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1. Introduction

Rare B-meson decays are excellent vanues for indirect search of new physics beyond the
Standard Model (SM). Theoretical predictions of observables in exclusive rare B decays require the
knowledge of non-perturbative quantities like TFFs as well as decay constants. Using light-cone
sum rules (LCSR) for calculating these TFFs needs the meson Distribution Amplitudes (DAs) as
inputs. In most theoretical predictions, DAs used in such calculations are obtained from QCD Sum
Rules (QCDSR). In this work, we show the relation between meson DAs and its HLFWF, the latter
obtained by solving the holographic Schrédinger Equation for mesons. The differences between
our predictions for B — V,V = p, K* and ¢ TFFs and those resulted from the QCDSR offers an
opportunity to gauge the hadronic uncertainties in these decay modes.

2. Light-front wavefunction

In light-front formalism, the hadron state | ¥/ (P)) is the eigenstate of the light-front Hamiltonian,
ie.

HioplW(P)) = MP[W(P)) (1)
where HEED P*P~ — P? is the LF QCD Hamiltonian and M is the hadron mass. At equal
light-front time (x* = 0) and in the light-front gauge A* = 0, the hadron state |¥(P)) admits a Fock
expansion, i.e.

|lP(P+ PJ_’S )> - Z/ dsz_l \P (xl’ kJ_l’ h )|}’l le leJ_ +kJ_1,h > (2)

where W, (x;, Kk ;, h;) is the light-front wavefunction (LFWF) of the Fock state with n con-
stituents and the integration measures are given by

n n n dsz_i n
=[ [dxo(i-> x) [k ] =] ] TP 16m°6%( > kyj) - 3)
i i=1 j=1

(kf,k:,ky;) and h; are the momentum and helicity of the i™ constituent and x; = k*/P*. For
n=2,
ki1 =-ki=k,,
and
xi=1—-x2=x.
The position-space conjugate of k;, denoted by b, = b, e'¥, is the transverse separation between
the quark and the antiquark. Introducing a new light-front variable

= Vx(1 —x)b, = e'? 4)

leads to the meson LFWF in the position-space W (¢, x, ¢) which can be factorized as the following:

‘P(g’,x, ¢) factorization ¢(§) eiL‘l’X(x) (5)
\2rd
¢ () and X (x) are referred to as the transverse and longitudinal modes and L is the orbital angular
momentum.
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3. Holographic light-front QCD

When quark masses and quantum loops are neglected, the so-called semi-classical approxima-
tion, the transverse mode of the LFWF of a meson satisfies a Schrodinger-like Equation [1]
?  1-4L? 5
_ 4+ U = M , 6
7 e U] 6(0) = Me0) ©)
where M is the meson mass. This is called the holographic Schrédinger equation because it
maps onto the wave equation for string modes propagating in the higher 5-dimensional anti-de
Sitter spacetime (AdSs). The effective potential in Eq. (6) can be uniquely determined from the
holographic mapping along with the requirement to introduce a mass scale while preserving the
conformal invariance of its underlying action [2]. The result is a quadratic confining potential:

Uerr(0) =+ 23T - 1) . (7

k is the emerging confining scale of the transverse mode and J = L+S is the total angular momentum
of the bound state. Once the potential is fixed the eigenvalues and eigenfunctions of the holographic
Schrodinger Equation can then be calculated:

M? = (4n+2L +2)k* +2*(J - 1) =4&>(n+ L + g) , (8)
_ 1+L 2n! eL —K22 LL(22 9
¢n,1.() =k m( exp | —— n(xX°0%), )

where n, L and S are the principal, orbital and spin quantum numbers respectively. As can be seen
from Eq. (8), the ground-state, i.e. n = L = § = 0, is massless, as expected for pions in the chiral
limit. On the other hand, the Regge slope for vector mesons determines the fundamental scale of
the model: x = 0.54 GeV [3].

