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Aim of the Study

The study shows the possibility and effectiveness of the Pulse Shape
Discrimination (PSD) to separate scintillation and Cherenkov
emissions using one single photodetector readout on a single bulk

material instead of two or different materials as traditionally proposed for
electromagnetic calorimeters.

Motivations

Calorimeter’s response for hadronic showers
Ry = efem + h(l — fem) (1)

with e,h respectively the electromagnetic (em) and hadronic (h) compo-
nents weighed by the electromagnetic fraction of the hadronic shower ( fe., ).

e fem Huctuates for each event.
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= Estimate f.,, on event-by-
event basis using the dual- |
readout technique (DRO) which T
consists in extracting the scintil- i
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Materials & Methods

PbWQO0O, scintillating crystal

A
tl_ J‘. ; r' |
LRy 1 Y

{ Photodetector |
- A 2.3x2.3x23 cm® PbWOy, crystal, -l

coupled on one side with R7600U-M4
Hamamatsu.

:

4/ AN

- Prototype tested with electrons and

mixed hadrons beams at CERN SPS
North Area.

PSD for dual-readout purposes

e This technique exploits the difference
between Cherenkov (C) — prompt

light emission — and Scintillation (S)

emissions — excitation 4+ relaxation
stages — in case of light-based detec-

tors.

e Various parameters are
tested for each pulse as es-
timators of feymn:
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Testbeam Results

Dual-readout Particle identification
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- The ratio between the C and S - ToT@20% is an effective dis-
areas of the pulse is anticor- criminant between electrons
related with the ToT@20%. and hadrons.

Geant4 Monte Carlo Simulation

Study of the photodetector response

- Single photoelectron pulse modeled by a Gaussian distribution.

- Study the discrimination probability varying the response width o.

= A slower photodetector produces smeared pulses.
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Impact of the width on prediction accuracy

- Prediction of fey, sim With ToT@5% as an estimator for the two
different photodetector responses, using a machine learning classifier.

- The fl-score metric balances precision and recall, helping evaluate a
classifier’s overall effectiveness.

g = 0.3nS Weichted fl-score = 97.22% o — 1.0ns Weighted fl-score = 95.54%
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Fl-score low f¢y, simm medium fep, g5 high fen sim
o = 0.3ns 91.96% 94.00% 99.52%
o = 1.0ns 84.07% 90.55% 99.64%

Conclusions

e Pulse shape discrimination is an eflicient method for particle identi-
fication and dual-readout.

e High-speed photodetectors are required to discriminate the scintilla-
tion and Cherenkov components of each event.

Vienna, 17t" - 215¢ February 2025



