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The NUTRIG Project

▸GRAND requires autonomous radio trigger
▸Maximum purity

▸Maximum signal selection efficiency

▸Minimum SNR threshold

▸Trigger must be scalable to GRAND10k arrays
▸Minimum cost

▸Minimum data bandwidth

▸NUTRIG: Develop scalable radio trigger
▸First level trigger (FLT): this talk

▸Second level trigger (SLT): Jelena’s talk

▸Air-shower emission model: Lukas’s talk @ ARENA 
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GP300 nominal:

1kHz

Single detection unit (DU)
trigger rate

Array of DUs
trigger rate

NUTRIG FLT target:
100 Hz 

GP300 nominal:

10 Hz

NUTRIG SLT target:
1 Hz 

Trigger overview:

Olivier’s talk

https://indico2.fuw.edu.pl/event/18/contributions/117/
https://indico.uchicago.edu/event/445/contributions/1266/
https://indico.uchicago.edu/event/445/contributions/1260/


FLT-0
on FPGA

Threshold trigger on 
trace/wavelet

FLT-1
on CPU

Template fitting vs 
machine learning

SLT
on central DAQ 

Crude reconstruction 
of FLT-1 data

GRAND Trigger Scheme
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Single DU Array of 
DUs

Marion, Hanrui, Georgios This talk
won’t cover CNN work 

by Jean-Marc & Sandra, 

see backup

~1 kHz <100 Hz

NUTRIG project

Jelena

https://indico2.fuw.edu.pl/event/18/contributions/113/
https://indico2.fuw.edu.pl/event/18/contributions/114/
https://indico2.fuw.edu.pl/event/18/contributions/115/
https://indico.pmo.ac.cn/event/740/contributions/2882/


FLT-1 Database: Background

▸Take GP80 data (see log)
▸CD runs complemented with MD run for low SNR

▸Apply offline lowpass FIR filter at 115 MHz
▸See backup & source code

▸Apply offline FLT-0 with relaxed T1/T2
▸Trigger on X or Y (source code)
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FLT-0
parameter

Relaxed
(FLT-1 database)

Optimal
(Marion & SLT)

𝑇1 [ADC] 45 55

𝑇2 [ADC] 35 40

𝑇𝑞𝑢𝑖𝑒𝑡 [ns] 500 500

𝑇𝑝𝑒𝑟𝑖𝑜𝑑 [ns] 1000 500

𝑇𝑠𝑒𝑝𝑚𝑎𝑥 [ns] 200 50

𝑁𝐶𝑚𝑖𝑛 2 2

𝑁𝐶𝑚𝑎𝑥 10 7

Run Trigger 
Mode

Start Date 
(UTC)

Duration 
(HH:MM:SS)

145 MD 2025-02-04 02:57:32

10083 CD 2025-04-26 07:46:17

10085 CD 2025-04-30 14:58:37

10086 CD 2025-05-07 06:44:42

NEW

https://box.in2p3.fr/s/PLkz9oa9ZSnMZcy
https://github.com/pcorcam/nutrig/blob/4556e19e3b4784a3bd802bda154d876e3b974be1/src/nutrig/database/tools.py#L232
https://github.com/pcorcam/nutrig/blob/4556e19e3b4784a3bd802bda154d876e3b974be1/src/nutrig/database/tools.py#L394C5-L394C12
https://indico2.fuw.edu.pl/event/18/contributions/113/
https://indico2.fuw.edu.pl/event/18/contributions/117/


FLT-1 Database: Signal

▸Take DC2.1rc2 simulations
▸Added noise (AN) from GP80 run 145

▸See /sps/grand/pcorrea/dc2/noise/gp80/README.md

▸Apply offline lowpass FIR filter at 115 MHz

▸Apply offline FLT-0 with relaxed T1/T2
▸Trigger on X or Y
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FLT-0
parameter

Relaxed
(FLT-1 database)

Optimal
(Marion & SLT)

𝑇1 [ADC] 45 55

𝑇2 [ADC] 35 40

𝑇𝑞𝑢𝑖𝑒𝑡 [ns] 500 500

𝑇𝑝𝑒𝑟𝑖𝑜𝑑 [ns] 1000 500

𝑇𝑠𝑒𝑝𝑚𝑎𝑥 [ns] 200 50

𝑁𝐶𝑚𝑖𝑛 2 2

𝑁𝐶𝑚𝑎𝑥 10 7

NEW

https://indico2.fuw.edu.pl/event/18/contributions/113/
https://indico2.fuw.edu.pl/event/18/contributions/117/


FLT-1 Database: Final Step

▸Make a uniform selection in SNR
▸For a one-to-one comparison per SNR bin

▸For now target 1,000 traces per bin

▸Lacking statistics for signal
▸Need full set of Dc2.1rc2 simulations!

