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Motivation

𝑅𝑒/𝜇 =
𝑁𝜋→𝑒 𝐸 > 𝐸𝑡ℎ
𝑁𝜋→𝜇→𝑒 𝐸 < 𝐸𝑡ℎ

⋅ 1 + 𝐶𝑡𝑎𝑖𝑙 ⋅ 𝑅𝜖

Studying 𝑅𝜖 → Acceptance ratio between high bin 𝜋 → 𝑒𝜈 and low bin Michels

Acceptance definitions:
◦ Pion stop in ATAR

◦ Currently: 𝑥 < 8 mm, 𝑦 < 8 mm, 1.2 mm < 𝑧 < 4.8 mm

◦ Does not depend on decay mode

◦ Timing cuts

◦ 𝜋 → 𝑒𝜈 timing spectrum is distict from backgrounds (𝜇DAR, 𝜇DIF, 𝜋DIF)

◦ Topology cuts

◦ Fiducial theta cut

Our current focus
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Topology Acceptance Overview
Options for defining acceptance:

◦ First few hits within the ATAR

◦ Decreases energy bias

◦ Positron angle ≠ Calo position

Goal: study biases introduced by a tracker-based acceptance

◦ Tracker + ATAR

◦ Positron angle ≈ Calo position

◦ Introduces energy/angle bias to acceptance ratio

Eff. using first 5 hits in ATAR
Efficiency using a tracker hit



Pion stops in 
ATAR fiducial 

volume

+

Positron is 
headed towards 

the tracker

Primary e+ hits the 
tracker

Clean hit 1+ tracker hit

Bhabhas

Primary e+ does 
not reach the 

tracker

Annihilation

0+ tracker hits

Other physics?

January 8, 2025 Jessie Yang | PIONEER Collaboration Meeting 4

The physics behind tracker bias

Bhabhas and annihilations are well 

understood and have a clear energy bias, so 

we begin there. From there, we can 

determine if these processes completely 

explain the acceptance difference.

These processes will bias 

acceptance against the 

Michel spectrum due to the 

low energy positrons it 

produces
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Tracker Efficiency in 2D
Setup

All decays + Gaussian beam (𝜎 = 6 𝑚𝑚), 1 Hz, 106 events

Require pion stop + single pattern

Want to characterize the 

physics that:

o Prevents high energy 

positrons from 

reaching the tracker

o Allows positrons with 

upstream momentums 

to redirect into the 

tracker 

o Note that the 

tracker ends at 

cos(𝜃) = −0.8
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Additions to the framework

o If any step in the G4Track annihilates, the event 
will be tagged as PIEventTypes::kAnhl

o If the particle has a non-zero momentum, it will 
also be tagged as PIEventTypes::kAnhlIF

Annihilation 
flags

o This streamlines identification of the primary 
positron in a given event

Tagged 
particles will 

store track ID
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Annihilation is the reason a lot of events that 
do not reach the tracker, but not all of them

Low energy events that don’t reach the tracker 

can be estimated with annihilation rates

Above ~5 MeV, events that do not reach the 

tracker must be primarily due to scattering

For p < 2 MeV, the 

lack of tracker hit is 

due to annihilation 

(about 2% of events)
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positrons that do not 

reach the tracker are 

not explained by 

annihilation
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Bhabha into the detector

Although the tracker only extends to cos 𝜃 = −0.8, 

we see tracker hits from positrons generated with 

even larger angles

Events with 10 𝑀𝑒𝑉 < 𝑝 < 20 𝑀𝑒𝑉 (~10% of Michel 

events) have enough momentum to escape the atar but 

low enough energy to increase the probablitiy of scattering 

back into the tracker

Tracker efficiency for 𝑒+ going upstream: cos 𝜃 < −0.8

T
ra

c
k
e

r e
d

g
e



January 8, 2025 Jessie Yang | PIONEER Collaboration Meeting 9

Bhabhas are more likely at 
lower energies and 𝜃 ≈ 90°

ATAR 

Corners

Only bhabhas near 

the fiducial edge 

affect the tracker 

acceptance
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Slightly more 

bhabhas to the 

right of the fiducial 

cut => more 

bhabhas out of 

the fiducial region

20% of events have an electron tracklet in the ATAR
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Behavior of Bhabhas

Seems to be two 

separate competing 

processes: 

1. Positron skims by 

the electron

2. Positron hits the 

electron head-on

Low energy 

events are more 

likely to annihilate 

than scatter

10% - 20% of 

bhabhas have a 

theta within 2 

degrees of its 

corresponding 

positron
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Event Displays: Other scattering?

𝑝𝑒+ = 7 𝑀𝑒𝑉 𝑝𝑒+ = 50 𝑀𝑒𝑉
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Qualitative accounting 
for events that do not 

reach the tracker
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Event Displays: Bhabhas

𝑝𝑒+ = 35 𝑀𝑒𝑉 𝑝𝑒+ = 50 𝑀𝑒𝑉
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Two bhabhas!
𝑝𝑒+ = 42 𝑀𝑒𝑉


