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2 neutrinos are not deflected by magnetic fields

2 neutrinos allow us to see farther in the Universe
2 neutrinos allow us to see deeper Iin objects

2 clear hadronic acceleration signature
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The guaranteed cosmogenic nheutrinos
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The guaranteed cosmogenic nheutrinos
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The guaranteed cosmogenic nheutrinos
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The guaranteed cosmogenic neutrinos

Alves Batista, de Almeida, Lago, KK, in prep.
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Neutrinos produced at the source (diffuse flux)

Diffuse flux (integrated over the whole population)
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Neutrinos produced at the source (diffuse flux)
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Can we detect very high-energy neutrino sources! Fang, KK, Murase, Miller, Oikonomou 2016
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Can we detect very high-energy neutrino sources! Fang, KK, Murase, Miller, Oikonomou 2016
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NEW! HOT'! radio detection of astroparticles works!
AERA Collaboration 201 6a, b - LOFAR Collaboration 2016




Radio-detection of high-energy neutrinos?
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Radio-detection of high-energy neutrinos?
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Radio-detection of high-energy neutrinos?
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Radio-detection of high-energy neutrinos?

Radio antenna are pro ably the most basic
HE particle deteotors ou ca.n think of...
= cheap + robust +leasy to deploy & maintain
=> perfect for giant afrays













G& Deployment in hotspots
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Hotspot with favorable topology
=> enhanced detection rate!

Target sensitivity: @y = 1.5xI10-11" GeV/cm?*/sr/s

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

Giant simulation area (1'000'000 antennas over ['000'000 km??
Full Earth?) to identify hotspots
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G& GRAND Roadmap

GRANDproto300
GRANDproto35 GRAND [0k
2017 2020 2025
demonstrate that establish detection &
EAS can be iden;njiﬁlcation E)jy ; Egﬁsg\jﬁ‘l\g;ﬁﬁ;ﬁé o
detected on standalone radio array o
standalone radio very inclined showers ARAI‘/AR ANN'AI‘ on” .
array with high (6>70°) induced by high sl,lmldar time sc? e, allowing
efficiency & very energy COSMIC rays SI° ClgovEry O £
0 good background (>1018eV). Includes Icoskmogenlc neutrinos (i
S rejection background rejection, ucky)
G] EAS reconstruction, etc.
35 radio antennas
2| scintillators * 300 Horizon Antennas DAQ with discrete
over 300 km? elements, but
« Fast DAQ (AERA+ maturl*e design
= GRANDproto35 analog {or tr}ggen data
e stage) ransfer,
"y consumption
20 * Solar pannels (day use) +
WiFi data transfer
| 60KE, full | 500€ /
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2017 @ Ulastai to be deployed in 2019
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G& New Physics with GRAND

\(\\e\’med iate Stages

EeV
neutrino
astronomy

Epoch of
reionization

AdVanCe

neutrinos

Science
Goals

Early stageS

Neutrino
physics

Fast
radio
bursts

2 the highest energies (PeV-EeV) - new physics effects grow with energy
2 the longest baselines (Mpc-Gpc) - tiny new physics effects can accumulate

new physics effects scale as ~ K, F/"™" L

Ko

K1

S
N

GRAND can probe —
~ 410" 5<((E/EeV)) (L/Gpe)y* EeViT"

2 with atmospheric/solar neutrinos:

10732 EeV
10—33



G& New Physics with GRAND

\(\\e\’med iate Stages
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G& New Physics with GRAND

AdVanCe

i — P the highest energies (PeV-EeV) - new physics effects grow with energy
2 the longest baselines (Mpc-Gpc) - tiny new physics effects can accumulate

neutrinos
EeV
neutrino
astronomy

Neutrino
physics

new physics effects scale as ~ K, F/"™" L

GRAND can probe
fom ~ 4-107°

\(\\e\’med iate Stages

Fast 2 with atmospheric/solar neutrinos:

radio
bursts

Epoch of
reionization

— T

Early stageS
(1/3:2/3:0)g

b GRAN D Sensi‘tive to tau neu‘trinos! ' 0.9 VY/V \ \, :’: : /N /N ~;'  ’ ' | 9y ) VAY /N \/ \ A :j' /\ VA : ’ ' |
° 0 01 02 03 04 05 06 0.7 08 09 1 °

