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Introduction
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Example 1: In grand unified theories ( SU(5), SO(10),..) B and L are explicitly broken  
at the high scale.

Example 2: In the MSSM  B and L are explicitly broken at the renormalizable level by 
RpV interactions.

Theories for Physics beyond the Standard Model

Example 3: In theories where B and L are local gauge symmetries one predicts that  
these symmetries are spontaneously broken in 3 units. 

In general we can have explicit B and L breaking 

or Spontaneous B and L violation and 


we should investigate all new phenomena 

and the implications for cosmology !
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These scales could be low and we could test  
the origin of B and L violation !   

S. Weinberg, 1979
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Search for Rare Processes


U(1)Li
broken !

- Proton Decay:


- Neutrinoless double beta decay

- Lepton Flavour Violating Processes:

- LNV at Colliders: 

- Neutrino Oscillations

LNV

BNV
p ! ⇡0e+,K+⌫̄, ...

A
ZX ! A

Z+2Y + 2e�

µ ! e�, µ ! 3e, ...

p p ! e+i e
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k e
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- N-Nbar Oscillations

- Others
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Explicit Breaking of B and L


Example 1: Grand Unified Theories




Georgi-Glashow Model
Georgi, Glashow, Phys.Rev.Lett.32:438-441,1974

GSM = SU(3)
N

SU(2)
N

U(1) ⊂ SU(5)

α3 α2 α1 → α5

N2 − 1 generators λa, a = 1..24

U(x) = Exp(iαa(x)λa), Det U=1, Tr λa=0

N − 1 = 4 diagonal generators.

Gauge Bosons

24G = (8, 1, 0)| {z }
Ga

L
(1, 3, 0)| {z }

Wb

L
(3, 2,−5/6)| {z }

V

L
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V

L
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B

Matter Assignment
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(eC)L ∼ (1C, 1L, 1),
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5H 24H

B and L are explicitly broken !



see e.g. P. Nath, P. F. P., Physics Reports 441 (2007) 191

g5(ec)L�
µXµdL + g5uL�

µXµ(u
c)L + h.c.

New Baryon and Lepton Number Violating Interactions



�B = 1, �L = odd

Proton Decay:
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MV > 1014�15GeV

<latexit sha1_base64="gMqurTapW75ReHqpNcXe10K9M8Y="></latexit>

Miura @ BLV2019 see talk by E. Kearns @ BLV circa 2020



Renormalizable SU(5)

5H , 24H , 45H

ArXiv: 1604.03377
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Explicit Breaking of B and L


Example 2: Supersymmetry




MSSM Interactions

14



p p ! g̃ g̃ ! t t̃⇤ t t̃⇤ ! t t t̄ t̄ �̃0
1 �̃0

1

If �̃0
1 is the LSP can be a Cold Dark Matter Candidate

R-parity Conservation

15

Signals with Multi-jets and Missing Energy at the LHC !
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p p ! g̃ g̃ ! t t t̃⇤ t̃⇤ ! t t t̄ t̄ �̃0
1 �̃0

1 ! t t t̄ t̄ 3j 3j

p p ! g̃ g̃ ! t t t̃� t̃� ! t t t̄ t̄ �̃0
1 �̃0

1 ! t t t̄ t̄ e±i e±j W⇥ W⇥

6

R-parity Violation

Baryon Number Violation:

Lepton Number Violation:

Signals with Multi-jets and Multi-leptons at the LHC !



What is the origin of the lepton and baryon  
number violating interactions in the MSSM?
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Matter-Parity:
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Phys. Rev. Lett.102:181802, 2009, arXiv:0812.3661 
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Phys. Rev. Lett.102:181802, 2009, arXiv:0812.3661 
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 Phys.Lett.B 728 (2014) 489-495Discovery Reach at the LHC
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Spontaneous B and L Breaking




Baryon and Lepton Number 

as Local Gauge Symmetries

Main Idea:

see e.g. P. F. P., Physics Reports 597 (2015), arXiv:1501.01886



U(1)B and U(1)L

SU(3)C ⌦ SU(2)L ⌦ U(1)Y ⌦U(1)B⌦U(1)L

24

Spontaneous Breaking of B and L

where can be broken at the TeV Scale !

How to define an anomaly free theory ?

