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Motivation

FCC-ee will produce copious heavy
flavour hadrons

World class flavour physics
programme is possible if one can
have excellent particle identification
(PID) and in particular hadron
separation

PID is crucial for B decay children
(1-40 GeV), decays, and jet tagging
in Higgs, top and W physics

RICH 2025

LTS
" “a

. . * ‘e
Future Circular Collider +' .,
Circumference: 80 -100 km .‘ .
Energy: 100 TeV (pp) » .

>350GeV (e'e) & %
ol .
- .
Large Hadron Collider : .
Circumference: 27 km " u
Energy: 14TeV (pp) " .
209 GeV (e*e) . I}
. :
Tevatron (closed)

Circumference: 6,2 km
Energy: 2TeV

2/23



The ARC concept

ARC (Array of Rich Cells) is a proposed RICH detector for the FCC (or another Higgs
factory)

First presented by R. Forty at FCC week 2021

Lightweight and compact solution for PID
Specifically adapted for the CLD experiment,
occupying 10% of the tracker volume:
Dimensions: 20 cm radial depth, 2.1 m radius,
4.4 mlength
Material budget targeted below 0.1 ¢
Cellular in design, with each cell functioning
as an independent RICH detector cell
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https://indico.cern.ch/event/995850/contributions/4406336/attachments/2274813/3864163/ARC-presentation.pdf
https://arxiv.org/abs/1911.12230

ARC single cell geometry
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Two radiators: C4F1o (or a more
eco-friendly alternative) + aerogel
(for low p tracks)

Spherical focusing mirror
Photosensor array: most suitable
candidates are Silicon

Photomultipliers (SiPMs) arrays with
cooling plates

Aerogel also as thermal insulator
between SiPM array and gas radiator

Goal: Construct prototype of single cell within the DRD4 collaboration
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https://drd4.web.cern.ch

Simulation of a single cell

Simulations performed inside
Key4Hep framework

Cherenkov photons are emitted in the
two radiators and focused with a
spherical mirror onto a photosensor
plane (red volume)

Each radiator produces a distinct
pattern of Cherenkov light, resulting
in two separate rings
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https://key4hep.github.io/key4hep-doc/getting_started/introduction.html

Silicon Photomultipliers

SiPMs: compact, highly sensitive light detectors capable of detecting single photons
SiPM array with 0.5 mm 0.5 mm pixel
PDE curve at Overvoltage=10V is considered
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Figure: SiPMs matrix, 3 mm x 3 mm pixels
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https://www.hamamatsu.com/content/dam/hamamatsu-photonics/sites/documents/99_SALES_LIBRARY/ssd/mppc_kapd9005e.pdf
https://doi.org/10.3390/s19020308

Cherenkov angle reconstruction
The local pattern recognition method, originally described by R. Forty and
0. Schneider [LHCB/98-040] is implemented in a Gaudi algorithm (ARCalg)

Cherenkov angle reconstruction for each photon relies on track information
provided by the tracking system

4V3 bBM 4V 0°bBM
D (detection point) +( (i o? + ( V+ q)z 0? 4\; 6) b é M+
Mior +2VQV Q) bBM(V ?)d=0

M’ Emission point (E) is approximated at the

M midpoint of the track in the radiator

The equation has two real solutions
corresponding to M and W’

E (emission point)

"p= ..[j..j, + =p t
Figure: RICH pattern recognition - Forty, R W ; Schneider, O p J J ’ Q h p
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https://cds.cern.ch/record/684714/files/lhcb-98-040.pdf?version=1
https://cds.cern.ch/record/684714/files/lhcb-98-040.pdf?version=1

Cherenkov Angle Reconstruction

Currently using a local approach on a single cell:

Fast, identifies hits per track via ypeaks

might be limited by background contamination from other tracks

For the entire detector, a global approach may be needed (implementation in
the ARCalg on-going):

Fits nof all tracks simultaneously

Handles cross-contamination but involves complex multi-parameter fits

Uses a PID likelihood function to combine Cherenkov angle measurements across
multiple tracks
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/K/p particle separation

Estimated the number of standard deviation of separation between andK (also p/K
andp/ )
Number of standard deviations (estimated from simulations) of separation
between two different particle types:

where 1and ; are the total errors relative to the Cherenkov reconstructed
angles while $; and 1 are the average number of detected photons per track
Number of standard deviations (expected):
)
1 —1lp-_Zz
2% T2 1
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Results - C4F,( + aerogel
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/K particle separation - C4F,( + aerogel

Ng vs Momentum for m— K
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Separation above the threshold (1 = 3) up to 13 GeV/c for aerogel and 40 GeV for C4Fg
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Reconstruction with Track Multiplicity

Serena Pezzulo

RICH 2025

The reconstruction algorithm has not
been extended yet to the whole
detector but preliminary full
simulations are ongoing

Occupancy studies basedon Q¥ é&eé
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Reconstruction with Track Multiplicity

Preliminary studies show that
approximately 80 Wof cells are crossed
by a single track per bunch crossing

A non-negligible fraction of cells are
crossed by multiple tracks, which
introduces potential reconstruction
ambiguities
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Two-Track Scenarios - preliminary
GPS: @ 30GeV + k@ 10 GeV

Figure: Photon hits on the photosensors in the x-y plane

Serena Pezzulo RICH 2025 14/23



Two-Track Scenarios - preliminary

The algorithm successfully
identifies the Cherenkov peaks

The angular resolution is
comparable to that in the
single-track case

Next steps: test the algorithmin
varied multi-track scenarios,
evaluate the peak separation
power
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Magnetic field implementation

The ARC was adapted for CLD, which features
a magnetic field of 2-3 T

The first iteration of the reconstruction
algorithm assumes straight tracks, which
breaks down in the presence of a magnetic
field

Must be updated to reconstruct helical
trajectories, especially important at low
momentum where curvature effects are more
pronounced

Figure: CLD option 3: ARC between the tracker and ECAL
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Magnetic field implementation

The Cherenkov angle is calculated as 1@9
Hv & p t, where pis extrapolated
from the quartic equation and tis the
direction of the emitting particle 20

The vector tis no longer taken as the E /D/
initial shooting direction, but is

instead evaluated as the tangent to
the helix at the estimated emission
point
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Figure: @ 10 GeV crossing an ARC cell
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Magnetic field - results
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Total error [mrad]
2T 3T No magnetic field

Gas 1.3 13 1.3
Aerogel 16 1.6 1.6

Pion particle gun @ 10 GeV, s 25 angle with
respect to the MF direction

18/23



Conclusions

Particle separation power was studied for C4F19 and aerogel, showing good
performance in the 2-40 GeV/c range for xseparation

Performance was evaluated for magnetic fields between 2 and 3 T, showing
minimal or no degradation

Alternative environmentally friendly radiators have been investigated [ECFA "24]
The Genova group is also developing a prototype of the module with the
integrated cooling that will host the SiPM (See Roberta’s talk on Friday)

Next Steps:

Extend simulations to the entire ARC detector

Test the algorithm in multi-track scenarios with varied configurations and track
angles and evaluate the peak separation power with the magnetic field enabled
Develop and implement a global PID likelihood approach
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https://indico.in2p3.fr/event/32629/contributions/142941/
https://indico.gsi.de/event/20387/contributions/90422/
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Thank you for the attention!
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