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Fluxes at Earth
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Flux: how low?
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Cosmogenic fluxes
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Cosmogenic fluxes
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Cosmogenic fluxes
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The way forward
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The way forward
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The way forward
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The way forward
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The way forward
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What is GRAND?

» Giant Radio Array for Neutrino Detection

» Radio-detection of extended air showers (EAS)
from primaries of > 10° GeV

» Why radio?
» Attenuation length in air: ~100 km

» Easily scalable
» Relatively affordable

» Final configuration: 200k antennas over 200 000 km?

» Frequency band: 50-200 MHz

Mauricio Bustamante (Niels Bohr Institute)




Giant Radio Array for Neutrino Detection
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Radio emission: geomagnetic and Askaryan

Geomagnetic

+ Shower Axis
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Shower Front

» Time-varying transverse current
» Linearly polarized parallel to Lorentz force

» Dominant in air showers
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Radio emission: geomagnetic and Askaryan
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EeV

neutrino Neu’rrlino
astronomy, physics

\“‘e;medicﬂe Stages

Epoch of Fast
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Early stages
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Neutrino
physics

Main goal:
Finding the sources of
UHECRs above 10° GeV

Epoch of
reionization

Lauky oiagRS

Fast
radio
bursts

Secondary goal:
Radioastronomy
and cosmology
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A simulated event
GRAND: Science and Design

Northing, = (km)

-100 -150 —200

Westing, y (km)

» Inter-antenna spacing: 500 m
» Shower “detected” if 4 neighboring

antennas triggered
» Longitudinal range: 14-100 km at 10° GeV
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A simulated event

GRAND: Science and Design

Northing, = (km)

' Opening angle = 3deg
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A simulated event
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Angular resolution
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Neutrino field of view

Earth-skimming v, are detectable from +3° off the horizon

3-year integrated

GRAND: Science and Design
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Discovering source classes and point sources

Imprint of dominant class on diffuse flux: Discovery of point sources:
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UHECR field of view

UHECRs are detectable from zenith angles of 65°-85°
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UHECR field of view

UHECRs are detectable from zenith angles of 65°-85°
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Current stage: GRANDDProto35

» 35 antennas + 24 scintillators
» Built at LPNHE (France), shipped to NAOC (China)
» Deployment ongoing

Goal:
Confirm self-triggered, autonomous radio-detection of EAS

» Wanted: >80% EAS detection efficiency
» Wanted: <10% false-positive rate

Mauricio Bustamante (Niels Bohr Institute)




GRANDproto35 layout




antenna




Main challenge: Rejection of radio background

» Galactic radio background (150 pV - m™): known, easy to filter
» Man-made radio background: unknown, high, challenging to filter

» Scaling up the background measured by TREND yields 10° events yr™
— We need a rejection factor of 10°

» How to remove the background?

» Remove data in the direction of known sources

> Filter based on antenna trigger pattern | eeeeeeeae-- :
0
» Filter based on polarization LUnder study |

Mauricio Bustamante (Niels Bohr Institute)
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atus and future of GRAND
.3

4 GRAND white paper coming out later this year

Science runs

\J

2018 2019 2025 203X

Number of antennas deployed

3|5 300 1(|)l< 20 x 10k
GRANDProto35 ‘ GRAND10k
GRANDProto300 GRAND200k
Funding:

» GRANDProto35: funded
» GRANDProto300, GRAND10k: good prospects
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Status and future of GRAND

4 GRAND white paper coming out later this year
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Status and future of GRAND

4 GRAND white paper coming out later this year
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More information:

grand.cnrs.fr
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Energy at production

Energy at Earth =

1+2z



Energy at production

Energy at Earth =




"> Deflected by magnetic fields

» Lose energy via
PtV 2Pt +€
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The GRAND roadmap
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UHE gamma-ray reach

. GZK p. GZK Fe —™* Auger SD 2015
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Effective area

For the 60 000 km? simulation
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Coherent radio emission

Cherenkov ring

» “Particle pancake”: ~1 cm thick, few cm wide
Seen by CROME in 3.4—4.2 GHz band

» At radio wavelengths, emission adds coherently:
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GRAND simulations
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Radio detection of UHE neutrinos

» Radio attenuation length in ice: few km VvV Amundsen S
outh Pole Station

(vs. 100 m for light) E o AR?l station . m—
200 m t"

» Larger monitored volume than IceCube " g-sg @ Interaction Vertex
o NN
ARA Instrumentation ~ \ &
]
. . . Central Station \
» ARA, ARTANNA: antennas buried in ice Electronics » P
' small A add

I

il

destructively

» ANITA: antennas mounted on a balloon J
Iarge)\a,dd

]
Calibration I H ﬂ | i coherently
No v detected yet ) I ; L hia
@l Hpol
(But UHECRs detected regularly!) Nl A

ARA / WIPAC

Mauricio Bustamante (Niels Bohr Institute)



Antenna optimized for horizontal EAS

Antenna gain
at 50 MHz

At 100 MHz
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The multi-messenger connection
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The multi-messenger connection
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The multi-messenger connection
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The multi-messenger connection
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The multi-messenger connection
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Gamma-ray energy = Proton energy / 20
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The multi-messenger connection
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Neutrinos — the ultimate smoking gun

Gamma rays Neutrinos UHE Cosmic rays

Point back at sources
Size of horizon
Energy degradation

Relative ease to detect

Note: This is a simplified view
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Neutrinos — the ultimate smoking gun

Gamma rays Neutrinos UHE Cosmic rays

Size of horizon 10 Mpc (at EeV) _ 100 Mpc (> 40 EeV)

Energy degradation

Relative ease to detect

Note: This is a simplified view
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Size of horizon 10 Mpc (at EeV) _ 100 Mpc (> 40 EeV)
Energy degradation Severe _ Severe

Relative ease to detect

Note: This is a simplified view

Mauricio Bustamante (Niels Bohr Institute)



Neutrinos — the ultimate smoking gun

Gamma rays Neutrinos UHE Cosmic rays
Point back at sources _ _ No
Size of horizon 10 Mpc (at EeV) _ 100 Mpc (> 40 EeV)
Energy degradation Severe _ Severe

Note: This is a simplified view

Mauricio Bustamante (Niels Bohr Institute)



Neutrinos — the ultimate smoking gun
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Three strategies to reveal sources using TeV-PeV v

Examine single No evident single source,
sources steady or transient

Look at bright

e.m. point sources
P Stack several Ruled out gamma-ray bursts,
similar sources blazars as dominant

Clustered Placed generic limits on source

Look for neutrino in direction number density and luminosity

multiplets _
Clustered Used to trigger follow-ups by
in direction and time other detectors

Use the diffuse Any population of candidate sources

neutrino flux must account for all or part of it

Mauricio Bustamante (Niels Bohr Institute)






Conversion probability of neutrinos
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Radio noise
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