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Study of B, — D€ "€~ in a single universal extra dimension
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The rare semileptonic B, — Di€¢*{~ decay is studied in the scenario of the universal extra dimension
model with a single extra dimension in which the inverse of the compactification radius R is the only new
parameter. The sensitivity of differential branching ratio, total branching ratio, polarization, and forward-
backward asymmetries of final state leptons, both for muon and tau, to the compactification parameter is
presented. For some physical observables, the uncertainty on the form factors and resonance contributions
have been considered in the calculations. The obtained results, compared with the available data, show
that new contributions appear due to the extra dimension.
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I. INTRODUCTION

Flavor-changing neutral current (FCNC) b — s, d tran-
sitions which occur at the loop level in the standard model
(SM) provide us a powerful tool to test the SM and also a
frame to study physics beyond the SM. After the observa-
tion of b — sy [l], these transitions became more
attractive and since then rare radiative, leptonic, and semi-
leptonic decays of B, ,, mesons have been intensively
studied [2]. Among these decays, semileptonic decay chan-
nels are significant because of having relatively larger
branching ratios. The experimental data for exclusive
B — K™{1 ¢~ also increased the interest in these decays.
These studies will be even more complete if similar studies
for B,, discovered by the CDF Collaboration [3], are also
included.

The B, meson is the lowest bound state of two heavy
quarks, bottom b and charm c, with explicit flavor that can
be compared with the ¢¢ and bb bound states which have
implicit flavors. The implicit-flavor states decay strongly
and electromagnetically whereas the B, meson decays
weakly. B, ;; are described very well in the framework of
the heavy quark limit, which gives some relations between
the form factors of the physical processes. In the case of the
B. meson, the heavy flavor and spin symmetries must be
reconsidered because of heavy b and c. On the experimen-
tal side of the decay, for example, at LHC, IOIOBC events
per year are estimated [4,5]. This reasonable number is
stimulating the work on the B, phenomenology and this
possibility will provide information on rare B, decays as
well as CP violation and polarization asymmetries.

In the rare B meson decays, the effects of the new
physics may appear in two different manners, either
through the new contributions to the Wilson coefficients
existing in the SM or through the new structures in the
effective Hamiltonian which are absent in the SM.

Considering different models beyond the SM, extra
dimensions are specially attractive because of including
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gravity and other interactions, giving hints to the hierarchy
problem and a connection with string theory. Those with
universal extra dimensions (UED) are of special interest
because all the SM particles propagate in extra dimensions,
the compactification of which allows Kaluza-Klein (KK)
partners of the SM fields in the four-dimensional theory
and also KK modes without corresponding the SM partners
[6-9]. Throughout the UED, a simpler scenario with a
single universal extra dimension is the Appelquist-
Cheng-Dobrescu (ACD) model [10]. The only additional
free parameter with respect to the SM is the inverse of the
compactification radius, 1/R. In the particle spectrum of
the ACD model, there are infinite towers of KK modes, and
the ordinary SM particles are presented in the zero mode.

This is the only parameter where putting a theoretical or
experimental restriction on it has been attempted. Tevatron
experiments put the bound 1/R = 300 GeV. Analysis of
the anomalous magnetic moment and B — X,y [11] also
lead to the bound 1/R = 300 GeV. In the study of B —
K*y decay [12], the results restrict R to be 1/R=
250 GeV. Also, in [13] this bound is 1/R = 330 GeV. In
two recent works, the theoretical study of B — Knvy
matches with the experimental data if 1/R = 250 GeV
[14] and using the experimental result [15] and theoretical
prediction on the branching ratio of A, — Au*u~, the
lower bound was obtained to be approximately 1/R ~
250 GeV [16]. In this work, we will consider 1/R from
200 GeV up to 1000 GeV, however, under above consid-
eration the 1/R = 250-350 GeV region will be taken as
the more common bound region. In the literature, the
effective Hamiltonian of several FCNC processes
[17,18], semileptonic and radiative decays have been in-
vestigated in the ACD model [19-29].

Concentrating on B, — D;€"€~ decay, it has been
studied by using the model independent effective
Hamiltonian [30], in supersymmetric models [31] and
with fourth generation effects [32]. Also in [33], the
UED effects on the branching ratio and helicity fractions
of the final state D* meson were calculated using the
form factors obtained through the Ward identities for this
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process. The weak annihilation contribution in addition
to the FCNC transitions were taken into account. We
will, however, only consider the FCNC transitions and
calculate the lepton asymmetries adding the resonance
contributions.

The main aim of this paper is to find the effects of
the ACD model on some physical observables related
to the B, — Di€* €~ decay, and while doing this we also
give the behavior of these observables by a couple of figures
in the SM. Measurement of final state lepton polarizations is
a useful way to search new physics beyond the SM. Another
tool is the study of forward-backward asymmetry (Apg),
especially the position of the zero value of App is very
sensitive to the new physics. In addition to a differential
decay rate and branching ratio, we study forward-backward
asymmetry and the polarization of final state leptons, in-
cluding resonance contributions and the uncertainty on the
form factors in as many as possible cases. We analyze these
observables in terms of the compactification factor and the
form factors. The form factors for B, — D€+ {~ have been
calculated using the light front, constitute quark models
[34], the relativistic constituent quark model [35], relativ-
istic quark model [36], and light-cone quark model [37]. In
this work, we will use the form factors calculated in the
three-point QCD sum rules [38].

