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200,000 km2 !!!
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Cosmic Rays: Highest Energy Particles in the Universe

• Astronomical:
• Where are they produced ?
• 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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What are they ?
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Science Case

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

4. …
3. Protons
2. Photons
1. Neutrinos
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T. De Young 

F. Halzen 

Neutrino beams: Earth & Heaven  

Earth Heaven “Standard model” of  
neutrino production: 

 
Cosmic Ray acceleration  

(Fermi mechanism?) 
+ 

interaction with  
matter and/or radiation 

in/around source  
 

and/or  
 

while CRs propagate  
through Universe 

Science Case: Sources of UHE neutrinos

Point sources Cosmogenic

Rate & energy distribution depend on:

• Cosmic ray rate (known)

• Source conditions & cosmic evolution
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• Cosmic ray spectrum (known) 

• Cosmic ray composition

p+gCMB → p+p0

p0 → g+ g Eg≈Ep/10

p+gCMB → n+p+

p+ → µ++ nµ En≈Ep/20
µ+ → e++ nµ+ neEn≈Ep/1000

A+gCMB → A′+p
p+gCMB → n’s En≈EA/A/20
p+gCMB → g’s Eg≈EA/A/10

Interesting !
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1o elevation from flat Earth
Rock density 2.65 g/cm3

By Valentin N iess using  N uTauS im :
J. A lvarez-M uniz, et a l., arX iv:1707.00334

UHE neutrino detection
• Cross Section Increases with Energy

• 3-D ➔ 2-D detector: large surface

• Conversion rate in
• Earth crust: high

Charged lepton interacts in rock

• Mountains: high
e likely to shower in mountain
µ stable and hard to detect
t → hadronic shower in ~50 km

• Atmosphere: low

⇒Go for: 200,000 km2 nt detector in mountains
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J.A. Formaggio, G.P. Zeller, Rev.Mod.Phys 84 (2012) 1307

ν̄ee− → ν̄ee−

νμ e− → νμ e−− −

νμe− → νμ e−

ν̄ee− → ν̄μ μ−

νμN → μ− X

νμN → νμX
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Giant Radio Array for Neutrino Detection
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Radio Frequency Emission of Air Showers
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GRAND set-up

• Distributed observatory with
• 20,000-50,000 km2 hot spots,
• total area of  200,000 km2 

• Location: TBD, largely in China
• Site screening (noise, etc.) being done
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Science Reach
• First (?) En>108 GeV
• Point Sources:

multi-messenger APP
• Cosmogenic Origin:

distinguish scenarios

Neutrinos with:
• Highest energies
• Longest baseline
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GRAND: A Versatile Astroparticle Observatory

6 July 2018 ICHEP 2018 (SdJ) 10

GZK

neutrinos

EeV

neutrino
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UHECRs

Neutrino
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UHE

gamma

rays

Epoch of

reionization

Fast

radio

bursts
Giant

radio

pulses

Cross sections at E➝∞
Resonances in spectrum

6400 events @ E>1010.5 GeV/yr in 5 years
Proton astronomy
Baryonic cross section at highest E

Landau-Pomeranchuk-Migdal
effect

Axion-like particles

21 cm radio background
(needs extension of electronics)

O(1000)/day
(~20 seen so far)
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GRAND: Timeline and staging
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Preparations in progress

Funding available



GR DN

White Paper and Proto-Collaboration

• White paper being written
• To be published in few months
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F-45071 Orléans, France70
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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, g, n, …
• Cosmology & astronomy bonuses: FRB, GP, 21cm

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