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= We can assign U(1)z charge 1/3to
quarks

= Globalsymmetry of SM Lagrangian
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Three quarks combine to form baryons (B = 1)
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Why baryon number violation is important

Grand Unified Theories (GUTs) Bupensianpnetoy (E449Y)
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 GUTs, which can unify the fundamental forces of  SUSY doubles the number of particles compared to
nature, predict that the proton can decay into lighter Standard Model and imposes symmetry among

fermions and bosons. New particles can mediate the

particles.
proton decay.
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Super-Kamiokande
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Future detectors

Hyper-Kamiokande DUNE
(Japan) (USA)

LABs/ Scintillation Water/ Cherenkov Liquid Argon/ Scintillation
Fiducial mass: 20 kt Fiducial mass: 187 kt Fiducial mass: 40 kt

Start year: 2025 Start year: 2027 Start year: 2028
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Standard Model Effective Field Theory
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L = LSM+_+2F+ZF+ZF+
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(AB=AL=1| [AB=-AL=1| [ AB=AL=1]|

= Baryon and lepton number violation is sensitive for d > 6,
unlike any other experiment.
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BNV landscape
/e

C»
< /\)\\
\ A AB
<. \>
< v
d>19 d> 16 JUESL 1> 18
3n — v | nn — nv Instanton
d>15 d>12 d>9 d>12 d>15
O . O
nn—4v  nn — vy nn > T pp — effet nn|— 4
.d > 10 d>T7 d>6 d>9
n — 3v nk e D= etnd |
d> 10 d>5 d>5 d>10
Ov4p 0v2p 0v2p Ov4p
AL

[J. Heeck & Takhistov, PRD “20]

Diana Sokhashvili




Weinberg’s selection rule (Example)
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[ Impose U(1)35_; on SMEFT ] N R
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[(AB, AL) = (1, 3)}

|

[Kobach ‘16; Helset, Kobach, ‘19] [DS, Julian Heeck, PLB, ‘25]

9 3
[ dmin = E |AB| + E |AL| + 5sign(ABAL),—15|AL mod 2|,1 ]
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Symmetry protected operators
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Examples of testable rates of BNV

= Dimé6
4 4 A
5 15
uude +..0 Mp 1 (10 GeV)
>I(p—o>e™m’) ~—~
A2 (p ) A% 1034 yr A
% J
= Dim13
- )
2. 11/77\2 18
a’mil(H) 1 1TeV
['(n - vww) ~ —= = ( )
( ) 2193277 A18 1032 yr A
_ J
= Dim15
p )
2. 17 22
______ a’m 1 100 GeV
+ ~ p ~
F(p — e VVVVVV - 23033527_[111\22 _ 1034 y'r' ( A )

.

J

Diana Sokhashvili

[(AB,AL) = (1, 1)]

[(AB,AL) = (1, —5)]

[(AB,AL) = (1, 7)]
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Generate operators

field chirality —generations SU(3)¢ 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)
/ right 3 (1,1,-1)
v right 3 (1,1,0)
H scalar 1 (1, 2. %)
N1
< =

v Ejf»\ https://renatofonseca.net/sym2int
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Dim Operators op.::::(l)rs

6 duQL,QQue, QQQL ... 6 operators

7 QQdLH,ddQeH,dduLH ... 7 operators

8 uuQLHH,uudeHH ... 10 operators
9 uwuQLLL,ddddde ... 62 operators
10 dddQQLH,ddddulH ... 112 operators
11 dddddeHH .. 131 operators
12 ddddLLéH ... 480 operators
13 dQQQQLLLH ... 782 operators
14 uuQLLLLLHH ... 984 operators
15 ddQQQQQQQL .. 2627 operators
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https://renatofonseca.net/sym2int

Opening up operators (dim 6 example) v o

Si 0 (3,1,1/3)
Sy 0 (3,1,4/3)
antisymmetric - & (3_’ 1,-2/3)
L Ss 0 (33,1/3)
5 2 i (3,2,5/6)
\\ RR 2 y &y
. Ls = m |51| + ( Y1 ab dRa‘SleRb + Ra’sluRb + h.c. ) V) 1 (3,2,-1/6)
) ' ~RR s RER [Buchmuller, Ruckl, Weyler, ‘87; Dorsner++, 1603.04993]
u u N 2 Y1ad “1bc aB'y d K
m2. ( a,aUb, 5)( d) + h.¢.
S1
d e
Operator UV completion
NG duQL SV, 7,
/ = Doesn’t have to be symmetric, QQue S,V
d  — .  —
u but S; generates other dim 6 operators as well.
QQQL 51,53
u e duue S1, 54
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Accidentally protected operators
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Generate topologies

* To obtain topologies, we use the FeynArts package for Mathematica to [ https://feynarts.de ]
generate all possible diagrams and then remove topologically equivalent 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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https://feynarts.de/

Internal boson

External boson

External fermion Internal fermion

Topologies N B

Dim 11 d » ,( ]\ + 298 more
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Number of operators and topologies
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Example (dim 8)
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Of = wuQLH I,

032 = udue HH

og = udQLHH ,
= QQueHH ,

= QRQLHI .

[(98 = ddQLHH ]
= QQdeHH ,
= QQurHH ,

O = uddvHH ,

O = QQdAvHH .
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Possible permutations

Operator: ddLQHH

({(HHddLQ},{(HHddQL},{HHdLdQ},{HHALQd}{H HdQdL},{HHd QL d})
(HHLddQ},{(HHLdQd},{(HHLQdd},(HHQddL},{HHQdLd},{HHQLAdd})

Diana Sokhashvili
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Internal particles 1.3

3

SUB)xSUR2)xU1
d{3,1,—3} e

(. 1, = o 15 = ~ 55 )
{3;2; g}’ {3) 1) 5}’ {3; 2; g}

\ 4

1, 5,1y 5,5
\{3’2’ g}’ {3’ 3’ 5}’ {3’ 2’ g}/

1
Q{32 L{L2,-3}

(6,3 1} < {6'2'5} https://renatofonseca.net/groupmath
(6,4,=) GROUPMATH
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https://renatofonseca.net/groupmath

Lorentz group (SU(2) X SU(2))

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

/ /

\

\ \l\\ > }L /
X 7a
Fp F, F, F
- /

/- For internal bosons we determine whether they are \
vector or scalar
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____> _____

External scalars
External fermion

External vector

Internal scalars
Internal fermion

Internal vector
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Internal particles
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Permuting fields around topology
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UV completions

‘ Now do this

778 405
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|

To get over
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of data
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New particles
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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 generated all allowed operators and corresponding topologies up to dimension 15.

We found all UV completions for operators up to d =14 and symmetry-protected operators ford =15
in terms of scalars, fermions, and vectors, including right-handed neutrinos.

(Previously, only incomplete results were available up to dimension 8, and only a small fraction of
results for higher dimensions.)

We investigated cases that could potentially be dominant due to symmetry or 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.

Diana Sokhashvili
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Derivative operators

HeoH asymmetry
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[I[dea based on paper by
J. Gargalionis, R. Volkas.
2009.13537]
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