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e Currently an operating station of the
Surface Enhancement for IceCube
measures radio signals from air showers
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e Currently an operating prototype station
of the Surface Enhancement for IceCube
measures radio signals from air showers

e There is noise!

Wednesday January 29th, 2025

05



Paula Gdlvez Molina, Abdul Rehman, Frank Schroder
paulagm@udel.edu; arehman@udel.edu; fgs@udel.edu

e Currently an operating prototype station
of the Surface Enhancement for IceCube
measures radio signals from air showers

e There is noise! (SNR: proxy for noisiness)
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SNR: Signal to Noise Ratio
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e Currently an operating prototype station
of the Surface Enhancement for IceCube
measures radio signals from air showers

e There is noise! (SNR: proxy for noisiness)

SNR:
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to Noise Ratio
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e Currently an operating prototype station
of the Surface Enhancement for IceCube SNR: Signal to Noise Ratio

measures radio signals from air showers Bin the waveform and compute

e There is noise! (SNR: proxy for noisiness) the Root Mean Squared (RMS).
Choose the Median RMS?
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e Currently an operating prototype station
of the Surface Enhancement for IceCube
measures radio signals from air showers

e There is noise! (SNR: proxy for noisiness)

SNR:

SNR =
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to Noise Ratio

Median RMS?
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e Currently an operating prototype station

of the Surface Enhancement for IceCube SNR: Signal to Noise Ratio
measures radio signals from air showers . Peak value 2
. : . . NR =
e There is noise! (SNR: proxy for noisiness) Median RMS?2
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e Currently an operating prototype station

of the Surface Enhancement for IceCube SNR: Signal to Noise Ratio
measures radio signals from air showers SNR Peak value 2

e There is noise! (SNR: proxy for noisiness) " Median RMS?2

e Previous detection techniques (such as .
SNR cuts) lose information at low SNR E 4w mm sig+ Noise -
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measures radio signals from air showers
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Apply Convolutional Neuradl
Networks to Classify radio
waveforms and Denoise them.
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DATA PREPARATION

e Generate waveform data set:
o (CoREAS) Simulated Signals
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Signal Only
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DATA PREPARATION

e Generate waveform data set:
o (CoREAS) Simulated Signals
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METHODOLOGY
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DATA PREPARATION

e Generate waveform data set:
o (CoREAS) Simulated Signals

O

O

METHODOLOGY
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DATA PREPARATION

¢ Generate waveform data set:

o (CoREAS) Simulated Signals,
Measured Noise, Signal + Noise
waveforms
e Signal:
m 10/A16 to 10718 eV, and zenith angles from O to 0.9 sin/2 (theta)
e Noise:
m January - July 2022 Measured Noise
®m Frequency band of 70-350 MHz (Two polarization channels)

m Traces of 1000 samples with 1 ns binning
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TRAINING AND TESTING

e (Generate waveform data set:
(CoREAS) Simulated Signals,

Measured Noise, Signal + Noise

waveforms
e Create 2 CNNs for Classifying and

Denoising

METHODOLOGY
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TRAINING AND TESTING

e Create 2 CNNs for Classifying and
Denoising

e Split the dataset in 80%-20% for training
and testing and train the CNNs

Wednesday January 29th, 2025
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RESULTS CLASSIFIER

[P S — S R A B T T T T T T T N B A i — 1 T 11771 | =T 1T.171 1 |
. [ Sig+Noise 2! IceCube Preliminary ™ 100_‘ - - -0--0--0----0 T
10 F[C—1 Noise Only :_JE E i ‘_z"
i | HE [ IceCube Preliminary [ 4
i 80F ,’ _
o i &: i JJ,
107 i 1 o | ot
= : ~ "
2 : < 60 i -
- I ' = [ e -®- True Positive |]
g 102k ! ] g ".--'.'# -®- False Positive |
O "7k E 1 & 40 @ e
| A i
101k E a 20 =
: | e _
1 | ] | f | " | ] i f | ] | 1 | 1 l i - 0 _. ...--...-:-I..-_-.-._-..-‘-....—.‘...—:J. | M| --I
00 01 02 03 04 05 06 07 08 09 1.0 101 102 103
Classifier Output SNR
PoS(ARENA2024)034

FIRST RESULTS

Wednesday January 29th, 2025

21



Paula Gdlvez Molina, Abdul Renman, Frank Schroder Wednesday January 29th, 2025

paulagm@udel.edu; arehman@udel.edu; fgs@udel.edu

A i S N N e e
RESULTS - il ow 1 +  Denoised ¢ Denoised '

40F .
DENOISER

E 3 . D B
e :
< .
=20 -
~40 : .
[ IceCube Preliminary
-60 F
- .

— i

2 | =
— S . g
=t ]
E ° i === i f EEEEEE A — h.:,l:-_l:__l.__".'_‘.".:'. ......... e :
S Ot | " o e — = "

10! 102 103

SNR PoS(ARENA2024)034

Peak Time Difference (At)
Peak time of denoised signal - peak time of simulated signal

FIRST RESULTS

22



Paula Gdlvez Molina, Abdul Rehman, Frank Schroder

Wednesday January 29th, 2025

paulagm@udel.edu; arehman@udel.edu; fgs@udel.edu

RESULTS
DENOISER

FIRST RESULTS
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MOTIVATION

Can we the
performance of the CNNs by
upsampling the waveforms?
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DATA PREPARATION

e Generate waveform data set 1.
(CoREAS) Simulated Signals,
Measured Noise, Signal + Noise
waveforms:
e Signal:
m 10/A17.5t0 10718 eV, and zenith angles from O to 0.9 sin”2 (theta)
e Noise:
m January - May 2024 Measured Noise

®m Frequency band of 70-350 MHz (Two polarization channels)
m Traces of 1000 samples with 1.25 ns binning
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DATA PREPARATION

e Generate waveform data set 1.
(CoREAS) Simulated Signals,
Measured Noise, Signal + Noise
waveforms:
e Signal:
m 10/A17.5to 10718 eV, and zenith angles from O to 0.9 sin”2 (theta)
e Noise:
m January - May 2024 Measured Noise

®m Frequency band of 70-350 MHz (Two polarization channels)
m Traces of 1000 samples with 1.25 ns binning
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DATA PREPARATION

e Generate waveform dataset1
e (Generate data set 2
e Train (using same network

architecture)®

*Training was performed 11 times to ensure robustness of results.

ONGOING WORK .
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-® Denoised (upsampled before denoising)

-@®- Denoised (upsampled after denoising)
Not denoised (upsampled)

—{~ Not denoised (not upsampled)
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e [raining on upsampled traces ir
location (direction) and amplituc
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Nproves accuracy on
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e [raining on upsampled traces iImproves accuracy on
location (direction) and amplitude (energy) of the pulse
compared to upsampling after denoising or no
dpsampling at all.

e Upsampling improves pulse denoising of traces at low
and intermediate SNR.

CONCLUSIONS

31



THANKS



SUPPORTING SLIDES
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