
GRAND reconstruction status : 
Plane wave reconstruction study of GRAND-like arrays
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• Antenna design optimised for very inclined radio waves (D. Charrier, Subatech) 
➔ test summer 2018

• Electronics (C. Timmermans, Nijmegen) ➔ first prototype for September 2018
– 500MHz+12bits digitizer 
– imbedded FPGA-CPU for clever trigger @ antenna level
– Wireless data transfer

– Frequency band ➔ 50-200 MHz (A. Balagopal, KIT)
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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

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

Reconstruction software already existing : TREND



Plane wave reconstruction : Concept
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(a) Hyperbolic fit

(b) Conical fit

(c) Spherical fit

Figure 6: The arrival time di↵erences from a plane wave as a function of distance to the shower axis with
the best fitting shape solutions. A hyperbolic (top), conical (middle) and spherical (bottom) fit has been
applied, respectively. Each plot shows the arrival times as a function of the distance to the shower axis (top
panel) and deviations from the best fit scaled to the uncertainty for each datapoint (bottom panel). Note
that the shower core position is a free parameter in each fit, therefore the positions of the data points on
the x-axis di↵er between fits, as is in particular evident for the spherical fit.

12

Plane wavefront shape is not realistic

The shape of the radio wavefront  
of extensive air showers as measured  with LOFAR.   

A. Corstanje et al. 2014.
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True wave front shape 

Plane wave front shape



Plane wave reconstruction : Method
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<latexit sha1_base64="+wim6BjVHOyxEzwbQyR1Ix0G7fs=">AAACBHicbVC7TsMwFHV4lvIKMHaJaJGYqqQLjBUsjEWiD6mNIse5aa06TmQ7laooAwu/wsIAQqx8BBt/g5tmgJYjXenonHt9fY+fMCqVbX8bG5tb2zu7lb3q/sHh0bF5ctqTcSoIdEnMYjHwsQRGOXQVVQwGiQAc+Qz6/vR24fdnICSN+YOaJ+BGeMxpSAlWWvLMWmNUPJL5LIV8NAOSBcLLnFaeNzyzbjftAtY6cUpSRyU6nvk1CmKSRsAVYVjKoWMnys2wUJQwyKujVEKCyRSPYagpxxFINyv259aFVgIrjIUurqxC/T2R4UjKeeTrzgiriVz1FuJ/3jBV4bWbUZ6kCjhZLgpTZqnYWiRiBVQAUWyuCSaC6r9aZIIFJkrnVtUhOKsnr5Neq+nYTee+VW/flHFUUA2do0vkoCvURneog7qIoEf0jF7Rm/FkvBjvxseydcMoZ87QHxifP+gymDw=</latexit><latexit sha1_base64="+wim6BjVHOyxEzwbQyR1Ix0G7fs=">AAACBHicbVC7TsMwFHV4lvIKMHaJaJGYqqQLjBUsjEWiD6mNIse5aa06TmQ7laooAwu/wsIAQqx8BBt/g5tmgJYjXenonHt9fY+fMCqVbX8bG5tb2zu7lb3q/sHh0bF5ctqTcSoIdEnMYjHwsQRGOXQVVQwGiQAc+Qz6/vR24fdnICSN+YOaJ+BGeMxpSAlWWvLMWmNUPJL5LIV8NAOSBcLLnFaeNzyzbjftAtY6cUpSRyU6nvk1CmKSRsAVYVjKoWMnys2wUJQwyKujVEKCyRSPYagpxxFINyv259aFVgIrjIUurqxC/T2R4UjKeeTrzgiriVz1FuJ/3jBV4bWbUZ6kCjhZLgpTZqnYWiRiBVQAUWyuCSaC6r9aZIIFJkrnVtUhOKsnr5Neq+nYTee+VW/flHFUUA2do0vkoCvURneog7qIoEf0jF7Rm/FkvBjvxseydcMoZ87QHxifP+gymDw=</latexit><latexit sha1_base64="+wim6BjVHOyxEzwbQyR1Ix0G7fs=">AAACBHicbVC7TsMwFHV4lvIKMHaJaJGYqqQLjBUsjEWiD6mNIse5aa06TmQ7laooAwu/wsIAQqx8BBt/g5tmgJYjXenonHt9fY+fMCqVbX8bG5tb2zu7lb3q/sHh0bF5ctqTcSoIdEnMYjHwsQRGOXQVVQwGiQAc+Qz6/vR24fdnICSN+YOaJ+BGeMxpSAlWWvLMWmNUPJL5LIV8NAOSBcLLnFaeNzyzbjftAtY6cUpSRyU6nvk1CmKSRsAVYVjKoWMnys2wUJQwyKujVEKCyRSPYagpxxFINyv259aFVgIrjIUurqxC/T2R4UjKeeTrzgiriVz1FuJ/3jBV4bWbUZ6kCjhZLgpTZqnYWiRiBVQAUWyuCSaC6r9aZIIFJkrnVtUhOKsnr5Neq+nYTee+VW/flHFUUA2do0vkoCvURneog7qIoEf0jF7Rm/FkvBjvxseydcMoZ87QHxifP+gymDw=</latexit><latexit sha1_base64="+wim6BjVHOyxEzwbQyR1Ix0G7fs=">AAACBHicbVC7TsMwFHV4lvIKMHaJaJGYqqQLjBUsjEWiD6mNIse5aa06TmQ7laooAwu/wsIAQqx8BBt/g5tmgJYjXenonHt9fY+fMCqVbX8bG5tb2zu7lb3q/sHh0bF5ctqTcSoIdEnMYjHwsQRGOXQVVQwGiQAc+Qz6/vR24fdnICSN+YOaJ+BGeMxpSAlWWvLMWmNUPJL5LIV8NAOSBcLLnFaeNzyzbjftAtY6cUpSRyU6nvk1CmKSRsAVYVjKoWMnys2wUJQwyKujVEKCyRSPYagpxxFINyv259aFVgIrjIUurqxC/T2R4UjKeeTrzgiriVz1FuJ/3jBV4bWbUZ6kCjhZLgpTZqnYWiRiBVQAUWyuCSaC6r9aZIIFJkrnVtUhOKsnr5Neq+nYTee+VW/flHFUUA2do0vkoCvURneog7qIoEf0jF7Rm/FkvBjvxseydcMoZ87QHxifP+gymDw=</latexit>

~dr13
<latexit sha1_base64="jwRaG8ZgKpdUaVDtodlTdJ+hRtQ=">AAACBHicbVC7TsNAEDyHVwgvA2UaiwSJKrJDAWUEDWWQyEOKLet8XiennB+6O0eKLBc0/AoNBQjR8hF0/A0XxwUkjLTSaGb39na8hFEhTfNbq2xsbm3vVHdre/sHh0f68UlfxCkn0CMxi/nQwwIYjaAnqWQwTDjg0GMw8Ka3C38wAy5oHD3IeQJOiMcRDSjBUkmuXm/axSOZx1LI7RmQzOduZl3medPVG2bLLGCsE6skDVSi6+pfth+TNIRIEoaFGFlmIp0Mc0kJg7xmpwISTKZ4DCNFIxyCcLJif26cK8U3gpiriqRRqL8nMhwKMQ891RliORGr3kL8zxulMrh2MholqYSILBcFKTNkbCwSMXzKgUg2VwQTTtVfDTLBHBOpcqupEKzVk9dJv92yzJZ13250bso4qqiOztAFstAV6qA71EU9RNAjekav6E170l60d+1j2VrRyplT9Afa5w/puZg9</latexit><latexit sha1_base64="jwRaG8ZgKpdUaVDtodlTdJ+hRtQ=">AAACBHicbVC7TsNAEDyHVwgvA2UaiwSJKrJDAWUEDWWQyEOKLet8XiennB+6O0eKLBc0/AoNBQjR8hF0/A0XxwUkjLTSaGb39na8hFEhTfNbq2xsbm3vVHdre/sHh0f68UlfxCkn0CMxi/nQwwIYjaAnqWQwTDjg0GMw8Ka3C38wAy5oHD3IeQJOiMcRDSjBUkmuXm/axSOZx1LI7RmQzOduZl3medPVG2bLLGCsE6skDVSi6+pfth+TNIRIEoaFGFlmIp0Mc0kJg7xmpwISTKZ4DCNFIxyCcLJif26cK8U3gpiriqRRqL8nMhwKMQ891RliORGr3kL8zxulMrh2MholqYSILBcFKTNkbCwSMXzKgUg2VwQTTtVfDTLBHBOpcqupEKzVk9dJv92yzJZ13250bso4qqiOztAFstAV6qA71EU9RNAjekav6E170l60d+1j2VrRyplT9Afa5w/puZg9</latexit><latexit sha1_base64="jwRaG8ZgKpdUaVDtodlTdJ+hRtQ=">AAACBHicbVC7TsNAEDyHVwgvA2UaiwSJKrJDAWUEDWWQyEOKLet8XiennB+6O0eKLBc0/AoNBQjR8hF0/A0XxwUkjLTSaGb39na8hFEhTfNbq2xsbm3vVHdre/sHh0f68UlfxCkn0CMxi/nQwwIYjaAnqWQwTDjg0GMw8Ka3C38wAy5oHD3IeQJOiMcRDSjBUkmuXm/axSOZx1LI7RmQzOduZl3medPVG2bLLGCsE6skDVSi6+pfth+TNIRIEoaFGFlmIp0Mc0kJg7xmpwISTKZ4DCNFIxyCcLJif26cK8U3gpiriqRRqL8nMhwKMQ891RliORGr3kL8zxulMrh2MholqYSILBcFKTNkbCwSMXzKgUg2VwQTTtVfDTLBHBOpcqupEKzVk9dJv92yzJZ13250bso4qqiOztAFstAV6qA71EU9RNAjekav6E170l60d+1j2VrRyplT9Afa5w/puZg9</latexit><latexit sha1_base64="jwRaG8ZgKpdUaVDtodlTdJ+hRtQ=">AAACBHicbVC7TsNAEDyHVwgvA2UaiwSJKrJDAWUEDWWQyEOKLet8XiennB+6O0eKLBc0/AoNBQjR8hF0/A0XxwUkjLTSaGb39na8hFEhTfNbq2xsbm3vVHdre/sHh0f68UlfxCkn0CMxi/nQwwIYjaAnqWQwTDjg0GMw8Ka3C38wAy5oHD3IeQJOiMcRDSjBUkmuXm/axSOZx1LI7RmQzOduZl3medPVG2bLLGCsE6skDVSi6+pfth+TNIRIEoaFGFlmIp0Mc0kJg7xmpwISTKZ4DCNFIxyCcLJif26cK8U3gpiriqRRqL8nMhwKMQ891RliORGr3kL8zxulMrh2MholqYSILBcFKTNkbCwSMXzKgUg2VwQTTtVfDTLBHBOpcqupEKzVk9dJv92yzJZ13250bso4qqiOztAFstAV6qA71EU9RNAjekav6E170l60d+1j2VrRyplT9Afa5w/puZg9</latexit>

~dr23
<latexit sha1_base64="hNtuh7d0vwGlnTgqmNx1xkh8FOc=">AAACBHicbVC7TsNAEDyHVwgvA2UaiwSJKrJDAWUEDWWQyEOKLet8XiennB+6O0eKLBc0/AoNBQjR8hF0/A0XxwUkjLTSaGb39na8hFEhTfNbq2xsbm3vVHdre/sHh0f68UlfxCkn0CMxi/nQwwIYjaAnqWQwTDjg0GMw8Ka3C38wAy5oHD3IeQJOiMcRDSjBUkmuXm/axSOZx1LI7RmQzOdu1r7M86arN8yWWcBYJ1ZJGqhE19W/bD8maQiRJAwLMbLMRDoZ5pISBnnNTgUkmEzxGEaKRjgE4WTF/tw4V4pvBDFXFUmjUH9PZDgUYh56qjPEciJWvYX4nzdKZXDtZDRKUgkRWS4KUmbI2FgkYviUA5FsrggmnKq/GmSCOSZS5VZTIVirJ6+TfrtlmS3rvt3o3JRxVFEdnaELZKEr1EF3qIt6iKBH9Ixe0Zv2pL1o79rHsrWilTOn6A+0zx/rQZg+</latexit><latexit sha1_base64="hNtuh7d0vwGlnTgqmNx1xkh8FOc=">AAACBHicbVC7TsNAEDyHVwgvA2UaiwSJKrJDAWUEDWWQyEOKLet8XiennB+6O0eKLBc0/AoNBQjR8hF0/A0XxwUkjLTSaGb39na8hFEhTfNbq2xsbm3vVHdre/sHh0f68UlfxCkn0CMxi/nQwwIYjaAnqWQwTDjg0GMw8Ka3C38wAy5oHD3IeQJOiMcRDSjBUkmuXm/axSOZx1LI7RmQzOdu1r7M86arN8yWWcBYJ1ZJGqhE19W/bD8maQiRJAwLMbLMRDoZ5pISBnnNTgUkmEzxGEaKRjgE4WTF/tw4V4pvBDFXFUmjUH9PZDgUYh56qjPEciJWvYX4nzdKZXDtZDRKUgkRWS4KUmbI2FgkYviUA5FsrggmnKq/GmSCOSZS5VZTIVirJ6+TfrtlmS3rvt3o3JRxVFEdnaELZKEr1EF3qIt6iKBH9Ixe0Zv2pL1o79rHsrWilTOn6A+0zx/rQZg+</latexit><latexit sha1_base64="hNtuh7d0vwGlnTgqmNx1xkh8FOc=">AAACBHicbVC7TsNAEDyHVwgvA2UaiwSJKrJDAWUEDWWQyEOKLet8XiennB+6O0eKLBc0/AoNBQjR8hF0/A0XxwUkjLTSaGb39na8hFEhTfNbq2xsbm3vVHdre/sHh0f68UlfxCkn0CMxi/nQwwIYjaAnqWQwTDjg0GMw8Ka3C38wAy5oHD3IeQJOiMcRDSjBUkmuXm/axSOZx1LI7RmQzOdu1r7M86arN8yWWcBYJ1ZJGqhE19W/bD8maQiRJAwLMbLMRDoZ5pISBnnNTgUkmEzxGEaKRjgE4WTF/tw4V4pvBDFXFUmjUH9PZDgUYh56qjPEciJWvYX4nzdKZXDtZDRKUgkRWS4KUmbI2FgkYviUA5FsrggmnKq/GmSCOSZS5VZTIVirJ6+TfrtlmS3rvt3o3JRxVFEdnaELZKEr1EF3qIt6iKBH9Ixe0Zv2pL1o79rHsrWilTOn6A+0zx/rQZg+</latexit><latexit sha1_base64="hNtuh7d0vwGlnTgqmNx1xkh8FOc=">AAACBHicbVC7TsNAEDyHVwgvA2UaiwSJKrJDAWUEDWWQyEOKLet8XiennB+6O0eKLBc0/AoNBQjR8hF0/A0XxwUkjLTSaGb39na8hFEhTfNbq2xsbm3vVHdre/sHh0f68UlfxCkn0CMxi/nQwwIYjaAnqWQwTDjg0GMw8Ka3C38wAy5oHD3IeQJOiMcRDSjBUkmuXm/axSOZx1LI7RmQzOdu1r7M86arN8yWWcBYJ1ZJGqhE19W/bD8maQiRJAwLMbLMRDoZ5pISBnnNTgUkmEzxGEaKRjgE4WTF/tw4V4pvBDFXFUmjUH9PZDgUYh56qjPEciJWvYX4nzdKZXDtZDRKUgkRWS4KUmbI2FgkYviUA5FsrggmnKq/GmSCOSZS5VZTIVirJ6+TfrtlmS3rvt3o3JRxVFEdnaELZKEr1EF3qIt6iKBH9Ixe0Zv2pL1o79rHsrWilTOn6A+0zx/rQZg+</latexit>
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~k
<latexit sha1_base64="a4rfDi9n/B8eXxfsUrcggaw/IXs=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaLYk2lpgIaOBC9pY52LC7d9ndIyEXfoWNhcbY+nPs/DcucIWCL5nk5b2ZzMwLE8608bxvp7CxubW9U9wt7e0fHB6Vj0/aOk4VxRaNeaweQ6KRM4ktwwzHx0QhESHHTji+nfudCSrNYvlgpgkGggwlixglxkpP1d4EaTaeVfvlilfzFnDXiZ+TCuRo9stfvUFMU4HSUE607vpeYoKMKMMox1mpl2pMCB2TIXYtlUSgDrLFwTP3wioDN4qVLWnchfp7IiNC66kIbacgZqRXvbn4n9dNTXQdZEwmqUFJl4uilLsmduffuwOmkBo+tYRQxeytLh0RRaixGZVsCP7qy+ukXa/5Xs2/r1caN3kcRTiDc7gEH66gAXfQhBZQEPAMr/DmKOfFeXc+lq0FJ585hT9wPn8AWLCQFw==</latexit><latexit sha1_base64="a4rfDi9n/B8eXxfsUrcggaw/IXs=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaLYk2lpgIaOBC9pY52LC7d9ndIyEXfoWNhcbY+nPs/DcucIWCL5nk5b2ZzMwLE8608bxvp7CxubW9U9wt7e0fHB6Vj0/aOk4VxRaNeaweQ6KRM4ktwwzHx0QhESHHTji+nfudCSrNYvlgpgkGggwlixglxkpP1d4EaTaeVfvlilfzFnDXiZ+TCuRo9stfvUFMU4HSUE607vpeYoKMKMMox1mpl2pMCB2TIXYtlUSgDrLFwTP3wioDN4qVLWnchfp7IiNC66kIbacgZqRXvbn4n9dNTXQdZEwmqUFJl4uilLsmduffuwOmkBo+tYRQxeytLh0RRaixGZVsCP7qy+ukXa/5Xs2/r1caN3kcRTiDc7gEH66gAXfQhBZQEPAMr/DmKOfFeXc+lq0FJ585hT9wPn8AWLCQFw==</latexit><latexit sha1_base64="a4rfDi9n/B8eXxfsUrcggaw/IXs=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaLYk2lpgIaOBC9pY52LC7d9ndIyEXfoWNhcbY+nPs/DcucIWCL5nk5b2ZzMwLE8608bxvp7CxubW9U9wt7e0fHB6Vj0/aOk4VxRaNeaweQ6KRM4ktwwzHx0QhESHHTji+nfudCSrNYvlgpgkGggwlixglxkpP1d4EaTaeVfvlilfzFnDXiZ+TCuRo9stfvUFMU4HSUE607vpeYoKMKMMox1mpl2pMCB2TIXYtlUSgDrLFwTP3wioDN4qVLWnchfp7IiNC66kIbacgZqRXvbn4n9dNTXQdZEwmqUFJl4uilLsmduffuwOmkBo+tYRQxeytLh0RRaixGZVsCP7qy+ukXa/5Xs2/r1caN3kcRTiDc7gEH66gAXfQhBZQEPAMr/DmKOfFeXc+lq0FJ585hT9wPn8AWLCQFw==</latexit><latexit sha1_base64="a4rfDi9n/B8eXxfsUrcggaw/IXs=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaLYk2lpgIaOBC9pY52LC7d9ndIyEXfoWNhcbY+nPs/DcucIWCL5nk5b2ZzMwLE8608bxvp7CxubW9U9wt7e0fHB6Vj0/aOk4VxRaNeaweQ6KRM4ktwwzHx0QhESHHTji+nfudCSrNYvlgpgkGggwlixglxkpP1d4EaTaeVfvlilfzFnDXiZ+TCuRo9stfvUFMU4HSUE607vpeYoKMKMMox1mpl2pMCB2TIXYtlUSgDrLFwTP3wioDN4qVLWnchfp7IiNC66kIbacgZqRXvbn4n9dNTXQdZEwmqUFJl4uilLsmduffuwOmkBo+tYRQxeytLh0RRaixGZVsCP7qy+ukXa/5Xs2/r1caN3kcRTiDc7gEH66gAXfQhBZQEPAMr/DmKOfFeXc+lq0FJ585hT9wPn8AWLCQFw==</latexit>

