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Radio Detection of Air Showers

primar y

1. Radio radiation mostly from . Schroder, F. G. (2017
geomagnetic effect: the deflection SATATIN)
of charged particles 1n the /| B gt g
geomagnetic field.

2. Transparent atmosphere for radio
waves.

3. Radio antennas: cheap, robust,
scalable. Ideal for giant arrays.
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GRAND Concept

 Multi-messenger observatory of 20x10k radio antennas at different locations ~200k km?*

* Sensitivity~1071°GeVem™2?s ™ sr~! | angular resolution ~0.1deg (GRAND white paper, Sci.
China. Phys. Mech. Astron. 2020)

* >100 people involved from 41 institutes in 14 countries
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Blazars, ues et al.

mountainous and radio quiet regions
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Pulsars: Fang et al.
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GRAND Timeline

2024 >2028 203X

autonomous radio 1st GRAND sub-arrays (x2) sensitive all-sky detector
detection

of very inclined air-showers
cosmic rays 106518 eV * discovery of EeV neutrinos | 1st EeV neutrino detection

* Galactic/extragalactic for optimistic fluxes and/or neutrino astronomy!

transition * radio transients (FRBs!)
* muon problem

* radio transients
* GRAND@Nancay: 4 antennas

i i * 10,000 radio antennas over * 200,000 antennas
for trigger testing 10,000 ke over 200.000 K

- ishleaian - Ll L * 20 sub-arrays of 10k antennas

for cross-calibration

* GRANDProto300: 300
HorizonAntennas over 200
km?

* on different continents

2 M€
100 antennas produced 1500€/unit 300ME£€ in total  sg0e/unit
funded by China to be divided between

+ ANR PRCI NUTRIG (France) participating countries

+ Radboud University : .
slide by Kumiko Kotera
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Prototype Detector Design

Wifi antenna !

Central Station | | Detection

* Antenna array + central station

* Three butterfly arms
* 5S00MHz sampling
* 50-200MHz

* Multi-level trigger

Antenna output
—_— >
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GRAND@Auger, 10DUs
Cross-calibration with Auger SD
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GRAND@Nangay 4DUs
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GRAND@Auger
=

Xishui Tian (H Z k)

GRANDProto13/80/300 DUs

| Trigger test

Radio self-trigger on EAS
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Data Commissioning: G@A
Coincidence events caused by a nearby noise source

Tiggered ADC traces of a
time-coincident event with
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Radio spectrum at GP13 site
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| | NPRELIMINARY
Data Commissioning: GP13 e
173 beacon events with 6/7 DUs triggered at GP13 7 e

Frequency [MHz]

Distribution of trigger times of six DUs

DU1019 DU1031

50 ean = 1710.71 ns mean = 1818.77 ns
td dev = 5.80 ns o dev = 5.07 ns
0 = = 0 = =
1700 1710 1720 1730 1810 1820 1830

= on ) o DU1032 DU1071
F, Reconstructed source thedn = 4379.00 1 mean = 155.00 ns
7 204 itions on (X, y) plane - » a
= pOSl R y p
0
—400 ¥ o 4360 4380 4400 4420 150 160 170

DU1075 DU1085

n = 2609.58| ns 50 ean = 2952.36 ns
std dev = 5.93 11s std dev = 4.38 ns

—600 n

e DU

—800 1 ° Reconstructed source
L_| L_| L_| L_| L_| L_| L_| .|
—1250 —1000 —750 —500 —250 0 250 500 750 On - Oon

2600 2610 2620 _ | 2950 2960

tm,(zs (HS> I o i tm/'(zs (HS)

Northing (m)




GRANDProto300: Plans for Future

1. 80 antennas to be
deployed this
September.

2. Official approval for
200km? for GP300 in
Gansu, China.

Telescope Arra
3. Measure CR spectrum ceCube Priaie
around 100PeV-EeV Plerre Auger
Wlth Self-trl ggered KG SIBYLL 2.3
TUNKA-133
antennas. e
Study the galactic to Energy (eV)

extragalactic transition
of CR.
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References:
umm ar >’ Website: http://grand-observatory.org

GRAND White Paper: https://arxiv.org/abs/1810.09994
GRAND ICRC 2023: https://arxiv.org/abs/2308.00120
Github: https://github.com/grand-mother

I t A b b .
1 . G ND S maln goal 1S tO Observe GRAND Collaboration Meeting @ Purple Mountain Observatory,
the UHE v with radio antennas. Nanjing, May 2024

2. Three prototype arrays are being
deployed:
GP13: Dunhuang, China
GRAND@Auger: Argentina
GRAND@Nangay: France

3. Data commissioning undergoing

T
W%WW////

Deployment of GP80 this year.
Approval of GP300.
Observation of 100PeV-1EeV CRs.
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Backup
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Frontend Board of Prototype

GPS chip

‘ Electronics:
Ly 50-200 MHz analog
¥  INEE.-O.-mu. ; filtering,

oot N o R L 500 MS/s sampling
Central e : é ,_._ - | ; " .7 : | FPGA+CPU

DAQ

Bullet WiFi data transfer

Designed by Radboud University
Produced by PMO & NAOC
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% Software pipeline: data flow & online monitoring

GRAND Data Online Monitoring

GRAND Data Flow

ZHAireS
converter

raw data
Simulators (directory/
files) CoREAS
7 converter
raw ROOT file /
E
Monitoring/ = 7 L =
data quality / "< — = : CC-IN2P3 E
0
/ -'C
% ;<
2
Detectors @
Ant:innas
response
h [T1OGE
raw data
(binary file)
Analysis
reconstruction

GtoT
converter

« Automatic/semi-automatic transfer
from GRAND@Auger/GP300

« Automatic conversion to
GRANDRoot format

SREN

DATABASE

RESULTS FOR FILES

our reguent et 10553 rewsts. Ordy revelts frsem 1 1o 1000 ave preunted. SED

. e e e
« Recorded into GRAND Database, o e —

storage at CC-IN2P3 (Lyon, France)
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Software pipeline: GRANDLib

https://github.com/grand-mother/grand

X-port
200007 ﬁ T VGA gain: 20 dB
— gain:
Geomagnet/c field I | N A ol
- 'ﬁ C —— VGA gain: 0 dB
—20000 : VGA gain: -5dB
o ‘ Y-p'ort
2 50001 A
% 0 _AVMV %.\/\vl\w./\v_..vf\'.'nv__ O™
S _s000 pen-circuit Voltage
Z-port )
P ﬁﬂvﬁ AV VAVAVV.VA-,V, S——
~10000 j U . ; I |
414 100 150 200 250 300 350 400
Time bins

412

41.0

Latitude (deg)

8

40.6

G

93.4 93.6 93.8 94.0 94.2 944
Longitude (deq)

User friendly tool. No need to install ROOT

Modules for coordinate systems, topography and geomagnetism
Includes galactic noise and RF chain parameters

Standard code for signal processing

Tools to store data in a standard file format and manage them
Refer to grand/examples for example scripts

VOC

Noise

Python offline software package for the GRAND collaboration
Tool to manage and analyze data

GRAND Coll. in prep.
PRELIMINARY FIGURES

RF chain [—

VGA gain: 20 dB

— port X
- portY

=
o

w
=]

Transfer Function: abs(Vow/Voc)
= N
o o

RF Chain

Frequency [MHz]

50 100 150 200 250

Frequency: 150.0 MHz

Am‘enna Response

F-N
Effective X-arm length [m]

w

Latitude, 6 [deg]
N

-

o

150 200 250
Longitude, ¢ [deg]

300 350




