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Neutrinos: the power probe of the ultra-energy cosmic

Ahlers and Halzen, PPNP102(2018)73
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1) UHE CR tracing: deflected by magnetic field. the GZK horizon

2)
3)

energy E [GeV]

GRND

:

Giant Radio Array for Neutrino Detection

UHE Gamma rays: Interaction with the CMB. They cascade down to low energy.
UHE neutrinos: Universe transparent, beyond the GZK horizon, difficult for detection.

Adapted from Huang’s slide at TAUPA2025
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GRAND Concept GSE

UHE . 10 years from paper to prototype array.

200k radio antennas array over 200'000 km?
in several sub-arrays at favorable sites worldwide

example of sub -array | locations

Radio emission:

Undergoes little attenuation in the atmospher

Ca be detected far from the shower..
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& Radlo detection is a well-establlshed

;v”_ 3 : ~_technique proven by AERA, LOFAR,
| CODALEMA, Tunka-Rex, TREND

7 w © Sscalable, cheap, robust, ideal for giant arrays
|
/ © Exellent angular resolution 3

® Self-triggering efficiency may not be
very high T

® Huge area (radio-quiet) is required:
2*10°5 km”2 ~ the land of entire UK...




GRAND Collaboration
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16 Member & Associate Institutes represented at the Board 119 members 16 countries: Argentina, Belgium, Brazil, China, Czech
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Sciences with GRAND

1) Radio astronomy (early stages)
o full-sky survey of radio signals

EeV . e FRBs and giant radio pulses from Crab with GP300
neutrino Neutrino

physics

2) UHECRSs (intermediate stages)

o 20 times the exposure of Auger (final setup)

o GP300: transition from galactic to extragalactic

e hadronic physics: muon discrepancy, UHECR mass
composition, p-air xsec

3) Neutrinos, gamma rays (advanced stages)
e Cosmogenic neutrino flux

e Neutrino astronomy at EeV

o Competitive with Auger at GP300 stage

reionization

4) Neutrino physics (advanced stages)
e Nu Xsec at EeV
e new physics effect

Early stages



* GRAND proposal

GRAND goal: reach 101° GeV/cm?%/s/sr sensitivity
range for diffuse neutrino fluxes

End-to-end simulation ~ 0 0

=» baseline GRAND design = network of 0(20) subarrays of
0(10000) antennas with sparse density (1/km?) at various
favorable locations around the world (« hotspots »)

Alternatives being studied to reduce size for same performances
=» GRAND-BEACON talk, Kumiko Kotera, P0oS1078 ICRC2025

Adapted from Olivier’s slide at ICRC2025
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Gueépin, Kotera, Oikonomou, 2023

1.5 |
Simulated neutrino event |
JE,=210%eV; 0=93°
1.0 i
instantaneous FoV: 45% of sky 3 ., (Mg, 1gged antennas | |
(for 10 random?* site locations between 40S and 60N) S*0_5 :
“tdecay | -
Very long radiofootprints allow for excellent 0.0 T
angular r.esolutlon (0.1° on snmulated 60 L - 80 v CCinteraction B
cosmic-rays, TBC on neutrinos)
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7 Adapted from Olivier’s slide at ICRC2025 —— No infill: mean: 0.09° median: 0.07° std: 0.1L



Three prototype arrays
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GRAND@Nangay

Nancay, France
4 antennas
For testbenching

GRAND®@Auger

Malargiie, Argentina
10 antennas ’ .
Look for coincident GRANDProto300
detection with Auger Dunhuang, China
13 — 65 (now) - 300 antennas )
Establish efficient autonomous v P

radio-detection of air showers

arXiv:2509.21306



XiPrototypes: GRAND@Auger
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Joao Torres* de Mello Neto for the GRAND Collaboration
PoS(ICRC2023)1050, ICRC2023 proceeding
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 Hosted at the Nancay Radio Observatory,
France, 4 DUs have been deployed.

 Antennas were shipped from China and
the rest of the equipment was funded by
the ANR- DFG grant between Paris
(LPNHE and IAP) and Karlsruhe (KIT)

* Test bench for triggering and hardware




GP300: one 300-antenna array for demonstration
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Hardware: detection unit (DU), software development

DE#NZRFEIAXS

PURPLE MOUNTAIN OBSERVATORY , CAS

One GRANDProto300
detection unit

Electronics:
50-200 MHz analog

filtering,
500 MS/s sampling N
FPGA+CPU
~- Bullet WiFi data transfer
N i A Arms
. 1.365m - %
1y NUT (LNA inside it)
MHii 7, J

i !lllh

1] —
| : '\'\'\'\'\l\\\\%\ u

HorizonAntenna: 3.5m :
3 butterfly arms + LNA R Central DAQ station
Bullet Wifi N

