
Probing the Foundations of the
Standard Model: From Precision Pion

Decays to Large-Scale Neutrino
Detectors

by Dr. Saul Cuen-Rochin (Tecnologico de Monterrey)

Tuesday, 29 April 2025 from 11:00 to 12:00
at Cinvestav, CDMX (Auditorio José Adem)

Wednesday, 30 April 2025 from 13:00 to 14:00
at ICN-UNAM ( Salón de Seminarios de Gravitación y Física de Altas Energías, A225 )

1



Probing the Foundations of the Standard Model

• One big question: Where will the Standard 
Model first crack?

• Two complementary approaches: precision 
pion decays & gigaton-scale neutrino 
detection.
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Why Look Beyond the Standard Model?
• Neutrino mass, dark matter, matter-antimatter asymmetry → 
SM incomplete.

• Need both high precision and high mass experiments.

• Experimental sensitivity to new couplings rises with 
accessible energy scale, while pinpointing where PiENu (and 
Pioneer), muon g-2, Hyper-K, and the LHC sit along that 
frontier
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Precision Frontier



Experimental Dialectic
• Tabletop precision ⇄ monumental scale. 
• Each tests different couplings & energy regimes.
• Combined, they constrain a wider slice of parameter space.
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Experiment Physical 
Scale 

Typical 
Detector 
Mass / 

Footprint

Sensitivity Lever Flagship 
Observables

Example New-Physics Handles

PiENu and 
PIONEER

Bench-top 
spectromete
r (≈ 3 m 
long, 1 m³)

~1 t of 
scintillator 
+ NaI/CsI 
calorimetry

Fractional-percent 
precision
ΔR_e/μ ≈ 0.1 % for 
PIENU and 0.01 % 
for PIONEER (theory 
level)

π → e ν vs π → μ 
ν branching ratio

Scalar / tensor couplings, 
charged-Higgs or leptoquarks 
that violate lepton universality

Hyper-Kamio
kande

Mountain-sc
ale cavern 
(71 m × 68 
m)

260 kt 
ultrapure 
water, 40 k 
PMTs

Rare-event reach
(p → e⁺π⁰ > 10³⁵ y; 
δ_CP at 5 σ)

ν_μ→ν_e 
oscillations, proton 
decay, super-nova 
ν burst

Leptonic CP violation, 
baryon-number violation, minimal 
SUSY-GUT, sterile-ν models



5Saul Cuen - April/2025

PIENU measurement status & Goal of Phase I in PIONEER (2026-2031)

R_e/u is one of the most precisely known observables involving quarks 
in the SM: V. Cirigliano and I. Rosell, JHEP, 0710:005, 2007

PIENU is a precision experiment on observables that can be very 
accurately calculated in the SM highly sensitive to New Physics and 
Lepton Flavor Universality (LFU)tests.

PDG average dominated by the PIENU result (0.24% precision) in 2015 
based on partial data set (~10% of full statistics). Final PIENU data 
analysis with full data 6M pi->enu events is targeting 0.1% precision. 

In 2019, a PIENU blinded result (S. Cuen PhD thesis) became 
available reaching 0.12% precision in R_e/u: 
https://dx.doi.org/10.14288/1.0378447

Currently a PhD student from UNAM (I. Ortega) is working with 
PIENU collaboration to unblind the full and final PIENU result.

PIONEER Phase 1 goal is to capture 200M pi->enu events to 
reach 0.01% precision to reach SM theory precision.

PIONEER proposal: arxiv:2203.01981

https://dx.doi.org/10.14288/1.0378447
https://cds.cern.ch/record/2824583/files/2203.01981.pdf
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Motivation and statusDeviations from the SM prediction may imply:
a violation of lepton universality, which is NOT a SM hypothesis, it is a consequence of gauge theory of SM (Lagrangian invariant to 
local transformations, i.e. Lie Groups) meaning that electrons and muons have the same weak interactions.

