
0 Motivation

Study pion beta decay 
(Phase II/III)
π+ → π0 e+ ν(γ)
• Improve branching ratio by

◦ a factor of three (Phase II)
◦ order of magnitude (Phase III)

• theoretically cleanest extraction of 
|Vud| at 0.02% level

• comparable to deduction from 
superallowed beta decays

• lift 3σ tension of Vud 

Cabibbo Angle 
Anomaly
• test CKM unitarity

Hints of Lepton Flavour 
Universality Violation
• Deviating branching ratios (R(D(*)) 

with 3σ and R(K(*)) with 4σ)

Measure branching ratio 
of π+ (Phase I)
Re/μ = Γ(π+→e+ ν(γ))/Γ(π+→μ+ ν(γ))
• Bridge gap between theoretical 

and experimental precision:
improve precision by 15

• perhaps most precisely calculated 
weak interaction observable invol-
ving quarks

• New physics up to the PeV scale 
may be revealed
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Tracker

1 Experimental Setup

Highly segmented active 
target (ATAR)
• defines pion stopping region
• high resolution timing information

Phase p
(MeV/c)

∆p/p
(%)

∆Z
(mm)

∆X x ∆Y
(mm²) ∆X’,∆Y’ Rπ

(10⁶/s)

I 55-70 2 1 10x10 ±10° 0.3

II,III ≈ 85 ≤ 5 3 15x15 ±10° 20

Pion Beam
Requirements:

Planned to use the πE5 beamline 
at PSI High Intensity Proton Acce-
lerator 

Time of flight analysis
• Cut out pions in time-Energy-space
• calculate Δt and use it to get a rough 

estimate of Δp/p

With degraders
• pion energy signal changes with 

different degraders
• use peak position to identify 

momentum bite
◦ compare with simulation

2 Momentum bite analysis of beam

Signal amplitude in Scintillatordegrader

scintillator

• 25 radiation length 3π sr sphere 
surrounding the ATAR

• Energy resolution ≤ 2%
• LXe and LYSO crystals in consideration

3 Calorimeter

LYSO Test Setup (2023 Beamtime):
Measuring the Energy resolution
of LYSO crystals
1.Calibration of single crystals
2.Apply cuts on events
3.Add contribution of all crystals together
4.Fit peak and calculate energy resolution

PRELIMINARY

LXe Test Setup
• Optical Simulations with optical photons from Geant4
• Using simplified „Prototype“ geometry, 

PMTs placed on one end
• test different surface materials
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