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Cosmogenic neutrinos

[M. Bustamante]

cosmogenic neutrinos:
from interaction of
UHECRs and CMB
(guaranteed)
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Study the most
energetic cosmic accelerators

Optimistic: 100% p, SFR

30% Fe, SFR

Pessimistic: Fe rich, uniform

Neutrino energy E, [GeV]
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All-flavor w+v) E?®(E,) [GeVcm™2 s ! sr ]

Cosmogenic neutrinos

cosmogenic neutrinos:
from interaction of
UHECRs and CMB

(guaranteed)
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Radio footprint of inclined showers

[arXiv:1507.07769]
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* Footprint becomes large for large zenith
* Detectable at distances of km

— Antenna array with kms-spacing possible
- radio technique scalable
to large areas
- large exposure for moderate costs

— Radio as ideal technigue to detect
Earth-skimming neutrino trajectories!




High-energetic neutrino detection
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Cosmogenic neutrinos
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Preliminary simulation results on sensitivity

[M. Bustamante]
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Cosmogenic std.
[Kotera et al., 1009.1382]

GRAND 200k
200'000 antennas over 200'000 km?

All-flavour target sensitivity:
1.5 x10° GeV cm? s srt

Angular resolution < 0.3 deg.
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A win-win-win situation

M. Bustamante, VHEPA 2016

For cosmogenic neutrinos, GRAND is ...

» ...adiscovery and precision instrument for optimistic fluxes:
600—1400 events yr—!

» ...adiscovery instrument for pessimistic fluxes:
6—15 events yr—!

» ...and a strong-exclusion instrument, if < 1 event yr— @

Mauricio Bustamante (CCAPP OSU) UHE neutrinos with GRAND 15
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Hotspot with favourable topology
= enhanced detection rate!

Preliminary results of sensitivity study
90,000 antennas over 60,000km?
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a ~10’000km? array deployed over hotspot may
have potential to discover EeV neutrinos
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Hotspot with favourable topology
= enhanced detection rate!

Target sensitivity: @, = 1.5x10° GeV/cm?/sris

— Driver: go for hotspots!
Then 200°000km? may be enough to reach target sensitivity

Preliminary results of sensitivity study
90,000 antennas over 60,000km?
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Disclaimer: to be confirmed by full end-to-end simulation.
Giant simulation area to identify hotspots.
(1’000°000 antennas over 1'000°000 km2? Full Earth?)
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GRAND end-to-end simulation chain

— can we achieve that sensitivity?
— do we profit from mountains as targets and screens?
- find hot-spots!

background
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* Topography along track
« CC & NC v, interactions

* Tenergy losses
* Tdecay

< Danton

* Shower development
* Radio emission

> ZhaireS + EVA

Antenna response
Antenna trigger
(background noise sim)

» NEC

R/—/

Substituted by radio morphing



Point sources of UHE neutrinos

Needed:
e good angular resolution (fraction of degree)
* number of detected events > 100s
to allow point source to stand out of diffuse background

significance of detection estimates neutrino production
of a neutrino point source directly from various sources
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Neutrino astronomy!

Fang, Kotera, Murase, Miller, Oikonomou 2016
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What else can GRAND do?

VHE phenomena in the Universe

e Cosmogenic neutrinos

* Neutrino astronomy

* UHECRS & gammas - going to be the largest ground-based detector for CRs

Radio astronomy
* Fast Radio Bursts + Giant Pulses (f> 100 MHZz) - original and powerful instrument
* Epoch of Reionisation

Fundamental physics

* Fundamental physics test: neutrino flavour
* Glashow resonance(?)

* EAS physics

Others
* Extreme electromagnetic atmosphere events (Elfs, Sprites, etc.)
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GRAND Workshop, IAP, May 2017
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Back-up
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Slide by K. Fang

Preliminary sensitivity Study
v Propagation—> tau Decay — EAS Development (not yet with

antenna response)

Northing [km]

eutrino interaction

e o Gl B Shower
' - track
1 N :

Easting [km]

Simulation setup: 90,000 antennas over 60,000 km2 with 800 m
step size in Tianshan Mountain

Showers detected if >=8 neighboring antennas are inside a light cone
of a few degrees & In direct view decay point
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Slide by K. Fang

From Neutrino to Lepton
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Slide by K. Fang

Terrestrial backgrounds expected at rate of 1 Hz

- Trigger pattern at ground (started
inside array + beamed emission el cone
with flat wavefront +
reconstructed source below
horizon)

Shower axis

E|

+ Polarization pattern
(perpendicular both to
geomagnetic field & direction of
propagation of shower)

[| = Proy. si shMax = 11km

« Cherenkov cone

10000 20000 30000 40000 50000 80000  FODOO
Fow Dir [y
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Slides by O. Martineau

« Field of view

Energy reconstruction

= ...1s not possible

= But at least we know E,>Eq

= Do better thanks to E, correlation with
T time of flight (?)
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« Angular resolution
= Analytical computation
assuming 3ns trigger timing precision (no noise).

= Mean = 0.05°: full benefit of extended trigger zone
& denivelation.

Median = 0.02°

Mean = 0.05°

f(AD>1°) = 0.2%

... thanks to mountains!
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Slides by O. Martineau

GRAND v sensitivity study - Results
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