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Test 1: Rare decays of 
neutral pions

Have to beat KTeV’s 
measurement:

Want >1e4 events



Concept

Primary 𝑒− beam 𝑒−

𝑒−𝑒+

𝑒+

Background leakage “pileup” flux

4e signal

Pi0 decays immediately so the 
challenge is getting them to decay close 
enough to the end of the target

Two additional challenges:
- Geometric acceptance
- Beating leakage pileup

4e signal partially or fully 
absorbed before observation



EM Showers: Particle Counting

• Review slides
• Ec is the critical energy where ionization/radiation cross

• For E0 = 10 GeV, Ec=8.4 MeV,
• t_max ~ 10 radiation lengths
• N(t_max) ~ 1000 particles in the total shower
• E ~ E0 / 2^t ~ 10 MeV is the typical energy at the end of the shower

https://indico.cern.ch/event/782305/contributions/3256087/attachments/1789793/2916004/20190204_calorimetry_AppendixEMshowers.pdf


Neutral Pion Production in the 20 cm target
(11 GeV EOT)

Pions produced in the 
last 5-10 cm of the 
target can allow for 4e 
to escape?



Rate Estimation

𝑅𝑎𝑡𝑒 4𝑒  ≈ 𝑁𝐸𝑂𝑇  × 𝑁
𝜋,

𝑒𝑛𝑑
𝐸𝑂𝑇

× 𝐵𝑅(𝜋 → 4𝑒) × 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦

𝑅𝑎𝑡𝑒 4𝑒 ≈ 𝑁𝐸𝑂𝑇  × 10−5  × 10−5  ×  10−1 = 𝑁𝐸𝑂𝑇 ×  10−11

Therefore, we need
• >1e11 EOT to observe it
• >1e16 EOT to beat KTeV’s precision
• EOT per pulse and target length optimization for 

signal/background



Other similar targets?
• J/Psi production from the e- beam?
• Exciting for QCD physics
• Also has 4mu final state

https://www.jlab.org/exp_prog/proposals/12/PR12-12-006.pdf

https://www.jlab.org/exp_prog/proposals/12/PR12-12-006.pdf
https://www.jlab.org/exp_prog/proposals/12/PR12-12-006.pdf
https://www.jlab.org/exp_prog/proposals/12/PR12-12-006.pdf
https://www.jlab.org/exp_prog/proposals/12/PR12-12-006.pdf
https://www.jlab.org/exp_prog/proposals/12/PR12-12-006.pdf


Extracting the BR normalized to 2𝛾
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