A1
<latexit sha1_base64="pMaB7HzmAo/T5lMz0sH2JyubxQA=">AAAB8nicbVDLTgJBEOzFF+IL9ehlIph4Irtc9Ih68YiJPBLYkNlhFibMYzMza0I2fIYXDxrj1a/x5t84wB4UrKSTSlV3uruihDNjff/bK2xsbm3vFHdLe/sHh0fl45O2UakmtEUUV7obYUM5k7RlmeW0m2iKRcRpJ5rczf3OE9WGKflopwkNBR5JFjOCrZN61ZtB1tcCBbPqoFzxa/4CaJ0EOalAjuag/NUfKpIKKi3h2Jhe4Cc2zLC2jHA6K/VTQxNMJnhEe45KLKgJs8XJM3ThlCGKlXYlLVqovycyLIyZish1CmzHZtWbi/95vdTG12HGZJJaKslyUZxyZBWa/4+GTFNi+dQRTDRztyIyxhoT61IquRCC1ZfXSbteC/xa8FCvNG7zOIpwBudwCQFcQQPuoQktIKDgGV7hzbPei/fufSxbC14+cwp/4H3+AOJgkFI=</latexit><latexit sha1_base64="pMaB7HzmAo/T5lMz0sH2JyubxQA=">AAAB8nicbVDLTgJBEOzFF+IL9ehlIph4Irtc9Ih68YiJPBLYkNlhFibMYzMza0I2fIYXDxrj1a/x5t84wB4UrKSTSlV3uruihDNjff/bK2xsbm3vFHdLe/sHh0fl45O2UakmtEUUV7obYUM5k7RlmeW0m2iKRcRpJ5rczf3OE9WGKflopwkNBR5JFjOCrZN61ZtB1tcCBbPqoFzxa/4CaJ0EOalAjuag/NUfKpIKKi3h2Jhe4Cc2zLC2jHA6K/VTQxNMJnhEe45KLKgJs8XJM3ThlCGKlXYlLVqovycyLIyZish1CmzHZtWbi/95vdTG12HGZJJaKslyUZxyZBWa/4+GTFNi+dQRTDRztyIyxhoT61IquRCC1ZfXSbteC/xa8FCvNG7zOIpwBudwCQFcQQPuoQktIKDgGV7hzbPei/fufSxbC14+cwp/4H3+AOJgkFI=</latexit><latexit sha1_base64="pMaB7HzmAo/T5lMz0sH2JyubxQA=">AAAB8nicbVDLTgJBEOzFF+IL9ehlIph4Irtc9Ih68YiJPBLYkNlhFibMYzMza0I2fIYXDxrj1a/x5t84wB4UrKSTSlV3uruihDNjff/bK2xsbm3vFHdLe/sHh0fl45O2UakmtEUUV7obYUM5k7RlmeW0m2iKRcRpJ5rczf3OE9WGKflopwkNBR5JFjOCrZN61ZtB1tcCBbPqoFzxa/4CaJ0EOalAjuag/NUfKpIKKi3h2Jhe4Cc2zLC2jHA6K/VTQxNMJnhEe45KLKgJs8XJM3ThlCGKlXYlLVqovycyLIyZish1CmzHZtWbi/95vdTG12HGZJJaKslyUZxyZBWa/4+GTFNi+dQRTDRztyIyxhoT61IquRCC1ZfXSbteC/xa8FCvNG7zOIpwBudwCQFcQQPuoQktIKDgGV7hzbPei/fufSxbC14+cwp/4H3+AOJgkFI=</latexit><latexit sha1_base64="pMaB7HzmAo/T5lMz0sH2JyubxQA=">AAAB8nicbVDLTgJBEOzFF+IL9ehlIph4Irtc9Ih68YiJPBLYkNlhFibMYzMza0I2fIYXDxrj1a/x5t84wB4UrKSTSlV3uruihDNjff/bK2xsbm3vFHdLe/sHh0fl45O2UakmtEUUV7obYUM5k7RlmeW0m2iKRcRpJ5rczf3OE9WGKflopwkNBR5JFjOCrZN61ZtB1tcCBbPqoFzxa/4CaJ0EOalAjuag/NUfKpIKKi3h2Jhe4Cc2zLC2jHA6K/VTQxNMJnhEe45KLKgJs8XJM3ThlCGKlXYlLVqovycyLIyZish1CmzHZtWbi/95vdTG12HGZJJaKslyUZxyZBWa/4+GTFNi+dQRTDRztyIyxhoT61IquRCC1ZfXSbteC/xa8FCvNG7zOIpwBudwCQFcQQPuoQktIKDgGV7hzbPei/fufSxbC14+cwp/4H3+AOJgkFI=</latexit>

t1
<latexit sha1_base64="EplESugjY6dJwU04pIuqsjsDBic=">AAAB+3icbVA9T8MwEHXKVylfpYwsFi0SU5V0gbGChbFItEVqo8hxLq1Vx4lsB1FF+SssDCDEyh9h49/gphmg5UknPb135/M9P+FMadv+tiobm1vbO9Xd2t7+weFR/bgxUHEqKfRpzGP54BMFnAnoa6Y5PCQSSORzGPqzm4U/fASpWCzu9TwBNyITwUJGiTaSV2+0xsUjmYQg117m5C2v3rTbdgG8TpySNFGJnlf/GgcxTSMQmnKi1MixE+1mRGpGOeS1caogIXRGJjAyVJAIlJsVa3N8bpQAh7E0JTQu1N8TGYmUmke+6YyInqpVbyH+541SHV65GRNJqkHQ5aIw5VjHeBEEDpgEqvncEEIlM3/FdEokodrEVTMhOKsnr5NBp+3Ybeeu0+xel3FU0Sk6QxfIQZeoi25RD/URRU/oGb2iNyu3Xqx362PZWrHKmRP0B9bnD97VlE8=</latexit><latexit sha1_base64="EplESugjY6dJwU04pIuqsjsDBic=">AAAB+3icbVA9T8MwEHXKVylfpYwsFi0SU5V0gbGChbFItEVqo8hxLq1Vx4lsB1FF+SssDCDEyh9h49/gphmg5UknPb135/M9P+FMadv+tiobm1vbO9Xd2t7+weFR/bgxUHEqKfRpzGP54BMFnAnoa6Y5PCQSSORzGPqzm4U/fASpWCzu9TwBNyITwUJGiTaSV2+0xsUjmYQg117m5C2v3rTbdgG8TpySNFGJnlf/GgcxTSMQmnKi1MixE+1mRGpGOeS1caogIXRGJjAyVJAIlJsVa3N8bpQAh7E0JTQu1N8TGYmUmke+6YyInqpVbyH+541SHV65GRNJqkHQ5aIw5VjHeBEEDpgEqvncEEIlM3/FdEokodrEVTMhOKsnr5NBp+3Ybeeu0+xel3FU0Sk6QxfIQZeoi25RD/URRU/oGb2iNyu3Xqx362PZWrHKmRP0B9bnD97VlE8=</latexit><latexit sha1_base64="EplESugjY6dJwU04pIuqsjsDBic=">AAAB+3icbVA9T8MwEHXKVylfpYwsFi0SU5V0gbGChbFItEVqo8hxLq1Vx4lsB1FF+SssDCDEyh9h49/gphmg5UknPb135/M9P+FMadv+tiobm1vbO9Xd2t7+weFR/bgxUHEqKfRpzGP54BMFnAnoa6Y5PCQSSORzGPqzm4U/fASpWCzu9TwBNyITwUJGiTaSV2+0xsUjmYQg117m5C2v3rTbdgG8TpySNFGJnlf/GgcxTSMQmnKi1MixE+1mRGpGOeS1caogIXRGJjAyVJAIlJsVa3N8bpQAh7E0JTQu1N8TGYmUmke+6YyInqpVbyH+541SHV65GRNJqkHQ5aIw5VjHeBEEDpgEqvncEEIlM3/FdEokodrEVTMhOKsnr5NBp+3Ybeeu0+xel3FU0Sk6QxfIQZeoi25RD/URRU/oGb2iNyu3Xqx362PZWrHKmRP0B9bnD97VlE8=</latexit><latexit sha1_base64="EplESugjY6dJwU04pIuqsjsDBic=">AAAB+3icbVA9T8MwEHXKVylfpYwsFi0SU5V0gbGChbFItEVqo8hxLq1Vx4lsB1FF+SssDCDEyh9h49/gphmg5UknPb135/M9P+FMadv+tiobm1vbO9Xd2t7+weFR/bgxUHEqKfRpzGP54BMFnAnoa6Y5PCQSSORzGPqzm4U/fASpWCzu9TwBNyITwUJGiTaSV2+0xsUjmYQg117m5C2v3rTbdgG8TpySNFGJnlf/GgcxTSMQmnKi1MixE+1mRGpGOeS1caogIXRGJjAyVJAIlJsVa3N8bpQAh7E0JTQu1N8TGYmUmke+6YyInqpVbyH+541SHV65GRNJqkHQ5aIw5VjHeBEEDpgEqvncEEIlM3/FdEokodrEVTMhOKsnr5NBp+3Ybeeu0+xel3FU0Sk6QxfIQZeoi25RD/URRU/oGb2iNyu3Xqx362PZWrHKmRP0B9bnD97VlE8=</latexit>

Method

Plane wave reconstruction : Method

A2
<latexit sha1_base64="kBceEHo6GD0VxghbNDJBSFoZasM=">AAAB8nicbVDLTgJBEJzFF+IL9ehlIph4Irtc9Ih68YiJPBLYkNlhFibMYzPTa0I2fIYXDxrj1a/x5t84wB4UrKSTSlV3uruiRHALvv/tFTY2t7Z3irulvf2Dw6Py8Unb6tRQ1qJaaNONiGWCK9YCDoJ1E8OIjATrRJO7ud95YsZyrR5hmrBQkpHiMacEnNSr3gyyvpG4PqsOyhW/5i+A10mQkwrK0RyUv/pDTVPJFFBBrO0FfgJhRgxwKtis1E8tSwidkBHrOaqIZDbMFifP8IVThjjWxpUCvFB/T2REWjuVkeuUBMZ21ZuL/3m9FOLrMOMqSYEpulwUpwKDxvP/8ZAbRkFMHSHUcHcrpmNiCAWXUsmFEKy+vE7a9Vrg14KHeqVxm8dRRGfoHF2iAF2hBrpHTdRCFGn0jF7Rmwfei/fufSxbC14+c4r+wPv8AePmkFM=</latexit><latexit sha1_base64="kBceEHo6GD0VxghbNDJBSFoZasM=">AAAB8nicbVDLTgJBEJzFF+IL9ehlIph4Irtc9Ih68YiJPBLYkNlhFibMYzPTa0I2fIYXDxrj1a/x5t84wB4UrKSTSlV3uruiRHALvv/tFTY2t7Z3irulvf2Dw6Py8Unb6tRQ1qJaaNONiGWCK9YCDoJ1E8OIjATrRJO7ud95YsZyrR5hmrBQkpHiMacEnNSr3gyyvpG4PqsOyhW/5i+A10mQkwrK0RyUv/pDTVPJFFBBrO0FfgJhRgxwKtis1E8tSwidkBHrOaqIZDbMFifP8IVThjjWxpUCvFB/T2REWjuVkeuUBMZ21ZuL/3m9FOLrMOMqSYEpulwUpwKDxvP/8ZAbRkFMHSHUcHcrpmNiCAWXUsmFEKy+vE7a9Vrg14KHeqVxm8dRRGfoHF2iAF2hBrpHTdRCFGn0jF7Rmwfei/fufSxbC14+c4r+wPv8AePmkFM=</latexit><latexit sha1_base64="kBceEHo6GD0VxghbNDJBSFoZasM=">AAAB8nicbVDLTgJBEJzFF+IL9ehlIph4Irtc9Ih68YiJPBLYkNlhFibMYzPTa0I2fIYXDxrj1a/x5t84wB4UrKSTSlV3uruiRHALvv/tFTY2t7Z3irulvf2Dw6Py8Unb6tRQ1qJaaNONiGWCK9YCDoJ1E8OIjATrRJO7ud95YsZyrR5hmrBQkpHiMacEnNSr3gyyvpG4PqsOyhW/5i+A10mQkwrK0RyUv/pDTVPJFFBBrO0FfgJhRgxwKtis1E8tSwidkBHrOaqIZDbMFifP8IVThjjWxpUCvFB/T2REWjuVkeuUBMZ21ZuL/3m9FOLrMOMqSYEpulwUpwKDxvP/8ZAbRkFMHSHUcHcrpmNiCAWXUsmFEKy+vE7a9Vrg14KHeqVxm8dRRGfoHF2iAF2hBrpHTdRCFGn0jF7Rmwfei/fufSxbC14+c4r+wPv8AePmkFM=</latexit><latexit sha1_base64="kBceEHo6GD0VxghbNDJBSFoZasM=">AAAB8nicbVDLTgJBEJzFF+IL9ehlIph4Irtc9Ih68YiJPBLYkNlhFibMYzPTa0I2fIYXDxrj1a/x5t84wB4UrKSTSlV3uruiRHALvv/tFTY2t7Z3irulvf2Dw6Py8Unb6tRQ1qJaaNONiGWCK9YCDoJ1E8OIjATrRJO7ud95YsZyrR5hmrBQkpHiMacEnNSr3gyyvpG4PqsOyhW/5i+A10mQkwrK0RyUv/pDTVPJFFBBrO0FfgJhRgxwKtis1E8tSwidkBHrOaqIZDbMFifP8IVThjjWxpUCvFB/T2REWjuVkeuUBMZ21ZuL/3m9FOLrMOMqSYEpulwUpwKDxvP/8ZAbRkFMHSHUcHcrpmNiCAWXUsmFEKy+vE7a9Vrg14KHeqVxm8dRRGfoHF2iAF2hBrpHTdRCFGn0jF7Rmwfei/fufSxbC14+c4r+wPv8AePmkFM=</latexit>

