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Research Objectives

Main Goal: Study the ALLEGRO calorimeter baseline performance.

Methodology: Energy resolution study using DD4hep/DDsim
simulations with mono-energetic electron beams.
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ALLEGRO Detector

Baseline ECAL Design:
Technology: Noble-liquid ECAL
Absorber: Straight Lead (Pb) + Steel plates
Active Medium: Liquid Argon (LAr)

Figure 1: ALLEGRO Reference Design Figure 2: ALLEGRO ECAL Schematic

Source: G. Marchiori, 8th FCC Physics workshop, CERN (Jan 2025).
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Energy Clusters

A cluster is a localized assembly of
energy depositions recorded in the
calorimeter cells, typically originating
from a single incident particle.

Methodology note: This is a
preliminary study, we used raw
(uncalibrated) clusters to establish a
baseline performance before applying
material-specific calibrations or complex
corrections.

Event simulation is performed using a
single-particle gun, firing electrons at
a fixed energy.

Figure 3: ALLEGRO transversal
view (with yellow - energy
deposition)
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Cluster distribution

Figure 4: Cluster distribution for 20
GeV events

The cluster energy distribution exhibits
a prominent and correctly centered
peak around the nominal 20 GeV
value, showing solid baseline
reconstruction.

The vast majority of events (∼90%)
feature exactly one reconstructed
cluster, as expected for single incident
particles.

The magnetic field physically broadens
the shower trajectories. When using
fixed-size clusters, this causes energy
leakage, biasing the mean energy
downwards (e.g., ∼17 GeV for a 20
GeV incident electron).
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Double cluster events

Figure 5: Event display showing a
double cluster reconstruction in the
calorimeter

Bremsstrahlung produces a
continuous photon spectrum.
Occasionally, a hard photon emitted
at a large angle creates a distinct,
separated energy deposit.

Mitigation: To avoid losing this
energy, we sum their contributions:

Etotal = E1 + E2
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Energy Resolution

Resolution formula:
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Terms:

a: Stochastic term (intrinsic
fluctuations).

b: Electronic and pile-up
noise.

c: Constant term (detector
nonuniformities).

Figure 6: Energy resolution fit for Ar/Pb setup
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Resolution vs. Absorber Thickness

Figure 7: Energy resolution comparison for absorber
thicknesses ranging from 1.8 mm to 2.4 mm.

Sampling Term vs. Thickness

Thickness Term a (%)

1.8 mm 6.70
1.9 mm 6.28
2.0 mm 6.67
2.1 mm 6.71
2.2 mm 6.45
2.3 mm 6.99
2.4 mm 7.10
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Summary & Future Steps

Summary:

Verified baseline reconstruction using raw clusters and cluster summation to
mitigate shower broadening.
Evaluated how the sampling term (a) evolves as a function of the absorber
plate thickness.

Future Steps:

Detector Calibration: Fine-tuning the sampling fraction and overall
calibration to accurately reconstruct the absolute energy.

Comprehensive Material Studies: Extending and refining the energy
resolution fits across all alternative configurations: LAr/Pb (Baseline),
LAr/W, LKr/Pb, and LKr/W.
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Thank you for your attention!


