WHERE DO WE STAND IN PROTON
DECAY PREDICTIONS IN SU(5)

UPERSYMMETRIC MODELS?
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MOTIVATION

* Global symmetries may not be fundamental: Lepton and Baryon
numbers may not represent exact symmetries —— we need a
Proof.

* + 40 years of Grand Unified Theories with sound predictions:
Neutrino Masses, Proton Decay, Unification.




* Global symmetries may not be fundamental:

* At the classical level it is not possible to construct an operator
in the SM that violates Lepton or Baryon number.

 Beyond CL, we can construct
=i Bl oLl




* In the same way we can construct

fr=-2QQQL Q=

* Q does not acquire a VEV but id mediates proton decay. Hence £2
violates baryon number.




* + 40 years of Grand Unified Theories

Georgi, Glasgow 1974, SU(5): Used only SU(5) operators, use of analytical 1-
loop beta functions for couplings to match to EW

1980-1990 Matching to MSSM fields developed, use of numerical 1-loop beta
functions for the CMSSM

1990-2000: Computation of 2-loops beta functions, matching at EW Scale
developed

2000-2010: Computation of Higgs Observables, development of tools for
probing SUSY at the LHC
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e Non collider observables

o Exploit the use of Renormalization Group Equations which connect
EW and GUT scales

 Most famous prediction: unification of gauge couplings
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MODEL FRAMEWORK

o-scale
supergravity




N=1 Supergravity: Local N=1 Supersymmetry

Ingredients: Superpotential
Kahler potential
Gauge Kinetic Functions

Superpotential




SU(5) SUSY breaking Lagrangian: Computable

Soft-breaking in global
supersymmetry




SU(5) soft-Lagrangian
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No-scale Kahler potential




= (T + )P Wa(¢s:) + (T + c)*Ws(¢;
(T + ¢)°Wa(pa) + (T + ) Ws(@a) + pia

* The effective potential for T is flat at tree level,
undetermined vev) and the gravitino mass

. For g= 0 =0 = 9gpp— Ag= Bs—




e Atthe end of the day: Family of models with nice
phenomenological possibilities depending on the values of o, B¢
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PD BASICS IN SU(5)

* Most constraining observable

T(p — KTv) > 6.6 x 10° yrs




Writing an effective Lagrangian
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Write coefficients in terms of SU arameters
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Run coefficients to the EW scale
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Compute decay amplitude, decay width and lifetime
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Decay Mode | Current (90% CL) | Future (Discovery) Future (90% CL)

p— Kt | 6.6 [6] JUNO: 12 (20) [3] | JUNO: 19 (40) [1]
DUNE: 30 (50) [3] | DUNE: 33 (65) [2]
Hyper-K: 20 (30) [3] | Hyper-K: 32 (50) [3]

p—tp | 0.39[29

p—etn® | 16 [40] DUNE: 15 (25) [3] | DUNE: 20 (40) [3]
Hyper-K: 63 (100) (3] | Hyper-K: 78 (130) [3]

p— ptal 7.7 [40] Hyper-K: 69 [3] Hyper-K: 77 [3]

n— K% | 0.26 [25]

n — 0 1.1 [29

n— e m 5.3 48] Hyper-K: 13 [3] Hyper-K: 20 [3]

n—ptr | 3.5 [48] Hyper-K: 11 [3] Hyper-K: 18 [3]

Deep Underground Neutrino Experiment (DUNE), FERMILAB, Operational: 2027
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MESSAGES

e More than 40 years of SU models: sound
poredictions: Gauge coupling unification, Proton
Decay

e Optimistic view: Supergravity and
supersymmetry are very rich frameworks which
olf

it




e \We have found models where actually a
measured observables agree & we even have
predictions!




