
Mathew Arun Thomas,  
School of Physics,  
IISER Thiruvananthapuram 

Baryon number violation

1



Mathew Arun Thomas,  
School of Physics, IISER TVM 

Baryon number violation

2



Assuming perturbative couplings to ‘X’ particle

Quark level dim-6
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Effective operators: quark level….assuming perturbative new physics 
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n − n̄
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• As a BNV process that violate both B and B-L, neutron-antineutron 
oscillation provides a unique probe of baryon number violation


• Most of the models predicting  correspond to energy scales of 
 TeV, well above the scales that can be probed by accelerators

n − n̄
102 − 103

10−34GeV



BNV with suppressed proton decay in 4 dimensions : at high scale
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• This operator does not exist if we gauge  . 


• In the light of null results from B=1 searches, the possibility of 
discovering neutron-antineutron  oscillations has recently gained 
increased interest

U(1)B−L

Δ
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BNV with suppressed proton decay in 4 dimensions : at high scale

• Though tree-level proton decay is absent, there 
could be dim-5 operator that leads to proton-
decay.

Vectors:



BNV with suppressed proton decay in 4 dimensions : at high scale
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• Assuming all scalars to have same mass and the the Yukawa to be  , one obtains 


• This model do not encourage other BNV processes like 


• A common feature in all these models are perturbative couplings with very heavy mass mediators

∼ 𝒪(1) M ≳ 500TeV

pp → e+e+, nn → νν, . . .

• No proton decay

Scalars:
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Neutron-antineutron oscillation: generation from six dimensions
MTA, Debajyoti Choudhury
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Neutron-antineutron oscillation: generation from six dimensions

Large  limit : Induced cosmological constant vanishesb2

MTA, Debajyoti Choudhury
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Neutron-antineutron oscillation: generation from six dimensions

Leptons

Quarks

Quarks
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Neutron-antineutron oscillation: generation from six dimensions

Leptons

Quarks

Quarks
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Neutron-mirror neutron oscillation
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• The chiral symmetry  with  being anomalous. 


• Preservation of   demands baryon number conservation. 

U(1)V × SU(Nf)L × SU(Nf)R → U(1)V × SU(Nf)V U(1)A

U(1)V

• To understand the low-scale New Physics contribution to neutron-antineutron oscillation
10−34GeV

Neutron-antineutron oscillation: generation at low-scale
MTA
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Neutron-antineutron oscillation: generation at low-scale
Toy model

• The condensate  breaks 
. Thus, if the mirror 

baryon number breaks, it will percolate into SM 
baryon number to preserve 


• And there are new pions that mediate the 
interaction between the SM and mirror baryons

Σ
U(1)V × U(1)V̄ → U(1)V−V̄

U(1)V−V̄

SM Mirror

MTA
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Neutron-antineutron oscillation: generation at low-scale
Linear Moose model

• Expanding on the toy model with multiple QCD-like gauge groups

SM

(B̄, s̄,1)

(1,s̄, − B̄)

(B̄, − B̄)(B, − B̄)

MTA
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Neutron-antineutron oscillation: generation at low-scale
Linear Moose model

MTA
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Neutron-antineutron oscillation: generation at low-scale
MTA
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Neutron-antineutron oscillation: generation at low-scale
MTA
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• With the next generation of experiments 
with higher sensitivity probing even 
further, the New Physics models would 
require further complicated structures. 

• There exists two phenomena that lack clear 
evidence in terrestrial experiments 


A. Baryon number violation


B. Dark Matter

• Its curious to wonder whether both are connected. 
Does Dark Matter act as a catalyst for BNV ?
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• Antibaryonic dark matter


• Baryon number transfer between visible and dark sectors through New Physics at weak scale


• Here, the DM is a fermion/scalar pair  with total baryon number 


• In this hylogenesis scenario, the universe is net B-symmetric. The baryon asymmetry carried 
in the invisible sector is equal and opposite to that in visible baryons. 


• These antibaryonic DM annihilate baryonic matter and mimic nucleon decay

(ψ, ϕ) Bψ + Bϕ = − 1
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(Assisted/induced) baryon number violation
Asymmetric Dark Matter
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(Assisted/induced) baryon number violation

• Effective induced BNV lifetime can be defined as  where τ−1 = nDM(σv)IND nDM = ρDM /(mψ + mϕ)

Asymmetric Dark Matter



(Assisted) baryon number violation 
from 4k+2 dimensions
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• Clifford Algebra in 4k+2 dimensions


• This is unlike in 4k dimensions. 


• Thus the fermion representation and its charge conjugate must satisfy the 
same Weyl condition

MTA, Akshay Anilkumar
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• Witten anomaly constrains the number of  doublets to appear in multiples of 3


• Although non-vanishing reducible anomalies like , , 
 are manageable via Green-Schwarz mechanism, irreducible anomalies like 

 require the chiral assignment  for quarks and  for leptons


• A combination of 5th and 6th component of the Hypercharge gauge boson becomes the Dark Matter 
candidate

SU(2)W

[SU(2)W]4 [SU(3)c]2[SU(2)W]2

[SU(2)W]2[U(1)Y]2, . . .
[SU(3)c]3[U(1)Y] Q+, 𝒰−, 𝒟− L±, ℰ∓, 𝒩∓

Some properties of six dimensions
MTA, Akshay Anilkumar



Some properties of six dimensions
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• On compactifying on  the Lorentz generators break to  and  and the fermions become 



• This residual  generates a rotational invariance 


• Interestingly, on orbifolding, the square  would break this  down to a  symmetry since its 
invariant under  rotations. 


• Under this generator, the fermions   are charged  and  are charged 


• All the operators in this geometry should keep this symmetry preserved. 


• Thus, on a square  the baryon and lepton number violating operators should satisfy the selection rule 




• Other orbifolds like , makes sure that proton decay along with other  processes are 
also suppressed. Except for neutron-antineutron oscillation

T2 ΣMN → Σμν Σ45

Ψ± = ψ±l fl + ψ±r fr

Σ45 U(1)45

T2/Z2 U(1)45 Z4
π/2

ψ±l ±1/2 ψ±r ∓1/2

T2/Z23
2

ΔB ± 1
2

ΔL = 0 mod 4

T2/Z3 ΔB = 2, ΔL = 2

MTA, Akshay Anilkumar



(Assisted) baryon number violation 
6 dimensions
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• Thus geometry plays a crucial role. But for generality, lets assume a simple , in which all the 
operators are allowed. 


• The gamma matrices are

T2/Z2

MTA, Akshay Anilkumar



(Assisted) baryon number violation 
6 dimensions

32

• Model independent baryon number and lepton number violating operators in six-
dimensions are,

MTA, Akshay Anilkumar



(Assisted) baryon number violation 
on orbifolding to 4 dimensions
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• After orbifolding, the operators with least number of KK-modes are

MTA, Akshay Anilkumar



(Assisted)  processΔB = 1, ΔL = 1
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MTA, Akshay Anilkumar



(Assisted)  processΔB = 2, ΔL = 2
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MTA, Akshay Anilkumar



Summary:

• Dark Matter being a catalyst to baryon number violation can be the reason for the rarity of events


• Other places in the galaxy with higher Dark Matter density would be efficient regions to generate the required 
baryon number violation


• Interesting signatures would be antineutrino and positron fluxes from DM spikes
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• There’s room at low energies for interesting New Physics models


• Generation of BNV can be at very low energies


• Limits from  processes
nn → invisible



Thank you
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