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Baryon number violating processes



Effective operators: quark level….assuming perturbative new physics 
But is it completely understood ? Will come back to it at the end

Julian Heeck and Volodymyr 
Takhistov 
Phys. Rev. D 101, 015005 

arXiv:1910.07647



Assuming perturbative couplings to ‘X’ particle

Hadron levelQuark level dim-6



Processes

•  Lepto-Quark and diquark 
(Benjamín Grinstein )


• /  Lepto-quark and diquarks (K. S. Babu, R. 
N. Mohapatra, et al ), Weyl-Majorana( in preparation, MTA)


•  Six-dimensions (DC, MTA), Linear-moose model (MTA), Lepto-
quark and diquarks (K. S. Babu, R. N. Mohapatra, C. Grojean, J. D. Wells )


• 


•  mirror neutron models (Z. Berezhiani, D. McKeen, M. Pospelov), 
Linear-moose model (MTA) (Purely non-perturbative confining)


• Exotic Induced Nucleon Decays (IND)


•  Dark Majorana fermion (Amarjit 
Soni)


•  Baryonic DM (Hooman 
Davoudiasl, Nikita Blinov) , Weyl-Majorana interaction manuscript (in 
preparation MTA)


•          
Weyl-Majorana interaction manuscript (in preparation MTA) 

• 


•          
Weyl-Majorana( in preparation, MTA), Lepto-quark and diquarks (K. S. Babu, R. 
N. Mohapatra, )

p → μ+/e+π0, p → K+ν̄

pp → μ+μ+ e+e+

n − n̄

νn → ν̄n̄

n → n′ 

DM + p → n + e+/μ+

DM + p → DM + e+/μ+

DM + p → DM + p̄ + μ+μ+/e+e+

e− + N(A, Z) → e+ + N′ (A, Z − 2)

μ− + N(A, Z) → e+ + N′ (A, Z − 2)

INO ?50 kiloton magnetized ICAL detector at the INO 
for 10 years


Ferjus Experiment with 900 ton iron tracking calorimeter?

Proposed liquid scintillator ? Similar to SNO





decays: 
(Induced) Proton decay

• 


• 


• 


• Baryonic Dark Matter

•       Weyl-Majorana fermion and adjoint  scalar DM

p → e+ + π0

DM + p → DM + e+

DM + p → DM + e+ + π0

Huang, J., Zhao, Y. 
J. High Energ. Phys. 2014, 77 (2014)
arXiv:1312.0011 

In preparation. Will help in distinguishing 4k+2 and 4k dimensions



decays: 
(Induced) Proton Proton annihilation / Hydrogen-antiHydrogen oscillation

•  
(dim-12)


• 


• There could be striking signatures 


• They arise from different operators


• How do you distinguish


• This is done by looking at the 
 in the final state. 


•  for perturbative new 
physics 

p + p → μ+ + μ+/e+ + e+

DM + p → DM + p̄ + μ+μ+/e+e+ μ+μ+/e+e+

Λ ≳ 1.5TeV



Exotic decay: 
μ− + N(A, Z) → e+ + N′ (A, Z − 2)

M.~Lee and M.~MacKenzie,

Universe 8, no.4, 227 (2022)
arXiv:2110.07093 

μ



n − n̄
Six-dimensions

Confining New 
Physics



(induced) : 
At INO 50 Kiloton (~10^9 Avogadro number)?  (with scintillators) 
Frejus experiment ? 

pp → μ+μ+

e+e+



arXiv:1811.12430 





Super-Kamiokande and  
Hyper-Kamiokande (~650 m)

KEK Preprint 2016-21 

(HYPER-KAMIOKANDE design report )

arXiv:1811.12430 (Dinucleon and Nucleon Decay to 
Two-Body Final States with no Hadrons in Super-
Kamiokande )



Proposal: 
Neutron lifetime/ 
Double proton decay

• If one of the neutrons in  should decay then  would  beta decay to 



• Look for the appearance of this activity in a large mass of well-shielded Ni. 


• We can also look for the process  (Potassium acetate powder)


• Searching for dim-6,12

58Ni 57Ni
57Co

39K → 37Ar



Proposal:  
 dim-18 at quark level/ dim-9 hadron level 
 dim-15 at quark level/ dim-6 hadron level

3n → 3ν
nn → n̄ν̄

• High energy New Physics is out of question !!


• Could differentiate non-perturbative low-energy New Physics


• 


• Through 3n annihilation (probably no one has done this yet)


• 56Fe give out 846.8 KeV gamma rays. Need scintillators 


• 6.4 KeV X ray of Fe would then allow the determination of the number of 
atoms of 59Co at source. 

59Co → 56Co → 56Fe



Summary:
•  processes could indicate perturbative New Physics at 1.5 TeV


• Searches for DM induced nucleon decays


• Proposal: 50 Kton INO and liquid scintillators could already be in place to look 
for baryon number violating currents


• Flavour violating  could be interesting


• Proposal:  should decay then  would  beta decay to .
 (Potassium acetate powder) to look for dim -6,12 processes


• Proposal:  with 846.8 KeV gamma rays could 
differentiate non-perturbative low-energy New Physics

ΔB = ΔL = 2

μ− + N(A, Z) → e+ + N′ (A, Z − 2)
58Ni 57Ni 57Co

39K → 37Ar
59Co → 56Co → 56Fe



• Thank you for listening 



Backup slides



Backup slides



Backup slides



Backup slides 



Backup slides (Neutron Oscillation and Baryogenesis from six dimensions) 



Backup slides (Baryon number violation from confining New Physics) 
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