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Introduction

The High Energy Light Isotope eXperiment (HELIX) (figure 1) is a balloon-borne detector

optimized to measure beryllium isotopes (Z=4) with an event-by-event mass resolution of

3% [1]. By distinguishing radioactive 10Be (half-life 1.39Myr) from stable 9Be, HELIX probes

Galactic cosmic-ray propagation.

Figure 1. Diagram of HELIX payload [1] Figure 2. The expected mass resolution for incident
10Be particles [2]

For velocity measurements above 1 GeV/n, HELIX uses a Ring Imaging Cherenkov (RICH)

with aerogel radiators (n∼1.15, 1 cm thick). To achieve the target mass resolution of 3% ,

a velocity resolution of 0.1% is required (figure 2).

To do this the aerogel radiator’s refractive index and thickness must be characterized to

the order of 10−4 and 10−3 [3].

HELIX flight summary

The first flight of the HELIX experiment launched from the Esrange Space Center near

Kiruna, Sweden, on May 28, 2024, lasted 6 d 8 h 27 m (152.5 hours), and the payload

landed in Nunavut, Canada. [4].

Figure 3. HELIX flight path, image from [2].

Ring Imaging Cherenkov Detector (RICH)

Figure 4. Schematic of RICH with 1 cm thickness

aerogel radiator separated by 50 cm from the focal

plane where the detectors are located [5].

cosθ = 1
nβ

(1)

The RICH detector in HELIX is a proximity-

focused detector (figure 4). It measures the

velocity of particles above 1 GeV/n using

Cherenkov radiation (equation 1). It consists

of:

32 square aerogel tiles (10 × 10 × 1 cm3)
with n ∼ 1.15,
4 NaF tiles with n = 1.33 for TOF-RICH
overlap.

The detector plane consists of 12,800

SiPMs (6 mm × 6 mm), arranged in 200

arrays of 8 × 8 in a checkerboard pattern

Spectral Domain Optical Coherence Tomography

SD-OCT is a method based onMichaelson interferometry [6]. SD-OCT can simultaneously

measure the group refractive index and thickness of aerogel radiators.
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1. Light from a broadband source centered at 840 
nm, with a bandwidth of 25 nm, splits into a 
reference arm and sample arm.

2. The light from reference arm and the 
sample arm interfere and produce an 
interference pattern. 

3. The light combined from the reference arm and 
sample arm enters the spectrometer. The light 
disperses from the diffraction grating and the camera 
records the resulting signal as a spectral interferogram 
(intensity as a function of wavenumber(k) ). 

4. The Fourier transform is applied to the spectral interferogram from the wavenumber

domain (k) to the depth domain (Z) (figure 5). The equation to describe the spectral inter-

ferogram is:

ID(k) = I0(k)[R2
r + R2

s + 2RrRs cos(2kZ)] (2)
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Figure 5. Simulated spectral interferogram for a single interface (left) and its Fourier-transformed depth

profile (right). Peaks in the depth profile correspond to the location of reflective surfaces.

Data Collection Method

OPL = ng × t (3)

The group optical path length (OPL) is the product

of a medium’s refractive index (ng) and its thick-

ness (t).
To determine both values for our aerogel sample,

we require two independent measurements (fig-

ure 6).

1. (Zbot − Ztop) = ngt

2. (Zmirs − Zmir) = (ng − nair)t
Using these two values, we solve for both t and
ng:

t = (Zbot − Ztop) − (Zmirs − Zmir) (4)

ng =
Zbot − Ztop

t
(5)
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Figure 6. Four measurements are required

to extract the thickness and group

refractive index of the aerogel tiles.

Although the positions are shown across

the tile, all measurements must be

performed at the same (x, y) position on

the aerogel tile.

Results

SD-OCT measures the group refractive index, not the phase, because it uses a broadband

light source and detects the combined interference from all wavelengths.

The group refractive index of a NaF tile was measured to verify the SD-OCT result against

the established literature value (figure 7).
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Figure 7. Residual map of NaF tile group refractive index at 840 nm compared with literature reported value

from [7].

Four measurements

(figure 6) are repeated

for each point with

a spacing of 2 mm

providing a spatially

resolved thickness

and group index map

(Figure 8).
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Figure 8. Thickness and group refractive index map of an aerogel tile
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Figure 9. Phase and group refractive equations (orange,

blue), compared with OCT group index (black) and electron

beam phase refractive index (green) for a single aerogel tile.

The phase refractive index is determined

by modeling the aerogel as a composite

of silicon dioxide and air.

Using the Sellmeier equation

(refractive index vs. wavelength) and

the measured group refractive index,

we determine the silicon dioxide

content to calculate the phase

refractive index (figure 9–orange

curve).

Conclusion

We demonstrate that SD-OCT can simultaneously characterize the phase refractive index

and thickness of aerogel tiles. The estimated uncertainty is 2 µm for thickness and 0.0003

for the phase refractive index. This characterization is critical for accurate Cherenkov angle

reconstruction, enabling the HELIX experiment to achieve its target mass resolution for

distinguishing isotopes.
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