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Standard Model as an EFT: accidental symmetries

e Lepton (L) and baryon number (B) are accidental symmetries of the
renormalizable SM Lagrangian
(B + L is broken non-perturbatively)

e At dimension 5 L is violated in 2 units by the Weinberg operator
= Majorana neutrinos, m,, >~ ‘/Wz and neutrinoless double beta decay

QR — QL
e At dimension 6 B is violated by 1 unit | ,
A(B-L)=
by A( ) = 0 operators e s

= BNV nucleon decays probe highest energy scales A > 10%® GeV
= B expected to be violated from top-down perspective, e.g. GUTs
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Experimental sensitivities
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BNV nucleon decay could be the next big discovery
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BNV nucleon decays at tree level



Effective field theory framework
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Effective field theory framework

Effective operators

ﬁZZ%O,‘%—...

ANTBNV

TsMEFT: su(3)xSu(2)xu(1)
/; D6, A(B — L) = 0: 4¢* op
4 D7, |A(B — L)| = 2: 4¢*H and 24*D op
100 GeV$SM p

"LEFT: SUB3)xU(1)em
D6, A(B—L)=0: 7+2 op
D6, |A(B—L)|=2: 7 op

Separation of scales

+hadrons

"ByPT: U(1)em

baryons p, n, ...

+ 0 +
Jdmesons 7, 7, K=, ... 4




Single-operator dominance at D = 6: Lower limits — RGE

A(B — L) =0 BNV operators at D =6 y
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e RGE dominated by gauge interactions see Abbott, Wise PRD22 (1980) 2208
° 167T2'“57CL = —4g2c+--- = 1.3 — 2.3 enhancement

e strongest lower limit on scale A/y/c > 2-10'° GeV >



Single-operator dominance at D = 7: Lower limits — RGE
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e Top quark Yukawa relevant for Higgs wave function renormalization

= 1.2 — 1.3 enhancement
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Two non-zero Wilson coefficients — complementarity
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o different search channels provide complementary constraints
e there are no flat directions, even only including 2-body decays

e similar for other Wilson coefficients 7
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Pinning down origin of baryon number violation
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Example UV model

leptoquark wy ~ (3,1, 3) vector-like fermion Q; + C:)I ~(3,2,%)
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Example UV model
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Example UV model

leptoquark wy ~ (3,1, 3) vector-like fermion Q; + C:)I ~(3,2,%)
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Summary of first part

e Depending on symmetries, dominant contribution from D = 6
operators A(B — L) =0 or D = 7 operators for |[A(B —L)| =2

e RG corrections are important: limits on scale enhanced by 1.3 — 2.3
[D=6]and 1.2—-13[D =7]

e It is important to search for many different decay modes.

e Complementary constraints exclude flat directions in parameter
space (explicitly demonstrated for 2-body decay modes like
p — met, net).

e Several positive signals may allow to determine origin of
baryon number violation.

e Caveat: Nuclear matrix element uncertainty.
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Beyond nucleon decays at tree-level




Beyond tree-level nucleon decay

What if your favourite model does not lead to BNV nucleon decay
at tree level via the D=6 or D=7 operators?
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Beyond tree-level nucleon decay

What if your favourite model does not lead to BNV nucleon decay
at tree level via the D=6 or D=7 operators?

Example: Pati-Salam model with U(1)pq 1712.04880

e no proton decay mediated by gauge bosons
e several colored scalars (6,1,3), (8,2,3), (3,2,—%)
— D =9 operator Oy = (2Q)(aQ)(dd") at tree level

— naively BNV nucleon decay is suppressed
F(n— (M) ~ 32 | /\%CD‘ > A > 107 GeV
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Beyond tree-level nucleon decay

What if your favourite model does not lead to BNV nucleon decay
at tree level via the D=6 or D=7 operators?

Example: Pati-Salam model with U(1)pq 1712.04880
e no proton decay mediated by gauge bosons
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= need predictions for loop-induced nucleon decay. 1
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Model-independent estimates for loop-induced nucleon decay

goal: stay as model-independent as possible

e order of magnitude estimate is often enough

John _
Gargali errero-Garcia

e consider tree-induced D = 8 and D =9 BNV [2401.abcde]
types of operators Fonseca [1907.12584] OF field strings

e idea: estimate loop-induced D =6 (D = 7) BNV SMEFT Wilson
coefficients which are also induced in underlying UV model by
closing off the tree-induced D = 8 (D = 9) operator in every
possible way

e calculate BNV nucleon decay induced by the D =6 and D =7
operators following the standard procedure

e nuclear matrix elements using direct lattice method

no RGE included
12
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Example O = LQd'd'HH — correlations
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Results for UV models with tree-induced D = 8 BNV operators

Loop-level limits on d = & operators
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Results for UV models with

ree-induced D = 9 BNV operators
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Conclusions




Take-away messages

e accidental sym's B (and L) expected to be broken
BNV well motivated from SMEFT, broken at D > 6

e RG corrections important: limits on scale enhanced by
13-23[D=6]and 1.2—-1.3[D =7]

e information from BNV decay modes is complementary:
flat directions excluded, may allow to determine origin

e results for BNV nucleon decays available up to D <9
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Take-away messages

e accidental sym's B (and L) expected to be broken
BNV well motivated from SMEFT, broken at D > 6

e RG corrections important: limits on scale enhanced by
13-23[D=6]and 1.2—-1.3[D =7]

e information from BNV decay modes is complementary:
flat directions excluded, may allow to determine origin

e results for BNV nucleon decays available up to D < 9

We look forward to
improved experimental sensitivities
and maybe discovery of BNV nucleon decay
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vs lattice
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