▸More details about NUTRIG database:
  /sps/grand/pcorrea/nutrig/database/v2/README.md
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NEW

GitHub project

Olivier wants to call this 

the PECC database…

https://github.com/pcorcam/nutrig/tree/master/src/nutrig/database


Template Library

▸Take DC2.1rc2 simulations
▸No jitter/noise (NJ)

▸Select traces with max > 100 ADC

▸Apply offline lowpass FIR filter at 115 MHz

▸Construct 5 uniform bins in 𝝎/𝝎𝒄 ∈ [0,2]
▸Find most representative template per bin

▸Template that yields maximum average cross-correlation 
with other templates in bin

▸Shape dominated by RF response
▸Expected for air-shower pulses of ~10 ns

▸5 templates are very similar

▸Keep 5 templates since no impact online
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NEW

GitHub project

https://github.com/pcorcam/nutrig/tree/master/src/nutrig/template_lib


Template FLT-1 Method

Step 1: Compute cross correlations
▸For input trace 𝑉𝑖 at polarization 𝑖 

 with each template 𝑇𝑖𝑗 at polarization 𝑖

▸For 𝜏 in 20 ns window around FLT-0 pulse time

Step 2: Find best-fit time

Step 3: Find correlation of best-fit template

Step 4: Combine polarizations to compute
             test statistic
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𝜌𝑖𝑗 𝜏 = ∫ 𝑇𝑖𝑗 𝑡  𝑉𝑖 𝑡 + 𝜏  d𝑡

TS ≡ 𝜌 ≡ max
𝑖

𝜌𝑖

Ƹ𝜏𝑖𝑗 = argmax
𝜏

|𝜌𝑖𝑗(𝜏)|

𝜌𝑖 = max
𝑗

|𝜌𝑖𝑗 𝜏 = Ƹ𝜏𝑖𝑗 |

GitHub project

https://github.com/pcorcam/nutrig/tree/master/src/nutrig/flt


Offline “Results”

▸Input: FLT-1 database uniform in SNR

▸FLT-1 logic: X or Y

▸Lack of statistics for signal!

▸Crude indication of separation power
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NEW



Offline “Results”

▸The money plot we’re after!
▸We improved our ARENA results!

▸Need full DC2.1rc2 simulations to show updates at ICRC!
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ARENA 2024 New (low statistics)



Case Study: Mine Transformer

▸Mine pulses selected by Nathan
▸GP80_20250309_235256_RUN10070_CD_20dB_23DUs_
GP43-ChY-X2X-Y2Y-CD-10000-22.root

▸Offline FLT-0 on mine pulses
▸No FIR filter

▸T1/T2 = 80/55 ADC, NC in [2,15]

▸Selects 1168/1368 pulses

▸No FIR filter for simulations & templates
▸T1/T2 = 45/35 ADC, NC in [2,10] as before

▸FLT-1 yields good mine discrimination
▸Keep information above 115 MHz for FLT?
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NEW



Case Study: Mine Transformer

▸Template FLT-1 example of mine event vs air-shower simulation (no FIR filter)
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Mine Air shower

NEW



Portage to FEB

▸Template FLT-1 method translated to C++
▸See GitHub project 

▸Successfully integrated in DAQ stream
▸Algorithm ported to Petalinux CPU on FEB

▸Isolated speed test of template FLT-1
▸One test trace evaluated 20,000 times

▸For different number of templates

▸For 5 templates the FLT-1 can infer >1kHz
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Template FLT-1

1 CPU core

NEWBIG THANKS to
Bohao, Xu Xing, Xishui

https://github.com/pcorcam/template_flt_online


Online Testing: Plan

▸FLT-1 results currently stored in binary data file
▸Fields: adc_sampling_frequency and adc_sampling_resolution

▸Controlled testing at LPNHE
▸Use AWG to feed FLT-1 database pulses to FEB

▸Reproduce offline efficiency plot

▸Target: 2nd half of June (to show at ICRC…)

▸Testing at GRAND@Nançay
▸First test in realistic conditions

▸Aim is to ensure stability

▸Target: Beginning of July (to show at ICRC…)

▸Testing at GRANDProto300
▸The final boss! 

▸Target: September
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FEB AWG



Conclusions and Outlook
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Summary Outlook

▸Updated NUTRIG-FLT database
▸Need full set of DC2.r1v2 simulations!

▸Offline template-FLT promising
▸Preliminary results due to lack of statistics

▸Separation bkg-signal per SNR looking good

▸Might be very good discriminator for mine

▸Online template-FLT implemented
▸Ported to DAQ on Petalinux CPU of FEB

▸>1kHz throughput possible for 5 templates

▸Obtain final offline results with all sims!

▸Perform online tests of FLT-1 methods
▸Controlled tests at LPNHE test bench

▸Reproduce offline efficiency plot

▸Tests in real conditions at GRAND prototypes

▸Set the foundations for publication
▸ICRC important first step

▸Paper draft hopefully this year!

Dziękuję!



BACKUP
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Offline Lowpass Filter

▸Able to accurately reproduce online lowpass filter
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Templates
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Without FIR filter With FIR filter



CNN FLT-1: Summary
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–
2

Slide by Sandra

Developed by Sandra Lecoz & Jean-Marc Colley

––––––

~14,000



CNN FLT-1 Performance @ ARENA2024
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FLT-1 ML CPU Performance

▸Using old dataset of ICRC2023
▸FLT-0 = double 3𝜎 pre-trigger

▸TensorFlow Lite on two Cortex A53 CPUs
▸Not integrated in DAQ

▸Separation index defined as

▸Inference rate for 𝐼 ≈ 0.87:
▸300 Hz for 3 CNN layers

▸730 Hz for 2 CNN layers
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Jean-Marc

[Le Coz PoS ICRC2023 224]

https://pos.sissa.it/444/224/
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