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Jolan + Xishui

Three reconstruction methods:
Lukas + Kewen

Marion + Pauline
Arsène + Aurélien
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Practical matters
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▸ List of cosmic-ray candidates by Jolan + Xishui available as table on Forge:

GP300 cosmic-ray candidates to be shown at ICRC 2025: Selection

▸ JSON file merging the reconstructed properties of all the reconstruction methods:

GP300 cosmic-ray candidates to be shown at ICRC 2025: Reconstruction

▸ All plots and data available on Forge:

GP300 cosmic-ray candidates to be shown at ICRC 2025: Reconstruction

▸ Plots, data, and plotting scripts on private GitHub repository: plots_grand_cr_properties

   (Ask Mauricio for access if interested.)

https://forge.in2p3.fr/projects/cosmic-ray-searches/wiki/GP300_cosmic-ray_candidates_to_be_shown_at_ICRC_2025_Selection
https://forge.in2p3.fr/projects/cosmic-ray-searches/wiki/GP300_cosmic-ray_candidates_to_be_shown_at_ICRC_2025_Reconstruction
https://forge.in2p3.fr/projects/cosmic-ray-searches/wiki/GP300_cosmic-ray_candidates_to_be_shown_at_ICRC_2025_Reconstruction
https://github.com/mbustama/plots_grand_cr_candidates


Current candidate selection criteria

6

Data: GP300 data from early December 2024 to end of March 2025

Current list of CR candidates obtained by stitching selection criteria of Jolan and Xishui:
1. Reconstruction quality
2. Clustering cut
3. Polarization cut
4. Multiplicity cut
5. Arrival cut
6. Event time cut
7. No high RMS value for channels X and Y
8. SNR cut
9. Remove DU1032, DU1049
10. Visual cut of spread of footprint
11. Visual cut of quality of the trace

(This is also on Forge, here)

https://forge.in2p3.fr/projects/cosmic-ray-searches/wiki/GP300_cosmic-ray_candidates_to_be_shown_at_ICRC_2025_Selection
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Event name run_no_time evt_entry

CR0 20241209_054702 820

CR1 20241215_180709 0

CR2 20241219_162205 0

CR3 20241220_033050 5

CR4 20241220_033050 13

CR5 20241222_054623 122

CR6 20241224_133033 19

CR7 20241226_113611 68

CR8 20241226_114408 37

CR9 20241229_084801 254

CR10 20250102_003735 2

CR11 20250102_013241 2

CR12 20250102_021724 38

CR13 20250102_073620 117

CR14 20250102_133014 1

CR15 20250103_013446 0

CR16 20250105_041755 78

CR17 20250111_133346 46

CR18 20250111_220533 1

CR19 20250113_140919 4

Event name run_no_time evt_entry

CR20 20250115_023750 2

CR21 20250115_233012 16

CR22 20250117_115259 83

CR23 20250117_185153 0

CR24 20250119_042307 166

CR25 20250121_225547 0

CR26 20250122_155158 321

CR27 20250125_025432 0

CR28 20250125_034440 50

CR29 20250128_153832 0

CR30 20250128_220319 0

CR31 20250131_065640 47

CR32 20250131_103628 40

CR33 20250203_125407 0

CR34 20250214_031401 3

CR35 20250215_063517 59

CR36 20250215_171431 0

CR37 20250219_010304 0

CR38 20250304_191440 123

CR39 20250311_231043 129



Reconstruction methods: overview
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We have applied five reconstruction methods to the CR candidates:

▸ Lukas + Kewen, based on E-field reconstruction
   Details: Lukas’ talk

▸ Marion + Pauline, ADF based on E-field reconstruction
▸ Marion + Pauline, ADF based on voltage
   Details: Marion’s talk (here)

▸ Arsène + Aurélien, based on GNN
▸ Arsène + Aurélien, based on pGNN (PWF bias corrected)
   Details: Arsène’s talk  (here)

