Double Doctoral degree in
UNSAM Astrophysics
UNIVERSIDAD D D A
NACIONAL DE
SAN MARTIN

Karlsruhe Institute of Technology

SD data analysis with Deep Learning AUGER

OBSERVATORY

Steffen Hahn, Supvs. Prof. Dr. {Ralph Engel, Brian Wundheiler}, Dr. Markus Roth | September 22, 2019

KIT - IKP

HELMHOLTZ &5805C 0 e

KIT - The Research University in the Helmholtz Association


http://www.kit.edu

Outline AT

Karlsruhe Institute of Technology

0 Basics

@ Motivation

@ Neural Networks
@ Data preparation
@ Reference models

@ Comparison
@ Preliminary results

@ Outlook

@ Verification of Granada-NN results

Basics Comparison Verification of Granada-NN results
000000 0000 [e]e]

Steffen Hahn, Supvs. Prof. Dr. {Ralph Engel, Brian Wundheiler}, Dr. Markus Roth — SD DL analysis September 22, 2019 2/14



Motivation A“(IT

1.0
0.8
PMT 1, proton £, €10.50,0.52]
5 0.6 1 Ec (1019.0, 1019.5]
<
A 0.4
0.2
0.0
T T T T T T T T T
0 100 200 300 400 500 600 700 800
t/25ns
Basics Comparison Verification of Granada-NN results
@®00000 0000 [e]e]

Steffen Hahn, Supvs. Prof. Dr. {Ralph Engel, Brian Wundheiler}, Dr. Markus Roth — SD DL analysis September 22, 2019 3/14



Motivation A“(IT

1.0
0.8
PMT 1, proton £, €10.50,0.52]
5 0.6 1 Ec (1019.0, 1019.5]
o
% 0.4
0.2
0.0
T T T T T T T T T
0 100 200 300 400 500 600 700 800
t/25ns
Basics Comparison Verification of Granada-NN results
®00000 0000 (e]e]

Steffen Hahn, Supvs. Prof. Dr. {Ralph Engel, Brian Wundheiler}, Dr. Markus Roth — SD DL analysis September 22, 2019 3/14



Neural Networks - | AT

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

input hidden 1 hidden 2 output

input2 —
— output 1
input3 —

input 4 —

Basics Comparison Verification of Granada-NN results
0@0000 0000 oo
Steffen Hahn, Supvs. Prof. Dr. {Ralph Engel, Brian Wundheiler}, Dr. Markus Roth — SD DL analysis September 22, 2019 4/14



Neural Networks - | AT

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

input hidden 1 hidden 2 output

5
o
o
—
—_
(’/!ll

7 \/
VAN \}

— output 1

N
ey IS

[ RSN

Basics Comparison Verification of Granada-NN results
O@0000 0000 (e]e]

Steffen Hahn, Supvs. Prof. Dr. {Ralph Engel, Brian Wundheiler}, Dr. Markus Roth — SD DL analysis September 22, 2019 4/14



Neural Networks - |

Karlsruhe Institute of Technology

input hidden 1 hidden 2 output

input1 —
input 2 —
— output 1
input 3 —
input 4 —
Basics Comparison Verification of Granada-NN results
O®0000 0000 (e]e]

Steffen Hahn, Supvs. Prof. Dr. {Ralph Engel, Brian Wundheiler}, Dr. Markus Roth — SD DL analysis September 22, 2019 4/14



Neural Networks - | AT

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

input hidden 1 hidden 2 output

input2 — R

----- -%.H output 1

-
< .

input3 —

input4 —

Basics Comparison Verification of Granada-NN results
O@0000 0000 (e]e]

Steffen Hahn, Supvs. Prof. Dr. {Ralph Engel, Brian Wundheiler}, Dr. Markus Roth — SD DL analysis September 22, 2019 4/14



Neural Networks - |

layer
Yo Woo - Wo3\ [Xo by
l=A : . : H [
pZ! Wgo 0 We3/ \X3 by

e.g. A = max (0, x), A = tanh (x)
u parallelizable

a framework: keras on top of tensorflow

Basics Comparison Verification of Granada-NN results
0Oe0000 0000 [e]e]

Steffen Hahn, Supvs. Prof. Dr. {Ralph Engel, Brian Wundheiler}, Dr. Markus Roth — SD DL analysis September 22, 2019 4/14



Neural Networks - |

layer
Yo Woo - Wo3\ [Xo by
l=A : . : H [
pZ! Wgo 0 We3/ \X3 by

e.g. A = max (0, x), A = tanh (x)
u parallelizable

a framework: keras on top of tensorflow

Basics Comparison
O@0000 0000

Steffen Hahn, Supvs. Prof. Dr. {Ralph Engel, Brian Wundheiler}, Dr. Markus Roth — SD DL analysis

8

<IT

Karlstuhe Institute of Technology

other parameters

S(b) ——

WCD level
Ju

Verification of Granada-NN results

oo
September 22, 2019

414



Neural Networks - 11

Karlstuhe Institute of Technology

Convolutional Neural Network (CNN)
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selection process

{X(a), X(f)}

Jdrop X;

(%) > 1000
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Outlook

Karlsruhe Institute of Technology

Preliminary results
u trace only is ‘surprisingly’ good
m avg. trace is comparable to three traces

2
® RNN beats CNN = global beats local

m bagging?
m stacking?
m SSD and UUB (!)
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From Offline

SdRecShower:Zenith, SdRecShower:ZenithError, SdRecStation:SPDistance,
SdRecStation:SPDistanceError, SdRecStation:TotalSignal, SdRecStation:TotalSignalError,
SdRecStation:SignalStartSlot, SdRecStation:SignalEndSlot, SdRecStation:TimeNSecond,
SdRecStation:FallTime, SdRecStation:RiseTime

Feature engineered

value of trace peak, fo o5, fo.50, f5.00, Po

fe= Y, S(O(SM) = %), py = (8 /()
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