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Ultra High Energy particles

=
' GRf\LQ« Giant Radio Array for Neutrino Detection

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

Radio and Airshowers


https://arxiv.org/abs/1810.09994

Air Showers: Atmospheric Depth & Composition
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Radio and Airshowers

Enhanced Xmax measurement
with Interferometry
— particle identification
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4. arXiv: 2006.10348 [astro-ph.HE]
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https://arxiv.org/abs/2006.10348

Effect of Timing Synchronisation
Interferometry: Amplitude 4+ Timing information of the E-field
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Timing Synchronisation: Beacon

Required time accuracy ~ 1lns
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Timing Synchronisation: Beacon

Required time accuracy ~ 1lns

GNSS, in Auger 2 5ns
Beacon: Pulse or Sine
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Timing Synchronisation: Beacon

Template matching, N =500, dt=2ns
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Radio Interferometry in GRAND

2022 2025 203X

autonomous radio detection 1st GRAND sub-array
of very inclined air-showers

cosmic rays 1016.5-18 eV « discovery of EeV neutrinos
- Galactic/extragalactic transition for optimistic fluxes
S« muon problem « radio transients (FRBs!)
O . radio transients
+ GRAND@Nangay: 4 antennas .
for trigger testing « 10,000 radio antennas over
« GRAND@Auger: 10 antennas for 10,000 km?
cross-calibration
2 . GRANDProto300: 300
- HorizonAntennas over 200 km?
(7]

Adapted from https://grand.cnrs.fr/overview/roadmap/
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https://grand.cnrs.fr/overview/roadmap/

Radio Interferometry in GRAND in Conclusion

Goals

Setup

Prototyping
2022

autonomous radio detection
of very inclined air-showers

cosmic rays 1016.5-18 eV

- Galactic/extragalactic transition
« muon problem

« radio transients

- GRAND@Nangay: 4 antennas
for trigger testing

« GRAND@Auger: 10 antennas for
cross-calibration

« GRANDProto300: 300
HorizonAntennas over 200 km?

Adapted from https:

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

Radio Interferometry in GRAND

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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https://grand.cnrs.fr/overview/roadmap/
https://grand.cnrs.fr/overview/roadmap/
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Extensive air shower

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

Table of Contents


https://arxiv.org/abs/1810.09994

Airshower development

primary
particle

telescope
radio light particle for fluores-
antenna  detector detector  cence light

5. arXiv: 1607.08781 [astro-ph.IM]

Radio Emission 4/26


https://arxiv.org/abs/1607.08781

Polarised Radio Emission
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3. arXiv: 1701.02995 [astro-ph.IM]

Radio Emission
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https://arxiv.org/abs/1701.02995

Radio Interferometry: Concept

> Measure signal Sj(t) at antenna a;

L L L

Si(t)
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Radio Interferometry: Concept

> Measure signal Sj(t) at antenna a;

» Calculate light travel time

Aj(X) = lX_Cai| Neff

S50 » Sum waveforms accounting
for time delay

s¢

S(X,t) =3 Si(t + Ai(X))

Si(t)
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Radio Interferometry: Concept

> Measure signal Sj(t) at antenna a;

» Calculate light travel time

Aj(X) = lxza” Neff

oo S50 » Sum waveforms accounting
for time delay

S(X,t) =3 Si(t + Ai(X))

Si(t)
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Radio Interferometry: Concept

» Measure signal S;(t) at antenna a;j

» Calculate light travel time

Aj(X) = lx_cai| Neff

S£50 » Sum waveforms accounting
for time delay

S(%,t) = 3 Si(t + Ai(X))

Si(t)
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Radio Interferometry: Image
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4. arXiv: 2006.10348 [astro-ph.HE]
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https://arxiv.org/abs/2006.10348

Radio Interferometry: Xmax Resolution vs Timing
Resolution
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https://arxiv.org/abs/2006.10348

Sine wave: Accuracy

Beacon (51.53MHz) Simulation
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Sine wave: SNR

Spectra and passband
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Pulse Template

Template matching SNR vs time accuracy
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Pulse Template: SNR

Signal to Noise Impulse Response
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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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Short period beacon synchronisation
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Time resolving short period beacon: phase vs full
Phase + Period reparation

Phase reparation

phase clock offsets

on simulation axis, X = 400
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Time resolving short period beacon
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Time Synchronisation
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Time resolving short period beacon

vxvxB (km)

Time Synchronisation
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Time resolving short period beacon

vxvxB (km)

Time Synchronisation
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Time resolving short period beacon

vxvxB (km)

Time Synchronisation
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GNSS clock stability |

Channel filterchain delay experiment

GRAND Digitizer Unit's
ADC to antennae

GNSS clock stability 17/26



GNSS filterchain delay experiment

Pulse

Phase/Magnitude Analysis for Channels (1) 250000
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GNSS clock stability Il

B S

5

GNSS stability experiment

GNSS clock stability 19/26



GNSS clock stability Il
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White Rabbit: GNSS

PPS1 PPS?
WR SyncE WR
Master tor ©o Slave

GNSS clock stability

21/26



White Rabbit: GNSS
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White Rabbit: Precision Time Protocol

WR Node A WR Node B
(WR Master) (WRSlave)
time time
Extended PTP 'WR Node B recognizes another WR node
Announce by the suffix of the Announce message
WR Node B becomes WR Slave (conditions
in 6.7.1 fulfilled) and notifies the WR Node A
which enters WR Master mode (6.7.2)
. N Syntonization of the WR Slave
White _ _ _ Lockep* clock over the physical layer
Rabbit __ CALIBRATE*
Link T Calibration of the WR Master
|- —— CALIBRATED™ | fixed delays
Setup
. CALBRATE™ _ | Calibration of the WR Slave
L _CALIBRATED* __| fixed delays
|- — _WR MODE ON* WR Link Setup finished
7 successfully
S;
4 *} t, PTP delay request-response mechanism
Follow_Up (with two-step clock). It calculates
Delay Req the delay and offset of the WR Slave.
t, 4_,y’/ & Sub-ns accuracy is achieved thanks to
Standard Delay Resp the precise knowledge of the link delay.
PTP
sync
messages Sync
G t, PTPsynchronization is
Follow_Up  repeated periodically
—oov
Delay_Re
" | DavnRed Ly
Delay_Resp
v

GNSS clock stability

v
* WR-related messages described in section 6.5.

2
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White Rabbit: Delay model

fixed delays variable delays fixed delays

master
t,0+
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White Rabbit: Clocks Reference

ccccccc

PPPPPP

000000000000
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