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Why being interested in cosmic-rays (CRs) 7
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How/ te detect them 2

* Study of the secondary charged particles induced by the interaction of the
primary CR with the atmosphere components = Extensive Air Shower (EAS)

* Methods of detection:
fluorescence, particle
detectors, Cherenkov
tank

* Extracting primary
characteristics: i

Xmax=nature, energy, (i
arrival direction
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How/ te detect them 2

* Study of the secondary charged particles induced by the interaction of the
primary CR with the atmosphere components = Extensive Air Shower (EAS)

* Methods of detection:
fluorescence, particle
detectors, Cherenkov
tank

production

* Extracting primary
characteristics: i

Xmax=nature, energy, (i
arrival direction

(;woB)
yidap suaydsouny

* Charged particles in
movement + magnetic
fleld = electric field
emission = radio
detection
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Radio emission from EAS — SELEAS3

Geomagnetic mechanism Charge excess mechanism

Shower axis’ Shower axis

1 R R [0p(x',¥ 1 [03(x, ¢t
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',t') = g0 (x' —x1)Ot —t1) Charge conservation:
O ESEP YRR N ICIGEVEICICEEMIN implemented in SELFAS3
+00° (X' = %2)O(t' — t2) simulation code

GDAS : treatment of the atmosphere: Astroparticle Physics, 98:38 — 51, 2018
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The expernmental site'— Nancay Radio Okservatony.
EXTASIS - [1,7-3,7] MHz

- T

NenuFar - [10-85] MHz CODALEMA - [20-200] MHz
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How deEes It Work: 2

Signal brut regu par les antennes
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Tension mesurée (volts)

Detection of the radio pulse emitted
during the EAS development

Sensitive, wide-band (20-200 MHz),
standalone,independent and
autonomous antenna

Analog triggering on threshold, fast
sampling over a short duration: 1GS/s
over 2,56 us

The electric field is sampled using an
array of antennas on the ground

CRs come from all directions = need
to observe the entire sky = wide
individual antenna lobe

Filtered signal

Signal extrait
T T
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The transient envirenment at Nancay,
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EStimaiting the Shewer: parameters

* Direction of Arrival
reconstructed using arriv al
times

* Core postion, composition and
energy reconstructed through
MC simulations
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EStimating the: SneWer: parameters
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Gooed knowledge of the: radie Instrument

* Use of the Galactic radio emission
as an absolute source for the
calibration of the radio detectors of
CODALEMA

* Galactic model: Global Sky Model

== Prediction EW -- 50 MHz NEC4 == Prediction EW -- 150 MHz NEC4
== Prediction NS -- 50 MHz NEC4 == Prediction NS -- 150 MHz NEC4
Data EW - 50 . . Data EW - 150
Data NS - 50 A Data NS - 150
’ o

* Instrument and
simulations very well
mastered, strong
agreement on [1-200]

B 18 o us e MHz
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Jle) the mass compesition using the radie signal

e LOFAR o Yakutsk

Pierre Auger (ICRC 2015) » Tunka
Hires/MIA ¢ Codalema
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CODALEMA & Cosmic Rays:
* arrival directions not predictible
* need to observe the whole sky

= wide individual antenna lobe,
self-trigger
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* Energy threhold for radio ~ 10%%> eV
* = impossibility to observe gamma
ray showers of ~ 104 - 10> eV

But what if we knew Iin advance where the shower came from?
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Gamma photons:

* Science case: currently, gamma
astronomy till ~ 100 TeV (HAWC),
[100 TeV-1 PeV] unaccessible with
current telescopes, low duty cycle due
to constraints on observation
conditions (no Moon, no clouds...)

* Source may be known a priori
(H.E.S.S., MAGIC, VERITAS...
catalogs)

* Gamma shower: the energy is lower
than for CR = Need to increase
detection sensitivity = To combine
several antennas and to point toward
sources (possible with NenuFAR by
combining the antennas of the mini-
arrays (MA), and by combinin the mini-

Gain 1 MA ~20 dB (vs 0 dB for single
antenna) + Observation duty cycle

arrays themselves !) 100%
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Ground prefile fer gamma SneWer

Proton @ 100 PeV - 6 = 10° - ¢ = 1" - NESW Fleld - 4555.52P filter
Photon @ 1 PeV - # = 20° - ¢ = 0" - NESW Fleld - 4555.52P filter
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Field profile very different for gamma vs Gamma
proton 100 TeV
Proportionality electric field vs energy (as
expected)
Current detection threshold (1 antenna): a
few uVv/m (depending on filtering band)
For 1 PeV : ~100 antennas (5 MA)

For 100 TeV : few hundreds (50 MA)

= [100 TeV-1 PeV] accessible !
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‘ - First detection of a cosmic ray event with MR12 and CODALEMA

: Scintillators

Run : 180426_08h23 . Event : 001528 . 2018-04-29 00:00:04.582000
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Conclusion

CODALEMA/EXTASIS: very wide [1-10] + [20 — 200] MHz, routinely multi-
wavelength observation of cosmic-ray air-showers in 10 - 10*® eV, self-triggered
stations in [20 — 200] MHz

Estimation of shower parameters using the radio signals (8, ¢, (Xcore ,Ycore ),
X, Energy) in [20 — 200] MHz = CR mass composition using the radio technique

max’

Gamma ray air shower detection: promising! Exploration of an energy range above
HESS/CTA, potential duty cycle much higher: there is something to do there!

Currently at experimental stage, a lot of work still needed (improving knowledge of
gamma ray fluxes above 100 TeV, improving simulations of electric fields (codes
exist), selecting potential sources...) but NenuFAR could be either a powerful
iInstrument for northern hemisphere gamma ray sources observations, or a high-
level pathfinder for the definition of a new type of instrument if interest is proven
(same technique on SKA? dedicated radio array close to H.E.S.S. or CTA? long
term view...)
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Simulatedi ground profile fier gamma Shewer:
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