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Necessary to explain the dominance of matter over
antimatter in the universe.

In the SM, BNV can happen through nonperturbative
effects but with an extremely low probability.

[G. 't Hooft, 1976]
= The measurement of BNV would have the track of new
physics.

Some BSM theories such as Grand Unified theories put
quarks and leptons in the same multiplets which in general
leads to B-violating processes which much larger
probability.
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Hadronizing the operators |

© Quarks hadronize = We need to find a description in
terms of hadrons instead of quarks
@ The procedure to hadronize consists on:
e analyzing how the operators transform under the chiral

group.
o finding operators in terms of mesonic and baryonic fields

o Mamework with the same transformation rules.
hadrons o selecting the hadrons with the same valence quarks as in

the original operators.

Analogue to the AS =1 Weak Chiral Lagrangian!
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Results
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[LHCb Collaboration, 2013]
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Take home message

@ Direct searches of BNV tau decays do not constrain them
too much. But from proton decay analysis one can obtain
way heavier constraints [W. Hou et al., 2005]
= It is unlikely that BNV tau decays will be measured in
future experiments.

@ A more exhaustive analysis of BNV channels involving
dimension six operators can be used to disentangle the
operators (Work in progress).

Take home
message
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Standard Model effective operators

Lepton Flavor Violating (LFV) operators

Standard
Model

effective Oew = (7pawer) oW, Oes = (lp0"" ) By

operators Oy = ( ) (7 erw) 0501/) — ( Ti(ﬁmp) (7,;’)/“/,)
08 = (+75L1) (o) O = () (erh
Oece = (€pyuer) (es'y“et) O, = (IP%‘/’) (es7™er)

Baryon Number Violating (BNV) operators

Ore = €apyeif(dra)  ura(qiny) I
OLr = €apr€if(qra) qus(ury) er
OuL = €apreijen(Gia) qus(qrey) i
Orr = €ap(dra) “urp(ury) er




Flavor violation?

LEPTONS

generation generation generation
one two three

8 Y »
Charged ‘UQ vﬁ T
lepton flavor .
violation © .

® @
@ @®

generation generation generation
C0E two ‘three

QUARKS

$)21q"P

Jouu e‘t‘s




Why flavor violation?

B(t; — tjy) ~ O (1071)

lepton flavor
P F ]

violation

[Cheng, Li, 1980]



Why flavor violation?

B(t; — tjy) ~ O (1071)

lepton flavor
P F ]

violation

[Cheng, Li, 1980]

LFV can be used to constrain new physics
models!
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Experimental bounds
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Take home message

@ A strongly coupled LFV theory at the reach of future
R experiments is unlikely to exist.

lepton flavor

violation @ LFV vertices between the electron and the muon are
strongly suppressed.

© LFV vertices involving the tau can be well accommodated
in a BSM theory at energies around 10 TeV.

@ If ever measured, comparison between the different flavor
violating channels allows us to exclude theories.
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A stone in the road

@ If the BSM theory is a general gauge theory consisting of
scalars, fermions and vectors, photon exchange operators
are loop generated.

[Artz, Einhorn, Wudka, 1994].

= Should four-fermion operators be considered?

@ With four-fermion operators in the analysis, there are too
many undetermined couplings to get meaningful results.
= We will only use photon exchange contribution in our
analysis.

© We need to clearly establish the conditions where photon
contribution dominates.
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BSM general gauge theory

[ Strongly coupled ]%*»[ Weakly coupled ]

LFV vertex involving SM
fermions and a heavy boson?

yes

no

Four-fermion operators
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Results

1
(6 660 7) = i [A(IuP + logl?) + B Re {aga)]

Coefficient A B
Results in the Ti — :u:t/'l’—‘r/”‘_ 3064 —251
LFV sector T:l: — M:te+e— 137.84 ~1.79
T+ o ettt 28.05 —8.67 x 1073
7+ & eFTete 142.08 —1.13 x 1072
pt — etete™ | 1.74 x 1072 —3.99 x 107>
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Results in the
LFV sector

Bounds to

Process

new physics

Experimental branching ratio

Bound to new physics scale (TeV)

Weakly coupled

Strongly coupled

o uEy

T — ey

4.4 x 10~ % (BaBar)
4.5 x 1078 (Belle)
3.3 x 10~8 (BaBar)
1.2 x 1077 (Belle)
5.7 x 10~ 13 (MEG)
2.1 x 10~8 (Belle)
3.3 x 10~8 (BaBar)
1.8 x 1078 (Belle)
2.2 x 10~8 (BaBar)
2.7 x 1078 (Belle)
3.2 x 10~8 (BaBar)
2.7 x 1078 (Belle)
2.9 x 10~8 (BaBar)
1.0 x 10~2 (SINDRUM)

A > 57
A > 62

A > 6039
A > 15

A>23
A> 14
A>21

A > 1469

A > 722
A > 775

A > 75892
A > 190

A > 289
A> 174
A > 261

A > 18461
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Pontencially tree-level is not tree-level
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[E. Jenkins et al., 2013]
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