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▪ Baryon and lepton number violation is sensitive for 𝑑 ≫ 6, 
unlike any other experiment.
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▪ Dim 13
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[J. Heeck, D. Sokhashvili, A. Thapa , to appear]
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Dimension 6

Dimension 7

Dimension 8

Dimension 9

Dimension 10

[2306.12578, 1711.10391 …]
Fully explored in literature

[2306.12578, 2307.10380 …]
Incomplete results in literature

[2306.12578 …]
Incomplete results in literature

[1210.6598, 9307254 …]
Fraction of results in literature



New particles
Dim 11

Dim 12

Dim 13

Dim 14

Dim 15
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[1212.4556 …]

Fraction of results
 in literature

Only includes symmetry 
protected operators

[J. Heeck, D. Sokhashvili, A. Thapa , to appear]
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▪ Possible amplitude cancelation
Derivative operators
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𝐷𝑑𝑄𝑄ν, 𝐷𝑑𝑑𝑄𝐿, 𝐷𝑢𝑑𝑑ν, 𝐷𝑑𝑑𝑑𝑒

𝐷𝑢𝑢𝑑𝐿 ഥ𝐻, 𝐷𝑢𝑢𝑄𝑒 ഥ𝐻, 𝐷𝑢𝑑𝑄ν ഥ𝐻, 𝐷𝑢𝑄𝑄𝐿 ഥ𝐻, 
𝐷𝑄𝑄𝑄ν ഥ𝐻, 𝐷𝑢𝑑𝑑𝐿𝐻, 𝐷𝑢𝑑𝑄𝑒𝐻, 
𝐷𝑑𝑑𝑄ν𝐻, 𝐷𝑑𝑄𝑄𝐿𝐻, 𝐷𝑄𝑄𝑄𝑒𝐻 

𝐷𝑢𝑄𝑄തν ഥ𝐻 ഥ𝐻, 𝐷𝑑𝑄𝑄തν𝐻 ഥ𝐻, 𝐷𝑢𝑢𝑑തν ഥ𝐻 ഥ𝐻, 𝐷𝑢𝑑𝑑തν𝐻 ഥ𝐻,
𝐷𝑢𝑑𝑄ത𝐿 ഥ𝐻 ഥ𝐻, 𝐷𝑄𝑄𝑄ത𝐿 ഥ𝐻 ഥ𝐻, 𝐷𝑢𝑑𝑑 ҧ𝑒 ഥ𝐻 ഥ𝐻, 𝐷𝑑𝑄𝑄 ҧ𝑒 ഥ𝐻 ഥ𝐻,
𝐷𝑑𝑑𝑄ത𝐿𝐻 ഥ𝐻, 𝐷𝑑𝑑𝑑𝐻 ഥ𝐻, 𝐷𝑑𝑑𝑑തν𝐻𝐻 
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https://renatofonseca.net/sym2int 

https://renatofonseca.net/sym2int


Number of operators with 1 derivative
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▪ Chirality protected operators 
1 derivative operators

= 0
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Accidentally protected 1 derivative UV 
completions (Dim 9)

∆𝐵 = 1, ∆𝐿 = −1
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Accidentally protected 1 derivative UV 
completions (Dim 10)

∆𝐵 = 1, ∆𝐿 = 1
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𝑒𝑑𝐻𝐷2(𝐻𝑄𝑄), dim 10 operator
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[Idea based on paper by 
J. Gargalionis, R. Volkas.
2009.13537]
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▪ H H asymmetry
2 derivative operators

2 ⊗ 2 = 1𝐴 ⊕ 3𝑆

H ⊗ H
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Accidentally protected 2 derivative UV 
completions (Dim 9)

∆𝐵 = 1, ∆𝐿 = −1
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▪ Baryon number violation is uniquely sensitive to heavy new physics, probing mass dimensions ≫ 6.

▪ We generated all allowed operators and corresponding topologies up to dimension 15.

▪ We discussed scenarios and examples in which derivative operators can become the leading term.

▪  We found operators with 1 and 2 derivatives that could potentially be dominant due to an accidental 
protection.

▪ Our method can be easily applied to other operators—for example, those violating the lepton 
number. The only limiting factor is the presentation of actual results due to the large number of 
solutions.

▪ Useful for model building and for identifying new signatures to look for in the event of discovery in 
Super-Kamiokande, Hyper-Kamiokande, JUNO, or DUNE.



Thank you for your 
attention!
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Why baryon number violation is important
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• GUTs, which can unify the fundamental forces of 
nature, predict that the proton can decay into lighter 
particles.

Grand Unified Theories (GUTs) Example: proton decay 

𝜏𝑃~
𝑚𝑋

4
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5

Γ 𝑝 → 𝑒+π0 ∼
1
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4



Super-Kamiokande

Photosensors
photo-multiplier-tubes 

(PMTs)

• Cylindrical stainless 

steel tank filled with 

50,000 tons of water

• Equipped with 13,000 
photomultipliers
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Calculated proton lifetime > 1034 years
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Future detectors
JUNO

(China)

Start year: 2025

LABs/ Scintillation
Fiducial mass: 20 kt 

Hyper-Kamiokande
(Japan)

Start year: 2027

Water/ Cherenkov
Fiducial mass: 187 kt 

DUNE
(USA)

Start year: 2028

Liquid Argon/ Scintillation
Fiducial mass: 40 kt 



Examples of testable rates of BNV
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▪ Dim 13

Γ(𝑛 → ννννν) ≃
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▪ Dim 6

∆𝐵, ∆𝐿 = 1, 1  

∆𝐵, ∆𝐿 = 1, −5  

∆𝐵, ∆𝐿 = 1, 7  



[J. Heeck & Takhistov, PRD ‘20]
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BNV landscape

Diana Sokhashvili 
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𝑑𝑢𝑄𝐿, 𝑄𝑄𝑢𝑒, 𝑄𝑄𝑄𝐿 … 

𝑑𝑑𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝐿 … 

𝑄𝑄𝑑ത𝐿 ഥ𝐻, 𝑑𝑑𝑄 ҧ𝑒 ഥ𝐻, 𝑑𝑑𝑢ത𝐿 ഥ𝐻 … 
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𝑑𝑑 ҧ𝑑𝑄𝑄𝐿𝐻, 𝑑𝑑𝑑 ҧ𝑑𝑢𝐿𝐻 … 

𝑑𝑑𝑑𝑑 ҧ𝑑 ҧ𝑒 ഥ𝐻𝐻 … 

𝑑𝑑𝑑𝑑ത𝐿ത𝐿 ҧ𝑒 ഥ𝐻  … 

ҧ𝑑𝑄𝑄𝑄𝑄𝐿𝐿𝐿𝐻 … 

𝑢𝑢𝑄𝐿𝐿𝐿𝐿𝐿𝐻𝐻 … 
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Dim Operators Total
operators 

6 operators

7 operators

10 operators

62 operators

112 operators

131 operators

480 operators

782 operators

984 operators

2627 operators

Generate operators

https://renatofonseca.net/sym2int 

https://renatofonseca.net/sym2int


Topologies
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Internal fermion

Internal boson

External fermion

External boson

Dim 7 + 1 more

Dim 8 + 7 more

Dim 9 + 24 more

Dim 10 + 88 more

Dim 6

Dim 13 + 3688 more

+ 13028 moreDim 14

Dim 12 + 1059 more

Dim 15 + 45906 more

Dim 11 + 298 more



Accidentally protected operators
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accidentally protected operator 𝐻𝐻𝑄𝑄𝑑𝑒
loop-induced d = 6 operator QQQL generated 

by the same particles
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