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1. Aerogel Refractive index studies: n=1.026
vs n= 1.03

2. Chromatic aberration studies
3. Aerogel tiling
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REQUIREMENTS FOR AEROGEL AND FOR THE GAS

Baseline Type-1 (n=1.026) Type-2 (n=1.03)

Higher refractive index = higher photon yield

Sigma = 0.75 mrad
Sigma = 0.45 mrad Sigma = 0.45 mrad
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Nσ separation in function of momentum

@ η>2.5 we achieve 3σwith ∼ 𝟏𝟓GeV/c of momentum for the aerogel and ∼ 𝟓𝟎 GeV/c for the gas. 
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Performance for Aerogel (n=1.019)
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1.5 < 𝜂 > 2.0 2.0 < 𝜂 > 2.5 2.5 < 𝜂 > 3.5

1.5 < 𝜂 > 2.0 2.0 < 𝜂 > 2.5 2.5 < 𝜂 > 3.5
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Performance for Aerogel (n=1.019)
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Performance Comparison of Aerogel Type-1 (n=1.026)

Significantly larger number of photons,∼1.5 times more Nph!

Gain in performance (wrt baseline), 3.5-4 GeV/c more!
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✓ Better optical properties
✓ Higher refractive index 
✓ Improved separation

@ η=2.0 we achieve 3σwith ∼ 𝟏𝟕GeV/c of momentum for the aerogel.

π+, φ=0, η=2.0

Performance Comparison of Aerogel Type-2 (n=1.03)
Index Refractive index studies                                Chromatic aberration studies                                 Aerogel tiling                               Summary

luisa.occhiuto@cern.ch Giornate Nazionali ePIC Italia 6

mailto:luisa.occhiuto@cern.ch


Performance: NPE and Resolution vs η of Aerogel Type-2 (n=1.03)
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Two aerogel thickness studied:
✓ 4 cm
✓ 6 cm
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Performance: Nσ Separation of Aerogel Type-2 (n=1.03)
Index Refractive index studies                                Chromatic aberration studies                                 Aerogel tiling                               Summary

luisa.occhiuto@cern.ch Giornate Nazionali ePIC Italia 8

Two aerogel thickness studied:
✓ 4 cm
✓ 6 cm
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Chromatic aberration
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Chromatic aberration is an optical effect that limits
the precision of Cherenkov angle measurements.

It occurs because the medium’s refractive index
(aerogel or gas) depends on the photon’s wavelength.

Chromatic aberration is identified as the primary
source of angular resolution degradation per
photon.

https://zenodo.org/records/14328280
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Chromatic aberration

To calculate the contribution of chromatic 
aberration

✓ Simulation -> both with the refractive index
fixed and with the lambda dependency.

✓ 1000 events.
✓ PID: 211
✓ Momentum fixed @ 15 GeV/c.
✓ Different bins of η.
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epic/compact/optical_materials.xml

Its effect has been studied at different
refractive index
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Chromatic aberration
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𝜎 𝑐𝑟𝑜𝑚𝑎𝑡𝑖𝑐 𝑎𝑏𝑒𝑟𝑟𝑎𝑡𝑖𝑜𝑛 = 𝜎𝑡𝑜𝑡
2 − 𝜎𝑤/𝑜 𝜆 𝑑𝑒𝑝.

2

Where 𝜎𝑡𝑜𝑡
2 is σ with λ dependency and 𝜎𝑤/𝑜 𝜆 𝑑𝑒𝑝

2 is σ

with n fixed (w/o λ dependency).

Chromatic aberration as a function of 𝜂 ,
fixing momentum @ 15 GeV/c and n= 1.019
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Chromatic aberration
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𝜎 𝑐𝑟𝑜𝑚𝑎𝑡𝑖𝑐 𝑎𝑏𝑒𝑟𝑟𝑎𝑡𝑖𝑜𝑛 = 𝜎𝑡𝑜𝑡
2 − 𝜎𝑤/𝑜 𝜆 𝑑𝑒𝑝.

2

Chromatic aberration as a function of 𝜂 ,
fixing momentum @ 15 GeV/c and n= 1.026

Where 𝜎𝑡𝑜𝑡
2 is σ with λ dependency and 𝜎𝑤/𝑜 𝜆 𝑑𝑒𝑝

2 is σ

with n fixed (w/o λ dependency).
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Aerogel tiling: 1 structure (4 cm)
Parameters

Thickness (crowns 

and segments)

1 mm

# Crowns 5

# radial segments {8, 20, 32, 44}

square’s

dimension

20 cm

Structure in carbon fiber similar to the one 

we will later insert into the experiment!
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Aerogel tiling: How does this code work?