B(quark) = 1/3 L(lepton) = 1

see e.g. Physics Reports 597 (2015), arXiv:1501.01886

P. F. P., M. B. Wise
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Phys. Rev. D90 (2014)3, 037701, arXiv:1403.8029


New Higgs:

�B = ±3 Stable Proton !

Gauge Theory for Proton Stability !

SB ⇠ (1, 1, 0, 3)

<latexit sha1_base64="U3l5opcs0ljh4jgL5CwvcELZ6ag=">AAAB+3icbVDLSgMxFM3UV62vsS7dBItQoZQZrejCRdGNy4r2Ae0wZNJMG5pkhiQjlqG/4saFIm79EXf+jWk7C209cOFwzr3ce08QM6q043xbuZXVtfWN/GZha3tnd8/eL7ZUlEhMmjhikewESBFGBWlqqhnpxJIgHjDSDkY3U7/9SKSikXjQ45h4HA0EDSlG2ki+Xbz3r2FPUQ7LbsWtOJWzE98uOVVnBrhM3IyUQIaGb3/1+hFOOBEaM6RU13Vi7aVIaooZmRR6iSIxwiM0IF1DBeJEeens9gk8NkofhpE0JTScqb8nUsSVGvPAdHKkh2rRm4r/ed1Eh5deSkWcaCLwfFGYMKgjOA0C9qkkWLOxIQhLam6FeIgkwtrEVTAhuIsvL5PWadWtVc/vaqX6VRZHHhyCI1AGLrgAdXALGqAJMHgCz+AVvFkT68V6tz7mrTkrmzkAf2B9/gAHsJHU</latexit>

SU(3)C ⌦ SU(2)L ⌦ U(1)Y ⌦U(1)B

see also: Physical Review Letters 110, 231801 (2013), arXiv:1304.0576



ArXiv: 2003.09426

Collider Bounds



Phys. Rev. D 100, 015017 (2019), arXiv: 1904.01017 

⌦DMh2  0.12

<latexit sha1_base64="Nqh5lOF/J5mcQUV3awPnN8UBAmQ=">AAACAnicdVDLSgMxFM34rPU16krcBIvgapipU213RV24ESvYB7S1ZNLbNjTzMMkIZShu/BU3LhRx61e4829MH4KKHrhwcs695N7jRZxJZdsfxszs3PzCYmopvbyyurZubmxWZBgLCmUa8lDUPCKBswDKiikOtUgA8T0OVa9/MvKrtyAkC4MrNYig6ZNuwDqMEqWllrnduPChS1rJ6fkQ966zuMHhBtuWk22ZGdsq5A7dbEG/C/lc3j0YG7bjOtix7DEyaIpSy3xvtEMa+xAoyomUdceOVDMhQjHKYZhuxBIiQvukC3VNA+KDbCbjE4Z4Tytt3AmFrkDhsfp9IiG+lAPf050+UT352xuJf3n1WHXyzYQFUawgoJOPOjHHKsSjPHCbCaCKDzQhVDC9K6Y9IghVOrW0DuHrUvw/qWQtx7Vyl26meDyNI4V20C7aRw46QkV0hkqojCi6Qw/oCT0b98aj8WK8TlpnjOnMFvoB4+0T+NGV4g==</latexit>

The scale for baryon number violation must be low to be  
in agreement with cosmology and one could test the spontaneous  

breaking of baryon number at colliders
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Other Aspects
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Neutrinoless double beta decay

talk by V. Cirigliano @ BLV circa 2020 
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Proton Decay

talk by S. Raby @ BLV circa 2020 



31

B and L violation at colliders

talks by T. Han, A. Plascencia, R. Ruiz and G. Senjanovic @ BLV circa 2020 
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N-Nbar oscillations

talk by K. Babu @ BLV circa 2020 
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Exotic B and L processes 

talks by S. Gardner and J. Heeck @ BLV circa 2020 
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Baryogenesis talks by A. Long and C. Wagner @ BLV circa 2020 
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Summary


P. Fileviez Perez

We investigate the theories for physics beyond the SM where B and L 
are explicitly broken or spontaneously broken. 

We should discuss in detail the predictions for more exotic B and L 

violating processes together with proton decay, neutrinoless double 

beta decay and n-nbar oscillations. 

It is important to investigate the testability of theories with B and L 

violation at colliders.

It is important to investigate the different baryogenesis mechanisms 
and the testability at low energy experiments and colliders. 


