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Radio Emission in Air Showers

«» Mainly: Charge separation in
geomagnetic field
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Footprint of radio emission on the ground
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The renaissance of radio detection of cosmic rays
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Contributions on radio detection

2005: understanding the signal
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Figure 1: Number of contributions related to radio detection of cosmic rays or neutrinos to the ICRCs since 1965. The field

has grown very impressively since the modern activities started around 2003. Data up to 2007 were taken from [11]. J6rg R. Horandel, RICAP 2018 4



Radio detection of extensive air showers around the world

Yakutsk

- 0 45°E _ 90°E 135°E
CODALEMA X |
0.5 km?2 : ‘i ¥ :
. \ < iy 27
o LOPES ~ e 7
5 km2 (core) . . -
~1800 antennas ey NN -
. . : T , : 30°N
20022 4009 A :
~ | | Tunka-Rex
— 350«,\ . :
| 1 km2
3\ m.v |
| AERA | | :
Auger Engineering Radio Array s ,/ ; “j;} .7
30°S 30°S
17 km? AN ARIANA
~150 antennas 5 s
45°S 45°S
%

60°S g

A '
o 90"W I i 90°E ) \ ) 135°E ) o >

Underlying map (Mercator projection): Overlayed: Location of radio experiments for cosmic-ray air showers

Main Geomagnetic Field Total Intensity with conlour intervals of 1000 nT
according to US/UK World Magnetic Model - Epoch 2015.0

added on underlying map by Frank G. Schroder
Karisruhe Institute of Technology (KIT), Germany

F.G. Schroder, Prog. Part. Nucl. Phys. 92 (17) 1

Fig. 21. Map of the total geomagnetic field strengths (world magnetic model [207]) and the location of various radio experiments detecting cosmic-ray
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Properties of incoming cosmic ray

- direction
- energy

- type
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Shape of Shower Front &
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Accuracy of Shower Direction
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Measurement of the Radiation Energy in the Radio Signal of Extensive
Air Showers as a Universal Estimator of Cosmic-Ray Energy
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Measurement of the Radiation Energy in the Radio Signal of Extensive
Air Showers as a Universal Estimator of Cosmic-Ray Energ
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Measurement of the Radiation Energy in the Radio Signal of Extensive
Air Showers as a Universal Estlmator of Cosmic- Ray Energy
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Energy Estimation of Cosmic Rays with the Engineering
Radio Array of the Pierre Auger Observatory
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Particle type
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Measurement of particle mass
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Position along v x (v x B) axis (m)
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Measurement of particle mass
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Position along v x (v x B) axis (m)
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Cosmic rays are the highest-energy particles found in nature.
Measurements of the mass composition of cosmic rays with energies
of 10'7-10"® electronvolts are essential to understanding whether
they have galactic or extragalactic sources. It has also been proposed
that the astrophysical neutrino signal' comes from accelerators
capable of producing cosmic rays of these energies®. Cosmic
rays initiate air showers—cascades of secondary particles in the
atmosphere—and their masses can be inferred from measurements
of the atmospheric depth of the shower maximum? (X,,,; the depth
of the air shower when it contains the most particles) or of the
composition of shower particles reaching the ground®. Current
measurements’ have either high uncertainty, or a low duty cycle
and a high energy threshold. Radio detection of cosmic rays®=® is
arapidly developing technique’ for determining X,y (refs 10, 11)
with a duty cycle of, in principle, nearly 100 per cent. The radiation
is generated by the separation of relativistic electrons and positrons
in the geomagnetic field and a negative charge excess in the shower
front®!2, Here we report radio measurements of X,,,x with a mean
uncertainty of 16 grams per square centimetre for air showers

initiated by cosmic rays with energies of 10'7-10'7- electronvolts.
This high resolution in X, enables us to determine the mass
spectrum of the cosmic rays: we find a mixed composition, with
a light-mass fraction (protons and helium nuclei) of about 80 per
cent. Unless, contrary to current expectations, the extragalactic
component of cosmic rays contributes substantially to the total flux
below 1017 electronvolts, our measurements indicate the existence
of an additional galactic component, to account for the light
composition that we measured in the 10'7-10'7-* electronvolt range.

Observations were made with the Low Frequency Array (LOFAR'),
a radio telescope consisting of thousands of crossed dipoles with
built-in air-shower-detection capability'*. LOFAR continuously
records the radio signals from air showers, while simultaneously
running astronomical observations. It comprises a scintillator array
(LORA) that triggers the read-out of buffers, storing the full wave-
forms received by all antennas.

We selected air showers from the period June 2011 to January 2015
with radio pulses detected in at least 192 antennas. The total uptime
was about 150 days, limited by construction and commissioning of the

S. Buitink et al., Nature 531 (2016) 70
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Determine the properties of the incoming
particle with the radio technique

- direction ~0.1°-0.5°

- enerqgy ~ 20% - 30%

- type (Xmax) ~ 20 - 40 g/cm?2
(depending on detector spacing)

—> radio technique is routinely used to
measure properties of cosmic rays
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Upgrade of the Pierre Auger Observatory
= (astro-)physics of the highest-energy particles in nature

PIERRE
AUGER

OBSERVATORY

upgrade PAO  Key science questions

- electronics What are the sources and acceleration

- scintillator layer mechanisms of ultra-high-energy cosmic rays
- radio detector (UHECRSs)?

Do we understand particle acceleration and
physics at energies well beyond the LHC (Large
Hadron Collider) scale?

What is the fraction of protons, photons, and
neutrinos in cosmic rays at the highest energies?
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objective

* origin of cosmic rays

 type of particle up to highest energies

* isolate protons, photons, neutrinos

* extend e/m-muon separation to high zenith
angles
--> horizontal air showers
(i.e. iIncrease exposure of SSD analyses)

* increase the sky coverage/overlap with TA

o i » absolute energy calibration from 1st

T s principles

e;rc * independent mass scale

i  clean e/m measurement

_:10 Ad_\_lanced Grant --> shower physics
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AUGER

OB3SERVATO

attention:
type of particle determined

| in practice:

for vertical showers:
difforent size of footprint

response to .

both geometrical measurement

components in
both detectors:
response matrix

for horizontal showers:
electron/muon ratio
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Radio detector provides good mass separation

@ can

separate
* + o o species
* with S

rad
and N19
® separation
Increases
¢ with
m* energy
” ® scaling at
highest
no cuts energies
no S,.4 sSmearing probably
artifact of
maximum
simulated
energy
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A large radio array at the Pierre Auger Observatory

TAIL 2
preparatory work & feasibility AERA 17 km
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Integration of radio upgrade (RD), scintillator upgrade (SSD),
and water Cherenkov detector in ONE unit

SD electronics
GPS (timing)

communications
system

Mainlobe 1 | ctri

= ﬁ’_) 50 O ,
“Trigger

1:3-Balun- filter amplifier

I
Transformer
S A | battery
| solar panel
@ < M4 (100 cm) |
|
= 500 Q |
Load new project ! existing

Shared infrastructure (solar power, battery,
GPS timing, communications system) and
integrated data acquisition
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Antenna mounting

!D currently studying different ( ')

scenarios for mechanical mounting
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Status and perspectives of the radio detection of high- NiRTher
energy cosmic rays

2018: beyond capabilities of
standard installations

2016: radio technique mature:
properties of cosmic rays

2014: understanding the emission processes

2013: CoREAS radio simulation in CORSIKA

2011: endpoint formalism

2005: understanding the radio signal

taskleader radio at Pierre Auger Observatory Pl LOFAR key science project Cosmic Rays

osition in v x B [m]
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