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1 ‹ E « 100 GeVStandard Model as Low-Energy Theory

symmetry SU(3)c x    U(1)em

forces strong electromagnetism
gluons           octet                               singlet
photon singlet                             singlet

particle states representations electric charge Qel

u c               triplet + 2/3
d s               b triplet      - 1/3

e µ τ singlet          - 1
νeL νµL ντL singlet    0

Non-Renormalizable Effective Operators effectively make up for disappearance of  W, Z, H, t

At 1 GeV  SU(3)c  becomes strongly coupled  quark confinement  baryons and mesons
Only protons, neutrons & electrons stay stable and form bound states  atoms in our world

non-chiral theory
(the left and right 
transform the same way)
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Standard Model fermions – 1 generation
showing SU(3)c x SU(2)L quantum numbers
as Dynkin labels



(00) 1 ν

d
c

antiGREEN (1-1) 0

d
c

antiBLUE (01) 0

d
c

antiRED (-10) 0

(00) -1  e

dGREEN (-11) -1

u
c

antiGREEN (1-1) 0

u
c

antiBLUE (01) 0 

(10) -1  dRED

(-11) 1  uGREEN

(00) 0  e
c

(0-1) 1  uBLUE

u
c

antiRED (-10) 0

(0-1) -1  dBLUE

(10) 1  uRED

(0 1)

(1 -1)(-1 0)

Reminder:

SU(3)

antitriplet

T3

Y

Standard Model fermions
SU(3)c x SU(2)L

Dynkin labels



(00) 1 ν

d
c

antiGREEN (1-1) 0

d
c

antiBLUE (01) 0

d
c

antiRED (-10) 0

(00) -1  e

dGREEN (-11) -1

u
c

antiGREEN (1-1) 0

u
c

antiBLUE (01) 0 

(10) -1  dRED

(-11) 1  uGREEN

(00) 0  e
c

(0-1) 1  uBLUE

u
c

antiRED (-10) 0

(0-1) -1  dBLUE

(10) 1  uRED

SU(2)L doublet

SU(3)c antitriplet
SU(3)c antitriplet

Standard Model fermions
SU(3)c x SU(2)L

Dynkin labels



(00) 1 ν

d
c

antiGREEN (1-1) 0

d
c

antiBLUE (01) 0

d
c

antiRED (-10) 0

(00) -1  e

dGREEN (-11) -1

u
c

antiGREEN (1-1) 0

u
c

antiBLUE (01) 0 

(10) -1  dRED

(-11) 1  uGREEN

(00) 0  e
c

(0-1) 1  uBLUE

u
c

antiRED (-10) 0

(0-1) -1  dBLUE

(10) 1  uRED

SU(3)c antitriplet

SU(2)L doublet

SU(3)c antitriplet

SU(3)c and SU(2)L singlet

Standard Model fermions
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SO(10) Dynkin labels of Standard Model fermions
showing also SU(5)  Dynkin labels

They all fit nicely into the 16 dim 
representation of SO(10) 
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SO(10) Dynkin labels of Standard Model fermions
lowerings within the 16 dim representation
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Low Energy processes

Indirect Searches

with P.Maták, Intl. J. Phys. 2014,   PhD Thesis 2015

with P.Maták, Z.Kučerová
and   Z.Šinská, M.S. Thesis 2016

K+ →  π +  ν νbar

RK = Γ(K + → e+ νe)  /   Γ(K + → μ+ νμ)

BR(τeγ)



K+ →  π +  ν νbar  in SM



K+ →  π +  ν νbar  in MSSM

MSSM squark mass matrix: new sources of flavor violation parametrized by



K+ →  π +  ν νbar  in MSSM
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K+ →  π +  ν νbar  in MSSM



K+ →  π +  ν νbar  in MSSM

Numerical Results
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K+ →  π +  ν νbar  in MSSM

Numerical Results





AT TREE LEVEL

SM MSSM

MSSM contrib.
is Flavor
Independent
...

AT TREE LEVEL



AT LOOP LEVEL
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AT LOOP LEVEL

R.M.Fonseca et al, Eur.Phys.J. C72 (2012)







CONCLUSIONS

Rare K+ decays could provide signals of BSM Physics provided 
MSSM is the SM extension 

10% or better precision may be needed for K+ →  π +  ν νbar exp. value

Δr  in RK ratio could easily be as large as the current one sigma error 
=> remains a good observable to look for BSM Physics 

Showed results for K+ →  π +  ν νbar and for Δr  in RK ratio for
MSSM with large tan beta






