
Precision Physics at 
High Intensities

Conveners:
Dylan Palo, Paul King, 
Allison Zec, Emanuele Mereghetti



Talks



Talks

g-2 / Muon EDM

Rare Decays

Muonic Atoms/Scattering

Charged Lepton Flavor Violation 

Parity Violation/Weak Mixing Angle



Charged Lepton 
Flavor Violation



● CLFV occurs at a negligible 
rate in the SM

● BSM physics could allow for 
CLFV at a potentially 
observable level

● Signal would be 
unambiguous evidence of 
BSM physics

Charged Lepton Flavor Violation Introduction

Dylan Palo  | Precision Physics at High Intensities | CIPANP 2025 | Slide from Kaori Fuyuto



CLFV Through Lorentz Violation

Dylan Palo  | Precision Physics at High Intensities | CIPANP 2025 | Slide From William McNulty

● Among other BSM physics, CLFV 
can be a result of Lorentz 
violation (symmetry under 
rotations and boosts)

● SM+GR allows for additional 
lagrangian terms



Effective Field Theory: Comparison of CLFV Channels

Dylan Palo  | Precision Physics at High Intensities | CIPANP 2025 | Slide from Kaori Fuyuto 



Effective Field Theory: Comparison of CLFV Channels

Dylan Palo  | Precision Physics at High Intensities | CIPANP 2025 | Slide from Kaori Fuyuto



Mu2e Experiment

● Experiment searching for μ→e 
conversion starting in 2027 at 
Fermilab

● Plans for a 10000x 
improvement in the sensitivity 
over its predecessor 
experiment 

Dylan Palo  | Precision Physics at High Intensities | CIPANP 2025 | Slide From Mamta Jangra



Mu2e Signal/Background

● Signal: 
○ Monochromatic energy 

electron at ~105 MeV
● Backgrounds 

○ Decay in orbit (DIO):
■ Precise Momentum 

Resolution
○ etc…

Dylan Palo  | Precision Physics at High Intensities | CIPANP 2025 | Slide From Mamta Jangra



Mu2e Tracker/ Resolution

18x

● 20k straw tubes 
● ~180 keV detector resolution for 

~105 MeV electron  
● Require energy scale of the order 

~100 keV 

Dylan Palo  | Precision Physics at High Intensities | CIPANP 2025 | Slide From Mamta Jangra



Mu2e Momentum Scale

● Data-driven momentum scale 
● RPC on polyethylene target 

results in ~128 MeV photon 
● Convert photon and 

reconstruct e+/e-

Dylan Palo  | Precision Physics at High Intensities | CIPANP 2025 | Slide From Pavel Murat



Rare Decays



Belle II: B-Factory 

CLFV 

Dylan Palo  | Precision Physics at High Intensities | CIPANP 2025 | Slide From William Jacobs



Belle II: Many Channels! 

Dylan Palo  | Precision Physics at High Intensities | CIPANP 2025 | Slide From William Jacobs



PIONEER: Lepton Flavor Universality

● Test of lepton flavor 
universality via pion decay 
ratio at PSI

● Current ratio error bars are 
15x larger than the theory

● Plan to match theoretical 
level of uncertainty

Dylan Palo  | Precision Physics at High Intensities | CIPANP 2025 | Slide From Emma Klemets



PIONEER: ATAR/CAL

● ATAR:
○ Determines pion/muon decay 

points 
○ 5D (x,y,z,t,E) tracking system
○ O(50) layers 
○ Good time resolution: < 100 ps 
○ Sufficient granularity: < 200 µm

● Calorimeter: 
○ Measure electron 

momentum/time 
○ Exploring prototypes in 

LXe/LYSO
Dylan Palo  | Precision Physics at High Intensities | CIPANP 2025 | Slide From Emma Klemets



NA62

● Charged Kaon experiment at 
CERN

● Measuring many Kaon/pion 
branching fractions 

● Presented the Run1 results.. 
Run 2 is ongoing until 2026

Dylan Palo  | Precision Physics at High Intensities | CIPANP 2025 | Slide From Peter Cooper



NA62

● Chiral perturbation theory 
parameters 

● Lepton flavor universality (along 
with other search) 

● Observed 27k signal candidates 
with only 8 background events! 

● Extremely clean signal 
● Run 1 has already improved on limit 

by factor of 3 

Dylan Palo  | Precision Physics at High Intensities | CIPANP 2025 | Slide From Peter Cooper



g-2/Muon EDM



Anomalous Magnetic Moment 

● Experimental 
deviation from 
theory would 
imply new 
physics! 

Dylan Palo  | Precision Physics at High Intensities | CIPANP 2025 | Slide From Shaun Lahert



Anomalous Magnetic Moment 
● Muon g-2 collaboration just 

finished their final result. Parallel 
talks on: 
○ The precision frequency 

measurement  
○ Magnetic field Measurement

● Theory community posted 2025 
White Paper using lattice QCD
○ Two talks on the 

status/recent advances in 
theory 

Dylan Palo  | Precision Physics at High Intensities | CIPANP 2025 | Slide From Shaun Lahert



g-2 HVP Data-driven

● Calculate using hardon 
cross-section data

● Dominated by e+ e→ pi+ pi-
● Significant discrepency when 

using the recent CMD-3 data 
(post WP-20)

Dylan Palo  | Precision Physics at High Intensities | CIPANP 2025 | Slide From Shaun Lahert



g-2 HVP Lattice Measurement

● Alternatively HVP contribution 
can be performed on a lattice

● Calculated in three seperate 
regions: 
○ High energy, Low energy, 

and “Goldilocks”

Dylan Palo  | Precision Physics at High Intensities | CIPANP 2025 | Slide From Shaun Lahert



g-2 Theoretical Measurement 

● Calculations were performed by several groups 
● All groups in strong agreement with one another

Dylan Palo  | Precision Physics at High Intensities | CIPANP 2025 | Slide From Shaun Lahert



MUonE Experiment

● To help resolve this 
discrepancy.. 

