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Intro

Overview

e First Crystals

e PEN Detector/Experiment

e Energy collection

e Pen approach to analysis

e Monte Carlo simulation

e Radiative decays and large solid angle
e Tail Analysis

e Summary
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Intro

In the beginning - first crystals
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Intro

In the beginning - first crystals
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Intro

240 crystals produced for PiBeta experiment 7+ — 703+ v
Crystal technica produced remaining 196
Hexagonal, pentagonal, tetragonal pyramids
85% of total light output in first 20 ns

40-110 photoelectrons/MeV

-
BIIE  Charlie Glaser PEN(7T — eTre(v)) Santa Cruz 2022 4/ 33



Intro

Detector Setup

e 7E1 beamline at PSI
e stopped 7" beam

e active target counter

e 240 module spherical

pure Csl calorimeter

e central tracking
PH
e beam tracking | ’\ )

. . . H
e digitized waveform + . 5%
digitized waveforms Jr,H,benm, ==
__ BCi : f’_ i!.

PEN detector
2009-10

BC: Beam Counter PH: Plastic Hodoscope (20 stave cylindrical)
AD: Active Degrader MWPC: Multi-Wire Proportional Chamber (cylindrical)
AT: Active Target mTPC: mini-Time Projection Chamber
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Intro

Current methods of energy collection

30 degree cone

45 degree cone
e Main crystal + nearest neighbors (up to 7)

e Main crystal + nearest neighbors + next to nearest neighbors
(up to 13)
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Intro

Geant Csl energy responses

Ecq (MeV)

Charlie Glaser Santa Cruz 2022



Intro

Geant total energies (Csl + Tgt + Hod)
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Intro

Measured Csl energy

E next 16 nearesf neig bors

Charlie Glaser
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Intro

Measured energy (Csl + Tgt + Hod)
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Intro

xtal + nearest neighbors spread
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Intro

o from fit vs xtal number

xtal + nearest neighbors spread
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Intro

o from fit vs xtal number

xtal + nearest neighbors spread
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Intro

PEN analysis approach

R = Naerts) X corrections
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Intro

PEN analysis approach

Rewrite
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Intro

Challenges

Geant gives energies, timings, and positions

Requires additional physics input to simulate full detector
response

In the Experiment:
e digitized energies and timings of detector elements

e mTPC, beam counters, and target waveforms
e photoelectron (pe) statistics smear signal
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Intro

Csl - Unique Xtals

e Optical and Response Non-uniformities, AQ Coverage
e 240 PMTs = 240 different quantum efficiencies

Lxtal 4

NS
Charlie Glaser




Intro

Correct stopping position
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Intro

Yield

Yield

Yield

Yield

Xtal Hit 10

Simulation

Xtal Hit 20

Simulation

Xtal Hit 81

Simulation

Xt lll 123

Medisuremént
Simulation

Xtal Hit 129

Messurement. ...
Simulation

2 Charlie Glaser

PEN(mT — eTve(7))

EE (MeV)

Measurenent.. 4.

Measurement.. 4.

Xtal Hit 47

Measurenient.. {....
Simulation

aal Hit 97

M%UIE}I}RULN
Simulation

ial Hit 56

Simulation

...Measurenient .. ..
Simulation

surement...{

Measurement.
Simulation

Xtal Hit 149

Megsurement...4.
Simulation

Xtal Hit 181

Measurement - -¢----

EE (MeV)

Santa Cruz 2022

TETE (MeV)

Xtal Hit 153

Measurenient..
Simulation

IXial Hit 202

... Measurenjent - -

!... Measurenient.

Simulation




Intro

Csl
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Intro
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Intro

Regions of m — evy
All decays are radiative
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Intro

Regions of m — evy
All decays are radiative
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Intro

Regions of m — evy
All decays are radiative
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Intro

Radiative Decays m — evy
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Intro

Region D
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Intro

Invariant Mass
PEN indirectly measure p,

Pe + l_jfy =Py
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Intro

Tail Trigger
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Intro

Subtraction
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Subtraction
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Intro

Subtraction
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Intro

Subtraction
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Intro

Invariant mass resolution
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Intro

Photonuclear Absorption
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Intro

Photo nuclear X-sections
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Intro
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Higher ¢ = higher tail fraction

d€rail Studied with various cross sections
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Intro
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Intro

Summary

e Resolution depends on how energy is determined
e PEN calorimeter has various xtals with various resolutions
e GEANT is supplemented to simulate a more realisitc response

e The large solid angle coverage permits study of radiative
decays in all phase space

e The simulation includes methods and means for systematic
tail study - photo nuclear effect

-
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Intro

Family
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