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Overview

 Motivation
➔ New high-luminosity machines, new measurements.
➔ New physics?

 Covariant quark model for mesons
➔ Lagrangian.
➔ Compositeness condition.
➔ Confinement.

 Processes and results
➔ B

s
→J/Ψ+η(').

➔ B→K(*)μ+μ-, B→K(*)νν, B→K*γ.
➔ Short mention of other meson, baryons and tetraquark results.

 Conclusion
➔ Summary.
➔ Outlook.



     

Erice school of nuclear physics, on 22/9/15 A. Liptaj:  Heavy hadron decays in  Covariant Quark Model 3/18

Motivation

 Experiment & theory
➔ New high-luminosity machines: rare flavor-changing processes 

observed & measured.
➔ Some heavy meson (baryon) decays: sensitiveness to hypothetical 

new heavy particles in Feynman diagrams for many NP scenarios.
➔ Increasing experimental information, for B→K*μ+μ-  (BABAR, Belle, 

CDF, LHCb) angular distributions measured.
➔ Standard model confirmed with some tensions (~3σ).

 Covariant quark model
➔ Model dependence (form factors) cannot be fully eliminated even with 

smartly defined observables (asymmetries, ratios)  CQM⇒ .
➔ Fully relativistic Lagrangian-based approach to hadronic interactions 

with a non-local quark current definition.
➔ Standard QFT techniques and limited number of parameters.
➔ Nice agreement with experimental data.
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Covariant quark model

 Lagrangian (mesons)

 Free 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.
In GeV: m

u,d
= 0.235, m

s
= 0.424, m

c
= 2.16, m

b
= 5.09, λ

cut-off
= 0.181, Λ

π
 = 0.87, Λ

K
= 1.04, …

 Compositeness condition
➔ Hadrons are made up of quarks → renormalization constant Z

H

½ can be interpreted as 

the matrix element between the physical state and the corresponding bare state.
Z

H

½ =0 → physical state does not contain bare state and is properly described as a 

bound state. Couplings g
H
 are eliminated as free parameters.

     [ A. Salam, Nuovo Cim. 25, 224 (1962), S. Weinberg, Phys. Rev. 130, 776 (1963) ]

(∏
H
 – meson mass operator)
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Computation techniques & infrared confinement

 Feynman graph evaluation
 

➔  General form

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

i
 -linear combination of loop momenta k

i
        p

i
 -linear combination of external momenta p

i
 

➔  Schwinger representation and integration (over loops and Schwinger parameters)

 Infrared cut-off

➔  Π becomes smooth function, thresholds in quark loop diagrams and corresponding 
branch points removed. Universal value λ

cut-off
= 0.181, numerical integration.
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Form factors and weak decays

  Observables expressed via form factors

  Flavor transitions
➔  Effective theory (Wilson coefficients) used 

to describe quark flavor transition
➔  Factorization: convolution of form factor

and expression proportional to decay constant
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B
s 
→J/ψ + η(')

  B
s
→J/ψ + η and B

s
→J/ψ + η':

➔  Measured by Belle [PRL 108, 181808 (2012)] and
LHCb [Nucl. Phys. B867 (2013)547]

➔  Light-strange quark mixing
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B
s 
→J/ψ + η(')

 Model over-constrained

 Results (x10-4)

q - momentum of the outgoing particles in the rest frame of the decaying particle.

        [S. Dubnička, A. Z. Dubničková, M. A. Ivanov and A. Liptaj Phys. Rev. D 87, 074201 (2013)]
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Kinematics

 Amplitude calculation

➔  Helicity basis – hadronic
and leptonic tensor evaluated
in different frames

➔  Hadronic tensor parametrized
through form factors

 scalar (K)

 vector (K*)
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Full differential distribution B→K*(→Kπ)μ+μ-
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Observables

 Searching 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...

 Chosen observables (B→K*μ+μ-)
➔  Separate integration (numerator/denominator) over relevant q2 range (bin size).
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Results

● Branching fractions

 
● A

FB
 and F

L

in the 1 GeV2 < q2 < 6 GeV2 region (B→K*μ+μ- only)

CQM Data [PDG]

[1] Belle Coll., Phys. Rev. Lett. 103, 171801 (2009) [2] LHCb Coll., Phys. Rev. Lett. 108, 181806 (2012)
[3] CDF Coll., Phys. Rev. Lett. 108, 081807 (2012) [4] S. Descotes-Genon et al., JHEP 1305, 137 (2013)

[1]

CQM

[2]

[3]

[HFAG coll.]
q2 [GeV2]

A
FB
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Binned results
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Binned results
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Other meson-related results

  B
s
 nonleptonic decays

➔  Branching ratios (%) [M. A. Ivanov, et. al., Phys. Rev., D85:034004, 2012.]
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Summary of selected baryon and tetraquark results

 Lagrangians

 Baryons
➔ Nucleons

[ T. Gutsche, M. A. Ivanov, J. G. Körner,
V. E. Lyubovitskij and P. Santorelli,
Phys. Rev. D 87, 074031 (2013) ]

➔ Rare baryon decays Λ
b
 → Λℓ+ℓ−

B(Λ
b
 → Λµ+µ−) = 1.0×10−6

CDF (1.73±0.69)×10-6

LHCb (0.96±0.25)×10-6

 

[ T. Gutsche, M. A. Ivanov, J. G. Körner,
V. E. Lyubovitskij, P. Santorelli,
Phys. Rev. D 87 074031 (2013) ]

 
 Tetraquark X(3872)

➔ Molecule interpretation

[ M. A. Ivanov et. al., Phys. Rev. D 84, 014006 (2011) ]
[ S. Dubnička, A. Z. Dubničková, M. A. Ivanov and J. G. Körner, Phys. Rev. D 81, 114007 (2010) ]
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Conclusion

 Summary
➔  Heavy particle decays: active field with discovery potential, data quantity increasing.
➔  Effort to minimize hadronic uncertainty by a clever choice of observables.
➔  Yet, hadronic effect cannot be fully removed  ⇒CQM.
➔  CQM – relativistic, Lagrangian-based with limited number of free parameters, well 

suited for heavy hadron decays.
➔  Model results roughly agree with experimental data.

 Outlook
➔  Further processes can be evaluated and agreement with the SM checked.

[                  ,                                ]

Thank for your attention!
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