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HIGH -ENERGY PARTICLE CASCADE
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RADAR AND ASKARYAN RADIO DETECTION OF COSMIC NEUTRINOS
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ASKARYAN NEUTRINO DETECTION: THE AIR SHOWER BACKGROUND

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

Detecting the radio
signal gives:

the detection technique
in nature.

3 Allows to perform air
shower physics.
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ASKARYAN NEUTRINO DETECTION: THE AIR SHOWER BACKGROUND (SIGNAL)
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FROM AIR TO ICE
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Air EM profile:
10 km length
100 m width

Ice EM profile:
10 m length
10 cm width
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ASKARYAN NEUTRINO DETECTION: THE AIR SHOWER BACKGROUND (SIGNAL

To calculate the full radio emission process from air showers penetrating the ice:
Cascade calculation / propagation

A The shower propagates from air into the ice (Earth?)
A At user specified ice/Earth heights
A With user specified density (refractive index) profiles
AEarth composition (water, ice, salt,

Radio emission
A The antenna (observer) can be located in the ice ( Askaryan radio detectors) or air at
ground or large altitude (ANITA)

A Ray tracing hasto be performed from emission point to antenna (tables)
A Transition radiation  has to be included ( CoREAS)
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THE AIR SHOWER SIGNAL IN  ASKARYAN RADIO DETECTORS: CURRENT STATUS

THE AIR SHOWER SIGNAL IN ICE: CURRENT STATUS

CoREAS madification (Uzair Latif, Tim Huege ):

A Generate tables with ray -tracing solutions on start of simulation O(1 min )
(Analytic ray -tracing inside CoREAS not feasible due to calculation time)
A Exponential density profile needed
A Interpolate signal travel times from tables for each particle track segment
A Large increase in calculation time
A Calculate radio signal using COREAS

Under investigation:

A Modify electric field calculation?  Y(p & A1(Q) eY—

A Include transition radiation
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THE AIR SHOWER SIGNAL IN ASKARYAN RADIO DETECTORS: CURRENT STATUS

Ray -tracing implemented

Shower Zenith=30 deg, Antenna 100 m away from IP, 180 m deep Shower Zenith=30 deg. Antenna 100 m away from IP, 180 m deep
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THE AIR SHOWER SIGNAL IN ASKARYAN RADIO DETECTORS: CURRENT STATUS

Cross -checks show good results

. x107°
E L — End - Point Surface
£ 40- —— Middle -Point Surface
iz — : .
5 = — End-PointIn -ice
2 —
W 80— Middle PointIn  -ice
20
10
0
— | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
600 700 800 900 1000 1100 1200 1300 1400

Time (ns)

VRIJE Krijn de Vries 1 corsika8 worksho
UNIVERSITEIT : 24-6-2020 f 9
BRUSSEL e |



THE AIR SHOWER SIGNAL IN  ASKARYAN RADIO DETECTORS: CURRENT STATUS

WHAT DOES THE IN -ICE CASCADE LOOK LIKE?

Method

» Use Corsika to simulate air shower:

- QGSJET-04

Primary particle: proton

E =108 eV

# =0, o =0 (perpendicular to surface)

observation level: 2500 m

energy cuts: 0.3 GeV (hadrons, without 7°'s), 0.3 GeV (muons), 0.003
GeV (electrons), 0.003 GeV (photons, including 7%'s)

thinning enabled: €y, = 107>, Wpax., = 10% Wpay,., = 107

- Take CORSIKA particle output and propagate in GEANT4
Set-up block ofice (10m x 10m x 20m) with gradient ice density

Slide from Simon de Kockere
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THE AIR SHOWER SIGNAL IN ASKARYAN RADIO DETECTORS: CURRENT STATUS

Deposited energy density in 1-cm-wide slice along y-axis
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Figs.: Simon de Kockere
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THE AIR SHOWER SIGNAL IN ASKARYAN RADIO DETECTORS: CURRENT STATUS

Apply CoREAS formalism on Radio intensity 150 m
particle tracks from GEANT4 below the air  -ice boundary

Figs.: Simon de Kockere
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