Radar detection of high-
energy neutrino induced
particle cascades in ice
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IceCube sensitive
below several PeV
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New detection method

If a RADAR signal can be bounced off of a neutrino
Induced cascade in ice, we have control over the signal
strength!

Infrastructure already
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RADAR scattering
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Over-dense scattering
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RADAR return power

estimation
Bi-static RADAR configuration

Effective Transmitted
area of -+ - power: P,

: -
receiver: \k

Transmission over

Re-scattering over 1, of a sphere:
asphere: I 1/(TTR?)
Plasma scattering
surface: o Attenuation by the
medium




RADAR return power
estimation (single antenna)
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RADAR return power
estimation (single antenna)
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RADAR return power
estimation (single antenna)
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Open guestions: The Plasma

- How large is the over-dense plasma?
- What is the influence of skin-effects?
- What is the lifetime of the plasma?

- Is the plasma collision frequency low
enough?

—Experimental verification

needed!



Radar scattering experiment
at TA-ELS
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Experimental setup




EXperimental setup

Channel 1, 3 Receivers

Channel 2 Transmitter

Antenna geometry used for

ELS beam tests on Sunday
January 11, 2015

DESCRIPTION
ELS Rooftop Geometry 20150113

DESCRIPTION
ELS Rooftop Geometry 20150111
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MiniCircuits
SSG-6000RC
RF Synthesizer

MiniCircuits
Power
Splitter

ZX10R-14-S+

Agilent 9254
MSO 2.5 GHz

120' LMR-400

100' LMR-400

120' LMR-400




Radar scattering

Beam characteristics
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Radar scattering
What do we see?

Raw time trace
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Radar scattering
What do we see?

Transmit frequency

Klystron noise

Cell phone /

-5 Y Aizis . id P ; ;
1.6e+09 2.4e+09 3.2e+09 4e+09 4.8e+09
f(Hz)




Radar scattering
What do we see?

1) Tx leakage
2) Klystron+Tx / Non-linear amp
VIHzZ(1.55 GHz)°) Direct sianal + Radar reflection?
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Radar scattering
Interference and instrumental
effects

Accelerator noise interferes with our
transmit signal

Non-linear amplifier response
Signal can be mimicked by these effects!

What if we look at a different frequency than
our transmit frequency?
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Conclusions

- Modeling the RADAR scattering of
high-energy neutrino induced cascades
gives an energy threshold of several PeV.

- We performed a measurement to
determine the feasibility of this method.

- Obtained data hints toward a scattered
signal, analysis Is ongoing.



Three different types of plasma
are considered

Leftover electrons from ionization:
Extension: O(30 cm)
Lifetime: O(1-20 ns)

Shower front electrons:
Extension: R, = O(10 cm)
Lifetime: O(100ns)

Leftover protons from
ionization:
Wide extension: O(5m)
Lifetime: O(10-1000 ns

lonization numbers come
from Physical Chemistry
r e S e ar C h ! n .il;lru::lir;l,‘::::::g 15, 2629 JB Delft,

Tce is frequently taken as a model when factors control lli g
proton transport in hydl)! -bonded molecular networks

Figure from arXiv:1210.5140v2 "":;_‘,’;j;j,t,f”“““‘;’““;, “"" f‘f,,'}*-' 20




Skin Effects

Model: Consider over-dense cylinders of equal density

4 PeV electron plasma at | GHz
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T'he over-dense radar Cross-

section

This approach:

1. Include skin-effects directly into the radar cross-section.

2. Consider projected area and polarization angles for in/out-
going wave
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The under-dense radar
Cross-section

The wave will scatter off of the individual
electron given by the Thompson cross-section
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We have to take into account for the phase lag
of the individual electrons w.r.t. each other:
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