Focused on reconstructing only the CR energy and direction

https://indico2.fuw.edu.pl/event/18/contributions/75/attachments/33/123/MGuelfand_CRcandidates_reconstruction.pdf
https://indico2.fuw.edu.pl/event/18/contributions/80/attachments/39/130/Warsaw_meeting%20(3).pdf
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candidates



Candidate by candidate: reconstructed energy
6 top selected candidates: CR0, CR3, CR4, CR10, CR18, CR31

Top candidates are not outliers in energy 10



Candidate by candidate: reconstructed energy

Top candidates are not outliers in energy
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Candidate by candidate: reconstructed zenith angle

Top candidates are not outliers in zenith
12



Candidate by candidate: reconstructed azimuth

Top candidates are not outliers in azimuth
13



What should we show at the ICRC?
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(1) Short list of featured candidates: Out of the full list of (~40) candidates, which 1-5 are 

most likely to be cosmic rays? These are the candidates to show. Validate the ones we have.

(2) Which reconstruction method: Should we show the result of a single reconstruction 

method? Of all of them?  If all, how (limited time, slide space)?

(3) Additional CR properties: What information other than energies and directions, if any, do 

we want to show?  Lateral distribution functions?  Voltage?  Polarization?  Too early?

(4) Distributions of CR properties: What do want to claim, if anything, about the distribution 

of the properties of the full list of candidates, i.e., of their energies and directions?



Results from Lukas

LDFs of top candidate CR0
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Results from MarionVoltage of top candidate CR0
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Results from Lukas

LDFs of top candidate CR3
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Results from MarionVoltage of top candidate CR3
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Results from Lukas

LDFs of top candidate CR4
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Results from MarionVoltage of top candidate CR4
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Results from Lukas

LDFs of top candidate CR10
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Results from Lukas

LDFs of top candidate CR18
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Results from Lukas

LDFs of top candidate CR31
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Results from Lukas
Noise event examples
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Results from Lukas

Notch filters do not affect reconstruction much



Joint 2D distributions
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Many more 2D distributions available on Forge (here)

E.g., in azimuth vs. zenith, from different reconstruction methods:
Lukas + Kewen Marion + Pauline, from E-field Arsène + Aurélien, GNN

Distributions produced using different reconstruction methods broadly agree

https://forge.in2p3.fr/projects/cosmic-ray-searches/wiki/GP300_cosmic-ray_candidates_to_be_shown_at_ICRC_2025_Reconstruction


1D distributions of reconstructed energy
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1D distributions of reconstructed zenith
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1D distributions of reconstructed azimuth
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First (very) preliminary CR skymap
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First (very) preliminary CR skymap
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Warning:
do not take this seriously until we improve our CR selection and reconstruction!

Do not show this plot outside the Collaboration



Additional items missing for the ICRC
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▸ Understand if the errors in reconstructed energy and direction are accurate
   
▸ If a reconstruction method (e.g., Marion + Pauline) does not currently output 
   reconstruction errors, extend it (we cannot show data points without error bars)

▸ Decide what visuals we show on slides and proceeding

▸ Be ready to answer these questions:
   ▸ What is the statistical significance of candidate CRx being a real cosmic ray?
   ▸ How sure are we that we have identified all of our sources of background?
   ▸ How many cosmic rays do we expect to see in GP300? (Sei’s work)



Future CR pipeline (post-ICRC)
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Critical:
▸ Develop a single, unified set of CR candidate selection criteria
▸ Merge the candidate selection and candidate reconstruction steps
▸ Use DCx simulations based on the real array layout (which can vary over time)
▸ Include information about active/inactive status of all DUs at any one time
▸ Use DCx with global trigger algorithm
▸ Include information about what firmware version was used in the DUs at any one time

To infer CR spectra, arrival distribution, mass composition

Important:
▸ Stop relying on visual inspection of traces and footprints when selecting CR candidates
▸ Once mature, add the reconstruction methods to GRANDlib

Candidate selection and reconstruction

▸ Write methods to unfold from shower properties to cosmic-ray properties
   (primary particle energy, direction, etc.)
▸ Have a fully characterized irreducible background (i.e., noise that survives the cuts)
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