(22)

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 (16)–(18) with (22), one can easily
obtain the following relations among them [32, 33, 52]

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

)
, (23)

where r̂Λ =m
2
Λ/m

2
Λb
.

In what follows, we will be looking for the possible man-
ifestation of UED theory in the branching ratio as well as
in lepton polarizations. For this purpose, we present the
decay rate for the Λb→ Λ�+�− taking into account lepton
polarizations.
Let us define the following orthogonal unit vectors: s−µ

in the rest frame of the lepton and s+µ in the rest frame of
the antilepton for the polarization of the leptons along the
longitudinal (L) direction, the normal (N) direction and
the transversal (T) direction of the lepton and antilepton
momentum vector, respectively:

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

)
, (24)

where p−(p+) and pΛ are the three-momenta of the lep-
tons �−(�+) and the Λ baryon in the center of mass frame
(CM) of the �−�+ system, respectively.
The longitudinal component of the lepton (antilepton)

polarization is boosted to the CM frame of the lepton pair
by a Lorentz transformation, yielding

(
s−µL
)
CM
=

(
|p−|

m�
,
E� p−
m� |p−|

)
(
s+µL
)
CM
=

(
|p−|

m�
,−
E� p−
m� |p−|

)
, (25)

where E� andm� are the energy and mass of �
− in the CM

frame. The remaining two unit vectors s±µN , s
±µ
T are un-

changed under a Lorentz boost.
The differential decay rate for the Λb→ Λ�+�− decay

along any spin direction ξ ± along the momentum vector of
�± can be written as

dΓ (ξ∓)

dŝ
=
1

2

(
dΓ

dŝ

)
0

×

[
1+

(
P∓L e

∓
L +P

∓
N e

∓
N +P

∓
T e

∓
T

)
· ξ ∓
]
,

(26)

where (dΓ/dŝ)0 corresponds to the unpolarized differen-
tial decay rate, ŝ= q2/m2Λb and PL, PN and PT represent
the longitudinal, normal and transversal polarizations of �,
respectively, and it has the following form:(
dΓ

dŝ

)
0

=
G2α2

8192π5
|VtbV

∗
ts|
2
λ1/2(1, r, ŝ)v

[
T0(ŝ)+

1

3
T2(ŝ)

]
,

(27)

where λ(1, r, ŝ) = 1+ r2+ ŝ2−2r−2ŝ−2rŝ is the triangle
function and v =

√
1−4m2�/q

2 is the lepton velocity.
The polarizations PL, PN and PT are defined by

P
(∓)
i (ŝ) =

dΓ

dŝ
(ξ ∓ = e∓i )−

dΓ

dŝ
(ξ ∓ =−e∓i )

dΓ

dŝ
(ξ ∓ = e∓i )+

dΓ

dŝ
(ξ ∓ =−e∓i )

,

where i= L,N,T.
One of the efficient tools for establishing new physics ef-

fects is the study of the forward–backward asymmetryAFB
which is defined as

AFB =

∫ 1
0

dΓ

dŝdz
dz−

∫ 0
−1

dΓ

dŝdz
dz∫ 1

0

dΓ

dŝdz
dz+

∫ 0
−1

dΓ

dŝdz
dz

,

where the z = cos θ dependence of the differential decay
rate can be implemented by making the replacement

T0(ŝ)+
1

3
T2(ŝ)→T0(ŝ)+T1(ŝ)z+T2(ŝ)z

2 ,

on the right-hand side and including d cos θ in the denom-
inator on the left-hand side of (27), where θ is the angle
between Λb and �

− in the CM of leptons. Explicit expres-
sions of T0(ŝ), T1(ŝ) and T2(ŝ) can be found in [32].
It is well known that in theB→K∗�+�− decay the zero

position of AFB is practically independent of the form fac-
tors. For this reason, determination of the zero position of
AFB, as well as its magnitude, is very promising in look-
ing for new physics beyond the SM. Note also that the
combined analysis of the lepton polarizations can give ad-
ditional information 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 them�→ 0 limit). Therefore any nonzero value
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resulting from these combined polarizations can be consid-
ered as a confirmation of new physics.

3 Numerical analysis

In this section we present our numerical results for the po-
larization asymmetries PL, PN and PT when one of the lep-
tons is polarized. The values of the input parameters we use
in our calculations are |VtbV ∗ts| = 0.0385, mτ = 1.77GeV,
mµ = 0.106GeV,mΛb = 5.62GeV,mb = 4.8GeV [54],mt =
172.7GeV [55] and τΛb = 1.23 ps.
From the expressions of the asymmetries it follows that

the form factors are the main and the most important in-
put parameters necessary in the numerical calculations.
The calculation of the form factors of Λb→ Λ transition
does not exist at present. But we can use the results from
the QCD sum rules in co-operation with HQET [53, 56].
We noted earlier that HQET allows us to establish rela-
tions among the form factors and reduce the number of
independent form factors to two. In [53, 56], the q2 depen-
dence of these form factors is given as follows:

F (ŝ) =
F (0)

1+aF ŝ+ bF ŝ
2 , set I.

