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The ePIC detector is designed to address the full physics program of the Electron-Ion Collider
(EIC). It consists of several sub-detectors, each tailored to study specific physics channels. One
of the key components of ePIC is the dual-radiator Ring Imaging Cherenkov (dRICH) detector,
a high-momentum particle identification system located in the hadronic end-cap. Silica aerogel
has been selected as the solid radiator for this purpose. The optical and geometrical properties
of the aerogel tiles are crucial for enhancing particle identification performance, and intensive
R&D efforts are underway to optimize these characteristics. Current studies focus on defining and
refining the aerogel tiles to ensure optimal performance, through the characterization of its main
properties.

42nd International Conference on High Energy Physics (ICHEP2024)
18-24 July 2024
Prague, Czech Republic

∗Speaker

© Copyright owned by the author(s) under the terms of the Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License (CC BY-NC-ND 4.0). https://pos.sissa.it/

mailto:anna.rita.altamura@cern.ch
https://pos.sissa.it/


P
o
S
(
I
C
H
E
P
2
0
2
4
)
1
1
1
6

Silica aerogel characterization for the ePIC dRICH detector Anna Rita Altamura

1. Introduction

RICH detectors were developed for the first time in the second half of the 20𝑡ℎ century. They
have become increasingly popular due to their ability to identify and distinguish one particle from
another with great precision in high-energy physics experiments, exploiting the Cherenkov effect.
The Cherenkov effect results into the emission of photons when a particle passes through a medium
at a speed greater than the speed of light in that medium. The medium is called "radiator" and it can
be gaseous, liquid or solid. The difference among these three categories lies into their refractive
index (𝑛). Indeed, aerogel used as a solid radiator arises from the need to cover the gap in the
refractive indeces between liquid radiators (𝑛 ≤ 1.0018 in C5F12) and gaseous radiators (𝑛 ≥ 1.27
in C6F14).

Silica aerogel represents one of the least dense colloidal substance on earth and can be hy-
drophobic or hydrophilic. The tiles tested in this work are highly hydrophobic.

This work aims at providing a characterization of several aerogel tiles with refractive indeces
between 1.005 ad 1.05, to evaluate their performance in terms of transmittance and transmission
length. In the last section, an overview of the main results of a beam test will be provided.

2. The ePIC experiment

The ePIC experiment is designed to explore new physics through collisions of protons and
electrons with controllable spin alignment. It will study three key processes: inclusive Deep
Inelastic Scattering (DIS), semi-inclusive DIS, and exclusive/diffractive processes. The ePIC
detector must efficiently identify electrons, reconstruct heavy flavors, separate light flavors, tag
protons, and offer full acceptance coverage. A central challenge is achieving hadronic particle
identification (PID), particularly distinguishing kaons from pions with an accuracy exceeding 3𝜎
over a wide range of angles and momenta.

The ePIC detector, spanning 9.5 x 5.5 m and comprising of a barrel, forward, and backward
region, is designed to meet these challenges. It incorporates vertexing, tracking, PID, and both
electromagnetic and hadronic calorimetry systems. Its asymmetric design optimizes measurements
in the electron and hadron beam directions, with the entire tracking system enclosed by a 1.7 T
magnetic field [1].

2.1 The dRICH detector

High momentum particle identification in the ePIC detector is achieved using Cherenkov
detectors. In the forward region, the dual Ring Imaging Cherenkov (dRICH) detector identifies
particles with momenta from a few GeV/c up to 50 GeV/c. This is accomplished by exploiting
two radiators: 𝐶2𝐹6 (with 𝑛 ∼ 1.0008) and aerogel (with 𝑛 ∼ 1.02), along with six large outward-
reflecting mirrors and single-photon sensors (see Fig.1).

The Cherenkov angular resolution (𝜎𝜃 ) varies depending on the aerogel’s refractive index,
which impacts the detector’s momentum coverage. For example, aerogel with 𝑛 = 1.02 offers a
𝜎𝜃 = 0.74, allowing for 3𝜎 𝜋/𝐾 separation up to 15.5 GeV/c, whereas aerogel with 𝑛 = 1.03
provides a better 𝜎𝜃 = 0.46, extending this separation capability up to 18 GeV/c. These differences
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Figure 1: Schematic of the dRICH basic
structure, showing two radiators, 6-mirrors
section and photosensors

Figure 2: Cherenkov angular resolution for aerogel with 𝑛 =

1.02 and 𝑛 = 1.03

reflect the trade-offs in optimizing aerogel tiles, balancing physics needs, geometric constraints, and
refractive index choices.

