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Introduction

Hadronic calorimeters use absorber materials to initiate showers from nuclear
Interactions, resulting in cascades with hadronic and electromagnetic components.

The different nature of these components leads to many challenges in energy
reconstruction for hadrons, mainly due to their large event-to-event fluctuations
and invisible energy from nuclear processes. [1]
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Simulating sampling calorimeters
The response of a simplified box calorimeter with 1400 mm of alternating absorber
and scintillator plates was simulated in GEANT4 by shooting charged pions and
measuring the energy deposited in the scintillator gaps.
Changing the absorber thickness allows us to compare the performance of different
absorber to scintillator proportions - p, at different energies, keeping the size fixed.
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A larger p leads to a smaller
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Requirements for future hadronic calorimeters
The energy resolution is parameterized by:
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Exploring the parameter space
It is not possible to determine an ideal proportion from the energy resolution
curves alone. There is a tradeoff, where a larger p reduces c¢ at the cost of a. To
better understand this, we can compare the individual contributions from the
stochastic and constant components of the energy resolution at different energies.
Energy resolution components (a/VE @ c)
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It In this 1-dimensional optimization space the optimum is highly energy dependent.
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Conclusions and future work
The relationship between absorber proportion and energy resolution is not as
trivial as finding an ideal point. Can we turn this into a high-dimensional problem
and accommodate the expected range of energies in the FCC-ee”?
A possible next step is to determine the longitudinal energy distribution along the
calorimeter and optimize p_, p,, ... p,, for N layers.
This is a computationally intensive task where machine learning and surrogate
models can be crucial tools to approximate the response and optimize the detector.
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