The paper is organized as follows. In Sec. II, we give the
effective Hamiltonian for the quark-level process b —
s€* €~ and mention briefly the Wilson coefficients in the
ACD model (a detailed discussion is given in the
Appendix). We derive the matrix element using the form
factors and calculate the decay rate in Sec. III. In Sec. VI,
we present the forward-backward asymmetry and Sec. V is
devoted to lepton polarizations. In the last section, we
introduce our conclusions.

II. EFFECTIVE HAMILTONIAN AND
WILSON COEFFICIENTS

The quark-level transition of B, — Di¢*{~ decay is
governed by b — s€* €~ and given by the following effec-
tive Hamiltonian in the SM [39]:

Gra - -
Heffzﬁvzbvt*s[cgff(EVMLb)eY“"‘Clo(f?’yLb)f?’“?’sf
- 2C$ffm,,(§i0'w,%Rb)Ey“€], (1)

where ¢ is the momentum transfer, L, R = (1 * y5)/2 and
C;s are the Wilson coefficients evaluated at the b quark
mass scale.

The coefficient Cgff has perturbative and resonance con-
tributions. So, C§" can be written as

C§" () = C9(M)<1 + Mw(s’)) +Y(u, ")+ C5 (1, 5),

o
2

I — 22
where s' = g*/mj.

PHYSICAL REVIEW D 85, 115026 (2012)

The perturbative part, coming from the one-loop matrix
elements of the four-quark operators, is

Y(p,5') =h(y,s)[3C1(u) + Co(p) +3C3(u) + Culp)
+3Cs(u) + Co(w)] —3h(1, s")(4C3 () +4C4 (1)
+3Cs(u) + Co(m)) =310, s")[C3() +3C4 ()]
+303C3(w) + Ca(p) +3Cs(u) + Co()),  (3)

with y = m,./m,,. The explicit forms of the functions w(s’)
and h(y, s') are given in [40,41].

The resonance contribution due to the conversion of the
real c¢c¢ into lepton pair can be done by using a Breit-
Wigner shape as [42],

3 7TF(Vi—>€+€7)mVI_
K
2 2 .2 :
Aeom Vl:l/;,.smb my. + lmViFVi

X[3Ci () + Co(u) +3C5(u)
+ Cy(p) +3Cs(u) + Co(m)]- “4)

The normalization is fixed by the data in [43] and the
phenomenological parameter « is taken 2.3 to produce
the correct branching ratio BR(B—J/yK* —
K€"€") =BR(B— J/YK*)B(J/p — £T€).

In the ACD model, there are no new operators, therefore,
new physics contributions appear by modifying the Wilson
coefficients available in the SM. In this model, the Wilson
coefficients can be written in terms of some periodic
functions, as a function of compactification factor 1/R.
The function F(x, 1/R) generalizes the Fy(x,) SM func-
tions according to

Ces(w,s')=—

Flo 1I/R) = Fo(e) + 3 Fyeox), )
n=1

where x, = m?/m3,, x, = m2/m3, with the mass of KK
particles m, = n/R.n = 0 corresponds to the ordinary SM
particles. The modified Wilson coefficients in the ACD
model, taken place in many works in the literature, are
discussed in the Appendix.

Briefly, for Cy, in the ACD model and in the naive
dimensional regularization (NDR) scheme, we have
Y(x, 1/R)

C9(,LL,1/R)=PONDR+ — —4Z(x,,1/R)
sin“6d

w
+ PgE(x, 1/R). (6)

Instead of C;, a normalization scheme independent effec-
tive coefficient CSf can be written as

8
Cft(w 1/R) = 'O BCa (e, 1/R) + 3 (412 = 192 G

8
X (w, 1/R) + Cy(uw, 1/R) Y him®.  (7)
i=1

The Wilson coefficient Cyq is independent of scale x and
given by
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FIG. 1 (color online).
n = 4.8 GeV. (C does not include resonance contributions.)

_ Y(x, 1/R)

Cio(1/R) = Sin’0
w

®)

The Wilson coefficients differ considerably from the SM
values for small R. The variation of modified Wilson
coefficients with respect to 1/R at g> = 14 GeV?, in which
the normalization scale is fixed to u = u;, =~ 4.8 GeV, is
given in Fig. 1. The suppression of |CS™| for 1/R =
250-350 GeV amounts to 75%—-86% relative to the SM
value. |Cyy| is enhanced by 23%—-13%. The impact of the

<Dt(ijy 8)|§')’,u(1 - ’)’5)b|Bc(PB£)> = _E,uvaﬁs*ypg;

and

The variation of Wilson coefficients with respect to 1/R at g> = 14 GeV? for the normalization scale

ACD on [Cf| is very small. For 1/R = 600 GeV, the
difference is less than 5%.

III. MATRIX ELEMENTS AND DECAY RATE

The hadronic matrix elements in the exclusive B, —
Di¢*€~ decay can be obtained by sandwiching the
quark-level operators in the effective Hamiltonian between
the initial and the final state mesons. The nonvanishing
matrix elements are parameterized in terms of the form
factors as follows: [44,45]

————— —igj(mp_+ mp)A;(q%)

2 2mp
Dy (67 2 aslg?) — AP )
mD: q

(Di(pp:. e)l5i0,,,q" (1 + ¥5)bIB.(pp,)) = 2€,,ap8™ P3P T1(q%) + ile),(m — mj.) — (pp. + pp:)u(e"9)1T(q?)

o q
+ i(e CI)I:QM — (pp, + pD;)le

2
]Ts(cf), (10)

B, D
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where ¢ = pg — pp: is the momentum transfer and € is
the polarization vector of D* meson.

The relation between the form factors A, (g?), A,(¢*) and
A5(g?) can be stated as

PHYSICAL REVIEW D 85, 115026 (2012)

and in order to avoid kinematical singularity in the matrix
element at g> = 0, it is assumed that A,(0) = A;(0) and
T,(0) = T,(0) [45].

