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The Radio Neutrino Observatory Greenland
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The Radio Neutrino Observatory Greenland
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The Radio Neutrino Observatory Greenland

Progenitors and Sensitivities
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GRB 221009A

(non-)detection GRB declination (19 deg)

One of the only dec bands with

750 “continuous” RNO-G coverage
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GRB 221009A

GRB declination (19 deg)

One of the only dec bands with
“continuous” RNO-G coverage
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Signal Chain

From the cosmos to your computer
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Anomaly Detection
Using STFT Mosaic of Phased Array
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Anomaly Detection
Using STFT Mosaic of Phased Array
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Anomaly Detection STFT Magnitude
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Anomaly Detection STFT Magnitude
Using STFT Mosaic of Phased Array
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Anomaly Detection
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Anomaly Detection

Thermal Noise
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Anomaly Detection
Continuous Wave (CW)
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Anomaly Detection

Channel 0 Run 2198 Trace 121 L1 score = 0.010523273394243587
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Anomaly Detection

Channel 0 Run 1925 Trace 9092
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Snowmobiles?

September 10th — Snowmobile?

Station 21 Runs 1924 to 1931 PA Anomaly Forced Model
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Snowmobiles!

Ice Sat Traverse

Station 21 Runs 1925 to 1926 PA Anomaly Forced Model
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Block Offsets

Station 13 channel 3 suffers from frequent block offsets

Channel 0 Run 1235 Trace 3150 L1 score = 0.05375582221370827

 LABA4D digitizes in 16 blocks of 128 samples

Channel 1 Run 1235 Trace 3150 L1 score = 0.0193047298973744

 Probably due to unstable bias in the supplied

voltage
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Block Offsets

Station 13 channel 3 suffers from frequent block offsets

Channel 0 Run 1235 Trace 3150 L1 score = 0.05375582221370827
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 LABA4D digitizes in 16 blocks of 128 samples
 Probably due to unstable bias in the supplied

voltage

e Fixable in level 1 calibration
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Another Anomalous Event in 21 on April 19

station 21, run 2056, event 1809; 2023-04-19 10:28:32.408
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Another Anomalous Event in 21 on April 19
MEGA Block offsets. Caused by loss of power?

Station 21 Runs 2300 to 2349 PA Anomaly Solar Model

Channel 0 Run 2304 Trace 1532

L1 score = 0.06644233473078666

L1 score = 0.08443820552092952

F=-

L1 score = 0.0767893188895618

1000
500 A s00
e Qw * -
~— scaled mean(lognorm) i
400 - -1000
Channel 1 Run 2304 Trace 1532
500
300 - ®
w 0 A
s -
200
o Channel 2 Run 2304 Trace 1532
] 70
(] 500
100 A 250
o 0
-25%0
l -500
-750
0 4
Channel 3 Run 2304 Trace 1532

L1 score = 0.06736232204069434

LR AT

QQ S QQ QQ QQ QO _00 QQ QQ x
Vv o W3 w2 ) YV O £V
> 8 % < B ) v ) B 200
o A A > 2 o o Q )
Q'Q «'Q «'0 ('Q < & c° «> «:\' X
R A R p
Time[UTC] 600
o 500 1000 1500 200 400 600 800 1000 1200 1400 1600
Samples Frequency [Mhz]
Channel 0 Channel 1 Channel 2
0.016
0.014 4 2099 1
:' 0012 4 0.007 4
I 0.010 4
B
0.008 W 0.006 4
0.006 4
o oo‘ ‘v T T T om ] 2
0 200 400 600 800 1000 1200 1200
N block

DESY. | Anomaly Detection with RNO-G | Zack Meyers, July 20 2023

Page 23



Another Anomalous Event in 21 on April 19
MEGA Block offsets. Caused by loss of power?
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Anomaly Detection
Anomalous Low Threshold Event

Channel 0 Run 2190 Trace 2415 L1 score = 0.08466910949067477
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“Anomalous Low Threshold event”
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“Solar Model”

Butterworth filter 25 - 250 MHz

Station 21 Runs 1219 to 1220 PA Anomaly Forced Model
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Station 21 Runs 1219 to 1220 PA Anomaly Solar Model
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More Solar Bursts

Another strong event
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Sim Station 23

Are Neutrinos Anomalous
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Prioritization

Neutrinos left over in the sample

Full Sample

Remove CW

Prioritize high
MAE
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2500 1 BN MAE scores by event
adjusted mean (log-normal)
— 1 sigma
2000 A —— 2 sigma
—— 3 sigma
‘qc-; 1500
o
S
$# 1000 A
500 1
0 - f T T
12 13 14 15 16 17 18
test MAE
# of events # of simulated | Neutrino
Neutrinos Purity
Full Sample 68596 3092 0.043
MAE cut 28590 2338 077
mean
MAE cut 90 977 0.44
aggressive
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Prioritization

Neutrinos left over in the sample

Full Sample

Remove CW

Prioritize high
MAE

DESY. | Anomaly Detection with RNO-G | Zack Meyers, July 20 2023
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o —— Data (Remaining)
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a —— Noise Efficiency
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0.0 _ :
12 1|3 1l4 1l5 1'6 1'7 1'8 1l9 20
MAE (cut value)
# of events # of simulated | Neutrino
Neutrinos Purity

