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Plane wave reconstruction : Perks and drawbacks

Time dependant only :
relies on antennas position and triggering times -> no need for the core position

Reconstruction software already existing : TREND

Bad reconstruction accuracy :
Plane fit does not correspond to the actual wavefront shape (hyperbolic)
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Plane wave reconstruction : Concept

Plane wavefront shape is not realistic
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The shape of the radio wavefront
of extensive air showers as measured with LOFAR.
A. Corstanje et al. 2014.
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Plane wave reconstruction : Method
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Plane wave reconstruction : Method
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Plane wave reconstruction : Method
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Plane wave reconstruction : Method
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Plane wave reconstruction : Goals for GRAND

First attempt of a realistic reconstruction:
- realistic simulated events
- realistic antenna layout (HS1 array for neutrinos, GP300 array for CRs)

provide a benchmark for reconstruction performances (and estimate how wrong
plane reconstruction can be)

Study of the impact of the array characteristics on the reconstruction
(antennas number, denivelation, etc...)
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Notation

Angular error : Ao

distance on the sphere between
true direction and reconstructed direction

Real direction

Reconstructed direction
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Setups : GRAND Proto 300 site

~ 4 000 CRs events @Renault Tinacci

Zhaires + Compute_Voltage + Noise + Frequency Filtering + Sampling
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Setups : Hot Spot 1 site

~ 20 000 neutrinos events
Radio-Morphing preselection (before generic shower fix)

Zhaires + Compute_Voltage + Noise + Frequency Filtering + Sampling
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Reconstruction results : GRAND Proto 300

<Aa> = 0.574 std(Aa) = 0.681
Showers number = 740
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Reconstruction results : GRAND Proto 300

3.0
« GP300 . . .
Ah = 2.5 .
<antenna pairs altitude difference> : - %
2.0 . * . e
a [ J . . . ;o [ ] o
:3 1.5 ... . L : ) . ° ([ ] o
S| b .. :o. e o ° ® ° ¢
e : . .. | L] .‘ PY : Y )
R I LA A P9 AP S B
...o .‘...?..?:r.$ ° .’ .:. .‘..:. .o: ‘. :.... ... °
0.5 %o:.':i..%. a:‘? 30}70,}..‘.‘: e :.~ s ." ° } :° ., : °
o %0 ..c ‘o v ..'. ﬁ. ® :0.. oo ® . ’ % .o °
0.0 0;3'”..\ .!; ‘&,.‘ﬁﬂ. ~;‘.,?0'o¢.o§‘.:."' ." . o« *° e ¢
0 25 50 75 100 125 150 175 200
Ah (m)
1.4 —+— Mean
1.2
1.0
£0.8 Increase of errors
. = ] for small slopes
A
0.4
0.2]
0.0 . . , - . . , -
20 40 60 80 100 120 140 160
Ah (m)
Valentin Decoene & Olivier Martineau GRAND IAP workshop

14/22



Reconstruction results : GRAND Proto 300
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Reconstruction results : Hot Spot 1

<Aa> = 1.641 std(Aa) = 0.739

Showers number =

764
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Reconstruction results : Hot Spot 1
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Reconstruction results : Hot Spot 1
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Reconstruction results : GP300 vs HS1
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Reconstruction results : GP300 vs HS1
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Reconstruction results : GP300 vs HS1
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Conclusion

Upper limit of GRAND reconstruction
with the most basic method used and on real GRAND configurations

Better understanding of reconstructions on GRAND-like arrays
Wavefront shapes evolution, impacts of shower configurations and array parameters

l

Key parameters identified

Toward more complex and more sensitive reconstruction methods
Using more realistic wavefront shapes (conic/hyperbolic)
Using the voltage pattern (core reconstruction)

\

Aa < 0.1°
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