Solar panel | Collect and transfer data
Battery + Charge controller

DAQ box Operate the 2nd level
: trigger

-

12



Hardware: detection unit (DU), software development
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One GRANDProto300 e ——— - Electronics:
detection unit ' ANESHER S v 50-200 MHz analog
, I ERXY .. 0 . T, * s filtering,

500 MS/s sampling
FPGA+CPU

Bullet WiFi data transfer

Arms

Shower generation Radio emission Signal processing in each detection unit

gzﬁft‘z and evolution and propagation Open-circuit voltage Radio-frequency chain  Output voltage

» Bullet \
Solar p Coordinate systems Noise V BNy Low-noise Digitization O t
Battery Topography Galactic ompllfler (ADC) | ! ‘/t
DAQ b :

A Geomagnetic field Anthropogenic

—

UHE v,
cosmic ray, Antenna response + onout

or photon Cable + AmphfICOtlon
connector lmd (VGA) + filter
4 4 4 |
DANTON CoREAS | or | ZHAIreS Detection unit

v, = 7  Radio emission from air shower

Data

1 management

Local Remote




GP300: Deployment

g
>
4
V. 4
S
G
| =
—— - =

DE#NZRFEIAXS

PURPLE MOUNTAIN OBSERVATORY , CAS

GP13 (March 2023—> GP45 (Sep. 2024) —> GP65 (April 2025)

C1 ' '
o C5/C1:central stations.
4000 GP13 .13-13'13_1 J132 013'3.13-4
_ Stopped by 133 (136 s
3000 Apr 2025 .13-8 ‘13-9 ®
o J13-10 J1312 GP65(45)
Y 2000t o' 19.9 km?
GE) 85 51 39 50
— 1000} 91 55 35 27 26 34 54
8’ _105 43 23 19 13 18 22 42
c oF 119 81 47 31 11 5 %> 10 30 _46
1 m o o o O o O m o
o) _93 37 15 7 1 6 14 36
< _1000- _116 78 44 28 8 2 3 9 20 45
102 40 20 16 12 17 21 4l
—2000} _88 52 32 24 25 33 53 .
1000m _82 48 38 _49 T~
—-5000 -4000 -=-3000 -—=2000 —1000 0 1000

Easting [meter]

RFI suppression

* Noise shielding was main task in past two years.

(1) Charge controller, AM band, satellite and planes
ranging from 118MHz to 140MHz. FEB power supper,
Ethernet and sensor cables.

(2) One strong RFI source above 150MHz,
transformer station ~13 kilometers far away.

Thermal issue

* Improved FEB box cooling by diffusion through copper
dissipators.

®* Better ventilation of DU base to ensure reasonable
temperature for battery

* Modified LNA configuration for temperature
independent gain.

Staged deployment allowed for optimal DU performance today

14



Latitude

40.94

40.92

40.90

GP300: Deployment

More than 200 km?

Spacing 577m o

o o o o o o
o o o o o @ AllGP300 .
o o o o o o
o o . . . o DU (Deployed)
o o @ o o o
o o o o o o o —
o o o o o o o
o o o o o o o o
o o o o
o o o o _
o o o o o
o o o o o
o o o o o
o o o o o
o ® o o o o -
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o o o o o
o o o o o o
o o ® o o
o o o o o
o o o o o 7
o o o o o

93.90

03.95 94.00 94.05 94.10
Longitude

Will be completed in coming five years.
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Performance of DUs from GP300

North South direction
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LNA-Gain(dB)
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30°

17.5
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——— 50°
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15.0
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Frequency(MHz)

LNA’s very weak temp.
dependence.

Clear detection for the transient of our Galaxy across the sky of GP300.
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Spectrum

GRANDProto300
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Prototype paper of GRAND arXiv:2509.21306
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GP300 will be the largest radio array with self trigger mode.

0

103;
GRANDProto300
102‘: —— NS channel
—— EW channel
1)
10 i —— Vertical channel
10°:
1071
10—2_. — —— o
| Plane/satelite =
10-3 | = comms 7
10_4 I e e | | | | g
0 50 100 150 200 250
103;
_ GRAND®@Auger
102‘: —— NS Channel
ol —— EW Channel
1 Vertical Channel
100 [
10_1': | |‘l\|
1072 ’ iﬂu4t
5 Plane/satellite :
10-3 ;M“"’/ AERA commms TV carrier
r\y beacon
1074 4% - ' - ' '
0 50 100 150 200 250

Frequency [MHZz]

DE#NZRFEIAXS

PURPLE MOUNTAIN OBSERVATORY , CAS

17



A X position [m]

