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The high-energy landscape of our universe
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The high-energy landscape of our universe
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Radio Neutrino Observatory in Greenland (RNO-G)

Textbook physics — neutrinos with
energies of 10s of PeV must exist! First science-scale radio array targeting = 10 PeV neutrinos

in the northern hemisphere
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Radio neutrino detection

Use Greenlandic ice as detector medium

Ice is dense!

Good target material for weakly-interacting particles
Charged particles in shower

Shower front smaller than wavelength

Ice is clean and cold!

Very transparent to electromagnetic radiation
in the MHz - GHz band!

f~500MHz < 1 ~ 0.4m

Expect strong signals at high energies,
detectable over long distances
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RNO-G: array design
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RNO-G: station design

Triangular station layout

with downhole and surface antennas

Horizontally- (Hpol) and
vertically-polarized (Vpol) dipole antennas

Hole = 100m deep in more-
homogeneous and radio-quiet ice

Polarization-sensitivity improves
direction-finding

Upward- and downward-
looking (directional!) log-periodic
dipole antennas (LPDAS)

Sensitivity to (down-going) cosmic rays
— veto
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RNO-G: station design Digitizer . |
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RNO-G: station design

Beam-forming for radio trigger |
-40m |
Downhole-dipoles have low antenna gain
(@ 28cm hole) g2
— Synthesize higher-gain directional beams through digital phasing g
of narrowly-spaced downhole antennas (“pohased array”) 5
f ) -o0m |
-80m
-90m i
. J >!

-100
Significantly lower trigger thresholds (relative to single-antenna trigger)
— To be activated in deployed stations soon!
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Simulation
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RNO-G is an array built from
autonomous stations

Calibration and simulation work
hand-in-hand to analyze and interpret data

Radio emission + propagation (NuRadioMC)

l Channel-specific signal chain simulation
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Data-taking status and first results

First deployment in summer 2021;
seven stations currently integrating data

Data set for first neutrino search still blinded

A broadband radio array Is a
very versatile detector!

Bl Deployment
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St. 23 [ Science Data
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Data-taking status and first results

First deployment in summer 2021;
seven stations currently integrating data

Observation of solar radio bursts in RNO-G
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... produce bright
radio signature —»

solar flare on 2022-09-29 (RNO-G Sun zenith angle: 78.8 deq)

S. Hallmann, M. Mikhailova
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Data-taking status and first results

First deployment in summer 2021;
seven stations currently integrating data

Cosmic ray air showers

Search for down-going signals in
surface antennas

%@ RNO-G

station

Full analysis / detector modeling work in progress
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Building for the future

RNO-G array currently undergoing
deployment at Summit Station, Greenland

Seven stations already taking data,
28 more firmly planned (and fully funded)

35-station array starts probing
optimistic cosmogenic neutrino models and
hard astrophysical component

Exciting times ahead!

Philipp Windischhofer / RNO-G

10_6?

RNO-G 35 stations, 5 years \///

I [1.50n0ises 2.50n0ise] trigger ARIANNA ARA
95% CL contour

E - zanoise trigger

lceCube-like flux

90% CL

4 /7 \ '\ \

/ .
107104 ——.— Best fit UHECR, Heinze et al.
- Best fit UHECR + 30, Heinze et al.
------ 10% protons in UHECRs (AUGER), m=3.4, van Vliet et al.
| allowed from UHECRSs, van Vliet et al.
10—11 '/. I — — — S —— o
10° 10° 107 108 10° 1010 1011
[arXiv:2010.12279] neutrino energy [GeV]

15


https://arxiv.org/abs/2010.12279

THE UNIVERSITY OF , v b/IEIH/EERSITEIT UNIVERSITE
CHICAGO () wisconsin W3] oessrer R s

DE BRUXELLES

"E//A':‘\\U I \U . i canatate THE OHIO STATE

Friedrich-Alexander-Universitat THE UNIVERSITY OF UNIVERSITY

Erlangen-Nornberg KANSAS HE UNIVERSITY OF —
= UNIVERSITY OF — T T
& ALABAMA ey  Lu

SITYor WHITTIER fjiiociry

RNO-G | /;m\ FIAWARFE. COLLEGE

Collaboration N b\lIVERSITY OF
April 2024 UPPSALA Radboud University {Q5] enras ka
UNIVERSITET Lincoln”




Backup



RNO-G sensitivity to flaring sou

rces

RNO-G = ™
_ RNO-G UL
o o 46-53°
= 102{ 0 56-63°
: . U V' 67-73°
Field of w_ew overlaps N m 77-83¢
with IceCube! L
IceCube — O o
55-90d - 101'-}/
75° T isosdeq @
=) H- :/
- TA Hot ob '®)
2 30 AN 2
E / _GRB 221009A b 100 -
05 D 1 O,
2 0° | | 6C 106 T 4
e 7/
S \ = -
: —
= N6 N7
SRR 0E 10 10
© Felix Schlit
elix Schluter
-60°

/9% ra / deg

Philipp Windischhofer / RNO-G

Neutrino Fluence Predictions
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lce at Summit
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