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Cosmic Ray&: Highest Energy Particles in the

 Astronomical:
* Where are they produced ?

What are they ?
« How are they produced ?

« How do they propagate from the source to us ?

* Particle Physics:

* How do they interact ?

« What is produced in their collisions ?

(while propagating through space or when hitting the Earth’s
atmosphere)
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Science Case

Hy->A->1T>V
(3K bkg)

Most promising to point
back to their source
(at highest E):

o

4. ... Yoo

3. Protons
2. Photons
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Science Case: Sources of UHE neutrinos
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Rate & energy distribution depend on:

* Cosmic ray rate (known) « Cosmic ray spectrum (known)

« Source conditions & cosmic evolution

- Cos ray composition
& Interesting ! " ?
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UHE neutrino detection Pk
» Cross Section Increases with Energy °* .
« 3-D = 2-D detector: large surface E o
10'625 o
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= Go for: 200,000 km? V. detector in mountains
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Radio emission

% * Antenna optimized for horizontal showers

* Bow-tie design, 3 perpendicular arms
* Frequency range: 50-200 MHz

« Inter-antenna spacing: 1 km




Radio Frequency Emission of Air Showers
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https://arxiv.org/abs/1806.05386
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GRAND set-up

* Distributed observatory with  HE=@=" |
» 20,000-50,000 km? hot spots/f o "N e
- total area of 200,000 km?z |~

* Location: TBD, largely in China
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Science Reach

* First (?) E,>108 GeV

* Point Sources:
multi-messenger APP

* Cosmogenic Origin:
distinguish scenarios

Neutrinos with:

Cosmogenic v std.

* Highest energies

All-flavor (v +

i —10_ Fe rich, low EZX -~ 7N “low Emax
* Longest baseline 107I0E SRR - 7 7 ow G
L 1 IIIIIIII 1 II/IIIIII 1 IIIIIIII 1 IIIIIIII\ 1 IIIIIIIII 1 IIIIIII_
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GRAND: A Versatile Astroparticle Observatory

6400 events @ E>10195> GeV/yr in 5 years

GZK Proton astronomy
neutrinos . . .
FeV Baryonic cross section at highest E

neutrino
astronomy.

Landau-Pomeranchuk-Migdal

Cross sections at E—co  NEF gl  effect .
Resonances in spectrum\’ galAles Ssk Axion-like particles

Epoch of Fost
reionization felelly 0O(1000)/day

boursts ~
21 cm radio background (~20 seen so far)

(needs extension of electronics)
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GRAND: Timeline and staging
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White Paper and Proto-Collaboration

* White paper being written
* To be published in few months
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GRAND Summary and Outlook

* Challenges:
« Highest energy cosmic rays still a mystery in many respects
 UHE neutrinos and photons must exist, but not yet observed
* Need orders of magnitude more exposure than Auger/TA

* GRAND:

 Observe UHE cosmogenic neutrinos:
* Neutrino astronomy

* neutrino physics far beyond current reach
Versatile multi-messenger observatory: A, p, v, v, ...
Cosmology & astronomy bonuses: FRB, GP, 21cm

Has already started, follows ambitious timeline
Requires substantial funding and human resources: Join Us !



