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Motivation

➔ Theoretical motivation: expected sensitiveness to new physicsTheoretical motivation: expected sensitiveness to new physics
➢ Rare flavor-changing b decays: possible contributions of new hypothetical particles 

in loops of Feynman diagrams.

➔ ExperimentExperiment::
➢ New high-energy and high-luminosity machines.
➢ Rare b decays measured, experiments are ongoing, data amount increasing.
➢ Even angular information with nice statistics is nowadays available for selected 

processes.
➢ Standard model confirmed, however with some tensions (~3σ).

➔ Hadronic effects – quark confinementHadronic effects – quark confinement
➢ Source of theoretical uncertainty.
➢ Beyond applicability of the perturbative computation.
➢ Alternatives with small model dependence (lattice QCD, ChPT) still not “at the point”.
➢ Even if “safe” observables used, some model (i.e. form factor) dependence remains.

➔ Covariant quark modelCovariant quark model
➢ Lagrangian-based approach to hadronic interactions with full Lorentz invariance.
➢ Applicable to different multiquark states (mesons/baryons/tetraquarks).
➢ Limited number of free parameters, standard QFT computational techniques, 

convincing results.
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Covariant quark model

➔ Lagrangian (density)Lagrangian (density)

➢ Mesons

➢ Baryons

➢ Tertaquarks

➔ Free parametersFree parameters

➢ Constituent quark masses [4], hadron-size related parameters [N] and universal 
cut-off [1] (N+5 in total). Numerical values from fits to data.
 

 m
u,d

= 0.235 GeV, m
s
= 0.424 GeV, m

c
= 2.16 GeV, m

b
= 5.09 GeV, λ

cut-off
= 0.181 GeV, Λ

K*
 = 0.75 GeV, Λ

φ
= 0.88 GeV…

 

➢ Coupling constants g
H
 determined using so-called compositeness condition.
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Compositeness condition

➔ Quarks and hadrons:Quarks and hadrons:
➢ Interaction Lagrangian:hadrons and quarks are elementary.
➢ Nature: hadrons made up of quarks.

➔ Appropriate description of bound statesAppropriate description of bound states
➢ Question addressed already in sixties: A. Salam, Nuovo Cim. 25, 224 (1962)

S. Weinberg, Phys. Rev. 130, 776 (1963)
➢ Renormalization constant Z

H

½ can be interpreted as the matrix element between 

the physical state and the corresponding bare state.
Z

H

½ = <H
bare

|H
dressed

>=0 ⇒

physical state does not contain bare state and is therefore properly described as 
a bound state.

➔ Compositeness condition (covariant quark model):Compositeness condition (covariant quark model):
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Computation methods

➔ GenGeneral formeral form
of a Feynman diagramof a Feynman diagram

➢  j external momenta
➢ n quark propagators
➢ l loop integrations
➢ m vertices

➔ Schwinger representation of the quark propagatorSchwinger representation of the quark propagator

➔ Calculational techniquesCalculational techniques
➢ Loop momenta integration

➢ Operator evaluation simplification

➢ k
i
 : linear combination of loop momenta k

i

➢  p
i
 : linear combination of external momenta p

i
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Infrared confinement

➔ Confinement of quarksConfinement of quarks
➢ Light mesons: m

M
<∑m

q
 ⇒ hadrons are stable.

➢ Heavy mesons: m
M
>∑m

q
 ⇒ hadrons unstable and model needs modification.

➔ Infrared cutoff implementationInfrared cutoff implementation::
➢ Unity in form of δ-function introduced ⇒ single cut-off parameter.

➢ Universal value λ
cut-off

= 0.181 established for all processes.
➢  Π becomes a smooth function, thresholds in the quark loop diagrams and 

corresponding branch points are removed.

→
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Getting model output

➔ Intermediate objectsIntermediate objects

➢ Decay constants

➢ Form factors
(diagram factorization)

➔ Flavor transitionFlavor transition
➢ effective theory with

Wilson coefficients

➔ Programming and numerical computationsProgramming and numerical computations
  

➢ Schwinger parameter integration done numerically.
 

➢ All programing and numerical procedures done twice independently to avoid 
errors and to estimate numerical effects.
(FORTRAN vs. Java, NAG integration libraries vs. integration libraries by Torsten Nahm).
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Processes B→K*+2μ and B
s
→φ+2μ in Standard Model

➔ The two processesThe two processes
➢ Same quantum numbers of interacting particles.
➢ Differ (only) in spectator quark.

➔ SM form factorsSM form factors: (pseudo)scalar to vector transition: (pseudo)scalar to vector transition
 

➢ Four (axial)vector form factors

 

➢ Three tensor form factors

➔ Kinematics: cascade decays consideredKinematics: cascade decays considered
➢ B→K*(→Kπ)+2μ.
➢ B

s
→φ(→KK)+2μ.
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Helicity formalism

➔ Amplitude computationAmplitude computation
➢ Helicity basis – hadronic and leptonic tensor evaluated in different frames.
➢ Hadronic tensor parametrized through (new) form factors
➢ Flavor changing information enters in the form factor redefinition. 

➔ Approaching full differential distribution (next slide)Approaching full differential distribution (next slide)
➢ H

X

ij – bilinear combination of Hi
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Full differential distribution
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Observables

➔ Searching forSearching for
➢ Small model dependence (on hadronic physics, form factors).
➢ Sensitivity to new physics (at short distance).
➢ Experimental accessibility (clear signature, high cross-section, small backgrounds).
➢ Ratios, asymmetries, asymmetry ratios...
 

➔ Observables for B→KObservables for B→K**μμ++μμ-- and   and  BB
ss
→φ→φ(→K(→KKK)+2)+2μμ..

➢ Comparison with experiment: separate integration (numerator/denominator) over 
relevant q2 range (bin size).
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Binned observables from helicity amplitudes
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B→K*+2μ
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B→K*+2μ form factors
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B→K*+2μ(τ) results



  

Excited QCD, Costa da Caparica, 10.03.2016 A. Liptaj: B decays in  Covariant Quark Model 17/20

B→K*+2μ(τ) results



  

Excited QCD, Costa da Caparica, 10.03.2016 A. Liptaj: B decays in  Covariant Quark Model 18/20

B→K*+2μ(τ) results

S. Descotes-Genon, J. Matias and 
J. Virto, Phys. Rev. D 88, 074002 
(2013),[arXiv:1307.5683].
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B
s
→φ+2μ
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B
s
→φ+2μ form factors
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Bs→φ+2μ(τ) results
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Bs→φ+2μ(τ) results
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Bs→φ+2μ(τ) results
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Summary and outlook

➔ SummarySummary

➢ Additional check of the theory-data consistency with hadronic effects described 
by the covariant quark model.

➢ No significant deviation from the SM observed.

➢ Further information:
 Few Body Syst. 57 (2016) 2, 121-143, arXiv:1511.04887 [hep-ph]
 arXiv:1602.07864 [hep-ph]

➔ OutlookOutlook

➢ Wide application range: we will follow the experimental situation.

➢ In our focus: the recent measurement by the LHCb:

Thank you for your attention!Thank you for your attention!
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