0 01 02 03 0.4 05 0.6 0.7 0.8 09 1
fe,S fe,EB
py - AT(1232) 5 n'n ot = utv, —etv Vv : : :
" o f.¢ outside [0.30,0.35] could imply new physics

Flavor ratios at production: (f, : fu : fr)g ~ (1/3:2/3:0)
courtesy: M. Bustamante (GRAND Workshop 2017)! /



Neutrino Physics with flavor composition

courtesy: M. Bustamante (ISVHECRI 2018)

Std. miXing Vary G,J-,SCP
IH 0.1 ; 0.9 f.s=0 f.s#0
L] BF
0.3 H B
M 36

1

: ,, SRR 0

A

B New physics
---- Std. mixing
v, flavor cont.

New physics
9,-,-,8sz BF,1G,3G 0.1 -
IH

0.9

.........

7 / / ‘\'// 0

JTTTT Ty 7 JTTTT Ty T Ty 7Ty Ty
0O 01 02 03 04 05 06 07 08 09 1 0O 01 02 03 04 05 06 0.7 08 09 1
f e, MB, Beacom, Winter, PRL 2015 f e,
Lorentz-invariance violation
0.0.1.0
£y (1:2:0)
-0 )
:0)
1)
o)
v Z®
0.8/ R\O.2
1‘0 .:,‘. ol [ ot \ "// r v \\ 1 Nl O'O
0.0 0.2 0.6 0.8 1.0
EB Argtielles, Katori, Salvad6, PRL 2015
ae See also: MB, Gago, Pefia-Garay, [HEP 2010

MB et al.. IMPA 2009



» Two upgoing, unflipped-polarity showers:
» ANITA-1 (2006): 20°+£0.3° dec., 0.60+0.4 EeV
» ANITA-3 (2014): 38°+0.3° dec., 0.56+0.2 EeV

» Estimated background rate: < 10 events

» Were these showers due to v.? Unlikely

» Optical depth to VN interactions at EeV:

Chord inside Earth ~ 7000 km 1
Interaction length in Earth 390 km

» Flux is suppressed by '8 = 10°

ANITA Collab., PRL 2016 + 1803.05088

°hoto bv Brian Hill /U. Hawaii-Manoa

» Transition radiation [Motloch et al., PRD 2017]:
» Refraction of radio waves at ice-air interface could make horizontal v, look upgoing

» Assessment: Needs too large a diffuse flux of v, because transition radiation is a small effect

» Sterile neutrinos [Cherry & Shoemaker, 1802.01611; Huang, 1804.05362]:
» Sterile neutrinos propagate in Earth, then convert v, — v,

» Assessment: Model predicts more (unseen) events at shallower angles

» Dark matter decay in Earth core [Anchordoqui et al., 1803.11554]:
» 480-PeV sterile right-handed v, in Earth core decays: v, — Higgs + v,

» Assessment: Viable, but exotic explanation




> Two upgoing, unflipped-polarity showers: i Problems with diffuse-flux interp. '
» ANITA-1 (2006): 20°+£0.3° dec., 0.60+0.4 EeV I

» ANITA-3 (2014): 38°+0.3° dec., 0.56+0.2 EeV 1> Flux needs to be 108 times larger
E» No events seen closer to horizon

» Estimated background rate: < 10 events

» Were these showers due to v.? Unlikely

» Optical depth to VN interactions at EeV:

Chord inside Earth ~ 7000 km 1
Interaction length in Earth 390 km

» Flux is suppressed by '8 = 10°

ANITA Collab., PRL 2016 + 1803.05088

» Transition radiation [Motloch et al., PRD 2017]:
» Refraction of radio waves at ice-air interface could make horizontal v, look upgoing

» Assessment: Needs too large a diffuse flux of v, because transition radiation is a small effect

» Sterile neutrinos [Cherry & Shoemaker, 1802.01611; Huang, 1804.05362]:
» Sterile neutrinos propagate in Earth, then convert v, — v,

» Assessment: Model predicts more (unseen) events at shallower angles

. g » Dark matter decay in Earth core [Anchordoqui et al., 1803.11554]:
-,;\ s
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°hoto bv Brian Hill /U. Hawaii-Manoa

» 480-PeV sterile right-handed v, in Earth core decays: v, — Higgs + v,
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» Assessment: Viable, but exotic explanation
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