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GRAND STATUS

Science Goals

GRAND (Giant Radio Array for Neutrino Detection) is built to observe
the Universe's most energetic messengers, cosmic rays and neutrinos
above 10" eV — with a wide-spread array of radio antennas.

Science goals:

Pinpoint where ultra-high-energy cosmic rays originate, using the
statistics of a wide-field sky survey

Open up UHE neutrino astronomy by capturing the geomagnetic radio
signature of their air showers

Probe fundamental physics in an energy regime beyond the reach of
any accelerator

The antennas record the geomagnetic and coherent radio emission of
each extensive air shower directly, letting the detectors self-trigger
and operate autonomously around the clock at remote, radio-quiet
sites.
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GRAND STATUS

Prototypes today, an observatory tomorrow

GRAND@Auger
Argentina

10 radio units hosted at the Pierre
Auger Observatory. Currently paused.

GRANDProto300
China

65 radio units now = 300 by 2030.
The current workhorse — and the

source of the data in this talk (GP80).

ROADMAP

Phase A

65 Dus baseline
April 2025

Phase B

100 Dus stress test
Dec 2027
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Phase C

200 Dus integration
Nov 2029

GRAND@Nangay
France

4 radio units — a hardware & trigger
test-bench.

Phase D
300 Dus integration
Jun 2030




STATUS

Prototypes today, an observatory tomorrow

5000
[ N GRANDProto300
+ detection units
4000~ A + GP300.s65 (Apr 25-present) ||
[ GP300.s13 (Jun 23-Apr 25)
[ GRAND@Auger GRAND@Nangay
3000 ] Argentina France
__ 2000 Since 2025.04 +85 +51 439 450 4 10 radio units hosted at the Pierre 4 radio units — a hardware & trigger
& +91 +55 1435 427 426 +34 +54 1 Auger Observatory. Currently paused. test-bench.
= 1000} +106 #43 323 419 413 418 +22 442 ]
[+119 +81 +47 431 411 45 +3CS%10 430 446 ]
0-— +93 +37 #15 &7 +1 +6  +14 436 ]
[+116 +78 +44 428 48 +2 +3 +9 +29 4457
—1000 +102 +40 420 416 412 417 421 441 ]
[ +88 +52 $32 #24 25 433 53
B e . R R . 2w e e
—4000 -3000 -—2000 —1000 0 1000 2000
x [m]

Phase A Phase B Phase C Phase D

100 Dus stress test
Dec 2027

65 Dus baseline
April 2025

200 Dus integration 300 Dus integration
Nov 2029 Jun 2030

GRAND - GP300 candidate selection & trigger optimization



STATUS

-
Pro to typ es to day, T e tory tomorrow
5000 —% — =t —r i AERA station
[ N GRANDI’roto3OO j |
I detection units i 15800+ -
4000+ + GP300.s65 (Apr 25-present) :H [
[ GP300.s13 (Jun 23-Apr 25) (1 .( RS
[ - 7 15600- : GRAND@Nang¢ay
3000(- ] I France
- = 2 15400 + + ” . . .
__ 2000 Since 2025.04 +85 +51 439 450 1 I 49| Tla4 ] 4 radio units — a hardware & trigger
B [ +91 455 1035 427 426 o3 W54 | 1 Loonnf Jsed. test-bench.
> 1000- +106 #43 423 419 413 418 +22 442 ] i 55 59 %o ]
[+119 +81 +47 431 411 45 +3CS%10 430 446 ] 150001 +151 h
[)-— +93 +37 +15 &7 +1 +6  +14 436 ] [ +(‘9 +0
[+116 +78 $44 428 48 +2 +3 +9 +29 445 ] 148001 ]
—~1000~ +102 +40 420 416 412 17 421 441 [ T
F +88 52 | 432 424 425 433 453 )
r 14600 -
—2000- C9 CLntral Qtahon +82 T“ +4‘) 1 CR§ Centra] Radm gtahnn | 1
T S ks T | 1 rE B L A
—4000 —3000 2000 —1000 0 1000 2000 —26000 —25500 —25000 —2450
x [m] x [m]

Phase A

Phase B

Phase C Phase D
100 Dus stress test

Dec 2027

65 Dus baseline
April 2025

200 Dus integration 300 Dus integration
Nov 2029 Jun 2030

GRAND - GP300 candidate selection & trigger optimization



THE DATASET

11 months of GP80 data (July-May)

~75K 25.6 M 13.5M 67

ROOT files Events recorded Events in the analysis Hand-vetted cosmic-ray
window candidates
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SHOWER AXIS RECONSTRUCTION METHOD

Reconstructing the arrival direction

Plane-Wavefront Fit (PWF). A planar shower wavefront propagating at
speed ¢ with unit direction k reaches the ground. From the time
differences in arrival across the antennas, we recover its zenith angle 6
and azimuth ¢. Given antenna positions 7; and trigger times ¢t;
minimise the chi-squared:

N-1
2 E M,
xX- = (tl_to_k'_) /O'i
(o
i=1

”, Distance to

Plane wave hitting the array; U is the shower's zenith angle.