Using the effective Hamiltonian and matrix elements in
Egs. (9) and (10), the transition amplitude for B, —

+ . — .
As(q?) = M. T Mbs A(q?) — wAz(qZ), D€ €~ is written as
# — Ga * (D # . * . E . #
M(Bc - Ds€+€ ) = 2\/—?thVts{g’yﬂg[_2146,4/.1101,88 Vpgjqﬁ - lBS,u, + lC(‘SICI)(pB(, + pD;),u, + ll)(8 q)q,u,]
+ Ey”y5€[—2Eewaﬁs*”pg§qB — iFg}, +iG(e*q)(pp, + pp:), + iH(e"q)q, 1} (11)

with the auxiliary functions

Ax(q?)
mBE + th

2m
C'Ty(q%), B=C§(mp +mp)A (g% + szcgff(mfz}c - m%):f)Tz(q2),

mD}“

2
m
P T+ T T, D=2G R ()~ A 23 I, (1)

M=
. H= 2C10%(A3(612) —Ao(g?).

Integrating over the angular dependence of the double differential decay rate, the following dilepton mass spectrum is

V(g? 2
A= Cgff (CI ) + n;b
mp +mp: g
C= Cgff A2(q2) + 2my,
mp +mp: g my D
V(g
E=Cop—"——, F:Cl()(mB(. +ij)A1(612), G=Cy
mBC + mD*
obtained:
71 Gzasz(.
ds 2270

Vi Vi PN AvA e, (13)

where s = qz/m%gc, A=1+7rr+s2—2r—2s—2rs, r= m%)*‘/m%(, v= ‘/1 — 4m%/sm%c and

8 1 1 2
Ap: =§Am%(‘s[(3 —v?)|A12 + 202 EI?] +;)Lm§c|:—/\mér(3 —v3)|C)>+ m%csz(l —v?)|H|? +§[(3 - (r+s—1)

3

—35(1 —v?)]Re[FG*] + Zm%(s(l —r)(1 —v®)Re[GH*]—2s(1 — v?)Re[FH*] + %(3 —v)(r+s— 1)Re[BC*]]

1
+ 3—(3 —v)m3 [(A+12r9)|BI? + Am$ [A —3s(s —2r —2)(1 — v*)]IG|> + [A + 24rsv?]|F|?]. (14)
r ¢ ¢
f
In the numerical analysis, we have wused  Figs. 2 and 3, respectively. The change in the differential
mg = 6.28 GeV, mp: = 2.112 GeV, m;, = 4.8 GeV, decay rate and the difference between the SM results and

m, = 0.105 GeV, m, = 177 GeV, [V, Vii| = 0.041,
Gp=117X107° GeV™2, 75 =046X10""%s, and
the values that are not given here are taken from [43]. In
our work, we have used the numerical values of the form
factors calculated in the three-point QCD sum rules [38], in
which ¢? dependencies of the form factors are given as

F(0)

e =13 a(?/m3) + b(g*/m3 )%

and the values of parameters F(0), a, and b for the B, —
D* decay are listed in Table I.

The differential branching ratio is calculated without
resonance contributions, including the uncertainty on the
form factors, and with resonance contributions, and the s
dependence for 1/R = 200, 350, 500 GeV is presented in

the new effects can be noticed in the figures. The maxi-
mum effect is around s = 0.25 = 0.05(0.37 = 0.02) for
u(7) in Fig. 2. In spite of the hadronic uncertainty, for

TABLE I. B, meson decay form factors in the three-point
QCD sum rules.
F(0) a b

14 0.54 = 0.018 —1.28 —0.230
Ay 0.30 * 0.017 —0.13 —0.180
Ay 0.36 ¥ 0.013 —0.67 —0.066
x (A3 — Ag) —0.57 = 0.040 —1.11 —0.140
T, 0.31 *+ 0.017 —1.28 —0.230
T, 0.33 ¥ 0.016 —0.10 —0.097
T; 0.29 + 0.034 —0.91 0.007
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1/R = 200 GeV and 350 GeV, studying the differential
decay rate can be a suitable tool for studying the effect of
an extra dimension.

Supplementary to these, the 1/R dependence of differ-
ential branching ratio at s = 0.18(0.4) for u(7) is plotted in
Fig. 4. Considering any given bound on the compactifica-
tion factor, the effect of a universal extra dimension can be
seen clearly for low values of R, with and without reso-
nance contributions. On the other hand, when 1/R =
600 GeV the contribution varies between ~5-8% more
than the SM results.

To obtain the branching ratio, we integrate Eq. (13) in
the allowed physical region. While taking the long-
distance contributions into account we introduce some
cuts around the J/¢ and i(2s) resonances to minimize
the hadronic uncertainties. The integration region for
g*> is divided into three parts for u as 4mi =4’ =
(myy — 0.02)?, (myy + 0.02? = ¢*> = (my5) — 0.02)?
and (my oy + 0.02)? = ¢* = (mp_ — mp:)* and for 7 we
have 4m; = ¢* = (mypy) — 0.02)*  (myq,) +0.02)> =
q* = (mp_— mp:)?, the same as in [46].

The results of the branching ratio in the SM with reso-
nance contributions and the uncertainty on the form fac-
tors, we obtain

Br(B, — Diu*p™) =2.137521 x 1077 s

Br(B, — Dit"17) = 1457015 X 1073, (1>
Observing the contribution of the ACD, the 1/R dependent
branching ratios, including the resonance contributions and
the uncertainty on the form factors, are given in Fig. 5.
Comparing the SM results and our theoretical predictions
on the branching ratio for both decay channels, the lower
bound for 1/R is found to be approximately 250 GeV,
which is consistent with the previously mentioned results.