A3
<latexit sha1_base64="CfNVr7ySLk5nVUhm4cL8fc4fRCA=">AAAB8nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstERtLDERJDkuZG9ZYMN+XHb3TMiFn2FjoTG2/ho7/40LXKHgSyZ5eW8mM/PihDNjff/bK6ytb2xuFbdLO7t7+wflw6O2UakmtEUUV7oTY0M5k7RlmeW0k2iKRczpYzy+nfmPT1QbpuSDnSQ0Engo2YARbJ0UVq97WVcLdDGt9soVv+bPgVZJkJMK5Gj2yl/dviKpoNISjo0JAz+xUYa1ZYTTaambGppgMsZDGjoqsaAmyuYnT9GZU/pooLQradFc/T2RYWHMRMSuU2A7MsveTPzPC1M7uIoyJpPUUkkWiwYpR1ah2f+ozzQllk8cwUQzdysiI6wxsS6lkgshWH55lbTrtcCvBff1SuMmj6MIJ3AK5xDAJTTgDprQAgIKnuEV3jzrvXjv3seiteDlM8fwB97nD+VskFQ=</latexit><latexit sha1_base64="CfNVr7ySLk5nVUhm4cL8fc4fRCA=">AAAB8nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstERtLDERJDkuZG9ZYMN+XHb3TMiFn2FjoTG2/ho7/40LXKHgSyZ5eW8mM/PihDNjff/bK6ytb2xuFbdLO7t7+wflw6O2UakmtEUUV7oTY0M5k7RlmeW0k2iKRczpYzy+nfmPT1QbpuSDnSQ0Engo2YARbJ0UVq97WVcLdDGt9soVv+bPgVZJkJMK5Gj2yl/dviKpoNISjo0JAz+xUYa1ZYTTaambGppgMsZDGjoqsaAmyuYnT9GZU/pooLQradFc/T2RYWHMRMSuU2A7MsveTPzPC1M7uIoyJpPUUkkWiwYpR1ah2f+ozzQllk8cwUQzdysiI6wxsS6lkgshWH55lbTrtcCvBff1SuMmj6MIJ3AK5xDAJTTgDprQAgIKnuEV3jzrvXjv3seiteDlM8fwB97nD+VskFQ=</latexit><latexit sha1_base64="CfNVr7ySLk5nVUhm4cL8fc4fRCA=">AAAB8nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstERtLDERJDkuZG9ZYMN+XHb3TMiFn2FjoTG2/ho7/40LXKHgSyZ5eW8mM/PihDNjff/bK6ytb2xuFbdLO7t7+wflw6O2UakmtEUUV7oTY0M5k7RlmeW0k2iKRczpYzy+nfmPT1QbpuSDnSQ0Engo2YARbJ0UVq97WVcLdDGt9soVv+bPgVZJkJMK5Gj2yl/dviKpoNISjo0JAz+xUYa1ZYTTaambGppgMsZDGjoqsaAmyuYnT9GZU/pooLQradFc/T2RYWHMRMSuU2A7MsveTPzPC1M7uIoyJpPUUkkWiwYpR1ah2f+ozzQllk8cwUQzdysiI6wxsS6lkgshWH55lbTrtcCvBff1SuMmj6MIJ3AK5xDAJTTgDprQAgIKnuEV3jzrvXjv3seiteDlM8fwB97nD+VskFQ=</latexit><latexit sha1_base64="CfNVr7ySLk5nVUhm4cL8fc4fRCA=">AAAB8nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstERtLDERJDkuZG9ZYMN+XHb3TMiFn2FjoTG2/ho7/40LXKHgSyZ5eW8mM/PihDNjff/bK6ytb2xuFbdLO7t7+wflw6O2UakmtEUUV7oTY0M5k7RlmeW0k2iKRczpYzy+nfmPT1QbpuSDnSQ0Engo2YARbJ0UVq97WVcLdDGt9soVv+bPgVZJkJMK5Gj2yl/dviKpoNISjo0JAz+xUYa1ZYTTaambGppgMsZDGjoqsaAmyuYnT9GZU/pooLQradFc/T2RYWHMRMSuU2A7MsveTPzPC1M7uIoyJpPUUkkWiwYpR1ah2f+ozzQllk8cwUQzdysiI6wxsS6lkgshWH55lbTrtcCvBff1SuMmj6MIJ3AK5xDAJTTgDprQAgIKnuEV3jzrvXjv3seiteDlM8fwB97nD+VskFQ=</latexit>
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~k
<latexit sha1_base64="a4rfDi9n/B8eXxfsUrcggaw/IXs=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaLYk2lpgIaOBC9pY52LC7d9ndIyEXfoWNhcbY+nPs/DcucIWCL5nk5b2ZzMwLE8608bxvp7CxubW9U9wt7e0fHB6Vj0/aOk4VxRaNeaweQ6KRM4ktwwzHx0QhESHHTji+nfudCSrNYvlgpgkGggwlixglxkpP1d4EaTaeVfvlilfzFnDXiZ+TCuRo9stfvUFMU4HSUE607vpeYoKMKMMox1mpl2pMCB2TIXYtlUSgDrLFwTP3wioDN4qVLWnchfp7IiNC66kIbacgZqRXvbn4n9dNTXQdZEwmqUFJl4uilLsmduffuwOmkBo+tYRQxeytLh0RRaixGZVsCP7qy+ukXa/5Xs2/r1caN3kcRTiDc7gEH66gAXfQhBZQEPAMr/DmKOfFeXc+lq0FJ585hT9wPn8AWLCQFw==</latexit><latexit sha1_base64="a4rfDi9n/B8eXxfsUrcggaw/IXs=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaLYk2lpgIaOBC9pY52LC7d9ndIyEXfoWNhcbY+nPs/DcucIWCL5nk5b2ZzMwLE8608bxvp7CxubW9U9wt7e0fHB6Vj0/aOk4VxRaNeaweQ6KRM4ktwwzHx0QhESHHTji+nfudCSrNYvlgpgkGggwlixglxkpP1d4EaTaeVfvlilfzFnDXiZ+TCuRo9stfvUFMU4HSUE607vpeYoKMKMMox1mpl2pMCB2TIXYtlUSgDrLFwTP3wioDN4qVLWnchfp7IiNC66kIbacgZqRXvbn4n9dNTXQdZEwmqUFJl4uilLsmduffuwOmkBo+tYRQxeytLh0RRaixGZVsCP7qy+ukXa/5Xs2/r1caN3kcRTiDc7gEH66gAXfQhBZQEPAMr/DmKOfFeXc+lq0FJ585hT9wPn8AWLCQFw==</latexit><latexit sha1_base64="a4rfDi9n/B8eXxfsUrcggaw/IXs=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaLYk2lpgIaOBC9pY52LC7d9ndIyEXfoWNhcbY+nPs/DcucIWCL5nk5b2ZzMwLE8608bxvp7CxubW9U9wt7e0fHB6Vj0/aOk4VxRaNeaweQ6KRM4ktwwzHx0QhESHHTji+nfudCSrNYvlgpgkGggwlixglxkpP1d4EaTaeVfvlilfzFnDXiZ+TCuRo9stfvUFMU4HSUE607vpeYoKMKMMox1mpl2pMCB2TIXYtlUSgDrLFwTP3wioDN4qVLWnchfp7IiNC66kIbacgZqRXvbn4n9dNTXQdZEwmqUFJl4uilLsmduffuwOmkBo+tYRQxeytLh0RRaixGZVsCP7qy+ukXa/5Xs2/r1caN3kcRTiDc7gEH66gAXfQhBZQEPAMr/DmKOfFeXc+lq0FJ585hT9wPn8AWLCQFw==</latexit><latexit sha1_base64="a4rfDi9n/B8eXxfsUrcggaw/IXs=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaLYk2lpgIaOBC9pY52LC7d9ndIyEXfoWNhcbY+nPs/DcucIWCL5nk5b2ZzMwLE8608bxvp7CxubW9U9wt7e0fHB6Vj0/aOk4VxRaNeaweQ6KRM4ktwwzHx0QhESHHTji+nfudCSrNYvlgpgkGggwlixglxkpP1d4EaTaeVfvlilfzFnDXiZ+TCuRo9stfvUFMU4HSUE607vpeYoKMKMMox1mpl2pMCB2TIXYtlUSgDrLFwTP3wioDN4qVLWnchfp7IiNC66kIbacgZqRXvbn4n9dNTXQdZEwmqUFJl4uilLsmduffuwOmkBo+tYRQxeytLh0RRaixGZVsCP7qy+ukXa/5Xs2/r1caN3kcRTiDc7gEH66gAXfQhBZQEPAMr/DmKOfFeXc+lq0FJ585hT9wPn8AWLCQFw==</latexit>

A1
<latexit sha1_base64="pMaB7HzmAo/T5lMz0sH2JyubxQA=">AAAB8nicbVDLTgJBEOzFF+IL9ehlIph4Irtc9Ih68YiJPBLYkNlhFibMYzMza0I2fIYXDxrj1a/x5t84wB4UrKSTSlV3uruihDNjff/bK2xsbm3vFHdLe/sHh0fl45O2UakmtEUUV7obYUM5k7RlmeW0m2iKRcRpJ5rczf3OE9WGKflopwkNBR5JFjOCrZN61ZtB1tcCBbPqoFzxa/4CaJ0EOalAjuag/NUfKpIKKi3h2Jhe4Cc2zLC2jHA6K/VTQxNMJnhEe45KLKgJs8XJM3ThlCGKlXYlLVqovycyLIyZish1CmzHZtWbi/95vdTG12HGZJJaKslyUZxyZBWa/4+GTFNi+dQRTDRztyIyxhoT61IquRCC1ZfXSbteC/xa8FCvNG7zOIpwBudwCQFcQQPuoQktIKDgGV7hzbPei/fufSxbC14+cwp/4H3+AOJgkFI=</latexit><latexit sha1_base64="pMaB7HzmAo/T5lMz0sH2JyubxQA=">AAAB8nicbVDLTgJBEOzFF+IL9ehlIph4Irtc9Ih68YiJPBLYkNlhFibMYzMza0I2fIYXDxrj1a/x5t84wB4UrKSTSlV3uruihDNjff/bK2xsbm3vFHdLe/sHh0fl45O2UakmtEUUV7obYUM5k7RlmeW0m2iKRcRpJ5rczf3OE9WGKflopwkNBR5JFjOCrZN61ZtB1tcCBbPqoFzxa/4CaJ0EOalAjuag/NUfKpIKKi3h2Jhe4Cc2zLC2jHA6K/VTQxNMJnhEe45KLKgJs8XJM3ThlCGKlXYlLVqovycyLIyZish1CmzHZtWbi/95vdTG12HGZJJaKslyUZxyZBWa/4+GTFNi+dQRTDRztyIyxhoT61IquRCC1ZfXSbteC/xa8FCvNG7zOIpwBudwCQFcQQPuoQktIKDgGV7hzbPei/fufSxbC14+cwp/4H3+AOJgkFI=</latexit><latexit sha1_base64="pMaB7HzmAo/T5lMz0sH2JyubxQA=">AAAB8nicbVDLTgJBEOzFF+IL9ehlIph4Irtc9Ih68YiJPBLYkNlhFibMYzMza0I2fIYXDxrj1a/x5t84wB4UrKSTSlV3uruihDNjff/bK2xsbm3vFHdLe/sHh0fl45O2UakmtEUUV7obYUM5k7RlmeW0m2iKRcRpJ5rczf3OE9WGKflopwkNBR5JFjOCrZN61ZtB1tcCBbPqoFzxa/4CaJ0EOalAjuag/NUfKpIKKi3h2Jhe4Cc2zLC2jHA6K/VTQxNMJnhEe45KLKgJs8XJM3ThlCGKlXYlLVqovycyLIyZish1CmzHZtWbi/95vdTG12HGZJJaKslyUZxyZBWa/4+GTFNi+dQRTDRztyIyxhoT61IquRCC1ZfXSbteC/xa8FCvNG7zOIpwBudwCQFcQQPuoQktIKDgGV7hzbPei/fufSxbC14+cwp/4H3+AOJgkFI=</latexit><latexit sha1_base64="pMaB7HzmAo/T5lMz0sH2JyubxQA=">AAAB8nicbVDLTgJBEOzFF+IL9ehlIph4Irtc9Ih68YiJPBLYkNlhFibMYzMza0I2fIYXDxrj1a/x5t84wB4UrKSTSlV3uruihDNjff/bK2xsbm3vFHdLe/sHh0fl45O2UakmtEUUV7obYUM5k7RlmeW0m2iKRcRpJ5rczf3OE9WGKflopwkNBR5JFjOCrZN61ZtB1tcCBbPqoFzxa/4CaJ0EOalAjuag/NUfKpIKKi3h2Jhe4Cc2zLC2jHA6K/VTQxNMJnhEe45KLKgJs8XJM3ThlCGKlXYlLVqovycyLIyZish1CmzHZtWbi/95vdTG12HGZJJaKslyUZxyZBWa/4+GTFNi+dQRTDRztyIyxhoT61IquRCC1ZfXSbteC/xa8FCvNG7zOIpwBudwCQFcQQPuoQktIKDgGV7hzbPei/fufSxbC14+cwp/4H3+AOJgkFI=</latexit>

t1
<latexit sha1_base64="EplESugjY6dJwU04pIuqsjsDBic=">AAAB+3icbVA9T8MwEHXKVylfpYwsFi0SU5V0gbGChbFItEVqo8hxLq1Vx4lsB1FF+SssDCDEyh9h49/gphmg5UknPb135/M9P+FMadv+tiobm1vbO9Xd2t7+weFR/bgxUHEqKfRpzGP54BMFnAnoa6Y5PCQSSORzGPqzm4U/fASpWCzu9TwBNyITwUJGiTaSV2+0xsUjmYQg117m5C2v3rTbdgG8TpySNFGJnlf/GgcxTSMQmnKi1MixE+1mRGpGOeS1caogIXRGJjAyVJAIlJsVa3N8bpQAh7E0JTQu1N8TGYmUmke+6YyInqpVbyH+541SHV65GRNJqkHQ5aIw5VjHeBEEDpgEqvncEEIlM3/FdEokodrEVTMhOKsnr5NBp+3Ybeeu0+xel3FU0Sk6QxfIQZeoi25RD/URRU/oGb2iNyu3Xqx362PZWrHKmRP0B9bnD97VlE8=</latexit><latexit sha1_base64="EplESugjY6dJwU04pIuqsjsDBic=">AAAB+3icbVA9T8MwEHXKVylfpYwsFi0SU5V0gbGChbFItEVqo8hxLq1Vx4lsB1FF+SssDCDEyh9h49/gphmg5UknPb135/M9P+FMadv+tiobm1vbO9Xd2t7+weFR/bgxUHEqKfRpzGP54BMFnAnoa6Y5PCQSSORzGPqzm4U/fASpWCzu9TwBNyITwUJGiTaSV2+0xsUjmYQg117m5C2v3rTbdgG8TpySNFGJnlf/GgcxTSMQmnKi1MixE+1mRGpGOeS1caogIXRGJjAyVJAIlJsVa3N8bpQAh7E0JTQu1N8TGYmUmke+6YyInqpVbyH+541SHV65GRNJqkHQ5aIw5VjHeBEEDpgEqvncEEIlM3/FdEokodrEVTMhOKsnr5NBp+3Ybeeu0+xel3FU0Sk6QxfIQZeoi25RD/URRU/oGb2iNyu3Xqx362PZWrHKmRP0B9bnD97VlE8=</latexit><latexit sha1_base64="EplESugjY6dJwU04pIuqsjsDBic=">AAAB+3icbVA9T8MwEHXKVylfpYwsFi0SU5V0gbGChbFItEVqo8hxLq1Vx4lsB1FF+SssDCDEyh9h49/gphmg5UknPb135/M9P+FMadv+tiobm1vbO9Xd2t7+weFR/bgxUHEqKfRpzGP54BMFnAnoa6Y5PCQSSORzGPqzm4U/fASpWCzu9TwBNyITwUJGiTaSV2+0xsUjmYQg117m5C2v3rTbdgG8TpySNFGJnlf/GgcxTSMQmnKi1MixE+1mRGpGOeS1caogIXRGJjAyVJAIlJsVa3N8bpQAh7E0JTQu1N8TGYmUmke+6YyInqpVbyH+541SHV65GRNJqkHQ5aIw5VjHeBEEDpgEqvncEEIlM3/FdEokodrEVTMhOKsnr5NBp+3Ybeeu0+xel3FU0Sk6QxfIQZeoi25RD/URRU/oGb2iNyu3Xqx362PZWrHKmRP0B9bnD97VlE8=</latexit><latexit sha1_base64="EplESugjY6dJwU04pIuqsjsDBic=">AAAB+3icbVA9T8MwEHXKVylfpYwsFi0SU5V0gbGChbFItEVqo8hxLq1Vx4lsB1FF+SssDCDEyh9h49/gphmg5UknPb135/M9P+FMadv+tiobm1vbO9Xd2t7+weFR/bgxUHEqKfRpzGP54BMFnAnoa6Y5PCQSSORzGPqzm4U/fASpWCzu9TwBNyITwUJGiTaSV2+0xsUjmYQg117m5C2v3rTbdgG8TpySNFGJnlf/GgcxTSMQmnKi1MixE+1mRGpGOeS1caogIXRGJjAyVJAIlJsVa3N8bpQAh7E0JTQu1N8TGYmUmke+6YyInqpVbyH+541SHV65GRNJqkHQ5aIw5VjHeBEEDpgEqvncEEIlM3/FdEokodrEVTMhOKsnr5NBp+3Ybeeu0+xel3FU0Sk6QxfIQZeoi25RD/URRU/oGb2iNyu3Xqx362PZWrHKmRP0B9bnD97VlE8=</latexit>

t2
<latexit sha1_base64="gw/jeEp4Bsq+3Vq1PjuDZvHT6KM=">AAAB+3icbVA9T8MwEHXKVylfpYwsFi0SU5V0gbGChbFItEVqo8hxnNaq40T2BVFF+SssDCDEyh9h49/gphmg5UknPb135/M9PxFcg21/W5WNza3tnepubW//4PCoftwY6DhVlPVpLGL14BPNBJesDxwEe0gUI5Ev2NCf3Sz84SNTmsfyHuYJcyMykTzklICRvHqjNS4eyRQLcvCyTt7y6k27bRfA68QpSROV6Hn1r3EQ0zRiEqggWo8cOwE3Iwo4FSyvjVPNEkJnZMJGhkoSMe1mxdocnxslwGGsTEnAhfp7IiOR1vPIN50Rgale9Rbif94ohfDKzbhMUmCSLheFqcAQ40UQOOCKURBzQwhV3PwV0ylRhIKJq2ZCcFZPXieDTtux285dp9m9LuOoolN0hi6Qgy5RF92iHuojip7QM3pFb1ZuvVjv1seytWKVMyfoD6zPH+BblFA=</latexit><latexit sha1_base64="gw/jeEp4Bsq+3Vq1PjuDZvHT6KM=">AAAB+3icbVA9T8MwEHXKVylfpYwsFi0SU5V0gbGChbFItEVqo8hxnNaq40T2BVFF+SssDCDEyh9h49/gphmg5UknPb135/M9PxFcg21/W5WNza3tnepubW//4PCoftwY6DhVlPVpLGL14BPNBJesDxwEe0gUI5Ev2NCf3Sz84SNTmsfyHuYJcyMykTzklICRvHqjNS4eyRQLcvCyTt7y6k27bRfA68QpSROV6Hn1r3EQ0zRiEqggWo8cOwE3Iwo4FSyvjVPNEkJnZMJGhkoSMe1mxdocnxslwGGsTEnAhfp7IiOR1vPIN50Rgale9Rbif94ohfDKzbhMUmCSLheFqcAQ40UQOOCKURBzQwhV3PwV0ylRhIKJq2ZCcFZPXieDTtux285dp9m9LuOoolN0hi6Qgy5RF92iHuojip7QM3pFb1ZuvVjv1seytWKVMyfoD6zPH+BblFA=</latexit><latexit sha1_base64="gw/jeEp4Bsq+3Vq1PjuDZvHT6KM=">AAAB+3icbVA9T8MwEHXKVylfpYwsFi0SU5V0gbGChbFItEVqo8hxnNaq40T2BVFF+SssDCDEyh9h49/gphmg5UknPb135/M9PxFcg21/W5WNza3tnepubW//4PCoftwY6DhVlPVpLGL14BPNBJesDxwEe0gUI5Ev2NCf3Sz84SNTmsfyHuYJcyMykTzklICRvHqjNS4eyRQLcvCyTt7y6k27bRfA68QpSROV6Hn1r3EQ0zRiEqggWo8cOwE3Iwo4FSyvjVPNEkJnZMJGhkoSMe1mxdocnxslwGGsTEnAhfp7IiOR1vPIN50Rgale9Rbif94ohfDKzbhMUmCSLheFqcAQ40UQOOCKURBzQwhV3PwV0ylRhIKJq2ZCcFZPXieDTtux285dp9m9LuOoolN0hi6Qgy5RF92iHuojip7QM3pFb1ZuvVjv1seytWKVMyfoD6zPH+BblFA=</latexit><latexit sha1_base64="gw/jeEp4Bsq+3Vq1PjuDZvHT6KM=">AAAB+3icbVA9T8MwEHXKVylfpYwsFi0SU5V0gbGChbFItEVqo8hxnNaq40T2BVFF+SssDCDEyh9h49/gphmg5UknPb135/M9PxFcg21/W5WNza3tnepubW//4PCoftwY6DhVlPVpLGL14BPNBJesDxwEe0gUI5Ev2NCf3Sz84SNTmsfyHuYJcyMykTzklICRvHqjNS4eyRQLcvCyTt7y6k27bRfA68QpSROV6Hn1r3EQ0zRiEqggWo8cOwE3Iwo4FSyvjVPNEkJnZMJGhkoSMe1mxdocnxslwGGsTEnAhfp7IiOR1vPIN50Rgale9Rbif94ohfDKzbhMUmCSLheFqcAQ40UQOOCKURBzQwhV3PwV0ylRhIKJq2ZCcFZPXieDTtux285dp9m9LuOoolN0hi6Qgy5RF92iHuojip7QM3pFb1ZuvVjv1seytWKVMyfoD6zPH+BblFA=</latexit>

�2
12 = ( ~dr12 · ~k � c(t1 � t2))2

<latexit sha1_base64="gm8Dh+HnHgZHuXJl0A7X0B3xG8U="></latexit><latexit sha1_base64="gm8Dh+HnHgZHuXJl0A7X0B3xG8U="></latexit><latexit sha1_base64="gm8Dh+HnHgZHuXJl0A7X0B3xG8U="></latexit><latexit sha1_base64="gm8Dh+HnHgZHuXJl0A7X0B3xG8U="></latexit>

