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» Radio detection of UHE neutrinos
» RNO-G science potential

> Deployment and recent results

Check out our 10 contributions @ the ICRC 2023 2



https://confit.atlas.jp/guide/event/icrc2023/advanced?query=RNO-G&searchType=subject&page=1

Not yet discovered!
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- Existence of cosmogenic GZK
neutrino flux
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https://arxiv.org/abs/1903.04334

RNO-G, Journal of Glaciology
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https://inspirehep.net/literature/2014109

Where? Greenland!
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Radio Neutrino Observatory - Greenland

RNO-G Planned Layout

» 35 stations on 1.25km grid
- [ already deployed & taking data
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A hybrid concept
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> |Informed by pilot
experiments (ARA &
ARIANNA)

> Will inform lceCube-
Gen?2 radio array design




A hybrid concept
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 Multiple coincidence
threshold trigger

> 3 calibration pulsar
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Station design

» 24 antennas

- 3 types
- ~ 80 - 650 MHz

> 3 calibration pulsar

> |Informed by pilot
experiments (ARA &

ARIANNA)

> Will inform IceCube-
Gen?2 radio array design

 Upward- &
downward-facing
LPDA antennas

‘\\\ //, e CR detection + veto

* Accurate polarisation
reconstruction

N “ * Multiple coincidence
- threshold trigger

e 100m deep

e “Overlook” larger
volume

* | ow threshold trigger

~9m




Station design

» 24 antennas

- 3 types
- ~ 80 - 650 MHz

> 3 calibration pulsar

> |Informed by pilot
experiments (ARA &

ARIANNA)

> Will inform IceCube-
Gen?2 radio array design

Phased array

» Signal of 4 Vpols
combined by phasing
Into 8 beams In real
time
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Particle cascade

Emin to detect radio
emission = 1-10 PeV

U



Pé| . cascacd

Emin to detect radio
emission = 1-10 PeV

U

A negative charge-excess
builds up (electrons are
knocked out of ice) ...

... and produces radio emission (Askaryan 1968) 9



https://inspirehep.net/literature/66980

Particle cascade

Emin to detect radio
emission = 1-10 PeV
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A negative charge-excess
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... and produces radio emission (Askaryan 1968) 9



https://inspirehep.net/literature/66980
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knocked out of ice) ...
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... and produces radio emission (Askaryan 1968)


https://inspirehep.net/literature/66980
https://inspirehep.net/literature/1826001
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Arrival direction reconstruction

1. Reconstruct vertex position / signal arrival

direction from triangulation
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Using cross-correlation to determine signal (time) in each antenna.

Using forward folding technique to determine vertex position /
signal arrival direction.

Requires signals in several strings

S. Bouma for IceCube-Gen2, Pos (ICRC23) 1045 |. Plaisier et.al., EPJC 83 (2023) 5 13



https://inspirehep.net/literature/2628853
https://confit.atlas.jp/guide/event/icrc2023/subject/PNU2-26/advanced

2. Reconstruct viewing angle from frequency
spectrum
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3. Reconstruct polarisation
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https://inspirehep.net/literature/1826001
https://link.springer.com/article/10.1140/epjc/s10052-022-10034-4

Effective area

Effective volume [km?3]
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very high energy em cascades
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= Muon and tau leptons undergo
catastrophic energy losses which
can trigger the radio detector
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https://inspirehep.net/literature/1788748

to a diffuse emission
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https://confit.atlas.jp/guide/event/icrc2023/subject/MM_GW3-09/advanced

Effective area

FoV daily variation —— 55 - 90 deg
— 45 -95 deg

sedasgat Syead lng
MR N Yy
SN L RS
& =
) =8

0.010

declination / deg

0.005

o
L B B B N N B _§B |
%""
T S SN SRS S SN S SR S
digi

0.000 -75°
=100 =075 =050 =025 000 025 050 0.75 ~1.00 ra / deg
cos(é;) Equatorial coordinates
> |argest aperture just above the _ _
horizon > Earth is opaque for UHE neutrinos

> Observatory in northern hemisphere relevant
for multi-messenger observation! 18
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to transient events

Neutrino Fluence [GeV cm™2]
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https://inspirehep.net/literature/1826001

Deployment

Drilling 100m deep, 28 cm diameter hole

Shallow antennas are deployed in trenches ...

