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Not yet discovered!

Component

- Existence of cosmogenic GZK
neutrino flux

= Requires lceCube x 10 - 100

= |n-ice radio detectors target
energy range: 100 PeV - 10 EeV

Astro2020 White Paper, arXiv:1903.04334

107°-

1077 -

E2® (all-flavor)[GeV cm ™2 s~ 1 sr71]

- Target sensitivity

| vervyive=1:1:1

lceCube

Neutrinos from AGN

Neutrinos from CR interactions during propagation

ANITA |-l

Auger

—-— Neutrinos from low-luminosity GRBs

.
Neutrino energy [GeV]

109 —_ '”]'_'610' . 1011



https://arxiv.org/abs/1903.04334

Not yet discovered!

N o
' B

- Existe
component

- Existence of cosmogenic GZK
neutrino flux

= Requires lceCube x 10 - 100

= |n-ice radio detectors target
energy range: 100 PeV - 10 EeV

E2® (all-flavor)[GeV cm ™2 s~ 1 sr71]

Astro2020 White Paper, arXiv:1903.04334

10‘6:
| = Target sensitivity ANITA I-|
| vervyive=1:1:1
10—73
:+ Auger
Z IceCube o .,
. ~ Protons
‘ Ombj
10-9 - | Iﬂ(efred by UHECR data
| | \ With 10% protons 7
| [ N : ’
| —— Neutrinos fromlow luminosity GRBs
o] T Neutrinos from AGN
10 Neutrinos from R mteractlons durlng propagatlon
105108107 10f  10° 101 1o

Neutrino energy [GeV]



https://arxiv.org/abs/1903.04334

RNO-G, Journal of Glaciology
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How?

~ Particle cascade

Emin to detect radio
emission 2> 1 PeV

U

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

... and produces radio emission (Askaryan 1968) 4
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Radio Neutrino Observatory - Greenland

» 35 stations on 1.25km grid
- [/ already deployed & taking data
- 3 - 4 more deployment seasons

» At Summit Station

> Stations are solar powered &
communicate wireless

RNO-G Planned Layout
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A hybrid concept

) E'a-hv

> |Informed by pilot
experiments (ARA &
ARIANNA)

> Will inform lceCube-
Gen2 radio array design

-60m

-80m

-100m—
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A hybrid concept

ate polarisation
‘reconstruction

> 3 calibration pulsar

> Informed by pilot * Multiple coincidence
experiments (ARA & threshold trigger
ARIANNA)
> Will inform IceCube- | | !
Gen2 radio array design | | | |
Hpol i

Vpol




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

rrrrrrrrrrrr

 Upward- &

downward-facing
LPDA antennas

* CR detection + veto
e Accurate polarisation

reconstruction

* Multiple coincidence

threshold trigger

e 100m deep

e “Overlook” larger
volume

* | ow threshold trigger
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Phased array

» Signal of 4 Vpols
combined by phasing
Into 8 beams in real

time
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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!
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Effective area

| D. Garcia-Fernandez et.al..
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Verifying detector performace Cosmic ray search with signal templates

Search galactic emission as daily modulation in
received power In local sidereal time

V_RMS of Station 23, channel 16 for 730 runs between run 1 and run 1134 throughout the day for 24 bins

2.525 Entries:16632

2.500 | |
E 2475 ! * :

2450 | w Sk
| ¢p 2425 b |

< 2.400 anr ,
z: Pl

0.8

0.6

01234567 8 9101112131415161718192021p223
= See Jethro Stoffels ERERINAL

talk this afternoon
View of Gal(l,b)=(90,0) deg.

0.4

0.2-

Correlation with template

§ 80 e . ey vy ., .........................................................................................................................................
§ o0 Galactlcpl W e i e e e, Thermal noise SNR thermal noise
S I Al W o o S Wi R e e 53 0825 050  0.75 1.00 1.25 1.50 1.75 2.00 2.2

20

L e il i — log1o SNR

10° 10’
# events

S — 11 cor et SR ——— 111 1110 S—_— T T LT T S T LT Lt LTIl T TTTTTTTTrTyIIo.

" —1 PV y- R B — —
: i :

BN " s . e | T | 103 1074 103
llllllllllllllllllllllllll111201112[211124 #expectedCR

Local Siderial Time (hrs) , 1 5

rprri IIIIIII IHEE L lllllllllll |

o
N
H
(=2}
@
-t
o
-l
N
-y
F =Y
-4
o
'y
@



First look into the data

i September 29, 2022 L
> For 3 solar flares, reconstruct position of Sun
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Summary & Outlook -

> RNO-G is currently deploying at Summit Station in
Greenland
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—
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> When completed, RNO-G will have world leading
sensitivity for 1 EeV neutrinos

- Potential to discover the first UHE neutrino!

> RNO-G will be contributing with UHE neutrino
observation to multi-messenger campaigns in the
Northern Hemisphere

L4 N
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RNO-G Single Event Sensitivity
2025 (21 stations)

10—6_ — 2028 (35 stations + turbines)

— 2032 (35 stations + turbines)

— ()38 (35 stations + turbines)

» Current efforts focus on calibration &
commissioning

- See talks by Jethro Stoffels and Bob Oeyen this afternoon

All Flavor E2® [GeV/cm?/s/sr]

10-10. -
1015 1016 1017 1018 1019 1020
Neutrino Energy [eV]

> \We are preparing for neutrino searches! "
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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

8 ns




All Flavor E2® [GeV/cm?/s/sr]
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For different flux models

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

@ ?IceCube tracks ?Bergmané(van Vliiet, fit to ?Rodrigues et al.,
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Background

1. Direct air shower
emission

> Different polarisation
pattern, possible veto

2. Huge energy loss from
high energy muon

» Same signal signature as
neutrino but different
energy spectrum an arrival
direction distribution

3. In-1ce emission If air shower

particles reach ice

> Similar signature as neutrinos e
but from surface 7
> See Uzair Latifi this afternoon g
/ < g
air shower detection \o ” o
12 detection
I g:i::tion catastrophic dE/dX
23

+ thermal noise & anthropogenic noise



Air showers & muons

D. Garcia-Fernéndez I"=7! Neutrinos, E,: [117, 174] PeV
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— | vertex distribution |
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Combination of different observables
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Combination of different observables
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Energy reconstruction

> Recipe: Signal strength, polarisation, viewing angle, vertex distance

Shower Energy

(Depends on L) Neutrino Direction

(N«  (-YE (_ozo )| ( = ) 2 x (@, x 7)
X — cX = —CX U
A T2 e(Ea ) | R \En) T T

| Y

Observed Field \ v ) Polarization

(Depends on)
Vertex Position

Vertex reconstruction
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RNO-G, JINST 16 (2021) 03 RNO-G, EPJC 82, 147 (2022)
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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)
M \‘\A
N\~ \/\H/\

“

v

V (trigger on this)

W[~

"~ beams V
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Signal can reach antennas on different trajectories!

Surface Channels
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3 different antenna types
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Run 2123 event 3657
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