Method

Plane wave reconstruction : Method

A2
<latexit sha1_base64="kBceEHo6GD0VxghbNDJBSFoZasM=">AAAB8nicbVDLTgJBEJzFF+IL9ehlIph4Irtc9Ih68YiJPBLYkNlhFibMYzPTa0I2fIYXDxrj1a/x5t84wB4UrKSTSlV3uruiRHALvv/tFTY2t7Z3irulvf2Dw6Py8Unb6tRQ1qJaaNONiGWCK9YCDoJ1E8OIjATrRJO7ud95YsZyrR5hmrBQkpHiMacEnNSr3gyyvpG4PqsOyhW/5i+A10mQkwrK0RyUv/pDTVPJFFBBrO0FfgJhRgxwKtis1E8tSwidkBHrOaqIZDbMFifP8IVThjjWxpUCvFB/T2REWjuVkeuUBMZ21ZuL/3m9FOLrMOMqSYEpulwUpwKDxvP/8ZAbRkFMHSHUcHcrpmNiCAWXUsmFEKy+vE7a9Vrg14KHeqVxm8dRRGfoHF2iAF2hBrpHTdRCFGn0jF7Rmwfei/fufSxbC14+c4r+wPv8AePmkFM=</latexit><latexit sha1_base64="kBceEHo6GD0VxghbNDJBSFoZasM=">AAAB8nicbVDLTgJBEJzFF+IL9ehlIph4Irtc9Ih68YiJPBLYkNlhFibMYzPTa0I2fIYXDxrj1a/x5t84wB4UrKSTSlV3uruiRHALvv/tFTY2t7Z3irulvf2Dw6Py8Unb6tRQ1qJaaNONiGWCK9YCDoJ1E8OIjATrRJO7ud95YsZyrR5hmrBQkpHiMacEnNSr3gyyvpG4PqsOyhW/5i+A10mQkwrK0RyUv/pDTVPJFFBBrO0FfgJhRgxwKtis1E8tSwidkBHrOaqIZDbMFifP8IVThjjWxpUCvFB/T2REWjuVkeuUBMZ21ZuL/3m9FOLrMOMqSYEpulwUpwKDxvP/8ZAbRkFMHSHUcHcrpmNiCAWXUsmFEKy+vE7a9Vrg14KHeqVxm8dRRGfoHF2iAF2hBrpHTdRCFGn0jF7Rmwfei/fufSxbC14+c4r+wPv8AePmkFM=</latexit><latexit sha1_base64="kBceEHo6GD0VxghbNDJBSFoZasM=">AAAB8nicbVDLTgJBEJzFF+IL9ehlIph4Irtc9Ih68YiJPBLYkNlhFibMYzPTa0I2fIYXDxrj1a/x5t84wB4UrKSTSlV3uruiRHALvv/tFTY2t7Z3irulvf2Dw6Py8Unb6tRQ1qJaaNONiGWCK9YCDoJ1E8OIjATrRJO7ud95YsZyrR5hmrBQkpHiMacEnNSr3gyyvpG4PqsOyhW/5i+A10mQkwrK0RyUv/pDTVPJFFBBrO0FfgJhRgxwKtis1E8tSwidkBHrOaqIZDbMFifP8IVThjjWxpUCvFB/T2REWjuVkeuUBMZ21ZuL/3m9FOLrMOMqSYEpulwUpwKDxvP/8ZAbRkFMHSHUcHcrpmNiCAWXUsmFEKy+vE7a9Vrg14KHeqVxm8dRRGfoHF2iAF2hBrpHTdRCFGn0jF7Rmwfei/fufSxbC14+c4r+wPv8AePmkFM=</latexit><latexit sha1_base64="kBceEHo6GD0VxghbNDJBSFoZasM=">AAAB8nicbVDLTgJBEJzFF+IL9ehlIph4Irtc9Ih68YiJPBLYkNlhFibMYzPTa0I2fIYXDxrj1a/x5t84wB4UrKSTSlV3uruiRHALvv/tFTY2t7Z3irulvf2Dw6Py8Unb6tRQ1qJaaNONiGWCK9YCDoJ1E8OIjATrRJO7ud95YsZyrR5hmrBQkpHiMacEnNSr3gyyvpG4PqsOyhW/5i+A10mQkwrK0RyUv/pDTVPJFFBBrO0FfgJhRgxwKtis1E8tSwidkBHrOaqIZDbMFifP8IVThjjWxpUCvFB/T2REWjuVkeuUBMZ21ZuL/3m9FOLrMOMqSYEpulwUpwKDxvP/8ZAbRkFMHSHUcHcrpmNiCAWXUsmFEKy+vE7a9Vrg14KHeqVxm8dRRGfoHF2iAF2hBrpHTdRCFGn0jF7Rmwfei/fufSxbC14+c4r+wPv8AePmkFM=</latexit>

A3
<latexit sha1_base64="CfNVr7ySLk5nVUhm4cL8fc4fRCA=">AAAB8nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstERtLDERJDkuZG9ZYMN+XHb3TMiFn2FjoTG2/ho7/40LXKHgSyZ5eW8mM/PihDNjff/bK6ytb2xuFbdLO7t7+wflw6O2UakmtEUUV7oTY0M5k7RlmeW0k2iKRczpYzy+nfmPT1QbpuSDnSQ0Engo2YARbJ0UVq97WVcLdDGt9soVv+bPgVZJkJMK5Gj2yl/dviKpoNISjo0JAz+xUYa1ZYTTaambGppgMsZDGjoqsaAmyuYnT9GZU/pooLQradFc/T2RYWHMRMSuU2A7MsveTPzPC1M7uIoyJpPUUkkWiwYpR1ah2f+ozzQllk8cwUQzdysiI6wxsS6lkgshWH55lbTrtcCvBff1SuMmj6MIJ3AK5xDAJTTgDprQAgIKnuEV3jzrvXjv3seiteDlM8fwB97nD+VskFQ=</latexit><latexit sha1_base64="CfNVr7ySLk5nVUhm4cL8fc4fRCA=">AAAB8nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstERtLDERJDkuZG9ZYMN+XHb3TMiFn2FjoTG2/ho7/40LXKHgSyZ5eW8mM/PihDNjff/bK6ytb2xuFbdLO7t7+wflw6O2UakmtEUUV7oTY0M5k7RlmeW0k2iKRczpYzy+nfmPT1QbpuSDnSQ0Engo2YARbJ0UVq97WVcLdDGt9soVv+bPgVZJkJMK5Gj2yl/dviKpoNISjo0JAz+xUYa1ZYTTaambGppgMsZDGjoqsaAmyuYnT9GZU/pooLQradFc/T2RYWHMRMSuU2A7MsveTPzPC1M7uIoyJpPUUkkWiwYpR1ah2f+ozzQllk8cwUQzdysiI6wxsS6lkgshWH55lbTrtcCvBff1SuMmj6MIJ3AK5xDAJTTgDprQAgIKnuEV3jzrvXjv3seiteDlM8fwB97nD+VskFQ=</latexit><latexit sha1_base64="CfNVr7ySLk5nVUhm4cL8fc4fRCA=">AAAB8nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstERtLDERJDkuZG9ZYMN+XHb3TMiFn2FjoTG2/ho7/40LXKHgSyZ5eW8mM/PihDNjff/bK6ytb2xuFbdLO7t7+wflw6O2UakmtEUUV7oTY0M5k7RlmeW0k2iKRczpYzy+nfmPT1QbpuSDnSQ0Engo2YARbJ0UVq97WVcLdDGt9soVv+bPgVZJkJMK5Gj2yl/dviKpoNISjo0JAz+xUYa1ZYTTaambGppgMsZDGjoqsaAmyuYnT9GZU/pooLQradFc/T2RYWHMRMSuU2A7MsveTPzPC1M7uIoyJpPUUkkWiwYpR1ah2f+ozzQllk8cwUQzdysiI6wxsS6lkgshWH55lbTrtcCvBff1SuMmj6MIJ3AK5xDAJTTgDprQAgIKnuEV3jzrvXjv3seiteDlM8fwB97nD+VskFQ=</latexit><latexit sha1_base64="CfNVr7ySLk5nVUhm4cL8fc4fRCA=">AAAB8nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstERtLDERJDkuZG9ZYMN+XHb3TMiFn2FjoTG2/ho7/40LXKHgSyZ5eW8mM/PihDNjff/bK6ytb2xuFbdLO7t7+wflw6O2UakmtEUUV7oTY0M5k7RlmeW0k2iKRczpYzy+nfmPT1QbpuSDnSQ0Engo2YARbJ0UVq97WVcLdDGt9soVv+bPgVZJkJMK5Gj2yl/dviKpoNISjo0JAz+xUYa1ZYTTaambGppgMsZDGjoqsaAmyuYnT9GZU/pooLQradFc/T2RYWHMRMSuU2A7MsveTPzPC1M7uIoyJpPUUkkWiwYpR1ah2f+ozzQllk8cwUQzdysiI6wxsS6lkgshWH55lbTrtcCvBff1SuMmj6MIJ3AK5xDAJTTgDprQAgIKnuEV3jzrvXjv3seiteDlM8fwB97nD+VskFQ=</latexit>
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~k
<latexit sha1_base64="a4rfDi9n/B8eXxfsUrcggaw/IXs=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaLYk2lpgIaOBC9pY52LC7d9ndIyEXfoWNhcbY+nPs/DcucIWCL5nk5b2ZzMwLE8608bxvp7CxubW9U9wt7e0fHB6Vj0/aOk4VxRaNeaweQ6KRM4ktwwzHx0QhESHHTji+nfudCSrNYvlgpgkGggwlixglxkpP1d4EaTaeVfvlilfzFnDXiZ+TCuRo9stfvUFMU4HSUE607vpeYoKMKMMox1mpl2pMCB2TIXYtlUSgDrLFwTP3wioDN4qVLWnchfp7IiNC66kIbacgZqRXvbn4n9dNTXQdZEwmqUFJl4uilLsmduffuwOmkBo+tYRQxeytLh0RRaixGZVsCP7qy+ukXa/5Xs2/r1caN3kcRTiDc7gEH66gAXfQhBZQEPAMr/DmKOfFeXc+lq0FJ585hT9wPn8AWLCQFw==</latexit><latexit sha1_base64="a4rfDi9n/B8eXxfsUrcggaw/IXs=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaLYk2lpgIaOBC9pY52LC7d9ndIyEXfoWNhcbY+nPs/DcucIWCL5nk5b2ZzMwLE8608bxvp7CxubW9U9wt7e0fHB6Vj0/aOk4VxRaNeaweQ6KRM4ktwwzHx0QhESHHTji+nfudCSrNYvlgpgkGggwlixglxkpP1d4EaTaeVfvlilfzFnDXiZ+TCuRo9stfvUFMU4HSUE607vpeYoKMKMMox1mpl2pMCB2TIXYtlUSgDrLFwTP3wioDN4qVLWnchfp7IiNC66kIbacgZqRXvbn4n9dNTXQdZEwmqUFJl4uilLsmduffuwOmkBo+tYRQxeytLh0RRaixGZVsCP7qy+ukXa/5Xs2/r1caN3kcRTiDc7gEH66gAXfQhBZQEPAMr/DmKOfFeXc+lq0FJ585hT9wPn8AWLCQFw==</latexit><latexit sha1_base64="a4rfDi9n/B8eXxfsUrcggaw/IXs=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaLYk2lpgIaOBC9pY52LC7d9ndIyEXfoWNhcbY+nPs/DcucIWCL5nk5b2ZzMwLE8608bxvp7CxubW9U9wt7e0fHB6Vj0/aOk4VxRaNeaweQ6KRM4ktwwzHx0QhESHHTji+nfudCSrNYvlgpgkGggwlixglxkpP1d4EaTaeVfvlilfzFnDXiZ+TCuRo9stfvUFMU4HSUE607vpeYoKMKMMox1mpl2pMCB2TIXYtlUSgDrLFwTP3wioDN4qVLWnchfp7IiNC66kIbacgZqRXvbn4n9dNTXQdZEwmqUFJl4uilLsmduffuwOmkBo+tYRQxeytLh0RRaixGZVsCP7qy+ukXa/5Xs2/r1caN3kcRTiDc7gEH66gAXfQhBZQEPAMr/DmKOfFeXc+lq0FJ585hT9wPn8AWLCQFw==</latexit><latexit sha1_base64="a4rfDi9n/B8eXxfsUrcggaw/IXs=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaLYk2lpgIaOBC9pY52LC7d9ndIyEXfoWNhcbY+nPs/DcucIWCL5nk5b2ZzMwLE8608bxvp7CxubW9U9wt7e0fHB6Vj0/aOk4VxRaNeaweQ6KRM4ktwwzHx0QhESHHTji+nfudCSrNYvlgpgkGggwlixglxkpP1d4EaTaeVfvlilfzFnDXiZ+TCuRo9stfvUFMU4HSUE607vpeYoKMKMMox1mpl2pMCB2TIXYtlUSgDrLFwTP3wioDN4qVLWnchfp7IiNC66kIbacgZqRXvbn4n9dNTXQdZEwmqUFJl4uilLsmduffuwOmkBo+tYRQxeytLh0RRaixGZVsCP7qy+ukXa/5Xs2/r1caN3kcRTiDc7gEH66gAXfQhBZQEPAMr/DmKOfFeXc+lq0FJ585hT9wPn8AWLCQFw==</latexit>

A1
<latexit sha1_base64="pMaB7HzmAo/T5lMz0sH2JyubxQA=">AAAB8nicbVDLTgJBEOzFF+IL9ehlIph4Irtc9Ih68YiJPBLYkNlhFibMYzMza0I2fIYXDxrj1a/x5t84wB4UrKSTSlV3uruihDNjff/bK2xsbm3vFHdLe/sHh0fl45O2UakmtEUUV7obYUM5k7RlmeW0m2iKRcRpJ5rczf3OE9WGKflopwkNBR5JFjOCrZN61ZtB1tcCBbPqoFzxa/4CaJ0EOalAjuag/NUfKpIKKi3h2Jhe4Cc2zLC2jHA6K/VTQxNMJnhEe45KLKgJs8XJM3ThlCGKlXYlLVqovycyLIyZish1CmzHZtWbi/95vdTG12HGZJJaKslyUZxyZBWa/4+GTFNi+dQRTDRztyIyxhoT61IquRCC1ZfXSbteC/xa8FCvNG7zOIpwBudwCQFcQQPuoQktIKDgGV7hzbPei/fufSxbC14+cwp/4H3+AOJgkFI=</latexit><latexit sha1_base64="pMaB7HzmAo/T5lMz0sH2JyubxQA=">AAAB8nicbVDLTgJBEOzFF+IL9ehlIph4Irtc9Ih68YiJPBLYkNlhFibMYzMza0I2fIYXDxrj1a/x5t84wB4UrKSTSlV3uruihDNjff/bK2xsbm3vFHdLe/sHh0fl45O2UakmtEUUV7obYUM5k7RlmeW0m2iKRcRpJ5rczf3OE9WGKflopwkNBR5JFjOCrZN61ZtB1tcCBbPqoFzxa/4CaJ0EOalAjuag/NUfKpIKKi3h2Jhe4Cc2zLC2jHA6K/VTQxNMJnhEe45KLKgJs8XJM3ThlCGKlXYlLVqovycyLIyZish1CmzHZtWbi/95vdTG12HGZJJaKslyUZxyZBWa/4+GTFNi+dQRTDRztyIyxhoT61IquRCC1ZfXSbteC/xa8FCvNG7zOIpwBudwCQFcQQPuoQktIKDgGV7hzbPei/fufSxbC14+cwp/4H3+AOJgkFI=</latexit><latexit sha1_base64="pMaB7HzmAo/T5lMz0sH2JyubxQA=">AAAB8nicbVDLTgJBEOzFF+IL9ehlIph4Irtc9Ih68YiJPBLYkNlhFibMYzMza0I2fIYXDxrj1a/x5t84wB4UrKSTSlV3uruihDNjff/bK2xsbm3vFHdLe/sHh0fl45O2UakmtEUUV7obYUM5k7RlmeW0m2iKRcRpJ5rczf3OE9WGKflopwkNBR5JFjOCrZN61ZtB1tcCBbPqoFzxa/4CaJ0EOalAjuag/NUfKpIKKi3h2Jhe4Cc2zLC2jHA6K/VTQxNMJnhEe45KLKgJs8XJM3ThlCGKlXYlLVqovycyLIyZish1CmzHZtWbi/95vdTG12HGZJJaKslyUZxyZBWa/4+GTFNi+dQRTDRztyIyxhoT61IquRCC1ZfXSbteC/xa8FCvNG7zOIpwBudwCQFcQQPuoQktIKDgGV7hzbPei/fufSxbC14+cwp/4H3+AOJgkFI=</latexit><latexit sha1_base64="pMaB7HzmAo/T5lMz0sH2JyubxQA=">AAAB8nicbVDLTgJBEOzFF+IL9ehlIph4Irtc9Ih68YiJPBLYkNlhFibMYzMza0I2fIYXDxrj1a/x5t84wB4UrKSTSlV3uruihDNjff/bK2xsbm3vFHdLe/sHh0fl45O2UakmtEUUV7obYUM5k7RlmeW0m2iKRcRpJ5rczf3OE9WGKflopwkNBR5JFjOCrZN61ZtB1tcCBbPqoFzxa/4CaJ0EOalAjuag/NUfKpIKKi3h2Jhe4Cc2zLC2jHA6K/VTQxNMJnhEe45KLKgJs8XJM3ThlCGKlXYlLVqovycyLIyZish1CmzHZtWbi/95vdTG12HGZJJaKslyUZxyZBWa/4+GTFNi+dQRTDRztyIyxhoT61IquRCC1ZfXSbteC/xa8FCvNG7zOIpwBudwCQFcQQPuoQktIKDgGV7hzbPei/fufSxbC14+cwp/4H3+AOJgkFI=</latexit>

