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Abstract

The dual-radiator Imaging Cherenkov detector (dRICH) is a key component of the forward particle identification system for the
ePIC experiment at the Electron-Ion Collider (EIC). This study evaluates the dRICH performance using Geant4 simulations in the
context of the global ePIC simulation stack, focusing on the optimization of the aerogel radiator and the impact of sensor noise.
We compare two aerogel configurations: the initial design (n=1.019) and the current default (n=1.026). The latter, characterized
by improved optical properties and a higher refractive index, demonstrates enhanced π − K separation at high momenta, effectively
extending the operational overlap with the C2F6 gas radiator. Additionally, the study investigates the impact of Silicon Photomul-
tiplier (SiPM) dark noise, showing that a 300 kHz noise rate leads to a moderate reduction (approximately 1.5 GeV/c) in the 3σ
separation threshold. These results validate the current dRICH design and quantify the purity levels achievable for both radiators
under expected experimental conditions.
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1. Introduction

The ePIC experiment at the Electron–Ion Collider (EIC) is
an approved project under realization at Brookhaven National
Laboratory (BNL), USA. It aims to address key questions on
how nucleon properties such as mass and spin emerge from
partons and their interactions, and how partons are distributed
in momentum and position space. The EIC will also study the
interactions of color-charged quarks, gluons, and jets with nu-
clear matter. Central questions include how confined hadronic
states emerge from quarks and gluons, how quark–gluon inter-
actions generate nuclear binding, how the nuclear environment
modifies parton dynamics and correlations, and how gluon den-
sities in nuclei evolve toward saturation at high energies, po-
tentially giving rise to a universal gluonic phase of matter in
nuclei and nucleons. To explore such elaborate physics, the
requirements on the accelerator and the detector are state-of-
the-art. High polarization (∼ 70%) for electron and light nuclei

beams, availability of heavy ions up to Uranium, high lumi-
nosity (peak value around 1033 to 1034 cm2s−1), high centre of
mass energy (20-140 GeV) makes the EIC an ultimate machine
to study the fundamental aspect of QCD and hadronic physics.
The detector has to general purpose to deliver the whole EIC
physics program; almost hermetic coverage and compact setup
are key challenges for such multipurpose ambitious detector de-
sign. The requirements for EIC have been described in detail in
the common effort by the physics community interested in the
EIC physics, known as the Yellow report [1]. In the Yellow
report the role of the particle identification (PID) detectors in
delivering the physics of EIC has been considered fundamen-
tal. Such an elaborate PID could not be delivered by a sin-
gle PID technology. Therefore, several technologies have been
identified to deliver the PID requirements altogether. A dual
radiator Ring Imaging CHerenkov (dRICH) counter in the for-
ward direction will provide at three sigma pion level, kaon-pion



separation from few hundred MeV/c up to 50 GeV/c. Two ra-
diators will provide a continuos PID over a wide acceptance;
pseudorapidity range between 1.5 to 3.5. It will support the
identification of the scattered electrons of Deep Inelastic Scat-
tering (DIS) events by pion rejection, therefore complementing
the calorimeter systems, particularly at low momenta, up to 15
GeV/c. The aerogel radiator will provide particle identification
in the lower momentum end and the C2F6 gaseous radiator in
the higher momentum range up to 50 GeV/c, with substantial
overlap between the two ranges. The RICH design is based on
six identical arrangements of spherical mirrors and photosen-
sor sectors where the SiPMS are arranged so to form a pseudo-
spherical surface. Each mirror focuses reflected photons onto
the corresponding photosensor area. Sophisticated simulation
serves as a fundamental block of the detector construction. For
the ePIC dRICH an extensive simulation campaign is ongoing.
In this study, we discuss the results of several simulation studies
performed with the official dRICH simulation stack and using
single particle Monte-Carlo events.

2. Simulation software scheme

The ePIC software scheme is complex and multi-layered.
To simulate the hits, the geometry of the detector is described
in the DD4hep framework [2], and the simulated data is gener-
ated using Geant4 [3]; for our studies related to generation of
Cherenkov photons we use the [4] plugin of DD4hep. The sim-
ulated hits are then reconstructed using an indirect ray tracing
method [5] to obtain the Cherenkov angle. This standalone code
based on C++ is a part of the ePIC reconstruction framework
EICRecon [6]. EICRecon is a framework based on JANA2 [7].
Due to our status of integration, the data model of our simula-
tion studies strictly follows the data model of the ePIC experi-
ment [8], which is based on PODIO [9] and EDM4hep[10].

The final output for the characterization studies of the sub-
detector systems is fully customized by the users. For exam-
ple, in figure 1 it can be seen how the reconstructed squared
mass of charged particles varies as a function of momentum.
The combined information provided by the two radiators can
be appreciated. The mass has been computed using the dRICH
Cherenkov angle information. The simulation framework has
also been extensively utilized for some the critical parameter
optimizations and impact studies, as those reported here. Sev-
eral other important studies are being performed and have been
reported elsewhere [11].

