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Lineshape setup

● M13: monochromatic beamline at 
TRIUMF adapted to produce a 70 
MeV/c positron beam (with a 𝝈 of     
1 MeV/c) of 1kHz rate.

● Beam composition:    
𝜋⁺ 63%, 𝛍⁺ 11%, e⁺ 26%

● Particle identification via TOF at the 
detector with respect to the 23 MHz 
cyclotron RF time.

● Ten data-taking sets of around 7x10⁶ 
events for each angle.
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Schematic drawing of the Lineshape setup for special 
positron runs, showing the angle of rotation (𝜽) between 
the beam and calorimeter.



PIENU Calorimeter

19 
PMTs

97 
PMTs

● CsI array intercepts the energy leakage from EM 
showers.

● Scintillation detector (T2) at the front face of the 
calorimeter.
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Data analysis

● Beam pions suppressed by 
blanking off the 43 ns RF window.

● Spatial and time cuts applied to 
remove background, pileup and 
beam halo particles.

● Trigger: at least one hit in WC3 
planes and T2.

● Peaks at 50 and 58 MeV to be 
explained later.
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Muon subtraction

● Suppression of beam muons via a 2D energy cut in Calorimeter vs T2.
● Low statistics sample. Low-energy tail extends to zero energy.

● Split the energy spectrum into positron and muon components via RF window cuts: 
positrons in 4-11 ns and muons in 12-15 ns. 
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Positron Energy spectrum

● The resulting muon energy 
spectrum is normalized to the 
positron energy spectrum  at 17 
MeV and subtracted.

e⁺

PN peaks: 2 and 1 
neutrons
emission

Muon Subtraction II
● A remainder of muons is left. This portion 

is negligible to the tail fraction (< 10⁻⁵).
● Photonuclear peaks at 58 and 50 MeV 

caused by the emission of one and two 
8-MeV neutrons.

● positron
● muon
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Monte Carlo: Calorimeter modeling

● Positron beam simulated using beam profile from 
data.

● The amount of material was uncertain: Adjustments 
were necessary to match data.

- Al2O3 front face density adjusted to correct 
the ~10% discrepancy in the positron energy 
loss.

- 8% Attenuation factor in CsI energy led to 
good agreement at large angles.

● PENELOPE used for EM interactions.

● FTFP_BERT_PEN with PN cross-sections scaled  
as an optimal choice to reproduce PN peaks.

● not to scale
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𝛳=0° 𝛳=48°

Results

● Energy calibration of data at the positron peak achieved with a 10 KeV precision 
using a convolution of a Gaussian and a falling exponential.

● The MC energy spectra show good agreement with data at all angles.
● Slight mismatch at 58 MeV photonuclear peak not relevant for tail fraction.
● Pileup not included in MC: Difference in tail fraction smaller than 10⁻⁵. 
● Drop at 35 MeV due to 2D energy cut in data and MC.

● data
● MC
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Results

● data
● MC

● Agreement of tail fraction between 
data and MC at all angles. 

● Statistical errors are negligible.

● Systematic errors displayed: the 
dominant source comes from 
Photonuclear scaling.

● Other important sources: Energy 
calibration and Dead material in 
the calorimeter.
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Results

● The Lineshape results validate the PIENU calorimeter to an acceptance of
48 deg.

● The 1𝝈 agreement allows to expand the MC simulation to the complete PIENU 
setup.

● The R𝞹 measurement requires the simulation of the π⁺ → e⁺νe  (PIENU) and
 π⁺ → μ⁺νμ → e⁺νe (PIMUE) decay modes.

● The PIENU tail correction inherits two uncertainty sources from the Lineshape 
simulation: energy calibration and photonuclear cross-section scaling.

● Currently, the systematic uncertainty of R𝞹 is dominated by the PIENU tail 
fraction; studies on Acceptance correction are in progress.
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Data analysis: Gain stabilization

● PMT gain fluctuations were corrected on a run-to-run basis by:
- Matching the beam positron peak for NaI(Tl).
- Connecting the CsI crystals to a Xe lamp through a quartz fiber. The pulse height 

of the Xe lamp signal in each PMT was adjusted.
- Gain corrected to a 0.01% precision.
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Possible low-momentum component

● Tail distribution contamination 
produced by low-momentum 
positrons in M13.

● These events can not be identified 
in the analysis.

● M13 beamline simulated using 
G4beamline package.

● Upper limit to the low-momentum 
contribution of (2.8 ± 0.5)x10⁻⁴

Momentum distribution at the rear end 
of M13 beamline
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