t1
<latexit sha1_base64="EplESugjY6dJwU04pIuqsjsDBic=">AAAB+3icbVA9T8MwEHXKVylfpYwsFi0SU5V0gbGChbFItEVqo8hxLq1Vx4lsB1FF+SssDCDEyh9h49/gphmg5UknPb135/M9P+FMadv+tiobm1vbO9Xd2t7+weFR/bgxUHEqKfRpzGP54BMFnAnoa6Y5PCQSSORzGPqzm4U/fASpWCzu9TwBNyITwUJGiTaSV2+0xsUjmYQg117m5C2v3rTbdgG8TpySNFGJnlf/GgcxTSMQmnKi1MixE+1mRGpGOeS1caogIXRGJjAyVJAIlJsVa3N8bpQAh7E0JTQu1N8TGYmUmke+6YyInqpVbyH+541SHV65GRNJqkHQ5aIw5VjHeBEEDpgEqvncEEIlM3/FdEokodrEVTMhOKsnr5NBp+3Ybeeu0+xel3FU0Sk6QxfIQZeoi25RD/URRU/oGb2iNyu3Xqx362PZWrHKmRP0B9bnD97VlE8=</latexit><latexit sha1_base64="EplESugjY6dJwU04pIuqsjsDBic=">AAAB+3icbVA9T8MwEHXKVylfpYwsFi0SU5V0gbGChbFItEVqo8hxLq1Vx4lsB1FF+SssDCDEyh9h49/gphmg5UknPb135/M9P+FMadv+tiobm1vbO9Xd2t7+weFR/bgxUHEqKfRpzGP54BMFnAnoa6Y5PCQSSORzGPqzm4U/fASpWCzu9TwBNyITwUJGiTaSV2+0xsUjmYQg117m5C2v3rTbdgG8TpySNFGJnlf/GgcxTSMQmnKi1MixE+1mRGpGOeS1caogIXRGJjAyVJAIlJsVa3N8bpQAh7E0JTQu1N8TGYmUmke+6YyInqpVbyH+541SHV65GRNJqkHQ5aIw5VjHeBEEDpgEqvncEEIlM3/FdEokodrEVTMhOKsnr5NBp+3Ybeeu0+xel3FU0Sk6QxfIQZeoi25RD/URRU/oGb2iNyu3Xqx362PZWrHKmRP0B9bnD97VlE8=</latexit><latexit sha1_base64="EplESugjY6dJwU04pIuqsjsDBic=">AAAB+3icbVA9T8MwEHXKVylfpYwsFi0SU5V0gbGChbFItEVqo8hxLq1Vx4lsB1FF+SssDCDEyh9h49/gphmg5UknPb135/M9P+FMadv+tiobm1vbO9Xd2t7+weFR/bgxUHEqKfRpzGP54BMFnAnoa6Y5PCQSSORzGPqzm4U/fASpWCzu9TwBNyITwUJGiTaSV2+0xsUjmYQg117m5C2v3rTbdgG8TpySNFGJnlf/GgcxTSMQmnKi1MixE+1mRGpGOeS1caogIXRGJjAyVJAIlJsVa3N8bpQAh7E0JTQu1N8TGYmUmke+6YyInqpVbyH+541SHV65GRNJqkHQ5aIw5VjHeBEEDpgEqvncEEIlM3/FdEokodrEVTMhOKsnr5NBp+3Ybeeu0+xel3FU0Sk6QxfIQZeoi25RD/URRU/oGb2iNyu3Xqx362PZWrHKmRP0B9bnD97VlE8=</latexit><latexit sha1_base64="EplESugjY6dJwU04pIuqsjsDBic=">AAAB+3icbVA9T8MwEHXKVylfpYwsFi0SU5V0gbGChbFItEVqo8hxLq1Vx4lsB1FF+SssDCDEyh9h49/gphmg5UknPb135/M9P+FMadv+tiobm1vbO9Xd2t7+weFR/bgxUHEqKfRpzGP54BMFnAnoa6Y5PCQSSORzGPqzm4U/fASpWCzu9TwBNyITwUJGiTaSV2+0xsUjmYQg117m5C2v3rTbdgG8TpySNFGJnlf/GgcxTSMQmnKi1MixE+1mRGpGOeS1caogIXRGJjAyVJAIlJsVa3N8bpQAh7E0JTQu1N8TGYmUmke+6YyInqpVbyH+541SHV65GRNJqkHQ5aIw5VjHeBEEDpgEqvncEEIlM3/FdEokodrEVTMhOKsnr5NBp+3Ybeeu0+xel3FU0Sk6QxfIQZeoi25RD/URRU/oGb2iNyu3Xqx362PZWrHKmRP0B9bnD97VlE8=</latexit>

t2
<latexit sha1_base64="gw/jeEp4Bsq+3Vq1PjuDZvHT6KM=">AAAB+3icbVA9T8MwEHXKVylfpYwsFi0SU5V0gbGChbFItEVqo8hxnNaq40T2BVFF+SssDCDEyh9h49/gphmg5UknPb135/M9PxFcg21/W5WNza3tnepubW//4PCoftwY6DhVlPVpLGL14BPNBJesDxwEe0gUI5Ev2NCf3Sz84SNTmsfyHuYJcyMykTzklICRvHqjNS4eyRQLcvCyTt7y6k27bRfA68QpSROV6Hn1r3EQ0zRiEqggWo8cOwE3Iwo4FSyvjVPNEkJnZMJGhkoSMe1mxdocnxslwGGsTEnAhfp7IiOR1vPIN50Rgale9Rbif94ohfDKzbhMUmCSLheFqcAQ40UQOOCKURBzQwhV3PwV0ylRhIKJq2ZCcFZPXieDTtux285dp9m9LuOoolN0hi6Qgy5RF92iHuojip7QM3pFb1ZuvVjv1seytWKVMyfoD6zPH+BblFA=</latexit><latexit sha1_base64="gw/jeEp4Bsq+3Vq1PjuDZvHT6KM=">AAAB+3icbVA9T8MwEHXKVylfpYwsFi0SU5V0gbGChbFItEVqo8hxnNaq40T2BVFF+SssDCDEyh9h49/gphmg5UknPb135/M9PxFcg21/W5WNza3tnepubW//4PCoftwY6DhVlPVpLGL14BPNBJesDxwEe0gUI5Ev2NCf3Sz84SNTmsfyHuYJcyMykTzklICRvHqjNS4eyRQLcvCyTt7y6k27bRfA68QpSROV6Hn1r3EQ0zRiEqggWo8cOwE3Iwo4FSyvjVPNEkJnZMJGhkoSMe1mxdocnxslwGGsTEnAhfp7IiOR1vPIN50Rgale9Rbif94ohfDKzbhMUmCSLheFqcAQ40UQOOCKURBzQwhV3PwV0ylRhIKJq2ZCcFZPXieDTtux285dp9m9LuOoolN0hi6Qgy5RF92iHuojip7QM3pFb1ZuvVjv1seytWKVMyfoD6zPH+BblFA=</latexit><latexit sha1_base64="gw/jeEp4Bsq+3Vq1PjuDZvHT6KM=">AAAB+3icbVA9T8MwEHXKVylfpYwsFi0SU5V0gbGChbFItEVqo8hxnNaq40T2BVFF+SssDCDEyh9h49/gphmg5UknPb135/M9PxFcg21/W5WNza3tnepubW//4PCoftwY6DhVlPVpLGL14BPNBJesDxwEe0gUI5Ev2NCf3Sz84SNTmsfyHuYJcyMykTzklICRvHqjNS4eyRQLcvCyTt7y6k27bRfA68QpSROV6Hn1r3EQ0zRiEqggWo8cOwE3Iwo4FSyvjVPNEkJnZMJGhkoSMe1mxdocnxslwGGsTEnAhfp7IiOR1vPIN50Rgale9Rbif94ohfDKzbhMUmCSLheFqcAQ40UQOOCKURBzQwhV3PwV0ylRhIKJq2ZCcFZPXieDTtux285dp9m9LuOoolN0hi6Qgy5RF92iHuojip7QM3pFb1ZuvVjv1seytWKVMyfoD6zPH+BblFA=</latexit><latexit sha1_base64="gw/jeEp4Bsq+3Vq1PjuDZvHT6KM=">AAAB+3icbVA9T8MwEHXKVylfpYwsFi0SU5V0gbGChbFItEVqo8hxnNaq40T2BVFF+SssDCDEyh9h49/gphmg5UknPb135/M9PxFcg21/W5WNza3tnepubW//4PCoftwY6DhVlPVpLGL14BPNBJesDxwEe0gUI5Ev2NCf3Sz84SNTmsfyHuYJcyMykTzklICRvHqjNS4eyRQLcvCyTt7y6k27bRfA68QpSROV6Hn1r3EQ0zRiEqggWo8cOwE3Iwo4FSyvjVPNEkJnZMJGhkoSMe1mxdocnxslwGGsTEnAhfp7IiOR1vPIN50Rgale9Rbif94ohfDKzbhMUmCSLheFqcAQ40UQOOCKURBzQwhV3PwV0ylRhIKJq2ZCcFZPXieDTtux285dp9m9LuOoolN0hi6Qgy5RF92iHuojip7QM3pFb1ZuvVjv1seytWKVMyfoD6zPH+BblFA=</latexit>

t3
<latexit sha1_base64="QhZa0hFA1MNf2UbdstHhVJS+MpY=">AAAB+3icbVC7TsMwFHXKq5RXKCNLRIvEVCVlgLGChbFI9CG1UeQ4N61Vx4lsB1FF+RUWBhBi5UfY+BvcNAO0HOlKR+fc6+t7/IRRqWz726hsbG5t71R3a3v7B4dH5nG9L+NUEOiRmMVi6GMJjHLoKaoYDBMBOPIZDPzZ7cIfPIKQNOYPap6AG+EJpyElWGnJM+vNcfFIJiDIlZdd5k3PbNgtu4C1TpySNFCJrmd+jYOYpBFwRRiWcuTYiXIzLBQlDPLaOJWQYDLDExhpynEE0s2Ktbl1rpXACmOhiyurUH9PZDiSch75ujPCaipXvYX4nzdKVXjtZpQnqQJOlovClFkqthZBWAEVQBSba4KJoPqvFpligYnScdV0CM7qyeuk3245dsu5bzc6N2UcVXSKztAFctAV6qA71EU9RNATekav6M3IjRfj3fhYtlaMcuYE/YHx+QPh4ZRR</latexit><latexit sha1_base64="QhZa0hFA1MNf2UbdstHhVJS+MpY=">AAAB+3icbVC7TsMwFHXKq5RXKCNLRIvEVCVlgLGChbFI9CG1UeQ4N61Vx4lsB1FF+RUWBhBi5UfY+BvcNAO0HOlKR+fc6+t7/IRRqWz726hsbG5t71R3a3v7B4dH5nG9L+NUEOiRmMVi6GMJjHLoKaoYDBMBOPIZDPzZ7cIfPIKQNOYPap6AG+EJpyElWGnJM+vNcfFIJiDIlZdd5k3PbNgtu4C1TpySNFCJrmd+jYOYpBFwRRiWcuTYiXIzLBQlDPLaOJWQYDLDExhpynEE0s2Ktbl1rpXACmOhiyurUH9PZDiSch75ujPCaipXvYX4nzdKVXjtZpQnqQJOlovClFkqthZBWAEVQBSba4KJoPqvFpligYnScdV0CM7qyeuk3245dsu5bzc6N2UcVXSKztAFctAV6qA71EU9RNATekav6M3IjRfj3fhYtlaMcuYE/YHx+QPh4ZRR</latexit><latexit sha1_base64="QhZa0hFA1MNf2UbdstHhVJS+MpY=">AAAB+3icbVC7TsMwFHXKq5RXKCNLRIvEVCVlgLGChbFI9CG1UeQ4N61Vx4lsB1FF+RUWBhBi5UfY+BvcNAO0HOlKR+fc6+t7/IRRqWz726hsbG5t71R3a3v7B4dH5nG9L+NUEOiRmMVi6GMJjHLoKaoYDBMBOPIZDPzZ7cIfPIKQNOYPap6AG+EJpyElWGnJM+vNcfFIJiDIlZdd5k3PbNgtu4C1TpySNFCJrmd+jYOYpBFwRRiWcuTYiXIzLBQlDPLaOJWQYDLDExhpynEE0s2Ktbl1rpXACmOhiyurUH9PZDiSch75ujPCaipXvYX4nzdKVXjtZpQnqQJOlovClFkqthZBWAEVQBSba4KJoPqvFpligYnScdV0CM7qyeuk3245dsu5bzc6N2UcVXSKztAFctAV6qA71EU9RNATekav6M3IjRfj3fhYtlaMcuYE/YHx+QPh4ZRR</latexit><latexit sha1_base64="QhZa0hFA1MNf2UbdstHhVJS+MpY=">AAAB+3icbVC7TsMwFHXKq5RXKCNLRIvEVCVlgLGChbFI9CG1UeQ4N61Vx4lsB1FF+RUWBhBi5UfY+BvcNAO0HOlKR+fc6+t7/IRRqWz726hsbG5t71R3a3v7B4dH5nG9L+NUEOiRmMVi6GMJjHLoKaoYDBMBOPIZDPzZ7cIfPIKQNOYPap6AG+EJpyElWGnJM+vNcfFIJiDIlZdd5k3PbNgtu4C1TpySNFCJrmd+jYOYpBFwRRiWcuTYiXIzLBQlDPLaOJWQYDLDExhpynEE0s2Ktbl1rpXACmOhiyurUH9PZDiSch75ujPCaipXvYX4nzdKVXjtZpQnqQJOlovClFkqthZBWAEVQBSba4KJoPqvFpligYnScdV0CM7qyeuk3245dsu5bzc6N2UcVXSKztAFctAV6qA71EU9RNATekav6M3IjRfj3fhYtlaMcuYE/YHx+QPh4ZRR</latexit>

�2 = �2
12 + �2

13 + �2
23

<latexit sha1_base64="9RUJZlugbukvP1JESyNk0e5JSuQ=">AAACHHicbVDLSsNAFJ3UV62vqEs3g60gCCVJF7oRim5cVrAPaGOYTCft0MkkzEyEEvohbvwVNy4UceNC8G+ctBFq64WB87iXO/f4MaNSWda3UVhZXVvfKG6WtrZ3dvfM/YOWjBKBSRNHLBIdH0nCKCdNRRUjnVgQFPqMtP3Rdea3H4iQNOJ3ahwTN0QDTgOKkdKSZ9YqPTyk9w6ElzBDXmo7E03PflltnjkZq3hm2apa04LLwM5BGeTV8MzPXj/CSUi4wgxJ2bWtWLkpEopiRialXiJJjPAIDUhXQ45CIt10etwEnmilD4NI6McVnKrzEykKpRyHvu4MkRrKRS8T//O6iQou3JTyOFGE49miIGFQRTBLCvapIFixsQYIC6r/CvEQCYSVzrOkQ7AXT14GLadqW1X71inXr/I4iuAIHINTYINzUAc3oAGaAINH8AxewZvxZLwY78bHrLVg5DOH4E8ZXz/K1Z4T</latexit><latexit sha1_base64="9RUJZlugbukvP1JESyNk0e5JSuQ=">AAACHHicbVDLSsNAFJ3UV62vqEs3g60gCCVJF7oRim5cVrAPaGOYTCft0MkkzEyEEvohbvwVNy4UceNC8G+ctBFq64WB87iXO/f4MaNSWda3UVhZXVvfKG6WtrZ3dvfM/YOWjBKBSRNHLBIdH0nCKCdNRRUjnVgQFPqMtP3Rdea3H4iQNOJ3ahwTN0QDTgOKkdKSZ9YqPTyk9w6ElzBDXmo7E03PflltnjkZq3hm2apa04LLwM5BGeTV8MzPXj/CSUi4wgxJ2bWtWLkpEopiRialXiJJjPAIDUhXQ45CIt10etwEnmilD4NI6McVnKrzEykKpRyHvu4MkRrKRS8T//O6iQou3JTyOFGE49miIGFQRTBLCvapIFixsQYIC6r/CvEQCYSVzrOkQ7AXT14GLadqW1X71inXr/I4iuAIHINTYINzUAc3oAGaAINH8AxewZvxZLwY78bHrLVg5DOH4E8ZXz/K1Z4T</latexit><latexit sha1_base64="9RUJZlugbukvP1JESyNk0e5JSuQ=">AAACHHicbVDLSsNAFJ3UV62vqEs3g60gCCVJF7oRim5cVrAPaGOYTCft0MkkzEyEEvohbvwVNy4UceNC8G+ctBFq64WB87iXO/f4MaNSWda3UVhZXVvfKG6WtrZ3dvfM/YOWjBKBSRNHLBIdH0nCKCdNRRUjnVgQFPqMtP3Rdea3H4iQNOJ3ahwTN0QDTgOKkdKSZ9YqPTyk9w6ElzBDXmo7E03PflltnjkZq3hm2apa04LLwM5BGeTV8MzPXj/CSUi4wgxJ2bWtWLkpEopiRialXiJJjPAIDUhXQ45CIt10etwEnmilD4NI6McVnKrzEykKpRyHvu4MkRrKRS8T//O6iQou3JTyOFGE49miIGFQRTBLCvapIFixsQYIC6r/CvEQCYSVzrOkQ7AXT14GLadqW1X71inXr/I4iuAIHINTYINzUAc3oAGaAINH8AxewZvxZLwY78bHrLVg5DOH4E8ZXz/K1Z4T</latexit><latexit sha1_base64="9RUJZlugbukvP1JESyNk0e5JSuQ=">AAACHHicbVDLSsNAFJ3UV62vqEs3g60gCCVJF7oRim5cVrAPaGOYTCft0MkkzEyEEvohbvwVNy4UceNC8G+ctBFq64WB87iXO/f4MaNSWda3UVhZXVvfKG6WtrZ3dvfM/YOWjBKBSRNHLBIdH0nCKCdNRRUjnVgQFPqMtP3Rdea3H4iQNOJ3ahwTN0QDTgOKkdKSZ9YqPTyk9w6ElzBDXmo7E03PflltnjkZq3hm2apa04LLwM5BGeTV8MzPXj/CSUi4wgxJ2bWtWLkpEopiRialXiJJjPAIDUhXQ45CIt10etwEnmilD4NI6McVnKrzEykKpRyHvu4MkRrKRS8T//O6iQou3JTyOFGE49miIGFQRTBLCvapIFixsQYIC6r/CvEQCYSVzrOkQ7AXT14GLadqW1X71inXr/I4iuAIHINTYINzUAc3oAGaAINH8AxewZvxZLwY78bHrLVg5DOH4E8ZXz/K1Z4T</latexit>

