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Apologize…..

ARENA 2008: 
33 contributions related to Radio detection of UHECR 

- personal selection of “highlights”!
- concentration on experimental results and concepts 
- intro related to our “ working frame”

ARENA 2008:
food and conference dinner too good,  Germany too successful in 
the European championship, and the discussions too productive 
to spend much time for the summary….. 
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G.Sigl

The High Energy Universe

Radio detection

direct

Air shower measurements

Solid shower detection
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The High Energy Universe: Multi-Messenger Approach

J.Blümer
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The High Energy Universe

Angela Olinto
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The High Energy Universe: Future Projects in Europe

ASPERA
European strategy for astroparticle physics

Charged CR, neutrinos, TeV γCharged CR, neutrinos, TeV γ

Data taking:
Auger South

≥
 

2010: 
Auger North

≥

 

2018: EUSO ? 

Data taking:
Auger South

≥
 

2010: 
Auger North

≥

 

2018: EUSO ? 

Data taking/upgrade
H.E.S.S., Magic

2012: CTA

Data taking/upgrade
H.E.S.S., Magic

2012: CTA

under construction/
data taking:
IceCube
≥2011: 

KM3NeT

under construction/
data taking:
IceCube
≥2011: 

KM3NeT

Three priorities:

• radio R&D embedded in 
large projects !!
(also acoustic detection)
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ASPERA R&D Recommendations:
An active and timely R&D effort is 
needed on a European scale to 
improve and further develop the radio 
detection technique to incorporate 
current detector stations into large 
detector arrays, specifically designed 
for ultra-high energy cosmic and 
neutrino astrophysics.

Motivation  

ASPERA - European strategy for astroparticle physics
Roadmap Phase III  - will be submitted to European funding agencies
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Cosmic Rays (+ Gamma Rays)
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under-
ground

optical:
- deep

water
- deep ice

- air showers
- radio
- acoustics

Neutrinos: the High Energy Frontier

Ch. Spiering
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Sees the furthest distance
at cosmic-ray energy

Difficult to detect

AGASA
HiRes
AUGER

AMANDA
IceCube

ANTARES
RICE

ANITA

HESS
CANGAROO
MILAGRO
VERITAS

Deflected by
magnetic field

D. Besson
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The High Energy Universe observed with Radio

UHECR 

Particles: Charged  CR Gamma Rays Neutrinos

Targets: Air Solids Moon

Experiments: LOPES ICERAY LUNASKA
CODALEMA AURA NuMoon
R-Auger ANITA (WRST/LOFAR/SKA)
LOFAR RICE LORD
R-ICETOP ARIANNA ASTROPEILER
21CMA RAMAND GLINT

RAMHAND
SALSA

Theorie: Geo-synchrotron Askaryan
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Radio from Air Showers

Detection principle:

Geomagnetic field lead to 
coherent emission in air 
showers in the MHz frequency 
range !

~1000 events detected!
Now: do we 

understand the signals?
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A. Haungs / LOPES 
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LOPES, CODALEMA, Radio-AUGER 
agree on general results 

but 
questions: 

- lateral distribution of signal 
- polarization effects 

- influence of frequency band 
- efficiencies 

- geomagnetic effects? 
- thresholds? 

- structure of wave front? 
- composition sensitivity? 

- …..
continuation of precisison measurements

will help to find answers!!
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Pascal Lautridou / CODALEMA 
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A. Haungs / LOPES 
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G. Isar / LOPES 
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Pascal Lautridou / CODALEMA 
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A. Haungs / LOPES 

Radio in Air: new: direct comparisons data vs. sims
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Radio in Air 
further „hot topics“: 

self-contained radio-station

Pascal Lautridou / CODALEMA 
Jose Coppens / Radio-Auger
Benoit Revenue / Radio-Auger
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Radio in Air, further „hot topics“: self-triggering

Jose Coppens / Radio-Auger

H.Gemmeke / LOPES + Radio-Auger

Benoit Revenue / Radio-Auger
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Radio in Air, further „hot topics“: self-triggering

Andreas Horneffer / LOFAR
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Radio in Air, further „hot topics“: simulations! 

Tim Huege

.. A lot of progress, triggered by the measurements….
important: detector simulations! 

Olaf Scholten, Stefan Fliescher / R-Auger
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Radio in Air, new arrays…

Jose Coppens / Radio-Auger
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Radio in Air, new arrays…

Heino Falcke / LOFAR

http://www.astron.nl/dailyimage/pictures/20070720/HBA veld overview.jpg
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Radio in Air, new arrays…

Jan Auffenberg / R-ICETOP
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Radio in Air: Other techniques

Daniel Ardouin / 21CMA

•Bremsstrahlung (not discussed here)
molecular Bremsstrahlung; AMBER

• Active and Passive Radar (not discussed here)
tested at various places

• looking to a mountain 
for ντ

 

-showers
e.g. 21CMA
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The High Energy Universe observed with Radio

UHECR 

Particles: Charged  CR Gamma Rays Neutrinos

Targets: Air Solids Moon

Experiments: LOPES ICERAY LUNASKA
CODALEMA AURA NuMoon
R-Auger ANITA (WRST/LOFAR/SKA)
LOFAR RICE LORD
R-ICETOP ARIANNA ASTROPEILER
21CMA RAMAND GLINT

RAMHAND
SALSA

Theorie: Geo-synchrotron Askaryan
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Radio in Solids and Moon

•Strong emission process given in nature by the so- 
called Askaryan-effect 
•Large attenuation lengths (up to ~km) for radio 
emission in different dense media like Antarctic ice 
or salt in salt domes
•Large detector volumes can be equipped with 
relatively small detector sampling 
•Different concepts for the detection of high- 
energetic neutrinos by their radio emission in dense 
media

