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COSMIC-RAY AIR SHOWER DETECTION
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- 1940’s: Blacket and Lovell propose radar effort. Abandoned 
after detecting meteors. Eckersly discusses collisional 
damping.

- 1960: Air shower investigations were briefly picked by the 
Tokyo large air shower project, but no results published.

- 2000: Method revived by Peter Gorham.

- 2010-2015: Experimental (MARIACHI, TARA) and 
theoretical (Stasielak et al.) advances finally deemed the 
method not feasible for detecting air showers ~2010-2015.

Overview at:

www.radarechotelescope.org
Fig: http://www.telescopearray.org/tara/index.html

Sir Bernard Lovell
https://history.nasa.gov/SP-4217/ch3.htm 
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WHAT ABOUT NEUTRINO’S INTERACTING IN ICE?
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- 2012-2013: Chiba et al. (experiment); de Vries 
et al. (theory). Follow-up by Prohira et al.

→feasible due to high particle density in ice!!

- 2015-2019: Several beam test experiments 
performed at TA-ELS in Utah and SLAC. TA-ELS 
results inconclusive, final detection at SLAC.

- 2019 – ongoing: The radar echo telescope
for cosmic-rays and neutrinos. Funded by EU 
Horizon 2020 and NSF.

APS/Alan Stonebraker

http://alanstonebraker.com/
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WHAT SCATTERS?
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LENGTH/TIME SCALES
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𝜔𝑝 : Plasma frequency → ~ MHz up to 10’s of GHz

𝜔 : Detection frequency → ~ 100 MHz – 5 GHz
𝑣𝑐 : Elastic collision rate → ~88 THz in ice

Fig: Enrique Huesca Santiago ; 1 EeV shower energy
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SKIN DEPTH AND EFFECTIVE SCATTERING SIZE

RF SCATTERING FROM PARTICLE CASCADES

May, 6, 2021

Radar detection of high-energy particle cascades
-- KD de Vries (VUB)

Fig: Enrique Huesca Santiago ; 1 EeV shower energy

→ Effective scattering size
~10-100 cm2
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SIMULATIONS: RADIOSCATTER + MACROSCATTER
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RadioScatter:
S. Prohira and D. Besson, 
Nucl. Instrum. Meth.A922, 
161(2019), arXiv:1710.02883

https://github.com/prchyr/
RadioScatter

Individual particle level MC 
treatment including 
collisional effects.

Macroscatter: 
K.D. de Vries, E.H. Santiago,
RET collab., in preparation.

Fig. from: Nucl. Instrum. Meth.A922, 161(2019), arXiv:1710.02883
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SLAC T-576 EXPERIMENT  
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https://arxiv.org/pdf/1910.12830.pdf

APS/Alan Stonebraker

http://alanstonebraker.com/
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Difficult analysis due to Askaryan and Transition radiation
backgrounds → Singular Value Decomposition to filter. 

→ Excellent agreement between data and simulations

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)

SLAC T-576 EXPERIMENT 

https://doi.org/10.1103/PhysRevD.100.072003
https://arxiv.org/abs/1810.09914
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First ever detection of a radar scatter from
a high-energy particle cascade!!
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First ever detection of a radar scatter from
a high-energy particle cascade!!

→ Let’s see if we can detect particle

cascades in-situ
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FROM SLAC TO IN-SITU: WHAT TO EXPECT?
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Fig: S. Prohira



| 15

WHY RADAR? PROBING THE PEV-EEV COSMIC NEUTRINO FLUX
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S. Prohira, RadioScatter

- 40 kW, 1.5 km deep
transmitter (similar to typical
radio broadcast station). →

Phased transmitters to not
push all power in a single 
antenna. 

- 27 receivers on 9 radial 250m 
out strings. Vertical separation
40m.

- Vertices simulated in 2.5 km x 
5 km x 5km volume.

- Trigger at 0 dB noise.

250 m

40 m
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THE RADAR ECHO TELESCOPE FOR COSMIC RAYS
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RET-CR paper: arXiv: 2104.00459

Funded by NSF (NSF/PHY-2012980) and the EU/ERC HORIZON2020 PROGRAM.



| 18

IN-ICE AIR SHOWER CORES: A BRIEF HISTORY

THE RADAR ECHO TELESCOPE FOR COSMIC RAYS

May, 6, 2021

Radar detection of high-energy particle cascades
-- KD de Vries (VUB)

arXiv:2104.00459(2021)

Proc. 30th ICRC, V5 (2007) p1029-1032 Astropart.Phys. 74 (2016) 96-104
arXiv:1503.02808

Fig: D. Seckel
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Simon de Kockere
→Propagate showers

from CORSIKA into
ice using GEANT4

Fp [GHz]
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RET-CR paper: arXiv: 2104.00459

1017 eV primary cosmic-ray moving into ice. Credit: Simon de Kockere
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RET-CR paper: arXiv: 2104.00459 Slide from Rose Stanley

R. Stanley, K. Mulrey
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R. Stanley, K. Mulrey S. de Kockere S. Prohira
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RET-CR paper: arXiv: 2104.00459

K. Mulrey, R. Stanley,
E.H. Santiago, K.D. de Vries
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SURFACE SET-UP AT VUB INSTALLED AND TAKING DATA
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