Method

Plane wave reconstruction : Method

A2
<latexit sha1_base64="kBceEHo6GD0VxghbNDJBSFoZasM=">AAAB8nicbVDLTgJBEJzFF+IL9ehlIph4Irtc9Ih68YiJPBLYkNlhFibMYzPTa0I2fIYXDxrj1a/x5t84wB4UrKSTSlV3uruiRHALvv/tFTY2t7Z3irulvf2Dw6Py8Unb6tRQ1qJaaNONiGWCK9YCDoJ1E8OIjATrRJO7ud95YsZyrR5hmrBQkpHiMacEnNSr3gyyvpG4PqsOyhW/5i+A10mQkwrK0RyUv/pDTVPJFFBBrO0FfgJhRgxwKtis1E8tSwidkBHrOaqIZDbMFifP8IVThjjWxpUCvFB/T2REWjuVkeuUBMZ21ZuL/3m9FOLrMOMqSYEpulwUpwKDxvP/8ZAbRkFMHSHUcHcrpmNiCAWXUsmFEKy+vE7a9Vrg14KHeqVxm8dRRGfoHF2iAF2hBrpHTdRCFGn0jF7Rmwfei/fufSxbC14+c4r+wPv8AePmkFM=</latexit><latexit sha1_base64="kBceEHo6GD0VxghbNDJBSFoZasM=">AAAB8nicbVDLTgJBEJzFF+IL9ehlIph4Irtc9Ih68YiJPBLYkNlhFibMYzPTa0I2fIYXDxrj1a/x5t84wB4UrKSTSlV3uruiRHALvv/tFTY2t7Z3irulvf2Dw6Py8Unb6tRQ1qJaaNONiGWCK9YCDoJ1E8OIjATrRJO7ud95YsZyrR5hmrBQkpHiMacEnNSr3gyyvpG4PqsOyhW/5i+A10mQkwrK0RyUv/pDTVPJFFBBrO0FfgJhRgxwKtis1E8tSwidkBHrOaqIZDbMFifP8IVThjjWxpUCvFB/T2REWjuVkeuUBMZ21ZuL/3m9FOLrMOMqSYEpulwUpwKDxvP/8ZAbRkFMHSHUcHcrpmNiCAWXUsmFEKy+vE7a9Vrg14KHeqVxm8dRRGfoHF2iAF2hBrpHTdRCFGn0jF7Rmwfei/fufSxbC14+c4r+wPv8AePmkFM=</latexit><latexit sha1_base64="kBceEHo6GD0VxghbNDJBSFoZasM=">AAAB8nicbVDLTgJBEJzFF+IL9ehlIph4Irtc9Ih68YiJPBLYkNlhFibMYzPTa0I2fIYXDxrj1a/x5t84wB4UrKSTSlV3uruiRHALvv/tFTY2t7Z3irulvf2Dw6Py8Unb6tRQ1qJaaNONiGWCK9YCDoJ1E8OIjATrRJO7ud95YsZyrR5hmrBQkpHiMacEnNSr3gyyvpG4PqsOyhW/5i+A10mQkwrK0RyUv/pDTVPJFFBBrO0FfgJhRgxwKtis1E8tSwidkBHrOaqIZDbMFifP8IVThjjWxpUCvFB/T2REWjuVkeuUBMZ21ZuL/3m9FOLrMOMqSYEpulwUpwKDxvP/8ZAbRkFMHSHUcHcrpmNiCAWXUsmFEKy+vE7a9Vrg14KHeqVxm8dRRGfoHF2iAF2hBrpHTdRCFGn0jF7Rmwfei/fufSxbC14+c4r+wPv8AePmkFM=</latexit><latexit sha1_base64="kBceEHo6GD0VxghbNDJBSFoZasM=">AAAB8nicbVDLTgJBEJzFF+IL9ehlIph4Irtc9Ih68YiJPBLYkNlhFibMYzPTa0I2fIYXDxrj1a/x5t84wB4UrKSTSlV3uruiRHALvv/tFTY2t7Z3irulvf2Dw6Py8Unb6tRQ1qJaaNONiGWCK9YCDoJ1E8OIjATrRJO7ud95YsZyrR5hmrBQkpHiMacEnNSr3gyyvpG4PqsOyhW/5i+A10mQkwrK0RyUv/pDTVPJFFBBrO0FfgJhRgxwKtis1E8tSwidkBHrOaqIZDbMFifP8IVThjjWxpUCvFB/T2REWjuVkeuUBMZ21ZuL/3m9FOLrMOMqSYEpulwUpwKDxvP/8ZAbRkFMHSHUcHcrpmNiCAWXUsmFEKy+vE7a9Vrg14KHeqVxm8dRRGfoHF2iAF2hBrpHTdRCFGn0jF7Rmwfei/fufSxbC14+c4r+wPv8AePmkFM=</latexit>

A3
<latexit sha1_base64="CfNVr7ySLk5nVUhm4cL8fc4fRCA=">AAAB8nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstERtLDERJDkuZG9ZYMN+XHb3TMiFn2FjoTG2/ho7/40LXKHgSyZ5eW8mM/PihDNjff/bK6ytb2xuFbdLO7t7+wflw6O2UakmtEUUV7oTY0M5k7RlmeW0k2iKRczpYzy+nfmPT1QbpuSDnSQ0Engo2YARbJ0UVq97WVcLdDGt9soVv+bPgVZJkJMK5Gj2yl/dviKpoNISjo0JAz+xUYa1ZYTTaambGppgMsZDGjoqsaAmyuYnT9GZU/pooLQradFc/T2RYWHMRMSuU2A7MsveTPzPC1M7uIoyJpPUUkkWiwYpR1ah2f+ozzQllk8cwUQzdysiI6wxsS6lkgshWH55lbTrtcCvBff1SuMmj6MIJ3AK5xDAJTTgDprQAgIKnuEV3jzrvXjv3seiteDlM8fwB97nD+VskFQ=</latexit><latexit sha1_base64="CfNVr7ySLk5nVUhm4cL8fc4fRCA=">AAAB8nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstERtLDERJDkuZG9ZYMN+XHb3TMiFn2FjoTG2/ho7/40LXKHgSyZ5eW8mM/PihDNjff/bK6ytb2xuFbdLO7t7+wflw6O2UakmtEUUV7oTY0M5k7RlmeW0k2iKRczpYzy+nfmPT1QbpuSDnSQ0Engo2YARbJ0UVq97WVcLdDGt9soVv+bPgVZJkJMK5Gj2yl/dviKpoNISjo0JAz+xUYa1ZYTTaambGppgMsZDGjoqsaAmyuYnT9GZU/pooLQradFc/T2RYWHMRMSuU2A7MsveTPzPC1M7uIoyJpPUUkkWiwYpR1ah2f+ozzQllk8cwUQzdysiI6wxsS6lkgshWH55lbTrtcCvBff1SuMmj6MIJ3AK5xDAJTTgDprQAgIKnuEV3jzrvXjv3seiteDlM8fwB97nD+VskFQ=</latexit><latexit sha1_base64="CfNVr7ySLk5nVUhm4cL8fc4fRCA=">AAAB8nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstERtLDERJDkuZG9ZYMN+XHb3TMiFn2FjoTG2/ho7/40LXKHgSyZ5eW8mM/PihDNjff/bK6ytb2xuFbdLO7t7+wflw6O2UakmtEUUV7oTY0M5k7RlmeW0k2iKRczpYzy+nfmPT1QbpuSDnSQ0Engo2YARbJ0UVq97WVcLdDGt9soVv+bPgVZJkJMK5Gj2yl/dviKpoNISjo0JAz+xUYa1ZYTTaambGppgMsZDGjoqsaAmyuYnT9GZU/pooLQradFc/T2RYWHMRMSuU2A7MsveTPzPC1M7uIoyJpPUUkkWiwYpR1ah2f+ozzQllk8cwUQzdysiI6wxsS6lkgshWH55lbTrtcCvBff1SuMmj6MIJ3AK5xDAJTTgDprQAgIKnuEV3jzrvXjv3seiteDlM8fwB97nD+VskFQ=</latexit><latexit sha1_base64="CfNVr7ySLk5nVUhm4cL8fc4fRCA=">AAAB8nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstERtLDERJDkuZG9ZYMN+XHb3TMiFn2FjoTG2/ho7/40LXKHgSyZ5eW8mM/PihDNjff/bK6ytb2xuFbdLO7t7+wflw6O2UakmtEUUV7oTY0M5k7RlmeW0k2iKRczpYzy+nfmPT1QbpuSDnSQ0Engo2YARbJ0UVq97WVcLdDGt9soVv+bPgVZJkJMK5Gj2yl/dviKpoNISjo0JAz+xUYa1ZYTTaambGppgMsZDGjoqsaAmyuYnT9GZU/pooLQradFc/T2RYWHMRMSuU2A7MsveTPzPC1M7uIoyJpPUUkkWiwYpR1ah2f+ozzQllk8cwUQzdysiI6wxsS6lkgshWH55lbTrtcCvBff1SuMmj6MIJ3AK5xDAJTTgDprQAgIKnuEV3jzrvXjv3seiteDlM8fwB97nD+VskFQ=</latexit>
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~k
<latexit sha1_base64="a4rfDi9n/B8eXxfsUrcggaw/IXs=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaLYk2lpgIaOBC9pY52LC7d9ndIyEXfoWNhcbY+nPs/DcucIWCL5nk5b2ZzMwLE8608bxvp7CxubW9U9wt7e0fHB6Vj0/aOk4VxRaNeaweQ6KRM4ktwwzHx0QhESHHTji+nfudCSrNYvlgpgkGggwlixglxkpP1d4EaTaeVfvlilfzFnDXiZ+TCuRo9stfvUFMU4HSUE607vpeYoKMKMMox1mpl2pMCB2TIXYtlUSgDrLFwTP3wioDN4qVLWnchfp7IiNC66kIbacgZqRXvbn4n9dNTXQdZEwmqUFJl4uilLsmduffuwOmkBo+tYRQxeytLh0RRaixGZVsCP7qy+ukXa/5Xs2/r1caN3kcRTiDc7gEH66gAXfQhBZQEPAMr/DmKOfFeXc+lq0FJ585hT9wPn8AWLCQFw==</latexit><latexit sha1_base64="a4rfDi9n/B8eXxfsUrcggaw/IXs=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaLYk2lpgIaOBC9pY52LC7d9ndIyEXfoWNhcbY+nPs/DcucIWCL5nk5b2ZzMwLE8608bxvp7CxubW9U9wt7e0fHB6Vj0/aOk4VxRaNeaweQ6KRM4ktwwzHx0QhESHHTji+nfudCSrNYvlgpgkGggwlixglxkpP1d4EaTaeVfvlilfzFnDXiZ+TCuRo9stfvUFMU4HSUE607vpeYoKMKMMox1mpl2pMCB2TIXYtlUSgDrLFwTP3wioDN4qVLWnchfp7IiNC66kIbacgZqRXvbn4n9dNTXQdZEwmqUFJl4uilLsmduffuwOmkBo+tYRQxeytLh0RRaixGZVsCP7qy+ukXa/5Xs2/r1caN3kcRTiDc7gEH66gAXfQhBZQEPAMr/DmKOfFeXc+lq0FJ585hT9wPn8AWLCQFw==</latexit><latexit sha1_base64="a4rfDi9n/B8eXxfsUrcggaw/IXs=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaLYk2lpgIaOBC9pY52LC7d9ndIyEXfoWNhcbY+nPs/DcucIWCL5nk5b2ZzMwLE8608bxvp7CxubW9U9wt7e0fHB6Vj0/aOk4VxRaNeaweQ6KRM4ktwwzHx0QhESHHTji+nfudCSrNYvlgpgkGggwlixglxkpP1d4EaTaeVfvlilfzFnDXiZ+TCuRo9stfvUFMU4HSUE607vpeYoKMKMMox1mpl2pMCB2TIXYtlUSgDrLFwTP3wioDN4qVLWnchfp7IiNC66kIbacgZqRXvbn4n9dNTXQdZEwmqUFJl4uilLsmduffuwOmkBo+tYRQxeytLh0RRaixGZVsCP7qy+ukXa/5Xs2/r1caN3kcRTiDc7gEH66gAXfQhBZQEPAMr/DmKOfFeXc+lq0FJ585hT9wPn8AWLCQFw==</latexit><latexit sha1_base64="a4rfDi9n/B8eXxfsUrcggaw/IXs=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaLYk2lpgIaOBC9pY52LC7d9ndIyEXfoWNhcbY+nPs/DcucIWCL5nk5b2ZzMwLE8608bxvp7CxubW9U9wt7e0fHB6Vj0/aOk4VxRaNeaweQ6KRM4ktwwzHx0QhESHHTji+nfudCSrNYvlgpgkGggwlixglxkpP1d4EaTaeVfvlilfzFnDXiZ+TCuRo9stfvUFMU4HSUE607vpeYoKMKMMox1mpl2pMCB2TIXYtlUSgDrLFwTP3wioDN4qVLWnchfp7IiNC66kIbacgZqRXvbn4n9dNTXQdZEwmqUFJl4uilLsmduffuwOmkBo+tYRQxeytLh0RRaixGZVsCP7qy+ukXa/5Xs2/r1caN3kcRTiDc7gEH66gAXfQhBZQEPAMr/DmKOfFeXc+lq0FJ585hT9wPn8AWLCQFw==</latexit>

A1
<latexit sha1_base64="pMaB7HzmAo/T5lMz0sH2JyubxQA=">AAAB8nicbVDLTgJBEOzFF+IL9ehlIph4Irtc9Ih68YiJPBLYkNlhFibMYzMza0I2fIYXDxrj1a/x5t84wB4UrKSTSlV3uruihDNjff/bK2xsbm3vFHdLe/sHh0fl45O2UakmtEUUV7obYUM5k7RlmeW0m2iKRcRpJ5rczf3OE9WGKflopwkNBR5JFjOCrZN61ZtB1tcCBbPqoFzxa/4CaJ0EOalAjuag/NUfKpIKKi3h2Jhe4Cc2zLC2jHA6K/VTQxNMJnhEe45KLKgJs8XJM3ThlCGKlXYlLVqovycyLIyZish1CmzHZtWbi/95vdTG12HGZJJaKslyUZxyZBWa/4+GTFNi+dQRTDRztyIyxhoT61IquRCC1ZfXSbteC/xa8FCvNG7zOIpwBudwCQFcQQPuoQktIKDgGV7hzbPei/fufSxbC14+cwp/4H3+AOJgkFI=</latexit><latexit sha1_base64="pMaB7HzmAo/T5lMz0sH2JyubxQA=">AAAB8nicbVDLTgJBEOzFF+IL9ehlIph4Irtc9Ih68YiJPBLYkNlhFibMYzMza0I2fIYXDxrj1a/x5t84wB4UrKSTSlV3uruihDNjff/bK2xsbm3vFHdLe/sHh0fl45O2UakmtEUUV7obYUM5k7RlmeW0m2iKRcRpJ5rczf3OE9WGKflopwkNBR5JFjOCrZN61ZtB1tcCBbPqoFzxa/4CaJ0EOalAjuag/NUfKpIKKi3h2Jhe4Cc2zLC2jHA6K/VTQxNMJnhEe45KLKgJs8XJM3ThlCGKlXYlLVqovycyLIyZish1CmzHZtWbi/95vdTG12HGZJJaKslyUZxyZBWa/4+GTFNi+dQRTDRztyIyxhoT61IquRCC1ZfXSbteC/xa8FCvNG7zOIpwBudwCQFcQQPuoQktIKDgGV7hzbPei/fufSxbC14+cwp/4H3+AOJgkFI=</latexit><latexit sha1_base64="pMaB7HzmAo/T5lMz0sH2JyubxQA=">AAAB8nicbVDLTgJBEOzFF+IL9ehlIph4Irtc9Ih68YiJPBLYkNlhFibMYzMza0I2fIYXDxrj1a/x5t84wB4UrKSTSlV3uruihDNjff/bK2xsbm3vFHdLe/sHh0fl45O2UakmtEUUV7obYUM5k7RlmeW0m2iKRcRpJ5rczf3OE9WGKflopwkNBR5JFjOCrZN61ZtB1tcCBbPqoFzxa/4CaJ0EOalAjuag/NUfKpIKKi3h2Jhe4Cc2zLC2jHA6K/VTQxNMJnhEe45KLKgJs8XJM3ThlCGKlXYlLVqovycyLIyZish1CmzHZtWbi/95vdTG12HGZJJaKslyUZxyZBWa/4+GTFNi+dQRTDRztyIyxhoT61IquRCC1ZfXSbteC/xa8FCvNG7zOIpwBudwCQFcQQPuoQktIKDgGV7hzbPei/fufSxbC14+cwp/4H3+AOJgkFI=</latexit><latexit sha1_base64="pMaB7HzmAo/T5lMz0sH2JyubxQA=">AAAB8nicbVDLTgJBEOzFF+IL9ehlIph4Irtc9Ih68YiJPBLYkNlhFibMYzMza0I2fIYXDxrj1a/x5t84wB4UrKSTSlV3uruihDNjff/bK2xsbm3vFHdLe/sHh0fl45O2UakmtEUUV7obYUM5k7RlmeW0m2iKRcRpJ5rczf3OE9WGKflopwkNBR5JFjOCrZN61ZtB1tcCBbPqoFzxa/4CaJ0EOalAjuag/NUfKpIKKi3h2Jhe4Cc2zLC2jHA6K/VTQxNMJnhEe45KLKgJs8XJM3ThlCGKlXYlLVqovycyLIyZish1CmzHZtWbi/95vdTG12HGZJJaKslyUZxyZBWa/4+GTFNi+dQRTDRztyIyxhoT61IquRCC1ZfXSbteC/xa8FCvNG7zOIpwBudwCQFcQQPuoQktIKDgGV7hzbPei/fufSxbC14+cwp/4H3+AOJgkFI=</latexit>

t1
<latexit sha1_base64="EplESugjY6dJwU04pIuqsjsDBic=">AAAB+3icbVA9T8MwEHXKVylfpYwsFi0SU5V0gbGChbFItEVqo8hxLq1Vx4lsB1FF+SssDCDEyh9h49/gphmg5UknPb135/M9P+FMadv+tiobm1vbO9Xd2t7+weFR/bgxUHEqKfRpzGP54BMFnAnoa6Y5PCQSSORzGPqzm4U/fASpWCzu9TwBNyITwUJGiTaSV2+0xsUjmYQg117m5C2v3rTbdgG8TpySNFGJnlf/GgcxTSMQmnKi1MixE+1mRGpGOeS1caogIXRGJjAyVJAIlJsVa3N8bpQAh7E0JTQu1N8TGYmUmke+6YyInqpVbyH+541SHV65GRNJqkHQ5aIw5VjHeBEEDpgEqvncEEIlM3/FdEokodrEVTMhOKsnr5NBp+3Ybeeu0+xel3FU0Sk6QxfIQZeoi25RD/URRU/oGb2iNyu3Xqx362PZWrHKmRP0B9bnD97VlE8=</latexit><latexit sha1_base64="EplESugjY6dJwU04pIuqsjsDBic=">AAAB+3icbVA9T8MwEHXKVylfpYwsFi0SU5V0gbGChbFItEVqo8hxLq1Vx4lsB1FF+SssDCDEyh9h49/gphmg5UknPb135/M9P+FMadv+tiobm1vbO9Xd2t7+weFR/bgxUHEqKfRpzGP54BMFnAnoa6Y5PCQSSORzGPqzm4U/fASpWCzu9TwBNyITwUJGiTaSV2+0xsUjmYQg117m5C2v3rTbdgG8TpySNFGJnlf/GgcxTSMQmnKi1MixE+1mRGpGOeS1caogIXRGJjAyVJAIlJsVa3N8bpQAh7E0JTQu1N8TGYmUmke+6YyInqpVbyH+541SHV65GRNJqkHQ5aIw5VjHeBEEDpgEqvncEEIlM3/FdEokodrEVTMhOKsnr5NBp+3Ybeeu0+xel3FU0Sk6QxfIQZeoi25RD/URRU/oGb2iNyu3Xqx362PZWrHKmRP0B9bnD97VlE8=</latexit><latexit sha1_base64="EplESugjY6dJwU04pIuqsjsDBic=">AAAB+3icbVA9T8MwEHXKVylfpYwsFi0SU5V0gbGChbFItEVqo8hxLq1Vx4lsB1FF+SssDCDEyh9h49/gphmg5UknPb135/M9P+FMadv+tiobm1vbO9Xd2t7+weFR/bgxUHEqKfRpzGP54BMFnAnoa6Y5PCQSSORzGPqzm4U/fASpWCzu9TwBNyITwUJGiTaSV2+0xsUjmYQg117m5C2v3rTbdgG8TpySNFGJnlf/GgcxTSMQmnKi1MixE+1mRGpGOeS1caogIXRGJjAyVJAIlJsVa3N8bpQAh7E0JTQu1N8TGYmUmke+6YyInqpVbyH+541SHV65GRNJqkHQ5aIw5VjHeBEEDpgEqvncEEIlM3/FdEokodrEVTMhOKsnr5NBp+3Ybeeu0+xel3FU0Sk6QxfIQZeoi25RD/URRU/oGb2iNyu3Xqx362PZWrHKmRP0B9bnD97VlE8=</latexit><latexit sha1_base64="EplESugjY6dJwU04pIuqsjsDBic=">AAAB+3icbVA9T8MwEHXKVylfpYwsFi0SU5V0gbGChbFItEVqo8hxLq1Vx4lsB1FF+SssDCDEyh9h49/gphmg5UknPb135/M9P+FMadv+tiobm1vbO9Xd2t7+weFR/bgxUHEqKfRpzGP54BMFnAnoa6Y5PCQSSORzGPqzm4U/fASpWCzu9TwBNyITwUJGiTaSV2+0xsUjmYQg117m5C2v3rTbdgG8TpySNFGJnlf/GgcxTSMQmnKi1MixE+1mRGpGOeS1caogIXRGJjAyVJAIlJsVa3N8bpQAh7E0JTQu1N8TGYmUmke+6YyInqpVbyH+541SHV65GRNJqkHQ5aIw5VjHeBEEDpgEqvncEEIlM3/FdEokodrEVTMhOKsnr5NBp+3Ybeeu0+xel3FU0Sk6QxfIQZeoi25RD/URRU/oGb2iNyu3Xqx362PZWrHKmRP0B9bnD97VlE8=</latexit>

