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Modeling the Beam sudden appearance:
Coherent Transition Radiation
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D: Apparent relativistic (four) distance --> Undefined at a boundary.
Coherent TR can be described as the superposition of emission just
above and below the boundary.

Particle
Cascade
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What do we expect to observe?
The Beam characteristics
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Experimental setup




Experimental Setups

1.4-3 GHz
In-ice Radar

T

| 50- Hz
In-air Radar

12.5 GHz
Molecular Bremsstrahlung 6




Experimental setup

74@ | beam exit

@ Radar exp: 50MHz

@ ARACaITA: [230 - 430)MHz g ~ 74 m
@ Brussels: [1.4-3]GHz a = [0° — 45°]

@ Konan: :-a{: [_l".

Credits: Romain Gaior




Results and Coherence
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Results and Coherence

v=2.5-2.7 GHz

Fit (a*x+b): a=1.93; b=-27.74
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Results: Angular distribution (230-430 MHz)
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Simulation (grey band) agrees very well to data (black dots)
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Simulation Results:
The sudden appearance energy density
spectrum

Coherence over bunch width Coherence over sub-bunch width
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(Qualitative) Results:

The sudden appearance energy density
spectrum

Four experiments observed the sudden appearance signal in different frequency ranges
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Application in nature:

therlands

Astropart.Phys. 74 (2016) 96-104
arXiv:1503.02808




The air shower signal vs the neutrino

Induced cascade

Air Shower
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How can we use the CR air shower: signal
In Askaryan radio detectors?

1) Surface particle detector
(scintillator), in combination
with a detected radio signal
gives on-site energy
calibration.

Detecting the radio

signal gives:

2) On-site feasibility of

the detection technique
~in nature.

3 Allows to perform air

shower physics.




Summary

We report on the measurement of Coherent transition
radiation at radio frequencies from the electron beam
sudden appearance

The signal is observed over a wide range of frequencies
from 50 MHz — 12.5 GHz.

All measurements show a high-level of coherence.

The power density spectrum directly reflects the electron
beam profile, and matches the simulations both qualitatively
and quantitatively (still preliminary). The signal is well
understood.

The in-nature application is found in high-energy particle
cascades traversing different media.
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