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Standard Model Effective Field Theory
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= Baryon and lepton number violation is sensitive for d > 6,
unlike any other experiment.
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Standard Model Effective Field Theory
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UV completions
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Expansion of propagator
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New particles

i Fully explored in literature
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New particles
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Derivative operators
= Possible amplitude cancelation
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Operators with 1 derivative in vSMEFT

Dim Operators with 1 derivative
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1 derivative operators

= Chirality protected operators E 2
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Accidentally protected 1 derivative UV

completions (Dim 9)

Topology T3 77 73
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Accidentally protected 1 derivative UV
Dim 10

completions
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2 derivative operators
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Accidentally protected 2 derivative UV [(as=1a--1]
completions (Dim 9)
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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 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.

= QOurmethod 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.
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New Particles

| d | Scalars ] | d | Fermions
6 (3 1, __) Sz = ( 1, __) Sz = ( 2)9 Sy = (3!33_%) 6
7 Ss=1(3,2,%), Se =(3,2,1) 7 Fy=(1,1,0), ,=(1,1,1), 3 =(1,2,3), Fy = (1 3,0), Fs =(3,1,-1),
8 ST:(LLOL582(1,310),59—(1,3,1),510—(3,2,*%) S =(8,2,-2), Fs=(3,1,2), F; = (3,2,-3), Fs = (3,2,}), Fo = (3,3,—1)
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9 Sis=(1,1,1), S15 = (1,1,2), S16 = (1,2, 3), S17 = (6,1,—3), S1s = (6,1, —3), Fi5=(3,4,%)
Slg:(ﬁ,l,%),520:(6,3,—%),521 :(8,2,%),522—( y ,2), Sgg—(1,4,;), 9 F](;_(6,1,—%),F17:(6,1.—%).1’18:(6,1,%2, F19:(6-2 - ) F20 ( )
S24=(1,4,3), Sas 7(3 1,3), Sgﬁf(3,3,§), Sar = (3.3,2 Fy = (6,38,-1), Foo = (3,1,-3%), Fas = (8,1, 3), Fas = (8,1, 0) Fy; = (8,1, 1)
10 Sag = (1, 2,2) Sag = (6,2, — ) S0 = (6,2, — ), 831:(6,2,%),832:(6,2,%), FZG:(S’Z%)-FW (8,3,0), Fhs = (3,3, —%) Fy = (3,4, — ) F30=(1,1,2)
Saz = (6,4,—3), 5347(64 1), 5354810) Sss = (8,1,1), Ss7 = (8,3,0), 10 F3 =(6,1,3), F32 = (6,2, %), ng—(63%) F34=(6,4,3), F;o—(31—%)
S3s = (8,8,1), Sz = (1,5,0), 5402(3,1«*%)« S = (3,8, - 7) Si2 = (8,3, fg)‘ E36=(3.2,—%). Fs37 = (8,1,2), F3s = (8,2,3), F39 = (8,3,1), Fyo = (8,4, 3),
Siz = (3,5,—3), Saa = (8,5, —3), Sus = (3,5, 3) Fi =(1,8,2), Fio = (1,4,2), Fu3s = (1,5, 0) Fy = (1,5, 1) Fi5 = (3,3,2),
11 Sis = (6,1,3), Sar = (6,8, %), Sus = (6,3, 3), S1o = (6,5,3), Ss0 = (8,2, 3), Fis = (3,4, ) Fy7 = (3,5,—1), Fis = (3,5, 2)
Ss1 = (8,4,1), Ss2 = (8,4,3), Ss3 = (1,3,2), Ssa = (1,5,1), Ss5 = (1,5,2), 11 Fy = (6,2,—1), F5o = (6,3, §), Fs1 = (6,4,-2), F5» = (6,5, _§) Fs3 = (3,2, 2),
Ss6 = (8,2, %), 857 = (3,4, 5), Sos = (3,4, F) Fs4 = (8,5,0), F5s = (3,4,—4), Fis = (3,5,—%), Frr = (1,2, 3)
‘ d [ Vectors |