—20500:15 290020 290025 29 00:30

29 00:35

AY position [m]

?@\*

—20550:15 290020 290025 29 00:30

RT{( reference

29 00:35

A Z position [m]

# of event

29 00:25 29 00:30

Time (UTC+8)

29 00:15 29 00:20

29 00:35

Positioning with RTK(Real-Time Kinematic) and Timing with Beac

125+

=
o
o

Dispersion below 1

# of event

50|
25|
050 —i5 —1i0 =5 <« 510 15 20
A X p05|t|on [Mm]
125}
=
mlOO

0 75@(\,\“3(‘

Dispersion below 1

I\

056 =-15 -1o =5 0 5 10 15 20

A'Y position [m]

3000+t

N
o
o
o

1000+

93— =0 =10 0 10 20 30

A Z position [m]

MER FhREAXS

RRRRRRRRRRRRRRRRRRRRRRRRRRRR




Positioning with RTK(Real-Time Kinematic) and Timing with Beacop?
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This enables us to do precise measurement
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GP300: cosmic ray candidates
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Energy spectrum for 26 candidates with

Direction of arrival consistent among 3 methods, :
v' Reconstructed Efield for 5+ DUs

... and with expectations from EAS

v' LDF error < 102%eV

Cosmic-ray candidates 0° N v’ ADF xZ / ndf < 25 (See P05278) ICRC2025
in GRANDProto300

Directions from graph
neural net

Cosmic-ray Candidates in GP300

1 From Voltage
~ From Efield
From GNN
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Latest status of GP300

DAQ is undergoing optimization and becomes much reliable.

Average Event Rate in 1s Windows MUltIplICIty from 2025-10-28-16:14:41 to 2025-10-28-16:34:4
— 50
N
\\a %40 N
e £ 03
g 107 =301 ... L ((\
g 103 ‘e .9_ .‘.."'".‘_“.:..:_._._ e m———s s o— e vonfl \\...._......_._ e A — e S D elii e
LE MMW@WMM N A AAA AN wﬂmmwmw@mm“ iy g 20 - = == == = = =
E | 101 L Fi
2% 2% 0% 2% 2% \2, Q “ Q 9
- Ny v V 9 e,
Beijing Time O N O N O
v 0% 0 0% 0%
Beljing Time

25Hz Beacon test data

Significant progress achieved with respect to a few months ago.
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New CR candidates
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SWM: GPStimestamp:1761166055.773638 Event 1 ( A 185.4°, Z 81.9°, Chi/ndf 24.4)
at UTC+8:2025-10-23 04:47:17.773638, D2Source:21.50km

- 4000
All DUs
1500 + ‘ Coincident DUs
1000 A
2000 1942 » Data
o 1051 1901
180 —
N 1030 1037 a 074 “QN
_ "o R0k - \‘ \
e £ < €
—  —500 1 . a — — ?
z \(\ v © 160
2 \'\ Z 5
1000 - 0421074 ©T 2
1000 ?‘e ‘ a —2000&) W 1509k
19371630
035 1035 522 (1051
~1500 - ¢ 140 - .
1022
~2000 - 4000 130, - | | l l | l
17000 17500 18000 18500 19000 19500 20000
Distance to Xmax [m]
—2500 A .1022
—4600 —3(I)00 —2(I)00 —1600 (I) 10IOO 20I00
W-E [m]

A CR event with sharp part of C-ring and missing of the other part?

Disclaimer: we are still undergoing the optimization

from many aspects, particularly DAQ, no clear
22 efficiency estimation so far.




New CR candidates

TER=hRalAXS
Event 101772394 — x2, = 25.83
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One of ~ EeV CR candidates

Disclaimer: we are still undergoing the optimization

from many aspects, particularly DAQ, no clear

efficiency estimation so far.



Summary

/ NERZREELURXE

PURPLE MOUNTAIN OBSERVATORY , CAS

+ HERON has benn selected by ERC (14M euros), which combines the concept of Beacon and GRAND together.

+ GP300’s funding from China is under reviewing.

Coming 24 months:

v Optimize HW, DAQ & CR selection procedures (optimized mask method for background)
=> Physics run 65-antenna of GP300 and G@ A with nominal rate of few 10s CRs/day

v Build energy spectrum, arrival direction distribution, chemical mass of primary

v Extend analysis to horizontal events (z > 85°)
-> Validate detection principle of GRAND

-> Study CR physics around the Galactic-Extragalactic transition [~100 PeV - EeV]

In 2-5 years
v__Step-by-step Complete GP300 project.

v Increase statistics, refine methods and analysis (very inclined/horizontal events)

v __Test GRANDI10Kk design with improved HW & trigger/DAQ.
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latest filed trip last week.




