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Baryon number violation

Standard Model of Elementary Particles * Baryon and lepton number violation is

three generations of matter interactions | force carriers

(fermions) (osns) sensitive tod > 6, unlike any other
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We can assign U(1)g charge 1/3 to baryons
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BNV landscape
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[J. Heeck, V. Takhistov (arXiv:1910.07647)]
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https://arxiv.org/abs/1910.07647

okande.

Example: Proton decay SumorKom
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Generate operators

Oéllbz:d = (d(ngu BbR) (6?ycbljdL)E op yE 1j9 (1)
Oa(g?:d (QioquJc L YR Lir)€ up y€iis (2)
Oabcd (qiocanj BbL)(QkycledL)e.aB y€ii€ris @)

_(=C e
Ogora = AT oard; 862) @ryerliar)€ sy

xGe)yy G, (@)

abcd (d oarR BbR)(u ycR dR)GocB)rs (5)
Oégld =@ oarU BbR)(dchldR)eocBy (6)

[Weinberg, 1979 ]

Linearly independent operators
(including right-handed neutrinos).
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[Weinberg, 1979 ]
[ Beltran, Cepedello, Hirsch (arXiv:2306.12578) ]
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https://arxiv.org/abs/2306.12578

Generate operators

field chirality —generations SU(3)c x SU(2)r x U(1)y representation
Q left 3 (3.2,3)
u right 3 (3, 1, %)
d right 3 (3, 1, —%)
L left 3 (1,2,-3)
14 right 3 (1,1,-1)
v right 3 (1,1,0)
H scalar 1 (1, 2, %)
o Y
S %

g Ej\ https://renatofonseca.net/sym2int

Dim 6

Dim 7

Dim 8

Dim 9

Dim10

Dim 11

Dim12

Dim13

Dim 14

Dim 15
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Of = duQL, O =QQul, OF =QQQL, Of =duut, O =QQdv, Of = dudv.
Ol =QQdALH, ©2=ddQeH, O =ddulLH, O=dddLH
O =duQrH, OY=QQQrH, ©I=ddQvrH .

O = wuQLHH, 02 = udueHH, O =udQLHH, O =QQueAH 0O} = QQQLAH ,
OS=ddQLHH, O=QQdeHH, Of=QQuHH, Of=uddvHH, O =QQdvAH.

C’),l] (1.3) = uuQQLLL + 61 more operators
@}n,(l_,l} = dddQQLH + 111 more operators
Ol (1. 1) = HedddddH + 130 more operators

Ol (1. 4 = LLeudddd  + 479 more operators

Ol (1.3 = AQQQQLLLH  +781 more operators
Of“ 15 = WQLLLLLHH + 983 more operators
Ois,,{:;:l} = ddQQQQQQQL  + 2626 more operators


https://renatofonseca.net/sym2int

Generate topologies

To obtain topologies, we use FeynArts Mathematica package to generate [ https://feynarts.de ]
all possible diagrams and removed topologically same ones.

, {S,S,F, F, F, F, Fermion, Fermion, Boson}, ({1, 3, 7}, {2, 4, 8}, {5, 6, 9}, {7, 8, 9}}},

~
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Topologies
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Example (Dimension 8)

/
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Of = wuQLH I,
032 = udue HH

og = udQLHH ,
= QQueHH .

=QQQLHH .

(’)8 =ddQLHH

= QQdeHH |

Og = QQurHH ,

Of = uddvHH ,
O = QQdAvHH .

/
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Of = wuQLH I,

Example (Dimension 8)
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Possible permutations

Operator: ddLQHH

{HHddLQ},{HHddQL},{HHdLdQ},{HHdLQdd},{H HdeL},[{HHdQLd},]
{(HHLddQ}{HHLdQd}{HHLQdd},{HHQddL},{HHQdLd},{HHQLdd}}
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Internal particles

1
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1
Q {312' g}

1
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1
L{12-7}
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Internal particles
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Internal particles
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GROUPMATH
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1}<{6:2»g} """ https://renatofonseca.net/groupmath


https://renatofonseca.net/groupmath

Internal particles

[{3,2,%}, 313323 ]
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Lorentz group (SU2xSU2)

K For internal fermions we need to make sure that chirality @
flipped to ensure that this fermions are massive.

\ /

\ By v
% X
Fy F, F, Fp
\_ /

/- For internal bosons we determine whether they are \
vector or scalar.
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R R SM Scalars
> SM Fermion
SRR TR New Scalars

vw\w\ W\ New Vector
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Internal particles

[{3,2,%}, (313323 ]

<~ https://renatofonseca.net/
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Permuting fields around topology
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Number of topologies

Number of operators and topologies

Number of topologies VS Mass dim

Number of operators VS Mass dim
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New particles
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Conclusion:

 Baryon number violation is uniquely sensitive to heavy new physics, probing mass dimensions >> 6.

* We found all UV completions for operators up to d=15 in terms of scalars, fermions and vectors
including right-handed neutrinos.

* Previously, only incomplete results up to dimension 9.

 Useful for model building and in the event of a discovery in Super-Kamiokande, Hyper-Kamiokande,
JUNO or DUNE.

* Our method can be easily applied to other operators, for example violating lepton number, only
limiting factor is presentation of actual results due to a number of solutions.

Thank You [For Your Attention!
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Attention!
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