6 Vi=(3.2.-2), Va= (3.2,

7 Va=(3.1,-1). Vi=(3.1. )va—(s,s,g)

8 Vo=(3,1,-1), 1, =(3,3,-1), Vs = (3,3, 1)

9 VQ:(11170)7VIU:(1:1:1)7Vll*( ) 12): V12:(152,-%)7V13:(1,3-,0},

Vig = (6,2,-3), Vis = (6,2, ), Vie = (3, 1,3), Vir = (8,1,0), Vis = (8,1, 1),
Vig = (8,3,0), Vao = (3,2, §), Va1 = (3,4, 5), Vao = (3,4, 5)
10 Vag = (1,1,2), Vau = (1311) 1/25—132), Vag = (1,4, 3), Var = (6,1,
Vag = (6,1, 3) Vag = (6.1,3), Va9 = (6,3, *%) Va1 = (6,3, —3), Voo =
Viz = (3,2, 42), Vay = (8

—3)
(6,3.3),
,2,3), Vas = (8,2,3), Vag = (8,4, 3), Var = (3,2, -4,

Vag = (3.4, —3 ), Vo = (3.4, 6)
11 Vio = (1,5,1), Viy = (6,2, 1), Vio = (6.4, 1), Vas = (6,4, %), Vig = (3,
Vis = (8,1,2), Vg = (8,3,1), Var = (8,3,2), Vis = (8,5,1), Vig = (3,

Vso = (3.5,%). Va1 = (3,5, 3)
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Why baryon number violation is important

Grand Unified Theories (GUTs)

 GUTs, which can unify the fundamental forces of
nature, predict that the proton can decay into lighter

particles.

Example: proton decay

my
TPNm_g
4 N 4\
1 102 GeV
[(p - etn®) ~ ( )
1034 yr m
_ Y X Y
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Super-Kamiokande
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Photosensors
photo-multiplier-tubes
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e Cylindrical stainless
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50,000 tons of water

« Equipped with 13,000
photomultipliers
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¥
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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

Diana Sokhashvili 21



Examples of testable rates of BNV

= Dim6
4 )
15 4
uude N F( Soe T[O) mp 1 10-°GeV
NG p A4 1034 yr A
- /
= Dim13
4 )
11(17)2 18
~ a’mil(H) 1 1TeV
[(n = vwvwv) 2193277718 1032 yr( A )
\- J
= Dim15
4 A
C(p — e+ TTT099 L a’my’ 1 (100 Gev)??
(p - eTVWWIWY 2303352711722 1034 yr A

.

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

[(AB,AL) = (1, —5)]

[(AB,AL) = (1, 7)]
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BNV landscape
o

%
< /\)\
\ A AB
< 9
N v
d>19 d> 16 .d215 d> 18
3n — 3V | nn +— nv Instanton
d>15 d>12 d>9 d>12 d>15
O O O
nn— v mn — vy nn > T pp — el et nn|— 4v
.d > 10 d>T7 d>6 d>9
n — 3v nks e D= etnd |
d>10 d>5 d>5 d>10
Ov4p 0v2p 0v2p3 Ov4p
AL

[J. Heeck & Takhistov, PRD “20]
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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)
14 right 3 (1,1,-1)
v right 3 (1,1,0)
H scalar 1 (1, 2, %)
X
S %

. Ejf\ https://renatofonseca.net/sym2int

Diana Sokhashvili

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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Topologies

Dim6

Dim 7

Dim 8

Dim9

Dim 10

- -
N
N
N
N
N
/\

\ I /\+1more

//?\\ .

AN
A

6\ + 88 more

Dim 11

Dim12

Dim13

Dim 14

Dim 15
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External boson

External fermion

y J

d /

— %~

/\/\/\/\

AN
]\ + 298 more

< )\ S + 3688 more
e ~
\ﬂ J\O /<ﬂ A

- Internal boson

Internal fermion

/\ + 1059 more

+ 13028 more

+ 45906 more
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Accidentally protected operators

N——

{ loop-induced d = 6 operator QQQL generated

{ accidentally protected operator HHQQde by the same particles

|

H ¢ Q  eeeaal L @

1 S TTe.lL

I _ ’ _ ! , 5 7

L~ (3.3.5) Vi~ (3-3--9‘ ‘ E~(3.3.5) Ve (3'3"1‘)1 |

P~ (3.3.35) d F~(3,32)0

1 ""--,_- H !
T - ['

() d I 9 Q T TTeeeola-
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