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Test 1: Rare decays of
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COncept Pi0 decays immediately so the
challenge is getting them to decay close
enough to the end of the target

4e signal partially or fully

absorbed before observation Two additional challenges:
- Geometric acceptance

- Beating leakage pileup

Primary e~ beam

€ 4e signal

Background leakage “pileup” flux



EM Showers: Particle Counting

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

Material P liquid) A
j In Eo / EC E() ateria A% b (liquid) Ar Cu

Shower maximum |7

E.MeV) | 84 | 7/ 37 20,2

* ForEO =10 GeV, Ec=8.4 MeV,

* t_max~ 10 radiation lengths
* N(t_max) ~ 1000 particles in the total shower
s E~EOQ/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 EQOT)
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Pions produced in the
last 5-10 cm of the
target can allow for 4e
to escape?

Counts/ 107 EOT

10* 7 H_L
T T T T

0 25 5;2} ?IS llZ;t{] 12I 5 lSI{] 175 200
Pion Position in Target z (mm)




Rate Estimation

Rate(4e) = Ngor X Nnﬂ X BR(m — 4e) X Efficiency
'EOT

Rate(4e) = Ngor X 107> x 107> x 107! = Ngor x 1071

Therefore, we need
e >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?

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

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

Near Threshold Electroproduction of J/W at 11 GeV

May 4, 2012

the ATHENNA Collaboration !
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Extracting the BR normalized to 2y

Let the number of pions per electron on target (EOT) be denoted N, and let €5, be the acceptance
for capturing the 2+ decay inside the decay pipe and €4, be the acceptance for capturing all four leptons
from the 7 — 2e™2¢~ decay. Then suppose we mdoel the number of measured =¥ — 2~ decays as

Na = Npor %X Ny X €9, (1)
while the number of measured 7 — 2et2¢~ decays are modeled as

Nie = NgoT % Ni X €46 . (2)
The 7V — 2e*2e~ branching ratio is then related to the observed numbers via

Nye _ Ngor X Ng X €4 X BR(m" — 2e*2e7) (3)
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We can then extract BR(7" — 2e*2e™) with

0y N
BR(n% — 2e+2e™) = -1 % (4)

€4e LNy
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