As 1/R increases, the branching ratios approach their
SM values. For 1/R = 550 GeV in both channels, they

600 800

1/R(GeV)

400 1000

FIG. 5 (color online).
form factors.
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become less than 5% greater than that of the SM values.
Between 1/R = 250-350 GeV the ratio is (2.66 —
2.40)1039 % 1077 for w, (1.75 — 1.61)T31¢ X 107# for
the 7 decay. Comparing these with the SM results, the
differences are worth studying and can be considered as
a signal of new physics and evidence of the existence of an
extra dimension.

IV. FORWARD-BACKWARD ASYMMETRY

Another efficient tool for establishing new physics is the
study of forward-backward asymmetry. The position of
the zero value of Agg is very sensitive to the new physics.
The normalized differential form is defined for final state
leptons as

1 d&°T _ [0 4T
A (S) _ 0 dsdz dZ -[—1 dsdz dZ (16)
FB 1 d*r dz + f() d’T dZ’
0 dsdz —1 dsdz

where z = cosé and 6 is the angle between the directions
of €~ and B, in the rest frame of the lepton pair.
In the case of B, — D €1 {~, we get

G*a’mp, . SM%( VAvs(Re[BE*]+ Re[AF*))
Ao =g VoVl ar/ds
_ 8my, VAvs(Re[BE*]+ Re[AF*)) an
AD* )

Using the above equation, we present the variation of
lepton forward-backward asymmetry with s including the
uncertainty on the form factors in Fig. 6. As 1/R becomes
smaller, a considerable difference appears between the SM
and the ACD results for s =< 0.16 in x and 0.33 = s <
0.43 in the 7 decays. Considering the resonance contribu-
tions (the results are given in Fig. 7), one can recognize a
similar situation for s =< 0.23 and 0.32 < s < 0.44,
respectively.

0.25
T
=
L
L 02
Q
7
)
At
R 015
X
E

0.1 ‘ s !
200 400 600 800 1000
1/R(GeV)

The dependence of branching ratio on 1/R, including the resonance contributions and the uncertainty on the
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To better understand the dependence of Agg on 1/R for
both lepton channels, we perform a calculation at s =
0.05(0.4) for wu(7) and present the results in Fig. 8. In the
 channel, the UED contribution on Agg becomes impor-
tant between 1/R = 200-600 GeV, while in the 7 decay,
the contribution is insignificant for 1/R = 400 GeV.

The position of the zero of forward-backward asymme-
try, sg, is determined numerically, and the results are
presented in Fig. 9. Both plots for B, — Diu* u~ are
for the zero point in the s < 0.1 region; the lower (upper)
one is for the resonance (nonresonance) case, while the
zero point for B, — D;7*7~ is because of resonance
contributions. In the SM, the resonance shifts the zero
point of the asymmetry, s, = 0.079, to a lower value, sy =
0.068, in B, — Diu*tu~, ie., further corrections could
shift s, to smaller values [12]. As 1/R — 200 GeV the s,
approaches low values for both decay channels. In the
1/R = 250-350 GeV region, s, varies between (0.058—
0.068) without resonance contributions and (0.051-0.058)
with resonance contributions. The s, shift is ~5% of the
SM value for 1/R = 600 GeV. The variation of s, for
B. — Dit" 7 is negligible.

V. LEPTON POLARIZATION ASYMMETRIES

We will discuss the possible effects of the ACD model in
lepton polarizations, as a way of searching new physics.
Using the convention followed by previous works [47,48],
in the rest frame of €~ we define the orthogonal unit
vectors S, for the polarizations of the lepton along the
longitudinal, transverse, and normal directions as

S, =(0.,) — (o, ﬂ)
|P€|
_ . Pp: X P
Sy =(0,¢ey) = <0, .fi_,), (18)
N N |pp: X pel
S]_" = (O’ é)T) = (O: EN X EL))

o
@«

PHYSICAL REVIEW D 85, 115026 (2012)

0.356

0.3555

0.355

0.3545
SMp —
ACDR

5 I I I
200 400 600 800 1000
1/R(GeV)

The variation of the zero position of lepton forward-backward asymmetry with 1/R.

where py and pp are the three momenta of €~ and Dj
meson in the center of mass (CM) frame of €% €~ system,
respectively. The longitudinal unit vector S; is boosted by
Lorentz transformation,

=B
_ <@ ePe (19)

Silu - bl > )y
Leu me " melpel

while vectors of perpendicular directions remain un-
changed under the Lorentz boost.

The differential decay rate of B, — Di{* €~ for any
spin direction 71~ of the €~ can be written in the following
form:

dl'(n=) 1¢dl o Ca Lol s
s =§<$)0[1 + (P é; +Pyéy+Préz)-n ) (20)
Here, (dI'/ds), corresponds to the unpolarized decay rate,
whose explicit form is given in Eq. (13).
The polarizations P; , P; and Py in Eq. (20) are defined
by the equation

Al (7 — o) —dl (= — _a—
Pf(s)=§(n <) j?(n — )
1 — — — —\?
@ =e)+gmm =—e)

fori =L, N, T.Here, P; and P; represent the longitudi-
nal and transversal asymmetries, respectively, of the
charged lepton € in the decay plane, and P, is the normal
component to both of them.

