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Beyond the SM: - Massive Majorana neutrinos
- R-parity-violating SUSY
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The Bethe-Salpeter Formalism
Mesons as bound states of a quark and an antiquark:
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The definition of the decay constant of the meson:



Lomonosov, 25.08.20075

Rare Meson Decays in R-parity-
violating SUSY Theories

SLB
pR 23)1( ++−= S, B, L – spin, barion and lepton quantum numbers

The SM fields, including additional Higgs boson  fields appearing in the 
extended  gauge   models,  have                 while their  superpartners  have 

. This symmetry has been imposed on the minimal supersymmetric
SM to ensure  B and  L number conservation. However,  SUSY  doesn’t 
require Rp conservation.

R-parity is a discrete, multiplicative symmetry defined as

1+=pR
1−=pR

- L and B number conservation
- the lightest superparticle stability

MSSM pR



Lomonosov, 25.08.20076

kjiijkuiikjiijkkjiijkRPV DQUHLDQLELLW λελλ ′′++′+=
2
1

- generation indices;kji ,, QL, are lepton and quark doublet superfields

are lepton and up, down quark singlet superfields.DUE ,,

All are the coupling constants.λ
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The most general gauge invariant form of the superpotential in
minimal SUSY SM is
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The trilinear part of lepton number violating Lagrangian:

The bilinear terms of the R-parity breaking superpotential induce mixing 
between the SM leptons and the MSSM chargino and neutralinos in the
mass-eigenstate basis:
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δσN - the 4x4 neutralino mixing matrix.
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g~ 0~χThe Lagrangian  terms  corresponding  to gluino and  neutralino
interactions with  fermions ,                 and their 
superpartners ,            :

Here are 
3x3 Gell-Mann 
matrices.

Here                and                 are the electric charge and weak isospin of  the  field      ,
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Bilinear R-parity  breaking
gLHSMbil ~~ ℑ+ℑ+ℑ+ℑ=ℑ χ
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+′+−′→+ MM
Feynman diagrams for the rare meson decay 

in SUSY with bilinear
R-parity breaking
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where

In this case the total decay width is model independent

- the 4-momentum of the initial and final mesonspp ′,
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Using the input parameters for mesons:
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And the following typical set of supersymmetric parameters : 

a) MSSM – parameters:

b) RPV – parameters:
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- vacuum expectation values of down-type Higgs 
boson ,dH

- sneutrino vacuum expectation values.
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Masses of superpartners:

Masses of neutralino and the elements of neutralino mixing 
matrix were calculated numerically for the above MSSM input 
parameters.
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Exp. upper 
bounds onDecay

++−+ → eeK π
++−+ → μμπK
++−+ → μπ eK
++−+ → eeKD
++−+ → μμKD
++−+ → μeKD

49106.3 −⋅
49100.1 −⋅
49103.4 −⋅
48106.1 −⋅
48105.1 −⋅
48102.3 −⋅

′B
′B

(bil R/ MSSM)
10104.6 −⋅
9100.3 −⋅
10100.5 −⋅
4102.1 −⋅
5103.1 −⋅
4103.1 −⋅

Experimental and indirect  bounds  on the branching ratios for the 
rare meson decays in bilinear R-parity breaking sypersymmetry
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B(                        )   as a function of for

and                                in bilinear R-parity breaking supersymmetric 
theory

++−+ → eeK π βtg GeV500=μ
GeVM 2002 =
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B(                        )   as a function of for

and                    in bilinear R-parity breaking supersymmetric theory

++−+ → eeK π 2M
4=βtg

GeV500=μ
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B(                        )   as a function of for

and                    in bilinear R-parity breaking supersymmetric theory

++−+ → eeK π μ
4=βtg

GeVM 2002 =
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B(                        )   as a function of ,          and in
trilinear R-parity breaking supersymmetric theory

++−+ → eeK π βtg

GeV500=μ
GeVM 2002 =

2M

4=βtg

μ

GeVM 2002 =

4=βtg
GeV500=μ
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Exp. upper  
bounds onDecay

R/
++−+ → eeK π
++−+ → μμπK
++−+ → μπ eK
++−+ → eeKD
++−+ → μμKD
++−+ → μeKD

(tril
′B

32109.5 −⋅
24101.1 −⋅
24101.5 −⋅

31105.1 −⋅
24109.8 −⋅
23101.2 −⋅

Mν( SM)
49106.3 −⋅

49100.1 −⋅
49103.4 −⋅

48106.1 −⋅
48105.1 −⋅
48102.3 −⋅

′B
′B

MSSM)
′B

(bil R/ MSSM)
10104.6 −⋅
9100.3 −⋅
10100.5 −⋅

4102.1 −⋅
5103.1 −⋅
4103.1 −⋅

24107.7 −⋅
24107.2 −⋅
23100.1 −⋅

25109.2 −⋅
25107.2 −⋅
25106.5 −⋅

Experimental and indirect bounds on the branching ratios for the
rare meson decays mediated by heavy Majorana neutrinos and in
trilinear and bilinear R-parity breaking sypersymmetry

Conclusion


