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Point source 2
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You’ve all seen Juan Ammerman-
Yebra’s talk yesterday for a different

simulation approach!
https://indico.kit.edu/event/5380/co

ntributions/22597/

https://indico.kit.edu/event/5380/contributions/22597/
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IART simulation
Resulting waveforms in all pixels

CORSIKA-CoREAS
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1-2 GHz 2-4 GHz 4-8 GHz 8-12 GHz
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Shower parameters:

Proton
Energy 10 TeV
Core at
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Zenith 0◦
No noise

Decreasing coherence

Emission more concentrated around shower axis
Fine-scale structures and sub shower contributions
Lose some intensity 
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Simulation verification
Not only done by 2 point sources.
Also by ray tracing. 
             

Telescope design
Here only one type of telescope is shown.
Simulations have been done for three
different sizes of telescopes. 
Design of the telescopes was based on:

Airy
         Estimates the minimum mirror diameter which is required
        to potentially reach a specific angular resolution

Narrowing depth-of-field limits
         Maximum useful mirror diameter before blurring

Atmospheric limits for radio (<25 GHz)
             

No noise
The goal of this study was to show a proof
of principle, not give a perfect estimate of
the technique. 
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NEXT STEPS

Realistic noise simulation & IRF
From back of the envelope calculations:

E threshold ~ few PeV
      Dependent on:

Frequency band of antennas
Pixel size
Telescope structure

             

Explore technical limitations
How do technical limitations influence the
possibilities to reduce noise or enhance
signal as much as possible?
             

Look into different telescope lay-out
Broaden the look from IACT set-up to a more
Trinity-like set-up for neutrino detection
             

NOTES

Simulation verification
Not only done by 2 point sources.
Also by ray tracing. 
             

Telescope design
Here only one type of telescope is shown.
Simulations have been done for three
different sizes of telescopes. 
Design of the telescopes was based on:

Airy
         Estimates the minimum mirror diameter which is required
        to potentially reach a specific angular resolution

Narrowing depth-of-field limits
         Maximum useful mirror diameter before blurring

Atmospheric limits for radio (<25 GHz)
             

No noise
The goal of this study was to show a proof
of principle, not give a perfect estimate of
the technique. 
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Here only one type of telescope is shown.
Simulations have been done for three
different sizes of telescopes. 
Design of the telescopes was based on:

Airy
         Estimates the minimum mirror diameter which is required
        to potentially reach a specific angular resolution

Narrowing depth-of-field limits
         Maximum useful mirror diameter before blurring

Atmospheric limits for radio (<25 GHz)
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Why the Huygens principle works:

Traces sampled on the mirror contain directional information encoded
in their relative phases and arrival times

The Huygens propagation then acts like a coherent beamformer

For each camera pixel the propagation delays compensate the phase
gradient of the waves arriving from the corresponding direction,
causing constructive interference

Signals from other directions are not phase-matched and therefore
interfere destructively, producing a much weaker response

             



COMPARISON TO RAY-TRACING
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Ray-tracing

Simulation

Energy conservation: 
Huygens reproduces the ray-tracing prediction across the full field of view,
with only small fluctuations. No systematic off-axis loss is observed as in the
smaller telescopes.

Point spread function (PSF):
Near the optical axis, the Huygens PSF approaches the diffraction limit (Airy
disk), demonstrating correct wave-optical behavior.
At larger field angles, the Huygens PSF grows due to mirror aberrations and
approaches the ray-tracing prediction.
Thus, the Huygens method smoothly transitions from diffraction-dominated to
aberration-dominated imaging.

Distortion: 
Both methods predict a small pincushion distortion. Huygens yields a
distortion factor of approximately DIS=1.019, in close agreement with ray
tracing, although it systematically predicts slightly smaller distortions.
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TRINITY-LIKE SET-UP?!
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https://trinity.physics.gatech.edu/technique/
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