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My Background

Studies @Radboud University, Nijmegen

▶ Master’s Physics and Astronomy (1yr courses + 1yr internship)

Specialisation: Particle and Astrophysics

Minor: Computational Data Science

▶ Master’s Internship:
Supervisor: Harm Schoorlemmer, IMAPP, Radboud University

“Enhancing Timing Accuracy in Air Shower Radio Detectors”
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Ultra High Energy particles

1. arXiv: 1810.09994 [astro-ph.HE]
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Air Showers: Atmospheric Depth & Composition
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Credit: H. Schoorlemmer

Enhanced Xmax measurement
with Interferometry
7→ particle identification

4. arXiv: 2006.10348 [astro-ph.HE]
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Effect of Timing Synchronisation
Interferometry: Amplitude + Timing information of the E⃗ -field
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Timing Synchronisation: Beacon

Required time accuracy ∼ 1ns

GNSS, in Auger ≳ 5ns
Beacon: Pulse or Sine

Credit: H. Schoorlemmer
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Radio Interferometry in GRAND

Adapted from https://grand.cnrs.fr/overview/roadmap/
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Radio Interferometry in GRAND in Conclusion

Adapted from https:

//grand.cnrs.fr/overview/roadmap/

1. Timing Requirement in Hardware
test beacon at Auger/GP300

2. Setup Interferometric Analyses
adapt to GRAND

3. Particle ID through Xmax
and Shower Axis reconstruction
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Supplemental material
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GRAND

1. arXiv: 1810.09994 [astro-ph.HE]
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Airshower development

5. arXiv: 1607.08781 [astro-ph.IM]
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https://arxiv.org/abs/1607.08781


Polarised Radio Emission

Geosynchrotron

Askaryan

3. arXiv: 1701.02995 [astro-ph.IM]
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https://arxiv.org/abs/1701.02995


Radio Interferometry: Concept

ai

Si(t)

▶ Measure signal Si (t) at antenna a⃗i

▶ Calculate light travel time

∆i (x⃗) = |x⃗−a⃗i |
c neff

▶ Sum waveforms accounting
for time delay

S(x⃗ , t) =
∑

Si (t + ∆i (x⃗))
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Radio Interferometry: Image

4. arXiv: 2006.10348 [astro-ph.HE]
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Radio Interferometry: Xmax Resolution vs Timing
Resolution

4. arXiv: 2006.10348 [astro-ph.HE]

Radio Interferometry 8/26

https://arxiv.org/abs/2006.10348


Sine wave: Accuracy
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Sine wave: SNR
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Pulse Template
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Pulse Template: SNR

Signal to Noise
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Pulse Template: Timing
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Short period beacon synchronisation
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Short period beacon synchronisation
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Time resolving short period beacon: phase vs full
Phase reparation
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Phase + Period reparation
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Time resolving short period beacon
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Time resolving short period beacon
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Time resolving short period beacon
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Time resolving short period beacon
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GNSS clock stability I

ADC

Filter-chains

Antennae

GRAND Digitizer Unit’s
ADC to antennae

Channel filterchain delay experiment
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GNSS filterchain delay experiment
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GNSS clock stability II

GNSS stability experiment
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GNSS clock stability II
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White Rabbit: GNSS
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White Rabbit: Precision Time Protocol

2
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White Rabbit: Delay model

master slave

fixed delays fixed delaysvariable delays

t1 t2

t3t4

δms

δsm

Δtxm

Δrxm Δtxs

Δrxs

2

GNSS clock stability 23/26



White Rabbit: Clocks Reference
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Jaime Álvarez-Muñiz et al. The Giant Radio Array for
Neutrino Detection (GRAND): Science and Design. Sci. China
Phys. Mech. Astron., 63(1):219501, 2020. doi:
10.1007/s11433-018-9385-7. arXiv: 1810.09994
[astro-ph.HE].
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