FOR EACH EVENT WE GET A FEW QUALITY VALUES

N SNR X red? 0, @

antennasin the fit signal-to-noise fit quality direction
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TRIGGER SELECTION CRITERIA

A cascade of cuts: 13.5 M - 5,5k

Almost everything is radio-frequency interference (RFI).
We apply a ladder of progressively tighter cuts — quality
requirements plus filters that remove human-made
transmitters — and watch how many hand-vetted
candidates survive.

Candidate retention 67 /67 — 29 /67

The tightest cut keeps the cleanest events while still retaining a
strong, well-understood signal sample.
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M baseline M quality cut W background reject [l final sample

T1 - quality 13.2 M
T2+ %2

T3 - quality

T3b - drop BEACON
T3c

T3d - drop RFI

T4 - tight quality
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TRIGGER SELECTION CRITERIA

AL T2 T3
CD=13,456,582 cands=67/67 CD=13,187,159 cands=67/67 CD=3,348,803 cands=65/67 CD=2,909,882 cands=62/67 CD=2,909,882 cands=62/67
: 2 5 R B

0 0

180* 180* 180* 180* 180

T3d
CD=49,334 cands=62/67
o

Cascade attrition: T013.46 M —> T3d 49.3K - T6 5,502 (0.04%) - Candidate retention: T0 67/67 — T629/67 (43 %)
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TRIGGER OPTIMIZATION

Trigger Logic

Six trigger parameters are applied on each antenna before any reconstruction. The analysis sweeps the three main the other three are held the same.

Thl ADC
first-peak threshold

Initial trace crossing above this amplitude opensa
candidate trigger.

Th2 ADC

second-peak threshold

Confirmation peak must exceed this lower threshold
within the window.

T_sepmax ns
peak separation

Maximum gap between consecutive Th2-exceeding
peaks (the Thl peak counts asone).
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TRIGGER OPTIMIZATION

Tuning against real data

We scan 836 trigger settings in order to find the ideal set to keep the signal and reject the background.

WHAT WE SWEEP

Th1 {50...150} ADC  Th2 {30...130} ADC
T sep{10..110}ns  with Th2<Thl signal efficiency

fraction of cosmic rays the trigger keeps —> larger is better
SCORED ON TWO SAMPLES

e Signal — the T4-T6 datasets with cosmic-ray-like events
e Background — 50,000 random bg events

background efficiency

fraction of background that sneaks through - smaller is better

Good trigger = high signal efficiency eff g, 1, low Pareto frontier : We pick the point closest to the ideal (keep all
background eff p, |, e signal, reject all background).
_bg
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RESULTS

A better operating point

Pareto frontier — Signal Efficiency / Background acceptance
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VALIDATION

Does it work on simulations?

We test the whole pipeline end-to-end on Monte-Carlo air showers from two independent simulators CoREAS and ZHAireS —
pushed through the full GRAND signal-and-noise chain, then through the same trigger.

CoREAS / ZHAireS RawROOT GRANDRoot Voltage ADC ADC + Noise

SIMULATION SETS Shower generation Radio emission
and evolution and propagation
CoREAS 80.000 events

. Coordinate systems Noise /AN ow-noise Digitization Vi
ZHAireS 33.000 events Topography ; mg«m . |‘ omomer L_\/V\f
Geomagnetic field ropogen
Two generators —> cross-check the modelling

Signal processing in each detection unit

Open-circuit voltage Radio-frequency chain Output voltage

cosm,;; ray, Antenna response + layout L:—
or photon y y 7 ification.
PIPELINE VALIDATED Alif‘ *
A A . 4 4
Applying the recommended trigger to the simulated *!

DANTON CoREAS | or | ZHAIreS Detection unit

showers produces triggers as expected —confirming the
chain from shower physics to trigger decision works end-to-
end, on both simulators.

v, = 7  Radio emission from air shower
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TAKEAWAYS

Conclusions & next steps

WHAT WE FOUND

Selection method verification
13.5 M events = 5,502 cosmic-ray-like survivors, with known

candidates retained.

Trigger improved
Recommended (130, 120, 50): ~80% signal kept, 81%

background cut.

Validated on MC
CoREAS & ZHAireS showers pass the full chain and trigger as

expected.
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NET STEPS

Deploy & verify
Run (130, 120, 50) on the full GP300 dataset — expect = 500
candidates / month.

Expand selection criteria

Take into consideration polarization, sub-arrays study, ADF
reconstruction method

Expand MC comparison

Match simulated and real T6 samples; quantify trigger
efficiency vs energy and angle.
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> Cosmic rays have been observed with GP300.

continue to measure C_;Rs of 100 PeV-1 EeV.
» Working on UHECR spectrum from GP300 for
- ICRC2027. . .

!\ ¢ ITORE WA
“-SRAND Collaboration Meeting @Dunhuang, Mﬁ
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» GP300, expected to be completed in 2030, will '
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