t2
<latexit sha1_base64="gw/jeEp4Bsq+3Vq1PjuDZvHT6KM=">AAAB+3icbVA9T8MwEHXKVylfpYwsFi0SU5V0gbGChbFItEVqo8hxnNaq40T2BVFF+SssDCDEyh9h49/gphmg5UknPb135/M9PxFcg21/W5WNza3tnepubW//4PCoftwY6DhVlPVpLGL14BPNBJesDxwEe0gUI5Ev2NCf3Sz84SNTmsfyHuYJcyMykTzklICRvHqjNS4eyRQLcvCyTt7y6k27bRfA68QpSROV6Hn1r3EQ0zRiEqggWo8cOwE3Iwo4FSyvjVPNEkJnZMJGhkoSMe1mxdocnxslwGGsTEnAhfp7IiOR1vPIN50Rgale9Rbif94ohfDKzbhMUmCSLheFqcAQ40UQOOCKURBzQwhV3PwV0ylRhIKJq2ZCcFZPXieDTtux285dp9m9LuOoolN0hi6Qgy5RF92iHuojip7QM3pFb1ZuvVjv1seytWKVMyfoD6zPH+BblFA=</latexit><latexit sha1_base64="gw/jeEp4Bsq+3Vq1PjuDZvHT6KM=">AAAB+3icbVA9T8MwEHXKVylfpYwsFi0SU5V0gbGChbFItEVqo8hxnNaq40T2BVFF+SssDCDEyh9h49/gphmg5UknPb135/M9PxFcg21/W5WNza3tnepubW//4PCoftwY6DhVlPVpLGL14BPNBJesDxwEe0gUI5Ev2NCf3Sz84SNTmsfyHuYJcyMykTzklICRvHqjNS4eyRQLcvCyTt7y6k27bRfA68QpSROV6Hn1r3EQ0zRiEqggWo8cOwE3Iwo4FSyvjVPNEkJnZMJGhkoSMe1mxdocnxslwGGsTEnAhfp7IiOR1vPIN50Rgale9Rbif94ohfDKzbhMUmCSLheFqcAQ40UQOOCKURBzQwhV3PwV0ylRhIKJq2ZCcFZPXieDTtux285dp9m9LuOoolN0hi6Qgy5RF92iHuojip7QM3pFb1ZuvVjv1seytWKVMyfoD6zPH+BblFA=</latexit><latexit sha1_base64="gw/jeEp4Bsq+3Vq1PjuDZvHT6KM=">AAAB+3icbVA9T8MwEHXKVylfpYwsFi0SU5V0gbGChbFItEVqo8hxnNaq40T2BVFF+SssDCDEyh9h49/gphmg5UknPb135/M9PxFcg21/W5WNza3tnepubW//4PCoftwY6DhVlPVpLGL14BPNBJesDxwEe0gUI5Ev2NCf3Sz84SNTmsfyHuYJcyMykTzklICRvHqjNS4eyRQLcvCyTt7y6k27bRfA68QpSROV6Hn1r3EQ0zRiEqggWo8cOwE3Iwo4FSyvjVPNEkJnZMJGhkoSMe1mxdocnxslwGGsTEnAhfp7IiOR1vPIN50Rgale9Rbif94ohfDKzbhMUmCSLheFqcAQ40UQOOCKURBzQwhV3PwV0ylRhIKJq2ZCcFZPXieDTtux285dp9m9LuOoolN0hi6Qgy5RF92iHuojip7QM3pFb1ZuvVjv1seytWKVMyfoD6zPH+BblFA=</latexit><latexit sha1_base64="gw/jeEp4Bsq+3Vq1PjuDZvHT6KM=">AAAB+3icbVA9T8MwEHXKVylfpYwsFi0SU5V0gbGChbFItEVqo8hxnNaq40T2BVFF+SssDCDEyh9h49/gphmg5UknPb135/M9PxFcg21/W5WNza3tnepubW//4PCoftwY6DhVlPVpLGL14BPNBJesDxwEe0gUI5Ev2NCf3Sz84SNTmsfyHuYJcyMykTzklICRvHqjNS4eyRQLcvCyTt7y6k27bRfA68QpSROV6Hn1r3EQ0zRiEqggWo8cOwE3Iwo4FSyvjVPNEkJnZMJGhkoSMe1mxdocnxslwGGsTEnAhfp7IiOR1vPIN50Rgale9Rbif94ohfDKzbhMUmCSLheFqcAQ40UQOOCKURBzQwhV3PwV0ylRhIKJq2ZCcFZPXieDTtux285dp9m9LuOoolN0hi6Qgy5RF92iHuojip7QM3pFb1ZuvVjv1seytWKVMyfoD6zPH+BblFA=</latexit>

t3
<latexit sha1_base64="QhZa0hFA1MNf2UbdstHhVJS+MpY=">AAAB+3icbVC7TsMwFHXKq5RXKCNLRIvEVCVlgLGChbFI9CG1UeQ4N61Vx4lsB1FF+RUWBhBi5UfY+BvcNAO0HOlKR+fc6+t7/IRRqWz726hsbG5t71R3a3v7B4dH5nG9L+NUEOiRmMVi6GMJjHLoKaoYDBMBOPIZDPzZ7cIfPIKQNOYPap6AG+EJpyElWGnJM+vNcfFIJiDIlZdd5k3PbNgtu4C1TpySNFCJrmd+jYOYpBFwRRiWcuTYiXIzLBQlDPLaOJWQYDLDExhpynEE0s2Ktbl1rpXACmOhiyurUH9PZDiSch75ujPCaipXvYX4nzdKVXjtZpQnqQJOlovClFkqthZBWAEVQBSba4KJoPqvFpligYnScdV0CM7qyeuk3245dsu5bzc6N2UcVXSKztAFctAV6qA71EU9RNATekav6M3IjRfj3fhYtlaMcuYE/YHx+QPh4ZRR</latexit><latexit sha1_base64="QhZa0hFA1MNf2UbdstHhVJS+MpY=">AAAB+3icbVC7TsMwFHXKq5RXKCNLRIvEVCVlgLGChbFI9CG1UeQ4N61Vx4lsB1FF+RUWBhBi5UfY+BvcNAO0HOlKR+fc6+t7/IRRqWz726hsbG5t71R3a3v7B4dH5nG9L+NUEOiRmMVi6GMJjHLoKaoYDBMBOPIZDPzZ7cIfPIKQNOYPap6AG+EJpyElWGnJM+vNcfFIJiDIlZdd5k3PbNgtu4C1TpySNFCJrmd+jYOYpBFwRRiWcuTYiXIzLBQlDPLaOJWQYDLDExhpynEE0s2Ktbl1rpXACmOhiyurUH9PZDiSch75ujPCaipXvYX4nzdKVXjtZpQnqQJOlovClFkqthZBWAEVQBSba4KJoPqvFpligYnScdV0CM7qyeuk3245dsu5bzc6N2UcVXSKztAFctAV6qA71EU9RNATekav6M3IjRfj3fhYtlaMcuYE/YHx+QPh4ZRR</latexit><latexit sha1_base64="QhZa0hFA1MNf2UbdstHhVJS+MpY=">AAAB+3icbVC7TsMwFHXKq5RXKCNLRIvEVCVlgLGChbFI9CG1UeQ4N61Vx4lsB1FF+RUWBhBi5UfY+BvcNAO0HOlKR+fc6+t7/IRRqWz726hsbG5t71R3a3v7B4dH5nG9L+NUEOiRmMVi6GMJjHLoKaoYDBMBOPIZDPzZ7cIfPIKQNOYPap6AG+EJpyElWGnJM+vNcfFIJiDIlZdd5k3PbNgtu4C1TpySNFCJrmd+jYOYpBFwRRiWcuTYiXIzLBQlDPLaOJWQYDLDExhpynEE0s2Ktbl1rpXACmOhiyurUH9PZDiSch75ujPCaipXvYX4nzdKVXjtZpQnqQJOlovClFkqthZBWAEVQBSba4KJoPqvFpligYnScdV0CM7qyeuk3245dsu5bzc6N2UcVXSKztAFctAV6qA71EU9RNATekav6M3IjRfj3fhYtlaMcuYE/YHx+QPh4ZRR</latexit><latexit sha1_base64="QhZa0hFA1MNf2UbdstHhVJS+MpY=">AAAB+3icbVC7TsMwFHXKq5RXKCNLRIvEVCVlgLGChbFI9CG1UeQ4N61Vx4lsB1FF+RUWBhBi5UfY+BvcNAO0HOlKR+fc6+t7/IRRqWz726hsbG5t71R3a3v7B4dH5nG9L+NUEOiRmMVi6GMJjHLoKaoYDBMBOPIZDPzZ7cIfPIKQNOYPap6AG+EJpyElWGnJM+vNcfFIJiDIlZdd5k3PbNgtu4C1TpySNFCJrmd+jYOYpBFwRRiWcuTYiXIzLBQlDPLaOJWQYDLDExhpynEE0s2Ktbl1rpXACmOhiyurUH9PZDiSch75ujPCaipXvYX4nzdKVXjtZpQnqQJOlovClFkqthZBWAEVQBSba4KJoPqvFpligYnScdV0CM7qyeuk3245dsu5bzc6N2UcVXSKztAFctAV6qA71EU9RNATekav6M3IjRfj3fhYtlaMcuYE/YHx+QPh4ZRR</latexit>
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<latexit sha1_base64="9RUJZlugbukvP1JESyNk0e5JSuQ=">AAACHHicbVDLSsNAFJ3UV62vqEs3g60gCCVJF7oRim5cVrAPaGOYTCft0MkkzEyEEvohbvwVNy4UceNC8G+ctBFq64WB87iXO/f4MaNSWda3UVhZXVvfKG6WtrZ3dvfM/YOWjBKBSRNHLBIdH0nCKCdNRRUjnVgQFPqMtP3Rdea3H4iQNOJ3ahwTN0QDTgOKkdKSZ9YqPTyk9w6ElzBDXmo7E03PflltnjkZq3hm2apa04LLwM5BGeTV8MzPXj/CSUi4wgxJ2bWtWLkpEopiRialXiJJjPAIDUhXQ45CIt10etwEnmilD4NI6McVnKrzEykKpRyHvu4MkRrKRS8T//O6iQou3JTyOFGE49miIGFQRTBLCvapIFixsQYIC6r/CvEQCYSVzrOkQ7AXT14GLadqW1X71inXr/I4iuAIHINTYINzUAc3oAGaAINH8AxewZvxZLwY78bHrLVg5DOH4E8ZXz/K1Z4T</latexit><latexit sha1_base64="9RUJZlugbukvP1JESyNk0e5JSuQ=">AAACHHicbVDLSsNAFJ3UV62vqEs3g60gCCVJF7oRim5cVrAPaGOYTCft0MkkzEyEEvohbvwVNy4UceNC8G+ctBFq64WB87iXO/f4MaNSWda3UVhZXVvfKG6WtrZ3dvfM/YOWjBKBSRNHLBIdH0nCKCdNRRUjnVgQFPqMtP3Rdea3H4iQNOJ3ahwTN0QDTgOKkdKSZ9YqPTyk9w6ElzBDXmo7E03PflltnjkZq3hm2apa04LLwM5BGeTV8MzPXj/CSUi4wgxJ2bWtWLkpEopiRialXiJJjPAIDUhXQ45CIt10etwEnmilD4NI6McVnKrzEykKpRyHvu4MkRrKRS8T//O6iQou3JTyOFGE49miIGFQRTBLCvapIFixsQYIC6r/CvEQCYSVzrOkQ7AXT14GLadqW1X71inXr/I4iuAIHINTYINzUAc3oAGaAINH8AxewZvxZLwY78bHrLVg5DOH4E8ZXz/K1Z4T</latexit><latexit sha1_base64="9RUJZlugbukvP1JESyNk0e5JSuQ=">AAACHHicbVDLSsNAFJ3UV62vqEs3g60gCCVJF7oRim5cVrAPaGOYTCft0MkkzEyEEvohbvwVNy4UceNC8G+ctBFq64WB87iXO/f4MaNSWda3UVhZXVvfKG6WtrZ3dvfM/YOWjBKBSRNHLBIdH0nCKCdNRRUjnVgQFPqMtP3Rdea3H4iQNOJ3ahwTN0QDTgOKkdKSZ9YqPTyk9w6ElzBDXmo7E03PflltnjkZq3hm2apa04LLwM5BGeTV8MzPXj/CSUi4wgxJ2bWtWLkpEopiRialXiJJjPAIDUhXQ45CIt10etwEnmilD4NI6McVnKrzEykKpRyHvu4MkRrKRS8T//O6iQou3JTyOFGE49miIGFQRTBLCvapIFixsQYIC6r/CvEQCYSVzrOkQ7AXT14GLadqW1X71inXr/I4iuAIHINTYINzUAc3oAGaAINH8AxewZvxZLwY78bHrLVg5DOH4E8ZXz/K1Z4T</latexit><latexit sha1_base64="9RUJZlugbukvP1JESyNk0e5JSuQ=">AAACHHicbVDLSsNAFJ3UV62vqEs3g60gCCVJF7oRim5cVrAPaGOYTCft0MkkzEyEEvohbvwVNy4UceNC8G+ctBFq64WB87iXO/f4MaNSWda3UVhZXVvfKG6WtrZ3dvfM/YOWjBKBSRNHLBIdH0nCKCdNRRUjnVgQFPqMtP3Rdea3H4iQNOJ3ahwTN0QDTgOKkdKSZ9YqPTyk9w6ElzBDXmo7E03PflltnjkZq3hm2apa04LLwM5BGeTV8MzPXj/CSUi4wgxJ2bWtWLkpEopiRialXiJJjPAIDUhXQ45CIt10etwEnmilD4NI6McVnKrzEykKpRyHvu4MkRrKRS8T//O6iQou3JTyOFGE49miIGFQRTBLCvapIFixsQYIC6r/CvEQCYSVzrOkQ7AXT14GLadqW1X71inXr/I4iuAIHINTYINzUAc3oAGaAINH8AxewZvxZLwY78bHrLVg5DOH4E8ZXz/K1Z4T</latexit>
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<latexit sha1_base64="dtixaLQ2aBCQz+6OVLpBBZnd99o="></latexit><latexit sha1_base64="dtixaLQ2aBCQz+6OVLpBBZnd99o="></latexit><latexit sha1_base64="dtixaLQ2aBCQz+6OVLpBBZnd99o="></latexit><latexit sha1_base64="dtixaLQ2aBCQz+6OVLpBBZnd99o="></latexit>
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Free parameter