But, no positive detection yet!
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Radio in Solids - Simulations

Jaime Alvarez-Muniz
Simulations with thinning options

Saving considerably CPU-time! 
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Material
IceIce RockRock

SaltSalt
LunarLunar

RegolithRegolith
Density (g/cm3) 0.92 2.2 1.8
Radiation Length 
(cm)

39 10 13

Cherenkov Angle (o) 56 66 55

Attenuation Length 
(m)
at 250 MHz

∼1000 ∼250 ? ∼10

Radio in Solids – Target Characteristics
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Radio in Ice

Detection principle:
Askaryan-(Cherenkov) 
emission of radio in MHz-GHz 
frequency range by ν- 
interactions in ice 

Aim: with radio to higher 
energies?
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Radio in Ice: AURA

Hagar Landsman / AURA

400MHz
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Radio in Ice: AURA

Hagar Landsman / AURA Optimal depth?
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Radio in Ice: ICERAY

John Kelley / ICERAY
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Radio in Ice: ICERAY

John Kelley / ICERAY

Attenuation length of ice is better 
at low frequency (< 500 MHz)

Drilling:
Realistic goal: 200m

Triggering both IceRay and 
IceCube: rates are low, but 
extremely valuable for calibration

Optimal depth?
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Radio in Ice: RICE

Daniel Hogan / RICE

•Radio experiments at the 
Soutpole profit from RICE 
experience!
•RICE is stopped, but data are 
still useful! 

Monopol search

200-500MHz
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Radio in Ice: ANITA

Amy Connolly / ANITA
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Radio in Ice: ANITA

Amy Connolly / ANITA
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Radio in Ice: ANITA

Amy Connolly / ANITA

No signal detected!
(fortunately?)
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Icecube as Hybrid Detector: 
Simulations

Delia Tosi / 
ICECUBE
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Icecube as Hybrid Detector: 
Simulations

Delia Tosi / 
ICECUBE
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Radio in ICE: Other techniques

Igor Zheleznykh

•ARIANNA 
(not discussed ARENA08)

ν

Ice shelf

Reflected Ray

Direct Ray

•RAMAND 
Radio Antarctic Muon And Neutrino Detection
Historic idea (1980ies)
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Radio in ICE: further ideas

Rolf Nahnhauer / TAIGA

• Permafrost
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Radio in Salt

• Salt domes are extremely 
transparent for radio waves 
(as well as Antarctic ice)

• Factor ~2,4 more dense than ice
• Simpler environment conditions
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Radio in Salt: Salsa

Amy Connolly / Salsa
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Radio in Salt: Salsa

Amy Connolly / Salsa
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Radio in Salt (maybe also Ice): by Radar technique

Masami Chiba
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The High Energy Universe observed with Radio

UHECR 

Particles: Charged  CR Gamma Rays Neutrinos

Targets: Air Solids Moon

Experiments: LOPES ICERAY LUNASKA
CODALEMA AURA NuMoon
R-Auger ANITA (WRST/LOFAR/SKA)
LOFAR RICE LORD
R-ICETOP ARIANNA ASTROPEILER
21CMA RAMAND GLINT

RAMHAND
SALSA

Theorie: Geo-synchrotron Askaryan
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Radio at the moon

Detection principle:

Askaryan-emission from 
the regolith of the moon
by ν

 
AND cosmic rays 

interactions!

Strategy is to use or 
optimize existing 
infrastructures

Igor Zheleznykh / RAMHAND
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Radio at the moon

Ron Ekers



June 2008 Andreas Haungs – ARENA 2008: Summary Radio 52

Radio at the moon: which frequency?

Ron Ekers
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Radio at the moon: zoom to the limb?

Ron Ekers
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Radio at the moon: Imaging and beamforming array!

Ron Ekers
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Radio at the moon: NuMoon

Olaf Scholten / NuMoon

110-130MHz
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Radio at the moon: NuMoon

Olaf Scholten / NuMoon
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Radio at the moon: NuMoon

Olaf Scholten / NuMoon
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Radio at the moon: NuMoon

Olaf Scholten / NuMoon - SKA
Heino Falcke / LOFAR - SKA

SKA:
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Radio at the moon: LUNASKA

Clincy James / LUNASKA
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Radio at the moon: LUNASKA

Clincy James / LUNASKA
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Radio at the moon: GLINT

Glen Langston / GLINT

Green Bank LuNAr Interferometer for Neutrino Transients
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Radio at the moon: ASTROPEILER

Peter Kalberla / Astropeiler

Search for UHE neutrinos using a refurbished 25-m telescope

1.4 GHz; 140MHz bandwidth

Perfect for outreach!
Main problem: sponsoring!
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Radio at the moon: LORD

Gusev German / LORD
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Radio at the moon: LORD

Gusev German / LORD

500 MHz Antenna
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Radio in Air
•Air-shower observations are becoming “standard”
•coincidences with EAS arrays !!

Radio in Solids
•Proof-of-Principle in the lab
•No correlation (yet) in hybrid detection 
•Application to larger scales in work (engineering, physics)
•R&D on new and alternative targets

Radio in the Moon
•Boom in experiments (measurements and proposals)
•R&D for optimization

For all…
•Simulations are more and more important…
•The science is compelling for construction of a large-scale array
•Expect maturation of initial round of experiments (R-AUGER, ANITA, 
LOFAR, AURA, e.g.) in next few years, with possible first indications of 
UHE neutrinos  

Conclusion of  Summary…..
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But we will hear it!!
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