Full Sample 68596 3092 0.043
MAE cut 33083 2407 077
mean
MAE cut 90 977 0.44
aggressive
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Neutrino-ish Signal

Channel 0 Run 1459 Trace 2344 L1 score = 0.025705621044298396
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Station 23 Runs 1459 to 1459 PA Anomaly Forced Model
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Neutrino-ish Signal

....but it does kind of look like one

Channel 0 Run 1459 Trace 2344
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Cosmic Ray Candidates
Aldrin

0MAE Loss = 36.55507278442383
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Summary

0.8

Anomaly Rate
o
F =y

o
N

0.0 A
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Anomalies, station 24

©
[«)]
1

‘

J\

N

 Neutrinos (simulated) and Cosmic Ray Candidates are highly anomalous

Run

* New noise classes / glitches discovered and mitigated

 Active Sun can be used as calibration source, characteristic burst shapes

 Only one component of filtering and Multi-Messenger Response

 Models are simple — more complex 3D and impulsivity parameters for better efficiency
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Bonus Slides



Data Overview

» Most triggered events are noise:

)

Expect <~ 1 neutrino / full RNO-G / year
Expect O(1) cosmic ray events in surface
component / day

other physics backgrounds: Sun, Galaxy
Thermal noise fluctuations

Anthropogenic and hardware induced noise

(intermittent, up to ~10 Hz)

channel 9

0.05
0.00 A1

time [ns] '

channel 10

0.05 1 ‘
0.00 1

time [ns] '
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Rate Ability to simulate

Signal pulses near threshold
Characteristic polarized bipolar pulses convovled

with hardware response
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MAE calculation

Sum of mean pixel difference per time slice

ARMSTRONG Original Image ARMSTRONG Predicted Image ARMSTRONG Difference Image
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20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

DESY. | Anomaly Detection with RNO-G | Zack Meyers, July 20 2023 Page 38



—— Narrowband Event
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Anomaly Detection Update

MAE Varience to Rolling
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thermal noise event
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16 1

14 A A A A A A A A A A
. \ \ LA A \ Y A Aa A A | A AAAA Aa N » ol ]
vy ¥ v

18 1 - anomolous single pulse event 0 20 40 &0 &

0 500 1000 1500 2000
Offset [samples]

DESY. | Anomaly Detection with RNO-G | Zack Meyers, July 20 2023

0 MAE error = 20.079198837280273 0 MAE error = 20.036800384521484

20 40 60 80

o

MAE error = 20.23439598083496 0 MAE error = 20.001449584960938
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Anomaly Detection

wind

Benchmark Event Performance
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Anomaly Detection

. . Wind
Benchmark Event Performance N N
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Anomaly Detection

. . Wind
Benchmark Event Performance N N
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“Anomalous Low Threshold Event”

Forced triggers vs “Quiet Periods”

Station 21 Run 2190 Phased Array Anomaly Scores
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Snowmobiles / Ice Sat Traverse

Station 21 Runs 1900 to 1919 PA Anomaly Forced Model
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“Anomalous Low Threshold Event”

Reconstruction / Coming from above
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“Solar Model”

Butterworth filter 25 - 250 MHz

Station 21 Runs 1219 to 1220 PA Anomaly Forced Model
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MAE

Station 21 Runs 1219 to 1220 PA Anomaly Solar Model
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Anomaly Detection

L1 score = 0.016494025158550286
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Anomaly Detection
Going 3D

L1 score = 0.016494025158550286 H g
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Anomaly Detection
Going 3D

Model: "sequential"

Layer (type) Output Shape Param # k

conv2d (Conv2D) (None, 92, 92, 32) 2080 H k _)

dropout (Dropout) (None, 92, 92, 32) 0 (—-

conv2d_1 (Conv2D) (None, 46, 46, 16) 131088 ()lJtF)ljt
conv2d_transpose (Conv2DTran (None, 46, 46, 16) 65552 \AI

dropout_1 (Dropout) (None, 46, 46, 16) 0

conv2d_transpose_1 (Conv2DTr (None, 92, 92, 32) 32800

conv2d_transpose_2 (Conv2DTr (None, 92, 92, 1) 33

Total params: 231,553
Trainable params: 231,553

Non-trainable params: @ kernel

3D data

Model: "sequential 7"

Layer (type) Output Shape Param #
conv3d_10 (Conv3D) (None, 46, 46, 4, 32) 16416
dropout_14 (Dropout) (None, 46, 46, 4, 32) 0
conv3d_11 (Conv3D) (None, 23, 23, 2, 16) 2097168
conv3d_transpose_14 (Conv3DT (None, 46, 46, 4, 16) 1048592
dropout_15 (Dropout) (None, 46, 46, 4, 16) 0
conv3d_transpose_15 (Conv3DT (None, 46, 46, 4, 32) 262176
conv3d_transpose_16 (Conv3DT (None, 46, 46, 4, 1) 2049

Total params: 3,426,401
Trainable params: 3,426,401

Non-trainable params: @
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Anomaly Detection Update

Going 3D

—_ 2D Mosaic
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3D Tensor
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