minimisation2

Plane wave reconstruction : Method

A2
<latexit sha1_base64="kBceEHo6GD0VxghbNDJBSFoZasM=">AAAB8nicbVDLTgJBEJzFF+IL9ehlIph4Irtc9Ih68YiJPBLYkNlhFibMYzPTa0I2fIYXDxrj1a/x5t84wB4UrKSTSlV3uruiRHALvv/tFTY2t7Z3irulvf2Dw6Py8Unb6tRQ1qJaaNONiGWCK9YCDoJ1E8OIjATrRJO7ud95YsZyrR5hmrBQkpHiMacEnNSr3gyyvpG4PqsOyhW/5i+A10mQkwrK0RyUv/pDTVPJFFBBrO0FfgJhRgxwKtis1E8tSwidkBHrOaqIZDbMFifP8IVThjjWxpUCvFB/T2REWjuVkeuUBMZ21ZuL/3m9FOLrMOMqSYEpulwUpwKDxvP/8ZAbRkFMHSHUcHcrpmNiCAWXUsmFEKy+vE7a9Vrg14KHeqVxm8dRRGfoHF2iAF2hBrpHTdRCFGn0jF7Rmwfei/fufSxbC14+c4r+wPv8AePmkFM=</latexit><latexit sha1_base64="kBceEHo6GD0VxghbNDJBSFoZasM=">AAAB8nicbVDLTgJBEJzFF+IL9ehlIph4Irtc9Ih68YiJPBLYkNlhFibMYzPTa0I2fIYXDxrj1a/x5t84wB4UrKSTSlV3uruiRHALvv/tFTY2t7Z3irulvf2Dw6Py8Unb6tRQ1qJaaNONiGWCK9YCDoJ1E8OIjATrRJO7ud95YsZyrR5hmrBQkpHiMacEnNSr3gyyvpG4PqsOyhW/5i+A10mQkwrK0RyUv/pDTVPJFFBBrO0FfgJhRgxwKtis1E8tSwidkBHrOaqIZDbMFifP8IVThjjWxpUCvFB/T2REWjuVkeuUBMZ21ZuL/3m9FOLrMOMqSYEpulwUpwKDxvP/8ZAbRkFMHSHUcHcrpmNiCAWXUsmFEKy+vE7a9Vrg14KHeqVxm8dRRGfoHF2iAF2hBrpHTdRCFGn0jF7Rmwfei/fufSxbC14+c4r+wPv8AePmkFM=</latexit><latexit sha1_base64="kBceEHo6GD0VxghbNDJBSFoZasM=">AAAB8nicbVDLTgJBEJzFF+IL9ehlIph4Irtc9Ih68YiJPBLYkNlhFibMYzPTa0I2fIYXDxrj1a/x5t84wB4UrKSTSlV3uruiRHALvv/tFTY2t7Z3irulvf2Dw6Py8Unb6tRQ1qJaaNONiGWCK9YCDoJ1E8OIjATrRJO7ud95YsZyrR5hmrBQkpHiMacEnNSr3gyyvpG4PqsOyhW/5i+A10mQkwrK0RyUv/pDTVPJFFBBrO0FfgJhRgxwKtis1E8tSwidkBHrOaqIZDbMFifP8IVThjjWxpUCvFB/T2REWjuVkeuUBMZ21ZuL/3m9FOLrMOMqSYEpulwUpwKDxvP/8ZAbRkFMHSHUcHcrpmNiCAWXUsmFEKy+vE7a9Vrg14KHeqVxm8dRRGfoHF2iAF2hBrpHTdRCFGn0jF7Rmwfei/fufSxbC14+c4r+wPv8AePmkFM=</latexit><latexit sha1_base64="kBceEHo6GD0VxghbNDJBSFoZasM=">AAAB8nicbVDLTgJBEJzFF+IL9ehlIph4Irtc9Ih68YiJPBLYkNlhFibMYzPTa0I2fIYXDxrj1a/x5t84wB4UrKSTSlV3uruiRHALvv/tFTY2t7Z3irulvf2Dw6Py8Unb6tRQ1qJaaNONiGWCK9YCDoJ1E8OIjATrRJO7ud95YsZyrR5hmrBQkpHiMacEnNSr3gyyvpG4PqsOyhW/5i+A10mQkwrK0RyUv/pDTVPJFFBBrO0FfgJhRgxwKtis1E8tSwidkBHrOaqIZDbMFifP8IVThjjWxpUCvFB/T2REWjuVkeuUBMZ21ZuL/3m9FOLrMOMqSYEpulwUpwKDxvP/8ZAbRkFMHSHUcHcrpmNiCAWXUsmFEKy+vE7a9Vrg14KHeqVxm8dRRGfoHF2iAF2hBrpHTdRCFGn0jF7Rmwfei/fufSxbC14+c4r+wPv8AePmkFM=</latexit>
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<latexit sha1_base64="CfNVr7ySLk5nVUhm4cL8fc4fRCA=">AAAB8nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstERtLDERJDkuZG9ZYMN+XHb3TMiFn2FjoTG2/ho7/40LXKHgSyZ5eW8mM/PihDNjff/bK6ytb2xuFbdLO7t7+wflw6O2UakmtEUUV7oTY0M5k7RlmeW0k2iKRczpYzy+nfmPT1QbpuSDnSQ0Engo2YARbJ0UVq97WVcLdDGt9soVv+bPgVZJkJMK5Gj2yl/dviKpoNISjo0JAz+xUYa1ZYTTaambGppgMsZDGjoqsaAmyuYnT9GZU/pooLQradFc/T2RYWHMRMSuU2A7MsveTPzPC1M7uIoyJpPUUkkWiwYpR1ah2f+ozzQllk8cwUQzdysiI6wxsS6lkgshWH55lbTrtcCvBff1SuMmj6MIJ3AK5xDAJTTgDprQAgIKnuEV3jzrvXjv3seiteDlM8fwB97nD+VskFQ=</latexit><latexit sha1_base64="CfNVr7ySLk5nVUhm4cL8fc4fRCA=">AAAB8nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstERtLDERJDkuZG9ZYMN+XHb3TMiFn2FjoTG2/ho7/40LXKHgSyZ5eW8mM/PihDNjff/bK6ytb2xuFbdLO7t7+wflw6O2UakmtEUUV7oTY0M5k7RlmeW0k2iKRczpYzy+nfmPT1QbpuSDnSQ0Engo2YARbJ0UVq97WVcLdDGt9soVv+bPgVZJkJMK5Gj2yl/dviKpoNISjo0JAz+xUYa1ZYTTaambGppgMsZDGjoqsaAmyuYnT9GZU/pooLQradFc/T2RYWHMRMSuU2A7MsveTPzPC1M7uIoyJpPUUkkWiwYpR1ah2f+ozzQllk8cwUQzdysiI6wxsS6lkgshWH55lbTrtcCvBff1SuMmj6MIJ3AK5xDAJTTgDprQAgIKnuEV3jzrvXjv3seiteDlM8fwB97nD+VskFQ=</latexit><latexit sha1_base64="CfNVr7ySLk5nVUhm4cL8fc4fRCA=">AAAB8nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstERtLDERJDkuZG9ZYMN+XHb3TMiFn2FjoTG2/ho7/40LXKHgSyZ5eW8mM/PihDNjff/bK6ytb2xuFbdLO7t7+wflw6O2UakmtEUUV7oTY0M5k7RlmeW0k2iKRczpYzy+nfmPT1QbpuSDnSQ0Engo2YARbJ0UVq97WVcLdDGt9soVv+bPgVZJkJMK5Gj2yl/dviKpoNISjo0JAz+xUYa1ZYTTaambGppgMsZDGjoqsaAmyuYnT9GZU/pooLQradFc/T2RYWHMRMSuU2A7MsveTPzPC1M7uIoyJpPUUkkWiwYpR1ah2f+ozzQllk8cwUQzdysiI6wxsS6lkgshWH55lbTrtcCvBff1SuMmj6MIJ3AK5xDAJTTgDprQAgIKnuEV3jzrvXjv3seiteDlM8fwB97nD+VskFQ=</latexit><latexit sha1_base64="CfNVr7ySLk5nVUhm4cL8fc4fRCA=">AAAB8nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstERtLDERJDkuZG9ZYMN+XHb3TMiFn2FjoTG2/ho7/40LXKHgSyZ5eW8mM/PihDNjff/bK6ytb2xuFbdLO7t7+wflw6O2UakmtEUUV7oTY0M5k7RlmeW0k2iKRczpYzy+nfmPT1QbpuSDnSQ0Engo2YARbJ0UVq97WVcLdDGt9soVv+bPgVZJkJMK5Gj2yl/dviKpoNISjo0JAz+xUYa1ZYTTaambGppgMsZDGjoqsaAmyuYnT9GZU/pooLQradFc/T2RYWHMRMSuU2A7MsveTPzPC1M7uIoyJpPUUkkWiwYpR1ah2f+ozzQllk8cwUQzdysiI6wxsS6lkgshWH55lbTrtcCvBff1SuMmj6MIJ3AK5xDAJTTgDprQAgIKnuEV3jzrvXjv3seiteDlM8fwB97nD+VskFQ=</latexit>



Plane wave reconstruction : Goals for GRAND

Valentin Decoene & Olivier Martineau GRAND IAP workshop 9/22

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…)



Valentin Decoene & Olivier Martineau GRAND IAP workshop 10/22

Notation

Angular error : Δ⍺
distance on the sphere between 
true direction and reconstructed direction

Δ⍺ Reconstructed direction

Real direction

cos(�↵) = cos(✓rec) cos(✓true) + cos(�rec � �true) sin(✓true) sin(✓rec)
<latexit sha1_base64="kA1zupQW2H4unydGCIHEpgi1390="></latexit><latexit sha1_base64="kA1zupQW2H4unydGCIHEpgi1390="></latexit><latexit sha1_base64="kA1zupQW2H4unydGCIHEpgi1390="></latexit><latexit sha1_base64="kA1zupQW2H4unydGCIHEpgi1390="></latexit>
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<latexit sha1_base64="ZLF+M9npuROl8yCNl3u0niiuHiw=">AAAB+nicbVDLSgNBEJyNrxhfGz16GQyCp7Argh6DXjxGMA9IlmV20psMmX0w06uENZ/ixYMiXv0Sb/6Nk2QPmljQUFR1090VpFJodJxvq7S2vrG5Vd6u7Ozu7R/Y1cO2TjLFocUTmahuwDRIEUMLBUropgpYFEjoBOObmd95AKVFEt/jJAUvYsNYhIIzNJJvV/s4AmR+3lcRRZXB1LdrTt2Zg64StyA1UqDp21/9QcKzCGLkkmndc50UvZwpFFzCtNLPNKSMj9kQeobGLALt5fPTp/TUKAMaJspUjHSu/p7IWaT1JApMZ8RwpJe9mfif18swvPJyEacZQswXi8JMUkzoLAc6EAo4yokhjCthbqV8xBTjaNKqmBDc5ZdXSfu87jp19+6i1rgu4iiTY3JCzohLLkmD3JImaRFOHskzeSVv1pP1Yr1bH4vWklXMHJE/sD5/AKBxlDk=</latexit><latexit sha1_base64="ZLF+M9npuROl8yCNl3u0niiuHiw=">AAAB+nicbVDLSgNBEJyNrxhfGz16GQyCp7Argh6DXjxGMA9IlmV20psMmX0w06uENZ/ixYMiXv0Sb/6Nk2QPmljQUFR1090VpFJodJxvq7S2vrG5Vd6u7Ozu7R/Y1cO2TjLFocUTmahuwDRIEUMLBUropgpYFEjoBOObmd95AKVFEt/jJAUvYsNYhIIzNJJvV/s4AmR+3lcRRZXB1LdrTt2Zg64StyA1UqDp21/9QcKzCGLkkmndc50UvZwpFFzCtNLPNKSMj9kQeobGLALt5fPTp/TUKAMaJspUjHSu/p7IWaT1JApMZ8RwpJe9mfif18swvPJyEacZQswXi8JMUkzoLAc6EAo4yokhjCthbqV8xBTjaNKqmBDc5ZdXSfu87jp19+6i1rgu4iiTY3JCzohLLkmD3JImaRFOHskzeSVv1pP1Yr1bH4vWklXMHJE/sD5/AKBxlDk=</latexit><latexit sha1_base64="ZLF+M9npuROl8yCNl3u0niiuHiw=">AAAB+nicbVDLSgNBEJyNrxhfGz16GQyCp7Argh6DXjxGMA9IlmV20psMmX0w06uENZ/ixYMiXv0Sb/6Nk2QPmljQUFR1090VpFJodJxvq7S2vrG5Vd6u7Ozu7R/Y1cO2TjLFocUTmahuwDRIEUMLBUropgpYFEjoBOObmd95AKVFEt/jJAUvYsNYhIIzNJJvV/s4AmR+3lcRRZXB1LdrTt2Zg64StyA1UqDp21/9QcKzCGLkkmndc50UvZwpFFzCtNLPNKSMj9kQeobGLALt5fPTp/TUKAMaJspUjHSu/p7IWaT1JApMZ8RwpJe9mfif18swvPJyEacZQswXi8JMUkzoLAc6EAo4yokhjCthbqV8xBTjaNKqmBDc5ZdXSfu87jp19+6i1rgu4iiTY3JCzohLLkmD3JImaRFOHskzeSVv1pP1Yr1bH4vWklXMHJE/sD5/AKBxlDk=</latexit><latexit sha1_base64="ZLF+M9npuROl8yCNl3u0niiuHiw=">AAAB+nicbVDLSgNBEJyNrxhfGz16GQyCp7Argh6DXjxGMA9IlmV20psMmX0w06uENZ/ixYMiXv0Sb/6Nk2QPmljQUFR1090VpFJodJxvq7S2vrG5Vd6u7Ozu7R/Y1cO2TjLFocUTmahuwDRIEUMLBUropgpYFEjoBOObmd95AKVFEt/jJAUvYsNYhIIzNJJvV/s4AmR+3lcRRZXB1LdrTt2Zg64StyA1UqDp21/9QcKzCGLkkmndc50UvZwpFFzCtNLPNKSMj9kQeobGLALt5fPTp/TUKAMaJspUjHSu/p7IWaT1JApMZ8RwpJe9mfif18swvPJyEacZQswXi8JMUkzoLAc6EAo4yokhjCthbqV8xBTjaNKqmBDc5ZdXSfu87jp19+6i1rgu4iiTY3JCzohLLkmD3JImaRFOHskzeSVv1pP1Yr1bH4vWklXMHJE/sD5/AKBxlDk=</latexit>
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<latexit sha1_base64="LP6ThiLE3FbDuCNn8KJxeA9eUHA=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaEDbbTbt0dxN2J4US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8OBPcgOd9O5WNza3tnepubW//4PDIPT7pmDTXlLVpKlLdi4lhgivWBg6C9TLNiIwF68bj+7nfnTBteKqeYJqxUJKh4gmnBKwUuW4AIwYkKgItsWZ0Frl1r+EtgNeJX5I6KtGK3K9gkNJcMgVUEGP6vpdBWBANnAo2qwW5YRmhYzJkfUsVkcyExeLyGb6wygAnqbalAC/U3xMFkcZMZWw7JYGRWfXm4n9eP4fkNiy4ynJgii4XJbnAkOJ5DHjA7bMgppYQqrm9FdMR0YSCDatmQ/BXX14nnauG7zX8x+t6866Mo4rO0Dm6RD66QU30gFqojSiaoGf0it6cwnlx3p2PZWvFKWdO0R84nz+pkJOp</latexit><latexit sha1_base64="LP6ThiLE3FbDuCNn8KJxeA9eUHA=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaEDbbTbt0dxN2J4US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8OBPcgOd9O5WNza3tnepubW//4PDIPT7pmDTXlLVpKlLdi4lhgivWBg6C9TLNiIwF68bj+7nfnTBteKqeYJqxUJKh4gmnBKwUuW4AIwYkKgItsWZ0Frl1r+EtgNeJX5I6KtGK3K9gkNJcMgVUEGP6vpdBWBANnAo2qwW5YRmhYzJkfUsVkcyExeLyGb6wygAnqbalAC/U3xMFkcZMZWw7JYGRWfXm4n9eP4fkNiy4ynJgii4XJbnAkOJ5DHjA7bMgppYQqrm9FdMR0YSCDatmQ/BXX14nnauG7zX8x+t6866Mo4rO0Dm6RD66QU30gFqojSiaoGf0it6cwnlx3p2PZWvFKWdO0R84nz+pkJOp</latexit><latexit sha1_base64="LP6ThiLE3FbDuCNn8KJxeA9eUHA=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaEDbbTbt0dxN2J4US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8OBPcgOd9O5WNza3tnepubW//4PDIPT7pmDTXlLVpKlLdi4lhgivWBg6C9TLNiIwF68bj+7nfnTBteKqeYJqxUJKh4gmnBKwUuW4AIwYkKgItsWZ0Frl1r+EtgNeJX5I6KtGK3K9gkNJcMgVUEGP6vpdBWBANnAo2qwW5YRmhYzJkfUsVkcyExeLyGb6wygAnqbalAC/U3xMFkcZMZWw7JYGRWfXm4n9eP4fkNiy4ynJgii4XJbnAkOJ5DHjA7bMgppYQqrm9FdMR0YSCDatmQ/BXX14nnauG7zX8x+t6866Mo4rO0Dm6RD66QU30gFqojSiaoGf0it6cwnlx3p2PZWvFKWdO0R84nz+pkJOp</latexit><latexit sha1_base64="LP6ThiLE3FbDuCNn8KJxeA9eUHA=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaEDbbTbt0dxN2J4US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8OBPcgOd9O5WNza3tnepubW//4PDIPT7pmDTXlLVpKlLdi4lhgivWBg6C9TLNiIwF68bj+7nfnTBteKqeYJqxUJKh4gmnBKwUuW4AIwYkKgItsWZ0Frl1r+EtgNeJX5I6KtGK3K9gkNJcMgVUEGP6vpdBWBANnAo2qwW5YRmhYzJkfUsVkcyExeLyGb6wygAnqbalAC/U3xMFkcZMZWw7JYGRWfXm4n9eP4fkNiy4ynJgii4XJbnAkOJ5DHjA7bMgppYQqrm9FdMR0YSCDatmQ/BXX14nnauG7zX8x+t6866Mo4rO0Dm6RD66QU30gFqojSiaoGf0it6cwnlx3p2PZWvFKWdO0R84nz+pkJOp</latexit>
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Setups : GRAND Proto 300 site

Valentin Decoene & Olivier Martineau GRAND IAP workshop 11/22

≈ 4 000 CRs events

Zhaires + Compute_Voltage + Noise + Frequency Filtering + Sampling

@Renault Tinacci

Layout of GP300

North

East

Altitude

• Antennas positioned 
on moderate slopes

• 3-density layout: 
250 m   
500 m  
1 km

➔ Large energy span
➔ Large acceptance at large zenith valuesBalikun, XinJiang

300 antennas 
2 array densities



Setups : Hot Spot 1 site

Valentin Decoene & Olivier Martineau GRAND IAP workshop 12/22

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

Zhaires + Compute_Voltage + Noise + Frequency Filtering + Sampling



Valentin Decoene & Olivier Martineau GRAND IAP workshop 13/22

Reconstruction results : GRAND Proto 300

Majority of events 
Below 1°

Azimuth error  
non dominant

Zenith error 
dominant

Cuts on reconstruction quality : 

Significance < inf and NaN 

Exclude range limits 𝛳 = 92.0 & 113.0



Valentin Decoene & Olivier Martineau GRAND IAP workshop 14/22

Reconstruction results : GRAND Proto 300

Δh =  
<antenna pairs altitude difference>

Increase of errors 
for small slopes



Reconstruction results : GRAND Proto 300

Valentin Decoene & Olivier Martineau GRAND IAP workshop 15/22

Reduction of errors 
with the number of antennas



Reconstruction results : Hot Spot 1

Valentin Decoene & Olivier Martineau GRAND IAP workshop 16/22

Higher error  
than GP300

Azimuth error 
 dominant

Cuts on reconstruction quality : 

Significance < inf and NaN 

Exclude range limits  𝛳 = 88. & 93.



Valentin Decoene & Olivier Martineau GRAND IAP workshop 17/22

Reconstruction results : Hot Spot 1

Reduction of the errors 
 with the slope



Reconstruction results : Hot Spot 1

Valentin Decoene & Olivier Martineau GRAND IAP workshop 18/22

Reduction of errors 
with the number of antennas



Reconstruction results : GP300 vs HS1 

Valentin Decoene & Olivier Martineau GRAND IAP workshop 19/22

Differences for the same parameters range



Reconstruction results : GP300 vs HS1 

Valentin Decoene & Olivier Martineau GRAND IAP workshop 20/22

Good fit

Higher angular error

Bad fit
Lower angular error

Higher curvature

Lower curvature

Core positon Included events

Array extension

χ2 explanation



tt + dt

Reconstruction results : GP300 vs HS1 

Valentin Decoene & Olivier Martineau GRAND IAP workshop 21/22

During propagation  
the wavefront shape flatten

Distance from max

Array extension

The curvature answer : 
slope from the plane 

𝛿

~dr · ~k � cdt = f(raxis)
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Conclusion

Valentin Decoene & Olivier Martineau GRAND IAP workshop 22/22

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

Key parameters identified

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

Using the voltage pattern (core reconstruction)

�↵ < 0.1o
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