Custom designed driller by
British Artic Survey (BAS)
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Aka surviving the winter!

collected livetime in 2022 [days]

Battery charge over the winter
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30° ¢ % 30° station 23 from 08.08.2022 05h to 12.08.2022 09h
%& % i o dowlma':arc'j-facing LP'DAs ~ -~ weather balloon
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Excess in received power at lower frequencies for
upward-facing LPDAs — Galactic emission
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https://confit.atlas.jp/guide/event/icrc2023/subject/NU1-04/advanced
https://confit.atlas.jp/guide/event/icrc2023/subject/CRI17-04/advanced

First look into the data S. Hallmann for RNO-G, Pos (ICRC23) 1043

> For 3 solar flares, reconstruct position of Sun

I september 20,2022 > Allowed correction / calibration
| of station geometry
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https://confit.atlas.jp/guide/event/icrc2023/subject/NU1-04/advanced

Summary & Outlook

> RNO-G is currently deploying at Summit Station in
Greenland

> When completed, RNO-G will have world leading
sensitivity for 1 EeV neutrinos
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- Potential to discover the first UHE neutrino! | e e M e N =
> RNO-G will be contributing with UHE neutrino
observation to multi-messenger campaigns Iin the 10°3

RNO-G Single Event Sensitivity
2025 (21 stations)

10—6_ — 2028 (35 stations + turbines)

— 2032 (35 stations + turbines)

— (038 (35 stations + turbines)

Northern Hemisphere

» Current efforts focus on calibration &
commissioning

All Flavor E2® [GeV/cm?/s/sr]

> \We are preparing for neutrino searches!
10—10_

- We have developed reconstruction algorithms . . . R
. . 1015 1016 1(.)17 1018 1019 1020
- 10 contributions at ICRC23 Neutrino Energy [eV]
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Current effort!

Simple exponential fit

Density O
920 kg/m>

320 kg/m3

Om 200 m
Depth z

Antenna number 6 7 22 23
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For different flux models

RNO-G, neutrinos  :.....: —— 1 event per bin

n lceCube tracks Bergman é‘ van Vliet, fit to Rodrigues et al.,
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3. In-ice emission if air shower
particles reach ice

Background

cosmic ray

> Similar signature as neutrinos o
but from surface o
Uil > See Uzair Latifi this afternoon !
emission | 27
> Different polarisation e <
pattern, possible veto 2 X
air shower detection \e o ol
: % 7 ice
2. Huge energy loss from 4 A PO
> Same signal signature as g - S
neutrino but different i\
energy spectrum an arrival TR
direction distribution - b
30

+ thermal noise & anthropogenic noise



Air showers & muons

—— Sibyll 2.3c + GSF: Z, = 0.067 —— QGSJet-11-04 + T+H: Z, = 0.004 - — VanVliietetal. (TA):Z, =273 —— IceCube (y:-2.37): Z, = 0.45
—— Sibyll 2.3¢ + T+H: £, = 0.035 —— QGSJet-1I-04 + H3a: I, = 0.002 —-— Rodriguesetal.: Z, =1.72 -—= Van Vliet et al. (Auger): Z, = 0.22 : : - Ncutriros, E;: [117, 174] PeV
Fang&Murase: Z, = 0.77 — T+H: Z, =0.01 T dlﬁerenceS In Atm us, E,;: [127, 207] PeV

100 vertex distributio ri_ Neutrinos, E,: [1269, 1887] PeV
.08 1 Atm s, E,: [1438, 2336] PeV
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L. Pyras et al. PoS (ICRC2023) 1076 + arxiv : 31



https://confit.atlas.jp/guide/event/icrc2023/subject/PNU2-03/advanced
https://arxiv.org/pdf/2307.04736.pdf
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Which undergo catastrophic energy losses

— Total For Tau neutrinos
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Specific polarisation pattern

Deep

forward view side view

E-field polarization E-field polarization

X127

Rodio Neutrino observatory - Greenlond
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For triggering and reconstruction

Beamforming array  Incoming pulse Digitized signals Matching beam
| (delayed and

summed )
A \L\,
| —

A

i O J\/\
| | )
J (trigger on this)
\/\) r\‘\-»
™ beams \
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https://arxiv.org/abs/2202.07080

Signal can reach antennas on different trajectories!
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Run 2123 event 3657
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