The explicit form of longitudinal polarization for €~ is

1
P =
Lo3Ap:

1
4m%l_v[8mécsARe[AE*] + ;(12rs + A)Re[BF*]
1 . .
- ;/\m%l_(l —r—s)[Re[BG*]+Re[CF*]]

1 .
+— Ay Re[CG"]] Q1)
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s

FIG. 10 (color online).
the form factors.

Similarly, the transversal polarization is given by

1
Pr= A, mBgFﬂgW\/S/\I: —Sm%C Re[AB*]
1—r— m3 A
U779 peBF = "B Re[CF]
rs rs
mb .
———<(1—7r)(1—r—s)Re[BG*]
rs
m, mb
+—<A(1 —r)Re[CG*]——=(1 —r—5)Re[BH"]
rs r

4
+ mi A Re[CH*]] (22)

and the normal polarization by

SM ——
0.9} 200 E
350 e
500
™ 0.5 F E
3
"
3
A 0.1
T
n -0.3}
<
-0.7
_11 1 . 1 1 1

FIG. 11 (color online).
form factors.
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1
Py = g mem X ~4Im{BE"] — 41nlAF"]

g mEr )+ L+ 3 — 9 m[FG]
r r

1
——m3 AIm[GH*]]. (23)
r ¢
We eliminate the dependence of the lepton polarizations on
s in order to clarify the dependence on 1/R, by considering
the averaged forms over the allowed kinematical region.
The averaged lepton polarizations are defined by

(l_szf/mB(-)z dB
Jomm  Pi'as ds
(= /3, P 4

B
(2m¢/mp,)? ds ds

(P = (24)

The dependence of longitudinal polarizations on s with
and without resonance contributions are given in Figs. 10
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FIG. 15 (color online). The dependence of transversal polarization on 1/R, including the uncertainty on the form factors.
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FIG. 16 (color online). The dependence of normal polarization on s with resonance contributions using the central values of the form
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FIG. 17 (color online). The dependence of normal polarization on s without resonance contributions using the central values of the
form factors.

115026-11



U.O. YILMAZ
0.0039

0.0035

0.0031

< Py > (B, — Djp*p)

0.0027
200

600 800 1000

1/R(GeV)

400

FIG. 18 (color online).
contributions.

and 11, respectively. For high values of s as 1/R ap-
proaches 200 GeV the deviation from the SM results
become greater for 7 in both the resonance and nonreso-
nance cases, while for the w channel this effect can be seen
clearly for all s values when resonance contributions are
not added; when including resonance contributions, around
the peaks this effect seems to be suppressed and only for
low values of s can we mention a deviation. Eliminating
the dependence of the polarization on s, we get a variation
of longitudinal polarizations with respect to 1/R, given by
Fig. 12. For 1/R = 500 GeV, the difference becomes less
important for both channels. The SM longitudinal polar-
ization, P; = —0.599, develops into —0.670 (— 0.646) for
1/R = 250(350) GeV for w. A similar aspect can also be
noticed for 7. That is, the P; = —0.321 SM value varies to
—0.366 (— 0.347) for 1/R = 250(350).

The dependence of transversal polarization on s with
and without resonance contributions are given in Figs. 13
and 14, respectively. The UED effect is unimportant in
both decay channels. In view of the 1/R dependency, given
by Fig. 15, no difference is observed for the 7 decay. Up to
1/R = 600 GeV, the change is sizeable for the w channel.
In particular, between 1/R = 250-350 GeV the difference
might be checked for a signal of new physics.

We have plotted the variation of normal polarizations on
s with and without resonance contributions in Figs. 16 and
17, respectively, and on 1/R in Fig. 18. The SM value itself
for w is tiny and as can be seen from the figures the effect
of UED on normal polarization in this channel is irrelevant.
Additionally, the relatively greater value of normal polar-
ization in the SM for 7 differs slightly.

VI. CONCLUSION

In this work, we discussed the B, — D€t {~ decay for
o and 7 as final state leptons in the SM and the ACD
model. We used the form factors calculated in QCD sum
rules and throughout the work, we reflected the errors in

PHYSICAL REVIEW D 85, 115026 (2012)
0.045

SM =
ACD wm

0.044 | Q

0.043

<Py>(B.— Ditt17)

600 800

1/R(GeV)

042 -
200 400 1000

The dependence of normal polarization on 1/R including the uncertainty on the form factors and resonance

the form factors in the calculations and demonstrate the
results in possible plotting.

Comparing the SM results and our theoretical predic-
tions on the branching ratio for both decay channels, we
obtain the lower bound as 1/R ~ 250 GeV. Although this
is consistent with the previously mentioned results, a
detailed analysis, particularly with the data supplied by
experiments, is necessary to put a precise bound on the
compactification scale.

As an overall result, we can conclude that, as stated
previous works in the literature, as 1/R — 200 GeV the
physical values differ from the SM results. Up to a few
hundreds GeV above the considered bounds, 1/R =
250 GeV or 1/R =350 GeV, it is possible to see the
effects of UED.

Taking the differential branching ratio into considera-
tion, for small values of 1/R there is an essential difference
compared with the SM results.

The difference between the SM and the ACD results in
the forward-backward asymmetry of final state leptons,
particularly in the specified region, the obtained result
is essential. In addition, the position of the zero of
forward-backward asymmetry, which is sensitive in
searching new physics, can be a useful tool to check the
UED contributions.

Polarizations of the leptons have been studied compre-
hensively and we found that transversal and normal polar-
izations are not sensitive to the extra dimension, only the
dependence of transversal (normal) polarization on 1/R for
the w (7) decay channel for low values of 1/R might be
useful. However, studying longitudinal polarizations for
both leptons up to 1/R = 600 GeV will be a powerful
tool in establishing new physics effects.