The longitudinal mode of the meson HLFWF is obtained by mapping the pion electromagnetic
form factors in AdS and in physical spacetime [3]:

X(x)=+x(1-x). (10)

4. HLFWF and DAs for vector mesons

For the vector mesons (like p, K* and ¢), we setn =0, L =0 and S = 1 in Eq (9) to obtain

2 2
W.0(2, ) = X(x)0.0({) = —=x(1 —x) exp [—ﬁ] : (1)
N 2

as the HLFWF in the chiral limit. In the presence of the non-zero quark masses, the wavefunction
is augmented by an additional exponential factor

2 2
l (1= x)mg +zm7,
exp |-

2k2x(1 = x)

2 #2

Wa(z, &) = Navx(1 — x) exp [—ﬁ

2

12)

—_—

A identifies the polarization of the vector meson.
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Figure 1: Twist-2 DAs for the p meson: (a) longitudinallt polarized (b) transversely polarized. Solid Red:
Holographic DAs; Dashed Blue: Sum Rules DAs.

Meson DAs can be obtained from its LFWF. For example, the twist-2 holographic DAs for the
K* meson are then given by

N P (r.%)
¢|I‘<*()C,,u) = m / dr,qu(,ur)[MIZ{*x(l —X) +mqms - V%]_xlzl——x) , (13)
N. % (7
Ok (o) = [ i im - xms - man 225 (14)

where fx+ and fg. are the vector and tensor couplings of K*. The former can be accessed
experimentally through the electronic decay width of the meson and this provides a first constraint
for our DAs. In particular, it allows us to constrain the quark masses. Figure (1) shows p-meson
DAs obtained from HLFWF compared with those predicted by QCDSR [4]. Similar results for K*
and ¢ vector mesons can be found in Refs [6, 8]

5. B, — V transition form factors

The hadronic matrix elements are parametrized in terms of nonperturbative TFFs. For example,
the 7 TFFs for B — p transition are defined in the following equations:

2iV(q?)
mp+mp

(mp +mp)Ai(q?) (8”* -

(p(k,&)|gy* (1= ¥°)b|B(p)) g -q

PNk yp o — 2mpAn(gP) e

8* . qqﬂ
2

2 m2

(p+ k)" — %q“] (15)

+

e -q
Ar(gh)———
mp+mp

gv{p(k,&)lda* (1 - y°)b|B(p)) 2Ti(qP) " P el ppko

iT(q) (" - @) (p+ k) — &, (my — m?)]
2

iTS(QZ)(S* q) l#(!’ + k) — C]ﬂ] (16)
B o
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Figure 2: B — p TFFs predicted by holographic QCD for 3 different quark mass inputs. The points at high
g* are lattice QCD predictions.

The theoretical calculations of TFFs are mostly based on LCSR which is expected to be accurate at
low momentum transfer (¢2). Lattice QCD calculations of the TFFs are restricted to high g values
for the time being. In this work, DAs obtained from HLFWF are inserted in LCSR to calculate
TFFs and extrapolate our predictions to the maximum ¢ value in order to compare to lattice points
[7]. Figure (2) illustrates 4 of our predicted B — p TFFs for 3 different quark mass values.

Holographic LFQCD predictions for B — K* TFFs are presented in Refs [8, 9]. In these work,
LCSR predictions which are reliable at low ¢ and lattice QCD points at high momentum transfer
are combined in two-parameter fits to which are valid for the whole kinematic range of ¢>. Figure
(3) shows comparisons between QCDSR and holographic LFQCD calculated as described above
for 3 different B — K* TFFs.

Finally, B; — ¢ TFFs are calculated using ¢ meson DAs obtained from HLFWF and compared
with those predicted by QCDSR [6]. The results for 3 TFFs are shown in Figure (4).
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Figure 3: Holographic LFQCD predictions for the B — K* TFFs V, A, and A;. The two-parameter fits
with the available lattice data (red) are shown and compared with the predictions of QCDSR (dashed blue).
The shaded band represents the uncertainty in the predicted form factors due to uncertainty bands in DAs

and variation in quark masses.
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Figure 4: Holographic LFQCD predictions for the B; — ¢ TFFs A1, V and T,. The two-parameter fits with
the available lattice data (red) are shown and compared with the predictions of QCDSR (dashed blue). The

shaded band represents the uncertainty in the predicted form factors due to uncertainty bands in DAs and
variation in quark masses.
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