● MUonE offers an 
alternative spacelike 
determination of the 
HVP contribution 

● Measure scattering 
angles of muons

Dylan Palo  | Precision Physics at High Intensities | CIPANP 2025 | Slide From Dinko Pocanic



MUonE Experiment: Detector

● ~40 tracking stations 
combined with an 
electromagnetic calorimeter 
and a muon filter

● Angular resolution (muons) 
of ~ 0.04-5 mrad

● Preliminary data with 2 
stations showed proof of 
principle

● Physics run in 2026

Dylan Palo  | Precision Physics at High Intensities | CIPANP 2025 | Slide From Dinko Pocanic



Muon g-2 

Dylan Palo  | Precision Physics at High Intensities | CIPANP 2025 | Slide From Scott Israel



Muon g-2 

● The number of highest 
energy e+s oscillates – 
via parity violation!

● Fit yields w_a
● Need many corrections!: 

○ Detector gain 
○ Coherent betatron 

motion 

Dylan Palo  | Precision Physics at High Intensities | CIPANP 2025 | Slide From Scott Israel



Muon g-2 

● 7 different and 
independent analysis 
groups fit for beam 
dynamic corrections, 
muon loses, etc. 

● Dramatically suppress 
residuals 

Dylan Palo  | Precision Physics at High Intensities | CIPANP 2025 | Slide From Scott Israel



Muon g-2 Magnetic Field

Dylan Palo  | Precision Physics at High Intensities | CIPANP 2025 | Slide From David Kessler



Muon g-2 Magnetic Field

● Discussed the trolley data, 
calibration NMRs, calibration 
of the calibration NMRs

● Interpolation between the fixed 
probes and the trolley, etc. 

● Reached 56 ppb uncertainty!
● Overall systematic of 76 ppb

Dylan Palo  | Precision Physics at High Intensities | CIPANP 2025 Slide From David Kessler



Muon EDM

● Electric field set to 
“freeze” the muon’s spin

● Detector measures the 
decay positrons on the 
two trackers

● Asymmetry on the two 
trackers yields the EDM 

● Prototypes of trackers

Dylan Palo  | Precision Physics at High Intensities | CIPANP 2025 Slide From Diego Sanz-Becerra



Muon Scattering/ Muonic Atoms



The Muon Proton Scattering Experiment (MUSE)

● Measure the proton’s charge 
radius: 
○ Discrepancy between 

recent measurements
● Mott Cross Section: point 

scattering of structureless spin-
½ particles
○ Cross section adding a 

form factor
● MUSE will measure 

e+ p, μ+ p, e- p, μ- p elastic 
scattering 

Dylan Palo  | Precision Physics at High Intensities | CIPANP 2025 | Slide From Paul Reimer



The Muon Proton Scattering Experiment (MUSE)

● Most of the data is 
already recorded.. 

● Waiting to unblind all of 
the data 

Dylan Palo  | Precision Physics at High Intensities | CIPANP 2025 | Slide From Paul Reimer



QUARTET Collaboration

● Muonic atoms formed 
by stopping muons in 
target

● Muon cascades to 
ground state
○ Can emit x-rays 

● Use x-rays to observe 2p 
-> 1s transition 

● Measure charge radius 

Dylan Palo  | Precision Physics at High Intensities | CIPANP 2025 | Slide From Katharina von Schoeler



QUARTET Collaboration

● Many targets will be 
tested 

● X-rays measured using 
metallic magnetic 
calorimeter 

Dylan Palo  | Precision Physics at High Intensities | CIPANP 2025 | Slide From Katharina von Schoeler



QUARTET Collaboration

● Data with Lithium (2024)
● Current uncertainty in 

the radius >100% from 
1968

● Next plan to measure 
oxygen 

Dylan Palo  | Precision Physics at High Intensities | CIPANP 2025 | Slide From Katharina von Schoeler



Parity Violation
Weak-Mixing Angle 



Parity Violation: Weak Mixing Angle

Dylan Palo  | Precision Physics at High Intensities | CIPANP 2025 | Slide From Caryn Palatchi

● Talks on several parity violation 
experiments

● Examples: Moller and P2 will both 
measure weak mixing angle at 
low Q < 0.1 GeV

● Deviations from the SM prediction 
would indicate BSM physics



P2 Experiment

Dylan Palo  | Precision Physics at High Intensities | CIPANP 2025 | Slide From Caryn Palatchi

● Goal is a fractional precision of 0.15%..on par 
with higher energy weak mixing angle 
measurements

● Hit fixed protons with right and left polarized 
electrons

● Comparing right and left handed scattering 
rate  

● Liquid hydrogen target.. 
● Cherenkov detector ->  silica bars
● MuPix tracking detector
● Plans to start in 2026



Moller Experiment

Dylan Palo  | Precision Physics at High Intensities | CIPANP 2025 | Slide From Kent Paschke

● Alternatively, Moller will use 
electron-electron collisions to measure 
the weak mixing angle

● Fractional precision  of ~0.1%
● Switch between polarizations rapidly at 

1kHz
● Looking for a difference in scattering 

angle as the polarity is switched
● Physics expected in 2027 



Thank you!!