3. Improving Aerogel Performance

The aerogel radiator of the dRICH provides particle identifi-
cation (PID) at low momentum, specifically where the charged
particles are below the Cherenkov threshold of the gas radiator.
The threshold for positive kaon identification in the C2F6 radia-
tor is approximately 12 GeV/c. Therefore, to ensure substantial
overlap with the gas radiator, the aerogel must provide 3σ sep-
aration well above 12 GeV/c. In this study, the parameters of
two aerogel samples were used for a comparative performance
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Figure 1: Reconstructed m2 as a function of momentum for single particle
events in the dRICH simulation environment. The plot was produce using the
n=1.019 aerogel.

analysis. The first sample, originally planned for the ePIC ex-
periment, has an average refractive index of 1.019[12]; the sec-
ond, with an index of 1.026, is the new current default for the
detector. The radiator is planned to be 4 cm thick. An aerogel
radiator with a higher refractive index increases the number of
detected photons, thereby enhancing pattern recognition; how-
ever, saturation occurs at a lower momentum. The new aerogel
also features improved optical properties, with an optimized
Rayleigh scattering length that improves the resolution of the
reconstructed single-photoelectron Cherenkov angle. Overall,
the second aerogel allows for better particle discrimination at
higher momenta, extending the overlapping range with the gas
radiator. In figure 2, the separation π−K in number of standard
deviation Nσ is plotted as a function of momentum at a fixed
pseudorapidity. The number of detected photons is also heavily
influenced by the pseudorapidity due to geometric acceptance:
at η = 2.0, the ring is typically fully contained within a single
sensor sector. At higher values of η, performance is modulated
by the "shadowing" effect of the beam pipe and the splitting
of rings across multiple sensor sectors as they are reflected by
nearby mirrors.
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Figure 2: Nσ π − K curve for the two aerogel; n = 1.019 is labels as "old" and
the current default as "new".

Increasing the number of detected photons improves pattern
recognition and leads to better ring resolution. For this reason,
we investigated how the Nσ curve changed when increasing the
aerogel thickness up to 6 cm. No self-absorption effects were
observed, and performance clearly improved; however, due to
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construction complexities, there are currently no plans to in-
crease the radiator thickness.

The simulation is in agreement with the studies performed
in laboratory and a series of beam test studies performed at
CERN [13].

4. Noise Impact

SiPMs are chosen as baseline photosensor for ePIC, thanks
to the several advantages available for using this technology:
magnetic field insensitivity, high photo-detection efficiency, high
granularity, low cost, high timing performance and the require-
ment of low bias voltage. At the same time, there is a con-
cerning challenge. The intrinsic Dark Count Rate (DCR) is
high and largely increased with high radiation doses. The ePIC
dRICH collaboration has demonstrated a mitigation strategy to
this problem [14], however up to around 50 DCR hits are ex-
pected after 5 years of operation in ePIC at maximum EIC lu-
minosity over 50 K pixels of each sector per events with a 3 ns
gating. Therefore, a particular concern is the contamination of
DCR hits to the aerogel ring, due to its large Cherenkov angle.
To simulate this, white noise counts are added uniformly across
the sensor surface before reconstruction. The noise rate is de-
fined per single event for each SiPM. The maximum noise rate
expected for the dRICH sensors is 300 kHz, assuming a time
window of 1 ns. Calculating the noise under the signal peak
allows us to estimate the purity achievable at this noise rate.
Signal purity is defined as S ignal/(S ignal + Noise). To extract
the noise contribution in the signal region, a combined fit uti-
lizing a Gaussian for the signal and a first-order polynomial for
the noise was applied. The noise was calculated as the integral
of the polynomial curve within a 3σ window of the Gaussian
peak, while the signal was determined by subtracting this es-
timated noise from the total counts. The C2F6 ring is smaller
because its refractive index [15] is lower than that of the aero-
gel, but the photon count is higher due to the length of the gas
volume. This results in a purity of approximately 99% for the
C2F6 ring, while for the aerogel, it reaches only about 96% as
shown in figure 3, which degrades the aerogel ring resolution.
As shown in figure 4, the PID performance of the new aerogel
with added noise shows that the 3σ π − K separation limit de-
creases by approximately 1.5 GeV/c compared to cases without
noise injection.

5. Conclusions

The comprehensive simulation of the dRICH detector demon-
strates that the current design meets the PID requirements of
EIC and that a substantial overlap between the two radiators is
achievable even considering the dark noise of the SiPMs.
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Figure 3: Signal purity as a function of momentum for the aerogel ring. It
increase up to saturation resembling the photon yield.
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Figure 4: Nσ curve with and without simulating the noise.
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