The values of the parameters F (0), aF and bF are given in
Table 1.
Note that the first analysis of the HQET structure of

the ΛQ→ Λq transition is performed in [57, 58].
In order to get an idea of the sensitivity of our results

to the specific parametrization of the two form factors pre-
dicted by the QCD sum rules in co-operation with the
HQET, we also have used another parametrization of the
form factors based on the pole model and compared the
results of both models. The second set of form factors
which have the dipole form predicted by the pole model are

Fig. 1. The dependence of the
branching ratio for theΛb→Λµ

+µ−

decay on the compactification pa-
rameter 1/R, for set I of the form
factors. Note that the upper (lower)
two lines correspond to the case
when errors in the form factors are
added to (subtracted from) their
central values; the curved lines are
predicted by the UED model and
the straight ones by the SM

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

given by

F1,2(EΛ) =N1,2

(
ΛQCD

ΛQCD+EΛ

)2
, set II,

where

EΛ =
m2Λb −m

2
Λ− q

2

2mΛb
,

and ΛQCD = 0.2,N1 = 52.32 andN2 	−0.25N1 [59].
InFigs. 1 and2wepresent the dependence of the branch-

ing ratio for the Λb→ Λµ+µ− and Λb→ Λτ+τ− decays on
the compactificationparameter 1/R for the set I of form fac-
tors, respectively. For completeness, we also present the SM
prediction in these figures. In both cases we take into ac-
count the errors in the form factors. The errors inherent in
F1(0) and F2(0) are estimated to be ±0.03 for both of the
form factors within the QCD sum rules method in [56]. Up-
per (lower) lines in these figures correspond to the casewhen
errors in the form factors are added to (subtracted from)
their central values. The analytical expressions of UED and
SM are the same (except the values of the Wilson coeffi-
cients); errors in the form factors in both theories act in the
samemanner, i.e., if we add (subtract) the errors to the cen-
tral values of the form factors in the SM, we should do the
same in UED. Therefore, even if we take the errors into con-
sideration in the form factors, the difference between the
predictions of the two theories still remains the same. From
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Fig. 2. The same as Fig. 1, but
for the Λb→ Λτ

+τ− decay

Fig. 3. The dependence of the
forward–backward asymmetry
AFB on ŝ at two fixed values of
1/R and in the SM, for the Λb→
Λµ+µ− decay, for set I of the form
factors. Note that each line corres-
ponds to the case when errors in
the form factors are added to (sub-
tracted from) their central values.
The values of AFB in these cases
almost coincide with each other

these figures we see that, for both channels, the difference
between the twomodels is around 20%–25%.
We have performed a similar analysis for set II of the

form factors and obtained the result that the dependence
of the differential branching ratio on the compactification
parameter 1/R for both sets of form factors practically co-
incides and for this reason we do not present the results for
set II of the form factors.
Analysis of the lepton polarizations leads to the follow-

ing results.

– The maximum value of the difference between the SM
and ADC model (for the minimum value of 1/R =
250GeV) predictions, as far as longitudinal polariza-
tion is concerned, is about 10%.
– Practically, there is no difference between the predic-
tions of the SM and ACD models for the τ lepton with
longitudinal polarization.

– These two models lead to the same result for the µ lep-
ton with the transversal polarization case.
– Up to ŝ = 0.6, the maximum difference in the predic-
tions of these two models is about 12% for the τ lepton
with the transversal polarization case.
– The normal polarization of the lepton contributes very
little and the difference between predictions of the two
models for this polarization can never be measured in
the experiments. For the τ lepton case the difference
(PN)ACD− (PN)SM ≈ 0.5% is quite a challenging one to
be measured.

From this discussion we conclude that measurement of
the polarizations of the lepton is not useful for establishing
the UED models.
We can now discuss the prediction of the ACD model

for the forward–backward asymmetry. In Fig. 3 we show
the dependence of AFB on ŝ at four fixed values of 1/R
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and SM, for the Λb→ Λµ+µ− decay, when the first set
of form factors are considered. For the sake of complete-
ness, we also present in this figure the forward–backward
asymmetry prediction of SM. From this figure we see that
the zero position of AFB is sensitive to the compactif-
ication parameter 1/R, similar to the B→K∗�+�− decay
case, and in all cases it is shifted to the left compared
to that of the SM prediction. Therefore, experimental de-
termination of the zero position of AFB can give invalu-
able information about new physics effects. It should be
noted that the zero position of AFB is practically insen-
sitive to the choice of form factors, and it coincides for
both sets.
In conclusion, we have studied the rare Λb→ Λ�+�−

decay in the ACD model with a single universal extra di-
mension. We investigated the sensitivity of the branching
ratio, lepton polarizations and lepton forward–backward
asymmetry in the Λb → Λ�+�− decay to the compact-
ification parameter 1/R. We found that the branching
ratio and zero position of the forward–backward asymme-
try are very sensitive to the presence of the compactif-
ication parameter 1/R and can be useful for establishing
new physics effects due to the compactification of the fifth
dimension.
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252, 723(E) (1990)
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