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RADAR DETECTION OF HIGH-ENERGY PARTICLE CASCADES IN ICE

THE MAIN IDEA

Radar detection of high-energy particle cascades
-- KD de Vries (VUB)
May, 6, 2021 | 2




RF SCATTERING FROM PARTICLE CASCADES

RADAR ECHO MODELLING: TALK ENRIQUE HUESCA SANTIAGO THIS AFTERNOON

—
™X Bos  —f— RX
Transmitter _| 1 Receiver
R2 T
/ cS :
]

|
l
u
|
|
|
|
|
|
|
|

\\\ V \\ r’!
, \PG e_QRI/L 'f;f B_ZRZ/L Gi,f
= NGy >~ Trad ~ .
A R‘% rac Agr R%

Radar detection of high-energy particle cascades
-- KD de Vries (VUB)
May, 6, 2021 | 3




THE RADAR ECHO TELESCOPE FOR NEUTRINOS

WHY RADAR? PROBING THE PEV-EEV COSMIC NEUTRINO FLUX

Diffuse Flux, 1:1:1 Flavor Ratio
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km depth.
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Cosmogenic: UHECR constraints, van Vliet et al
1 Cosmogenic: UHECR + pure proton, Muzio et al
Astrophysical: MMA constraints, clusters, TDEs
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https://arxiv.org/pdf/2203.08096.pdf

1014 1015

VRIJE
UNIVERSITEIT
BRUSSEL

jihe

wa | the
. |RADAR ECHO\TELESCOPE

BRUXELLES BRUSSEL

fwo @

for COSMIC RAYS

1016

1017 10'8 101 1020 102!

Neutrino Energy [eV]
Radar detection of high-energy particle cascades

-- KD de Vries (VUB)
May, 6, 2021 | 4



DETECTING HIGH-ENERGY PARTICLE CASCADES AT SLAC

SLAC T-576 EXPERIMENT
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http://alanstonebraker.com/

DETECTING HIGH-ENERGY PARTICLE CASCADES AT SLAC

SLAC T-576 EXPERIMENT
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Method: S. Prohira, et al., Phys. Rev. D 100, 072003 (arxiv:1810.09914) || S. Prohira, 2020 J.
Phys.: Conf. Ser. 1525 012119 (arxiv:1910.11314)
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https://doi.org/10.1103/PhysRevD.100.072003
https://arxiv.org/abs/1810.09914

DETECTING HIGH-ENERGY PARTICLE CASCADES AT SLAC
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DETECTING HIGH-ENERGY PARTICLE CASCADES AT SLAC

Frequency [GHz]

First ever detection of a radar scatter from
a high-energy particle cascade!!
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Observation of Radar Echoes from High-
Energy Particle Cascades

S. Prohira, K. D. de Vries, P. Allison, J. Beatty, D
Besson, A. Connolly, N. van Eijndhoven, C. Hast,
C.-Y. Kuo, U, A, Latif, T. Meures, J. Nam, A.
Nozdrina, J. P. Ralston, Z. Riesen, C. Shrocco, J.
Torres, and S. Wissel

Phys. Rev. Lett. 124, 091101 (2020)
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https://arxiv.org/pdf/1910.12830.pdf
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DETECTING HIGH-ENERGY PARTICLE CASCADES AT SLAC

First ever detection of a radar scatter from
a high-energy particle cascade!!

Frequency [GHz]

- Let’s see if we can detect a particle
cascade in-situ
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Observation of Radar Echoes from High-
Energy Particle Cascades

S. Prohira, K. D. de Vries, P. Allison, J. Beatty, D

Besson, A. Connolly, N. van Eijndhoven, C. Hast,

C.-Y. Kuo, U, A, Latif, T. Meures, J. Nam, A.

Nozdrina, J. P. Ralston, Z. Riesen, C. Shrocco, J.
Torres, and S. Wissel
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Phys. Rev. Lett. 124, 091101 (2020)
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DETECTING PARTICLE CASCADES IN NATURE
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THE RADAR ECHO TELESCOPE FOR COSMIC RAYS

DETECTING PARTICLE CASCADES IN NATURE

Cosmic-Ray |
Air Shower #

Surface
Detectors

In-ice
Cascade

RET-CR paper: arXiv: 2104.00459 - Phys. Rev. D 104, 102006
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100% efficiency at
10'%° eV

R. Stanley, K. Mulre
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- Interrogating frequency of 100 MHz
-> Datareadout triggered by surface
detector

S. Prohira

Slide from R. Stanley
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THE RADAR ECHO TELESCOPE FOR COSMIC RAYS
MAY 2023 DEPLOYMENT
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THE RADAR ECHO TELESCOPE FOR COSMIC RAYS

RET-CR Deployment team:

Steven Prohira

Rob Young

Dylan Frikken

Rose Stanley

Enrique Huesca Santiago
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THE RADAR ECHO TELESCOPE FOR COSMIC RAYS
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THE RADAR ECHO TELESCOPE FOR COSMIC RAYS

RET-CR site

PV array

ve o i e

Central station - =

Flag line

Solar array

> o
/ TX and CS

To Summit
A

A

receivers

- 3x1.2kW solar array with charge control and
battery bank.
- 3 downhole strings with single Reciever dipole

Legend:

at 10m depth. O Surface stations
- 8 channel phased dipole array centered at 10m. A Receivers
Currently 4 power amps (channels) operational.
- 3 surface stations (2 scintillator panels + 1
radio antenna each).
- GPS, WLAN link, etc.

Circle diameter 80 meters
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System running and fully
operational.
First results coming soon!!
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THE RADAR ECHO TELESCOPE FOR COSMIC RAYS
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THE RADAR ECHO TELESCOPE FOR COSMIC RAYS

CR Surface - . In-ice Radar
Air-ice transition
Detector Detector
S 10°€ | Simulations
[ > - CORSIKA 7.7100
| s with QGSJETII-04
— [ —— > and GHEISHA 2002d
2 - Geant410.5
oy 10° ©
3 Qo
107 2
L
3
10 £
.
G ()
o R VR R S L O oyl L.y O
15 155 16 16.5 17 17518 185 150100 50 O 50 100 150
09, Exinay (6V] x[cm]

-  Approximately 10% of primary energy
deposited into the ice at 2400 m

->  Secondary cascade in high elevation
ice sheet

100% efficiency at
1016.5 eV

R. Stanley, K. Mulre S. de Kockere
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THE RADAR ECHO TELESCOPE FOR COSMIC RAYS
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RF SCATTERING FROM PARTICLE CASCADES
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RF SCATTERING FROM PARTICLE CASCADES

Leftover electrons from ionization:
Extension: O(30 cm)

Lifetime: O(1-20 ns)

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

a Moving!
Leftover protons from ST T
ionization: |
Wide extension: O(5m) L —
Lifetime: O(10-1000 ns) lonization numbers come Proton mobiity in ice
from P hys i Cal C hem iStry r::::::iz:r:::;‘::z: 15, 2629 JB Dell,
researCh! lce is frequently takem as 8 model when factors controlling
Blncuescd. Soch discumions have Increased wifh the sckmow:
ledgement that profon trensfer scross cell membranes may p!!n_yl
Figure from arXiv:1210.5140v2 oSt oy b Ay posied
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S THE RADAR ECHO TELESCOPE FOR COSMIC RAYS

Receiving Antennas
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RET-CR paper: arXiv: 2104.00459 - Phys. Rev. D 104, 102006
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