In the discussion throughout this work, the sizable dis-
crepancies between the ACD model and the SM predic-
tions at lower values of the compactification scale can be
considered as indications of new physics and should be
searched in the experiments.
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APPENDIX: WILSON COEFFICIENTS
IN THE ACD MODEL

In the ACD model, the new physics contributions appear
by modifying available Wilson coefficients in the SM. The
modified Wilson coefficients are calculated in [17,18] and
can be expressed in terms of F(x,, 1/R) which generalize
the corresponding SM functions Fy(x,) according to

F(x, 1/R) = Fo(x) + > F,(x,x,), (Al
n=1
where x, = m?/m3,, x, = m3/m3, and m, = n/R.
Instead of C;, an effective, normalization scheme

independent, coefficient C$ in the leading logarithmic
approximation is defined as

8
C5 (e, 1/R) = ' Co (. 1/R) + 3 (/2 = 972 C

8
X (s 1/R)+Colpay, 1/RY him®  (A2)
i=1

with n = %’;”:)) and

PHYSICAL REVIEW D 85, 115026 (2012)

as(mZ)
1= Bo 42 in(22)’

a,(x) = (A3)

where in the fifth dimension «,(m;) = 0.118 and

The coefficients a; and h; are

a; = (M 18 5 1204086, —0.4230, —0.8994, 0.1456)

232323 23
h; = (2.2996, —1.088, —%, —ﬁ, —0.6494, —0.0380,
—0.0186, —0.0057). (A4)
The functions in (A2) are
Cyluw) =1, C7(nw, 1/R) = —%D’(x,, 1/R),
Cs(uw, 1/R) = —3E'(x,, 1/R). (AS)

Here, D'(x,, 1/R) and E'(x,, 1/R) are defined by using (A1)
with the following functions:

(8x; +5x2 —7x,)  x*(2—3x,)
D! = — 1 A6
o(x,) 201 —x,)° 21— x,)° nx, (A6)
x,(x? — 5x, — 2) 3x?
Ej(x,) = — -~ : L1 A7
O(Xt) 4(1 — X,)3 2(1 — Xt)4 nx, (A7)

_ x,(—37 +44x, + 17x7 + 6x2(10 — 9x, + 3x7) — 3x,(21 — 54x, + 17x7))

Dy %,) = et
(=24 x, +3x)(x, + 3x2 +x2(3 +x,) — x,(1 + (=10 + x,)x,)) 1 +x, N x,(2—7x, + 3x2) 1
6(x, — 1)? 1+x, 6 1+x,
(A8)
, _ x,(—=17 — 8x, + x? — 3x,(21 — 6x, + x7) — 6x2(10 — 9x, + 3x7))
E)(x, x,) =

12(x, — 1)3

N 1+ x,)(x, +3x2 + x23 + x,) — x,(1 + (=10 + x,)x,))

+ 1
h‘xn aig _xn(l + xn)(_l + 3xn)1n ol .

2(x, — 1)*

1+x, 2 1+ x,
(A9)

Following [17] or directly from [12] one gets the expressions for the sum over n as

= _ x(=37+x,44+17x)  7aMyR[ (1 (2y'2+7y32+3y5?)
3 Dy(x) = e+ T [ [ dy - coth(mMyR5)
(2 +6§;“’)ff84+ 3%) R —1/2)— ﬁ[m +32,) — (=24 3x)(1 + (= 10+ x,)x,)J(R 1/2)
1 (3 + xz)
a2 IR~ (14 (104 ) V(R 3/D) RS /2)] (A10)
and
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g El(x, x,) = — x[(_1;4‘2'x[(—_81; *i)%,) WAZWR [[01 dy(y'/? + 232 — 3y%/2) coth(mMy R./y)
- %1(& “1/2) 4 gl 4 35) — (4 (104 0)x)V(R 1/2) - ﬁ[(s )
S0+ (=10 + x)x) (R, 3/2) + %J(R, 5/2)] (A1)
where
JR a) = fo L dyyecoth(mMy R ) — x1* coth(mrm, R )] (A12)
The Wilson coefficient Cy in the ACD model and the NDR scheme is
Colu, 1/R) = PYPR + %le/wm —4Z(x, 1/R) + PpE(x, 1/R), (A13)

where PYPR = 2.6 + 0.25 and Py is numerically negligible. The functions Y(x, 1/R) and Z(x,, 1/R) are defined as

Y(x, 1/R) = Yo(x) + D C,(x, x,) (Al14)
n=1
Z(x, 1/R) = Zo(x,) + D Cylxy, x,), (A15)
n=1
with
x,[x,—4 3x, ]
Yo(x,) == + 1 Al6
0(x,) 3 [xt R PR nx, (A16)
18x% — 163x7 + 259x — 108x,  [32xF — 38x; — 15x2 + 18x, 1
Zo(x,) = - - Al7
o) e [ | (A17)
C,(x, x =#[x2—8x+7+(3+3x+7x —xx)lnx’+x"] (A18)
n t n 8(xt _ 1)2 t t t n t'n 1 + xﬂ
and
- x,(7 — x,) TMy Rx
C,(x,, x,) = =L - — 31+ x)J(R, —1/2) + (x, — T)J(R, 1/2)]. A19
n; (X X,) 60— 1) 16(x,—1)2[ (1 + x)J( /2) + (x, = T)J(R, 1/2)] (A19)
The w independent Cyq is given by
Y(x, 1/R)
Cio(1/R) = —— 55— (A20)
sin“ Oy,

where Y(x,, 1/R) is defined in (A14).