1. Crowns: Calculated the radius for each crown
2. Sectors: Created sectors between each pair of

crowns
3. Union: Merged crowns and sectors into a single

solid
4. Subtraction: Subtracted this solid from the

aerogel to avoid overlapping materials
5. Insertion: Placed the carbon fiber structure into

the resulting "hole"

From drich.xml 
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Aerogel tiling: No overlaps (checked)!

I have also calculated
the overlaps, and since
there are none, the
structure seems solid!
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Aerogel tiling: Test acceptance without structure
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100 events

eta fixed

Differents momentum

Some simulations test with A. De Caro 

(SA)!

✓ 100 events

✓ 𝜂 fixed

✓ Differents momentum
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Aerogel tiling: 1 structure (4 cm)
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The drops you see here are due to an 
overestimation of the structure’s 

thickness. But no worries, this has 
already been fixed.

100 events

eta fixed

Differents momentum

Some simulations test with A. De Caro 

(SA)!

✓ 100 events

✓ 𝜂 fixed

✓ Differents momentum
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Aerogel tiling: 1 structure (4 cm)
Index Refractive index studies                                Chromatic aberration studies             Aerogel tiling                               Summary

luisa.occhiuto@cern.ch Giornate Nazionali ePIC Italia 18

n=1.019

100 events

eta fixed

Differents momentum

Some simulations test with A. De Caro 

(SA)!

✓ 100 events

✓ 𝜂 fixed

✓ Differents momentum

WORK IN PROGRESS 
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Aerogel tiling: 2 structure (2 cm each)
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100 events

eta fixed

Differents momentum

Some simulations test with A. De 

Caro(SA)!

✓ 100 events

✓ 𝜂 fixed

✓ Differents momentum

n=1.019

WORK IN PROGRESS 
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SUMMARY
1. The aerogel with a refractive index of n=1.026 produces a

greater NPE compared to the aerogel with n=1.02 and provides
better resolution at 3σ.

2. Chromatic aberration is identified as the primary source of
angular resolution degradation per photon.

3. Robust code for implementing a carbon fiber structure to
efficiently model the segmentation of the aerogel, with good
acceptance.

Studies ongoing:
a. Several studies on the optimization and automatization of the

code for the aerogel tiling
b. Implementing multiple layers of aerogel
c. Taking the right parameters, introduce some surface impurity

(curvature) so that multiple layers don't match perfectly
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This work was carried out 
under the supervision of 

Chandra, A. De Caro(SA), and 
Salvatore.
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THANKS!
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Backup 



Aerogel tiling

Goal: Create a structure with user-

tunable parameters, mainly from the 

drich.xml file
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Chromatic aberration
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The chromatic dispersion is expected to provide the 

largest contribution to the single-photon angular

resolution of the aerogel. 
Its effect has been studied at different refractive index,



Performance Comparison of new Aerogel Type-1 (n=1.026)

New type-1 Aerogel provides ring resolution capable to perform PID ~ 18-19 GeV (@eta=2.0), baseline 

aerogel is limited only upto 15-16 GeV



Pseudorapidity dependency
is seen also for type-2 aerogel
for fixed azimuthal angle

Performance Comparison of Aerogel Type-2 (n=1.03)



COMPARISON SPE TYPE-1 vs TYPE-2
Type-1

𝝈 ∼ 𝟏.𝟕𝟖mrad Baseline
𝝈 ∼ 𝟐.𝟏mrad

Type-2

𝝈 ∼ 𝟏.𝟗𝟐mrad



Known Visualization issue in Geant4

Due to the well known Geant4 display
issues with Boolean operations, the
subtraction of the two solids operation
cannot be visualized.

From Geant4 forum: https://geant4-forum.web.cern.ch/t/boolean-
operation-subtract-volumes/863

https://geant4-forum.web.cern.ch/t/boolean-operation-subtract-volumes/863
https://geant4-forum.web.cern.ch/t/boolean-operation-subtract-volumes/863


However, the RayTracer
viewer is able to display
this!!!!!!
So, NO PROBLEM here!

Known Visualization issue in Geant4
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