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Description of rare B-meson decays in the Standard Model requires an
appropriate description of hadronic effects. Covariant quark model with
infrared confinement represents a suitable framework for doing it. In this
text, we briefly describe the model and its application to the B → K∗µµ
and Bs → φµµ decays, including numerical results.
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1. Introduction

Many new-physics (NP) scenarios modify the Standard Model (SM) pre-
dictions for rare flavor-changing decays of B mesons. This expected sensi-
tiveness to NP motivates theoretical and experimental research. New high-
luminosity machines nowadays in operation allow for unprecedented mea-
surements of rare decays: not only are they observed but, for some processes,
also angular distributions are being extracted with increasing precision.

The experimental progress is followed by theoretical investigations where
possible effects of NP are searched for. As for today, the SM is confirmed,
however with some tensions (reaching up to ∼ 3σ for certain observables).
These so-called anomalies provide additional motivation for a careful cross-
check of the SM computations.

∗ Presented at “Excited QCD 2016”, Costa da Caparica, Lisbon, Portugal, March 6–12,
2016.
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The covariant quark model (CQM) is a Lagrangian-based approach with
full Lorentz invariance which provides an alternative way of including the
hadronic effects into an SM computation. It has limited number of free
parameters and can be easily extended to higher multi-quark states (baryons,
tetraquarks).

2. Covariant quark model

In the CQM, a quark–hadron interaction is introduced

Lint = gH H(x) JH(x) (1)

with the quark current (mesons1)

JM (x) =

∫
dx1

∫
dx2 FM (x, x1, x2) q̄ af1(x1)ΓM qaf2(x2) , (2)

where the invariant vertex function takes the form

FH(x, x1, . . . , xn) = δ

(
x−

n∑
i=1

wixi

)
ΦH

∑
i<j

(xi − xj)2

 . (3)

The weights

wi = mi/

n∑
j=1

mj (4)

match quark-system barycenter with the hadron position and the Gaussian
form of the second term

Φ̄H
(
− k2

)
= exp

(
k2/Λ2

H

)
(5)

is chosen for computational convenience. It contains one free parameter ΛH
which can be related to the size of the hadronH. In addition, the model con-
tains as parameters four constituent quark masses and one universal cutoff
parameter which will be addressed later. The values of parameters relevant
for our case are (all in GeV):

mu,d = 0.235 , ms = 0.424 , mc = 2.16 , mb = 5.09 , λcutoff = 0.181 ,

ΛB = 1.95 , ΛBs = 2.05 , ΛK∗ = 0.75 , Λφ = 0.88 . (6)

Two important ingredients are built into the model: compositeness con-
dition and infrared confinement. The first one reflects hadrons as being

1 Expressions for baryons and tetraquarks can be found in e.g. [1].
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compounds of quarks and, within the model, it can be expressed in terms
of the meson mass operator derivative (the˜character refers to the Fourier
transform into the momentum space)

ZM = 1−
3g2
M

4π2
Π̃
′
M (m2

M ) = 0 , (7)

where ZM is the renormalization constant which can be interpreted as the
matrix element between the physical state and the corresponding bare state.
Being set to zero implies that the physical state does not contain bare state
and is, therefore, properly described as a bound state. In this way, the
coupling constants gM are determined from model parameters.

The infrared confinement is introduced via an integration cutoff in the
space of Schwinger parameters which come from in the Schwinger represen-
tation of quark propagators. Appropriate techniques allow to transform the
multidimensional improper integral into a convolution of an integration over
a finite volume (simplex) and a single improper integral, to which the cutoff
is applied

Π =

∞→1/λ2∫
0

dt tn−1

1∫
0

dnα δ

(
1−

n∑
i=1

αi

)
F (tα1, . . . , tαn) , (8)

where F stands for the whole structure of the corresponding Feynman di-
agram. In this way, Π becomes a smooth function with thresholds in the
quark loop diagrams and corresponding branch points removed. The cutoff
value λ is considered to be universal.

The model allows us to predict the behavior of meson form factors (FF)
and, in the next step, the value of observables.