 
Heavy neutrinos lighter than the pion: R. E. Shrock. General Theory of Weak Leptonic and Semileptonic Decays. 1. Leptonic 
Pseudoscalar Meson Decays, with Associated Tests For, and Bounds on, Neutrino Masses and Lepton Mixing. Phys. Rev., D24:1232, 
1981; 

and the presence of new physics beyond the SM, such as new pseudo-scalar interactions, i.e., 

R-parity violating supersymmetry: M. J. Ramsey-Musolf, S. Su, and S. Tulin. Pion Leptonic Decays and Supersymmetry. 
Phys. Rev., D, (2007).

Leptoquarks: M. Leurer. A Comprehensive study of leptoquark bounds. Phys. Rev., D (1994)

Charged Higgs bosons & the existence of a new pseudo-scalar interaction with an energy scale up to O(1000 TeV), 
which would enhance the branching ratio by O(0.1%): D. A. Bryman, W. J. Marciano, R. Tschirhart and T. Yamanaka. Rare 
kaon and pion decays: Incisive probes for new physics beyond the standard model. Annual Review of Nuclear and Particle 
Science, 61:331-354, 2011. 
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● Vector-Axial (helicity suppression) gives the first order R

● In 2007, Cirigliano and Rosell recalculated the corrections using 
Chiral Perturbation Theory (ChPT). ChPT uses a low-energy 
effective field theory for QCD, allowing for strong interaction 
calculations. ChPT enabled a power series solution for the 
radiative corrections

● Going back to Eq. 2.10, we could introduce the hypothesis that the 
coupling constants are different for each generation (g = g_e = g_μ 
= g_τ ) and then the branching ratio expression becomes

● PIENU has the best LFU test measurement so far…

Access to Lepton Universality testHow to access LFU experimentally?

Images from: A. Pich’s talk, Rare Pion Decay Workshop, Santa Cruz 06-08 Oct 2022
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Neutrino mixing matrix element
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Asli M. Abdullahi et al. “The Present and Future Status of Heavy Neutral Leptons”. 2022 Snowmass Summer Study. Mar. 2022. arXiv: 2203.08039 [hep-ph]

Heavy Neutral Leptons with coupling to the first lepton generation
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PIENU at
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TRIUMF’s M13 beamline

60 kHz pions @ 75 MeV/c 
π : μ : e = 85 : 14 : 1
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Experimental TechniqueThe PIENU Detector

Single crystal NaI(Tl) right behind the target
Geometrical Acceptance: 20% of 4π
ΔE = 2.2%(FWHM)

CsI ring shower collector
tail suppression
gamma from radiative decay

SSD and WC for particle tracking
Identify π-DIF events in the πe2 tail region

Flash-ADC readout for all counters
Plastic Scintillator: 500MHz FADC
NaI(Tl) and CsI: 60MHz FADC
Pile-up tagging
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Experimental TechniquePIENU Exp. Technique
t_pi

t_e

(t_e - t_pi) to build Time Spectra



19Saul Cuen - April/2025

Quentin Buat (University of Washington) — Jan 9, 2025
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Pioneer at PSI Quentin Buat (University of Washington) — Jan 9, 2025
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Quentin Buat (University of Washington) — Jan 9, 2025
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Quentin Buat (University of Washington) — Jan 9, 2025
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Quentin Buat (University of Washington) — Jan 9, 2025
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Slide from D Bryman (PSI 2022)
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Slide from D Bryman (PSI 2022)
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WCTE at CERN https://arxiv.org/pdf/2504.07216
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Top/bottom configuration
Barrel configuration
Transportation studies, 
and box design
-Compression
-Temperate
-Vibrations
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We are looking for you!

● Undergraduate, master, phd thesis, and postdocs available for PIONEER and 
Hyper-K… Get in contact :)

● Collaboration institutes for PIONEER:
○ Cinvestav with Pablo Roig
○ Tec de Mty with Saul Cuen <saulcuen@tec.mx>

● Collaboration institutes for Hyper-K:
○ UAS with Giannina Dalle Mese
○ UNACH with Karen Caballero
○ UdeG with Eduardo de la Fuente
○ Tec de Mty with Saul Cuen <saulcuen@tec.mx>
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