[1] M.S. Alam et al. (CLEO Collaboration), Phys. Rev. Lett.
74, 2885 (1995).

[2] A. Ali, Int. J. Mod. Phys. A 20, 5080 (2005).

[3] E. Abe et al. (CDF Collaboration), Phys. Rev. D 58,
112004 (1998).

[4] J. Sun, Y. Yang, W. Du, and H. Ma, Phys. Rev. D 77,
114004 (2008).

[5] M.P. Altarelli and F. Teubert, Int. J. Mod. Phys. A 23,
5117 (2008).

[6] I. Antoniadis, Phys. Lett. B 246, 377 (1990).

115026-14


http://dx.doi.org/10.1103/PhysRevLett.74.2885
http://dx.doi.org/10.1103/PhysRevLett.74.2885
http://dx.doi.org/10.1142/S0217751X05028600
http://dx.doi.org/10.1103/PhysRevD.58.112004
http://dx.doi.org/10.1103/PhysRevD.58.112004
http://dx.doi.org/10.1103/PhysRevD.77.114004
http://dx.doi.org/10.1103/PhysRevD.77.114004
http://dx.doi.org/10.1142/S0217751X08042791
http://dx.doi.org/10.1142/S0217751X08042791
http://dx.doi.org/10.1016/0370-2693(90)90617-F

STUDY OF B, — D¢ €™ ...

(7]
(8]
(91

[10]

I. Antoniadis, N. Arkani-Hamed, S. Dimopoulos, and G.
Dvali, Phys. Lett. B 436, 257 (1998).

N. Arkani-Hamed, S. Dimopoulos, and G. Dvali, Phys.
Lett. B 429, 263 (1998).

N. Arkani-Hamed, S. Dimopoulos, and G. Dvali, Phys.
Rev. D 59, 086004 (1999).

T. Appelquist, H.C. Cheng, and B. A. Dobrescu, Phys.
Rev. D 64, 035002 (2001).

K. Agashe, N. G. Deshpande, and G. H. Wu, Phys. Lett. B
511, 85 (2001); 514, 309 (2001).

P. Colangelo, F. De Fazio, R. Ferrandes, and T. N. Pham,
Phys. Rev. D 73, 115006 (2006).

U. Haisch and A. Weiler, Phys. Rev. D 76, 034014 (2007).
P. Biancofiore, P. Colangelo, and F. Fazio, Phys. Rev. D
85, 094012 (2012).

T. Aaltonen et al. (CDF Collaboration), Phys. Rev. Lett.
107, 201802 (2011).

K. Azizi S. Kartal, N. Katirci, A. T. Olgun, and Z. Tavukog
Ju, J. High Energy Phys. 05 (2012) 024.

A.J. Buras, M. Spranger, and A. Weiler, Nucl. Phys. B660,
225 (2003).

A.J. Buras, A. Poschenrieder, M. Spranger, and A. Weiler,
Nucl. Phys. B678, 455 (2004).

P. Colangelo, F. De Fazio, R. Ferrandes, and T.N. Pham,
Phys. Rev. D 74, 115006 (2006).

G. Devidze, A. Liparteliani, and U.G. Meissner, Phys.
Lett. B 634, 59 (2006).

T.M. Aliev and M. Savci, Eur. Phys. J. C 50, 91 (2007).
R. Mohanta and A.K. Giri, Phys. Rev. D 75, 035008
(2007).

P. Colangelo, F. De Fazio, R. Ferrandes, and T. N. Pham,
Phys. Rev. D 77, 055019 (2008).

A. Saddique, M. J. Aslam, and C. D. Lu, Eur. Phys. J. C 56,
267 (2008).

I. Ahmed, M. A. Paracha, and M. J. Aslam, Eur. Phys. J. C
54, 591 (2008).

V. Bashiry and K. Zeynali, Phys. Rev. D 79, 033006
(2009).

115026-15

PHYSICAL REVIEW D 85, 115026 (2012)

N. Katirci and K. Azizi, J. High Energy Phys. 01 (2011)
087.

N. Katirci and K. Azizi, J. High Energy Phys. 07 (2011)
043.

Y. Li and J. Hua, Eur. Phys. J. C 71, 1764 (2011).

U.O. Yilmaz and G. Turan, Eur. Phys. J. C 51, 63 (2007).
A. Ahmed 1. Ahmed, M.A. Paracha, M. Junaid, A.
Rehman, and M. J. Aslam, arXiv:1108.1058v3.

I. Ahmed M.A. Paracha, M. Junaid, A. Ahmed, A.
Rehman, and M. J. Aslam, arXiv:1107.5694v2.

M. A. Paracha, I. Ahmed, and M.J. Aslam, Phys. Rev. D
84, 035003 (2011).

C.Q. Geng, C. W. Hwang, and C.C. Liu, Phys. Rev. D 65,
094037 (2002).

A. Faessler, Th. Gutsche, M. A. Ivanov, J. G. Korner, and
V.E. Lyubovitskij, Eur. Phys. J. direct C 4, 18 (2002).
D. Ebert, R. N. Faustov, and V. O. Galkin, Phys. Rev. D 82,
034032 (2010).

T. Wang, D.-X. Zhang, B.-Q. Ma, and T. Liu, Eur. Phys. J.
C 171, 1758 (2011).

K. Azizi, F. Falahati, V. Bashiry, and S. M. Zebarjad, Phys.
Rev. D 77, 114024 (2008).

G. Buchalla, A.J. Buras, and M. Lautenbacher, Rev. Mod.
Phys. 68, 1125 (1996).

A.J. Buras and M. Miinz, Phys. Rev. D 52, 186 (1995).
M. Misiak, Nucl. Phys. B393, 23 (1993); B439, 461(E)
(1995).