2.2 Aerogel

The transmittance of silica aerogel quantifies the extent to which light can traverse the material
without being absorbed or scattered. Due to its unique nanoporous structure, with pores ranging
from 2 to 50 nm, visible light experiences Rayleigh scattering, which involves light interacting
with particles much smaller than its wavelength. The relationship between aerogel transmittance 𝑇
and the wavelength 𝜆 for light passing through a material of thickness 𝑡 is expressed by the Hunt
formula:

𝑇 (𝜆) = 𝑒−
𝑡
ΛT = 𝐴𝑒

−𝐶×𝑡
𝜆4 (1)

where 𝐴 represents light absorption, 𝐶 accounts for the clarity of the aerogel, and ΛT is the
"transmission length" — the distance light travels with minimal absorption or scattering. For
high-quality aerogel, 𝐴 approaches 1 and 𝐶 approaches 0.

Silica aerogel also exhibits low photon absorption due to minimal impurities in its silica
network, which might otherwise capture and dissipate photon energy. Hydrophobic properties
further enhance its transmittance by preventing water from infiltrating and scattering light.

The transmission length, ΛT, is related to both scattering and absorption through the formula:

1
ΛT

=
1

Λscat
+ 1
Λabs

, (2)

where Λscat is the scattering length and Λabs is the absorption length.

3. Measurements

Starting in July 2022, several aerogel tiles of sizes 10 × 10 cm² and 15 × 15 cm², with varying
refractive indices, were characterized at CERN. Most tiles were produced by Aerogel Factory Co.
Ltd (Japan)[2], with two older tiles from Matsushita Electric Works (Japan). All tiles are listed in
Tab.1.
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Tile n t [cm] Tile n t [cm]
1

1.03

20.7 23
1.02

(2021)

2.05
2 2.08 24 2.08
3 2.01 25 2.08
4 2.05 26 2.08
5 2.04 27

1.02
(2022)

2.05
6 0.98 28 2.06
7 0.97 29 2.04
8

1.04

2.03 30 1.95
9 2.05 31 1.99
10 2.03 32 2.17
11 2.04 33 2.14
12 2.05 34 2.14
13

1.05

2.05 35 2.13
14 2.07 36 2.12
15 2.06 37 1.91
16 2.06 38 1.94
17 2.08 39 2.03
18

1.005
2.00 40 2.03

19 2.06 41 2.04
20 2.06 42 1.97
21 1.03 2.02
22 2.03

Table 1: List of the tiles under tests with their
refractive index @405 nm and thickness t.

(a) Total transmittance.

(b) Diffuse transmittance

Figure 3: Total and diffuse measurement setup
schematic taken from the spectrometer datasheet .

Figure 4: Transmittance of tile 1 fitted by both basic Hunt formula and its extended version (left) and
thickness profile of tile 1 and linear transmittance on the same tile (center, right)

Transmittance measurements were conducted using a Perkin Elmer Lambda 650 spectropho-
tometer, employing both deuterium and halogen light sources to cover wavelengths from 250 to
800 nm. The tiles were tested at 15 sampling points to evaluate transmittance as a function of the
thickness and wavelength, and the linear transmittance was calculated by subtracting the diffuse
contribution from the total transmittance (see Fig.3).