3. Form factors, observables, results

The two studied processes B → K∗ + 2µ and Bs → φ+ 2µ differ in the
flavor of the spectator quark, but are otherwise very similar, particles have
the same quantum numbers. They are described by seven FFs〈

V[q̄3,q2] (p2, ε2)
∣∣ q̄2O

µq1

∣∣P[q̄3,q1] (p1)
〉

=
ε†ν

m1 +m2

[
− gµνP qA0

(
q2
)

+ PµP νA+

(
q2
)

+qµP νA−
(
q2
)

+ iεµναβPαqβV
(
q2
) ]
, (9)
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〈
V[q̄3,q2] (p2, ε2)

∣∣q̄2

[
σµνqν

(
1 + γ5

)]
q1

∣∣P[q̄3,q1] (p1)
〉

= ε†ν

[
−
(
gµν − qµqν

q2

)
P q a0

(
q2
)

+

(
PµP ν − qµP ν p · q

q2

)
a+

(
q2
)

+iεµναβPαqβ g
(
q2
) ]

. (10)

To fully profit from the measured experimental data, we take into account
(in the narrow-width approximation) the cascade decay of the final-state
mesons: K∗ → Kπ and φ→ KK.

The choice of observables is driven by the desired sensitivity to NP and
small sensitivity to hadronic FFs. Besides usual observables AFB (forward–
backward asymmetry of the leptonic system) and FL (longitudinal polar-
ization of the final-state meson) also FF-independent observables Pi [2] are
studied.

The computation were performed within the helicity framework where,
by introducing the so-called helicity basis, one can evaluate leptonic and
hadronic tensor in separate frames. All observables are expressed in terms
of helicity amplitudes which are related to the model-dependent form factors.
The explicit formulas for these relations can be found in [3]. The full four-
differential cross section depends on the transferred momentum squared,
on one leptonic and one hadronic angle (direction of the outgoing leptons
and hadrons), and one angle between hadronic system and leptonic system
planes.

The b→ s flavor transition is treated using four-fermion effective theory
where the Wilson coefficients are taken from literature.

Fig. 1. B → K∗ form factors.
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We present the results for both the muons and tau leptons in the final
state. A detailed differential information for various bins can be found in
Refs. [3] and [4]. The results are presented in form of figures and tables. For
the B → K∗(→ Kπ) + `` decay, they are summarized in Figs. 1 and 2 and
Tables I and II. For Bs → φ(→ KK) + `` decay, the results are presented in
Figs. 3 and 4 and Table III. No significant deviation from the SM is observed.
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Fig. 2. Differential branching fraction, AFB and FL observables.

TABLE I

The q2-integrated predictions and measurements (1–6 GeV2) for B → K∗(→ Kπ)+
2µ decay.

Belle [5] LHCb [6] CDF [7] CQM

B × 107 1.49± 0.44 0.42± 0.07 — 2.58
AFB 0.26± 0.29 −0.06± 0.14 0.29± 0.23 −0.02
FL 0.67± 0.24 0.55± 0.10 0.69± 0.22 0.75

TABLE II

q2-averaged polarization observables over the whole kinematic region.

B → K∗`+`−

〈AFB〉 〈FL〉 〈P1〉 〈P2〉 〈P3〉 〈P ′4〉 〈P ′5〉

µ −0.23 0.47 −0.48 −0.31 0.0015 1.01 −0.49
τ −0.18 0.092 −0.74 −0.68 0.00076 1.32 −1.07
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Fig. 3. Bs → φ form factors.
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Fig. 4. Differential branching fraction, AFB and FL observables.

TABLE III

Total branching fractions.

This work Ref. [8]

107B(Bs → φµ+µ−) 9.11± 1.82 7.97± 0.77
107B(Bs → φτ+τ−) 1.03± 0.20

This work was partly supported by the Slovak Grant Agency for Sciences
VEGA, grant No. 1/0158/13 and by the Slovak Research and Development
Agency APVV, grant No. APVV-0463-12.
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