A. Ali, T. Mannel, and T. Morozumi, Phys. Lett. B 273,
505 (1991).

K. Nakamura et al. (Particle Data Group), J. Phys. G 37,
075021 (2010).

A. Ali, P. Ball, L. T. Handoko, and G. Hiller, Phys. Rev. D
61, 074024 (2000).

P. Ball and R. Zwicky, Phys. Rev. D 71, 014029 (2005).
G. Erkol and G. Turan, Eur. Phys. J. C 25, 575 (2002).
S. Fukae, C.S. Kim, and T. Yoshikawa, Phys. Rev. D 61,
074015 (2000).

F. Kriiger and L. M. Sehgal, Phys. Lett. B 380, 199 (1996).


http://dx.doi.org/10.1016/S0370-2693(98)00860-0
http://dx.doi.org/10.1016/S0370-2693(98)00466-3
http://dx.doi.org/10.1016/S0370-2693(98)00466-3
http://dx.doi.org/10.1103/PhysRevD.59.086004
http://dx.doi.org/10.1103/PhysRevD.59.086004
http://dx.doi.org/10.1103/PhysRevD.64.035002
http://dx.doi.org/10.1103/PhysRevD.64.035002
http://dx.doi.org/10.1016/S0370-2693(01)00488-9
http://dx.doi.org/10.1016/S0370-2693(01)00488-9
http://dx.doi.org/10.1016/S0370-2693(01)00791-2
http://dx.doi.org/10.1103/PhysRevD.73.115006
http://dx.doi.org/10.1103/PhysRevD.76.034014
http://dx.doi.org/10.1103/PhysRevD.85.094012
http://dx.doi.org/10.1103/PhysRevD.85.094012
http://dx.doi.org/10.1103/PhysRevLett.107.201802
http://dx.doi.org/10.1103/PhysRevLett.107.201802
http://dx.doi.org/10.1007/JHEP05(2012)024
http://dx.doi.org/10.1016/S0550-3213(03)00250-5
http://dx.doi.org/10.1016/S0550-3213(03)00250-5
http://dx.doi.org/10.1016/j.nuclphysb.2003.11.010
http://dx.doi.org/10.1103/PhysRevD.74.115006
http://dx.doi.org/10.1016/j.physletb.2006.01.034
http://dx.doi.org/10.1016/j.physletb.2006.01.034
http://dx.doi.org/10.1140/epjc/s10052-006-0203-5
http://dx.doi.org/10.1103/PhysRevD.75.035008
http://dx.doi.org/10.1103/PhysRevD.75.035008
http://dx.doi.org/10.1103/PhysRevD.77.055019
http://dx.doi.org/10.1140/epjc/s10052-008-0643-1
http://dx.doi.org/10.1140/epjc/s10052-008-0643-1
http://dx.doi.org/10.1140/epjc/s10052-008-0553-2
http://dx.doi.org/10.1140/epjc/s10052-008-0553-2
http://dx.doi.org/10.1103/PhysRevD.79.033006
http://dx.doi.org/10.1103/PhysRevD.79.033006
http://dx.doi.org/10.1007/JHEP01(2011)087
http://dx.doi.org/10.1007/JHEP01(2011)087
http://dx.doi.org/10.1007/JHEP07(2011)043
http://dx.doi.org/10.1007/JHEP07(2011)043
http://dx.doi.org/10.1140/epjc/s10052-011-1764-5
http://dx.doi.org/10.1140/epjc/s10052-007-0306-7
http://arXiv.org/abs/1108.1058v3
http://arXiv.org/abs/1107.5694v2
http://dx.doi.org/10.1103/PhysRevD.84.035003
http://dx.doi.org/10.1103/PhysRevD.84.035003
http://dx.doi.org/10.1103/PhysRevD.65.094037
http://dx.doi.org/10.1103/PhysRevD.65.094037
http://dx.doi.org/10.1007/s1010502c0018
http://dx.doi.org/10.1103/PhysRevD.82.034032
http://dx.doi.org/10.1103/PhysRevD.82.034032
http://dx.doi.org/10.1140/epjc/s10052-011-1758-3
http://dx.doi.org/10.1140/epjc/s10052-011-1758-3
http://dx.doi.org/10.1103/PhysRevD.77.114024
http://dx.doi.org/10.1103/PhysRevD.77.114024
http://dx.doi.org/10.1103/RevModPhys.68.1125
http://dx.doi.org/10.1103/RevModPhys.68.1125
http://dx.doi.org/10.1103/PhysRevD.52.186
http://dx.doi.org/10.1016/0550-3213(93)90235-H
http://dx.doi.org/10.1016/0550-3213(95)00029-R
http://dx.doi.org/10.1016/0550-3213(95)00029-R
http://dx.doi.org/10.1016/0370-2693(91)90306-B
http://dx.doi.org/10.1016/0370-2693(91)90306-B
http://dx.doi.org/10.1088/0954-3899/37/7A/075021
http://dx.doi.org/10.1088/0954-3899/37/7A/075021
http://dx.doi.org/10.1103/PhysRevD.61.074024
http://dx.doi.org/10.1103/PhysRevD.61.074024
http://dx.doi.org/10.1103/PhysRevD.71.014029
http://dx.doi.org/10.1007/s10052-002-1008-9
http://dx.doi.org/10.1103/PhysRevD.61.074015
http://dx.doi.org/10.1103/PhysRevD.61.074015
http://dx.doi.org/10.1016/0370-2693(96)00413-3