4. Analysis

This section focuses on the results for tiles 1 and 2, composed of aerogel with a refractive
index of 1.03, with any differences from other tiles noted. The transmittance at each wavelength
was averaged from multiple sampling points and fitted using the Hunt formula (Eq. 1), though
slight discrepancies were found. These deviations were attributed to the assumption of a constant
absorption term across the wavelength spectrum. To address this, an extended Hunt formula was
introduced, incorporating an additional term where absorption length varies with 𝜆8, as proposed
by [3]:
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Figure 5: Results of the linear transmittance (left) and transmission length (right) of all the tiles in Tab.1 as
a function of 𝜆

𝑇 (𝜆) = 𝑒−
𝑡

Λabs 𝑒
− 𝑡

Λscat = 𝐴𝑒
− 𝐵×𝑡

𝜆8 𝑒
−𝐶×𝑡

𝜆4 (3)

As shown in Fig.4, this extended formula provided a significantly improved fit for Tile 1 with
𝑛 = 1.03. The transmission length was then calculated using the extended Hunt model, allowing
the estimate of absorption and scattering lengths based on the average thickness in Table 1:

ΛT = − 𝑡

𝑙𝑛(𝑇 (𝜆)) , Λscat =
𝜆4

𝐶
, Λabs =

𝜆8𝑡

𝐵𝑡 − 𝜆8𝑙𝑛𝐴

Metrologic measurements were performed on tiles 1, 8, and 13, revealing maximum, minimum,
and mean thickness values. Fig. 4 highlights how the concave shape of the tiles can influence trans-
mittance uniformity, potentially affecting Cherenkov angle resolution in RICH detectors. Thicker
areas, particularly near the edges, showed slightly lower transmittance, while thinner regions ex-
hibited higher values. Despite these variations, the overall transmittance spread was less than 1%,
indicating a relatively uniform transparency across the tiles. The curvature, particularly on the
back side relative to the beam direction, could affect photon trajectories and angular resolution,
warranting simulation to assess its impact.

5. Results

In Fig. 5, the transmittance and transmission length measurements for all tested tiles are shown
as a function of wavelength. The results reveal a general increase in transmittance across the
tiles, with noticeable variations among different refractive indices. Tiles with 𝑛 = 1.03 (tiles
1-5) generally exhibit higher transmittance at 400 nm, though tiles 6 and 7, which also have
𝑛 = 1.03, show even higher transmittance due to their reduced thickness of 1 cm, compared to
the 2 cm thickness of other tiles. Conversely, tiles with 𝑛 = 1.005 demonstrate significantly lower
transmittance, likely due to the older manufacturing technology used.

Both transmittance and tile thickness contribute to transmission length, with a clear distinction
among the tiles based on their refractive indices. This trend is further highlighted in Fig. 6, where
tiles with 𝑛 = 1.03 show notably longer transmission lengths at 400 nm compared to others.

Several prototype beam tests were conducted between 2021 and 2023 at Proton Synchrotron
(up to 12 GeV) and Super Proton Synchrotron (up to 200 GeV) at CERN, using charged mixed
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Figure 6: Results of the Λ𝑇@400 nm (left) and angular resolution (right) from beam tests as a function of
the refractive index

hadrons beams. Test beams allowed the study of aerogel tiles of various sizes and refractive indices.
Sometimes wavelength filters were applied, and the Cherenkov threshold detectors of the beam
were used to help identify different particle types.

In Fig.6, the angular resolution measurements obtained during the October 2023 test beam are
presented. The data indicate that 𝜎𝜃 increases with the refractive index 𝑛, at least up to 𝑛 = 1.026.
Tiles with a refractive index of 𝑛 = 1.03 were not included in the test.

6. Conclusion

In this work, the optical properties of several aerogel tiles were characterized, focusing on
transmittance and transmission length. The study found that tiles with refractive indices of 𝑛 = 1.03
generally exhibited higher transmittance at 400 nm compared to those with 𝑛 = 1.02 and 𝑛 = 1.005.
Results showed that the transmission length, dominated by the scattering length, was much shorter
for tiles with 𝑛 = 1.03, but also tiles with 𝑛 = 1.026 and 𝑛 = 1.04 showed promising results.
However, absorption effects were found to be minimal across the tested samples. Thickness
variations across the tiles, especially their concave shapes, affected transmittance uniformity slightly.
Overall, the transmittance was relatively uniform, with less than 1% variation across most tiles.

Overall, although tiles with a refractive index of 𝑛 = 1.03 exhibit better transparency, they
require a more complex balance between geometry and optical properties. A good alternative
solution is to use tiles with 𝑛 = 1.026, which offer good transparency and satisfactory angular
resolution.
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