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pt+p—=>m+...

5
open qﬁestiohs

* UHECRSs origin

* UHECR suppression region

nection v and CR
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p+p—=>m+...

*
open questions
* origins of UHECRs

low flux — large instrument

» eonnection v and CR
.
— origin of CR through

neutrinos
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muonic component
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i -~ Radio Emission of Air Showers

—! hadronic

geomagnetic effect

muonic

electromagnetic

~ charge excess

propagation

propagation



Giant Radio Array for Neutrino Detection

Gw Giant Radio Array for Neutrino Detection detection area

Cosmic ray % 200 O()() km2 (by the 203 OS)

x 1 antenna / km?

inclined air showers CR and v
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Radio Trigger

Y s s s 4' i ‘ ) ’Np

~ —— Hilbert en

signal se

velope
rch window

—— radio pulse

0 200 400

typical trigger methods
* envelope of traces

*x shape of signal
(width, amplitude,
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most detectors

trigger radio with info from other
detection methods

— possible because of hybrid
detection and small scale of radio
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Self-Trigger

* GRAND: self-trigger mandatory on such large scale

* NUTRIG project: development of multilevel self-trigger for radio

GRAND
200 000 km?
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Trigger — level one

00 | » preliminary statistical trigger
400 - ' * induced by
I 1 Al
7 20 transient wide-band pulses
>
- i with amplitudes significantly
e above stationary noise level
—— Imeasureme t
—— trigger threshold
—200- —— Hilbert envelope
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Trigger — level two
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* %

first ideas for the second-level trigger
* for triggered antennas, consider

* signal strength
— footprint characteristics

* spatial clusters
* |onely stations

* find expected patterns for
* pulse shape

~ % arrival times

* polarizations
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motivation

= origin of CR through neutrinos

* low flux — large instrument
next steps

* deployment of GRAND antennas
* develop self-trigger on first and

second level

jelena.petereit@kit.edu

10°
108
107 ﬂﬁﬁ 4
Toop gy . r
% ++++++ 1 2 #‘E :
W +‘H ; ; o
X | | S
s T f
104 ¢
[ceCube ® Tunka-133 i
103 k ¥ IceTop ¢ Auger | '
E ¢ KASCADE-Grande ] [
10° 1011 1013 10%° 10%7 1019

Kinetic energy (eV)

14



jelena.petereit@ kit.edu



~ Backup

jelena.petereit@ kit.edu



Self-Trigger

* GRAND: self-trigger mandatory on such large scale

* NUTRIG project: development of multilevel self-trigger for radio
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Frequency Domain

frequency range for various categories of noise spectra of radio signals for different observers
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. Atmospheric noise, value exceeded 0.5% of time S f d . . I f d . ff b .
: Atmospheric noise, value exceeded 99.5% of time peCtra Of radlo Sl gn alS 10r l erent opservers:
>: Man-made noise, quiet receiving site ¢
P 50 m, 100 m and 150 m from the shower axis.
i: Median city area man-made noise . : . .
Minimum noise level expected https://www.iap.kit.edu/tunka-rex/downloads/Kostunin_Thesis_KIT_TunkaRex.pdf
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