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2 Xperimental
- _ A

* The main Inste

- Imaging Atmospheric Che
e Currentl 3IACT's armmg.

- HISCORE - an array of wide-angle
Cherenkov detectors .
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Traditional analysis method
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axis Is directec owarsthe
center of the camera. -

* Most valﬁz)le criterias are a

angle and eccentricity."
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Machine learning methods
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» Generative adversarial
network (GAN) =~ . &

e Variational PR — __
AutoEncier (VAE) — _ —

Latent space
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EAS aX|s determlnatlon N H|SCORE

- We cog ider the HiS

- arrlval reg : - < . - Optical stations
- . ' ' =

— auxiliary layers.®

For network training.ahd Validation; n;1odel1r .
data sets obtained using the COW
program were used. D

The sample con% of 12216 events, the
simulation was performed for 44 HISCORE
stations :

The sample contains events in which at least
four stations were triggered.
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EA}ams determlnatlon In HISCORE

grid topol .
extended to a
with zero values
coordinate axes

* The network receives as m.p_ut data .Whe
EAS signal registration time for each s Rl S

triggered statiopgia the event. k.

(] & _1

At the output, we expect to get the angles
of the EAS axis 6 and ¢ determlned 0)Y,
the neural network

10x8x20  10x8x10 output. 160

output: 480
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EAS axis determination in HISCORE

* The tote
result 2 §
2 Average absolute error 8: 0.97° ‘°
- Average absolute error @: 1. 38 S

« Errors for events
triggered stations ¢

& r b4 I:"I:mon:l 05 1] 15 20 25 30 .. 35 .4_.:. 45 5.0
regard, an analysis was made of evegts ﬁi&h Abconorian owntia yona 6,
number of triggered stations m: ' ten and
less than ten. ;

Jonsa cobbitnit

— Number of trig stations <10: Aezm, A@=1.68
— Number of triggered stations >10: A6=0.82, Ap=1.12
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HIS

ORE. Spectrum reconstruction

the energy

apprOX|mat|on dN/dE fq(E/Eo)

MC spectrum -2.83+/-0.11
CNN spectrum -2.55+/-0.14

CNN (>90TaB) -3.34 +/-0.17
MAGIC spectrum -2.47 +/-0.01

MAGIC spectrum was téking from
J. Aleksi¢, S. Ansoldi et al., 2015
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Classification of primary particles

1aoopamenue (31x31)
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- — - Conv. 64 duasrpos: bxb + MaxPool(3x3)
Conv. 64 pureTpos : 5x5 + MaxPool(3x3) i

Conv. 64 puasTPO

5 puIETPOE : bx!
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- Brox Inception
- r 3 dora ResNet d., 3x; -
5 puIIBTPOB : 3X3 \ Brox Inception

G O O g Le N et i - : : 3 Brox Inr.‘é.};;tir_an

56 t., 3x3)

simplified in sUEN™ | AvtPooling(ra)

way that the S
number of weight'  —
coefficients for
CNN network

approximately#*

coincided. In our
case, their number
IS ~400 thousand.

1 nelipor, axmuesauua: sigmoid Conv. N dpuieTpos : mxm +

(PacueT omubrn — Kpocc-aHTPOIHA)
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Classification of primary particles

20 000
User CNN 4 124
36 748

ResNet 36 748
GoogLeNet 36 748
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Reconstruction of gamma ray
ra iIn mono mode

| Energy spectrum reconstruction
CBBIITO‘IHBIB CJIOHA

5 puIETPOE : 3x3

MC spectrum
User model: y2 = 6028.0

l ResNet: x? = 1489.0
5 puaeTposB : 3x3 + MaxPool(2x2)

!
5 puapTpoB : 5%5

GoogleNet: y? = 3474.0
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280 H.. axTuBanus - RelLU

| 140 m., arTuBanmug - RelLU |

l 70 u., akTuBanua - ReLU |

1 Helipon, akmueauua: linear

Oueprua. TaB
(Pacuer omubrku — MSE)
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Reconstruction of gamma ray

Haodpamenue Hie
#1 (31x31)

spectrum 'v,
a custom threg

The valuesi
are 1,546

- ———
In the case of "stereo-2" -"495

In "stereo-3" ="156.

The error decreased from
26% to 15%. '
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Gamma ray energy spectra.

200 TeV.

* Traditional energ}'i*tovery method for each S S N S T —
telescope, approximation by a function
depending on seme Hillas parameters (spot o ‘
brightness, siz&istance) and EAS
characteristics (EAS maximum height).

» Deep learning method: A custom two-channel
CNN (Stereo2) was chosen.
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}ACT event modelling.(c)GAN

Green- MC distribution
Blue — class 1-10 dist.

e . Red — sum of class dist.
Der eacC

ed a separate
pout which was .
used on the training sample: e

- When generating events by the trained
network, the s“ number of events of

each class was generated.

» Generation speed of about 5000
Images per second K ® @ wo  ww  mw
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JI#ACT event modelling. (C)VAE
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on the figure.
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modelling. (c)VAE

a events.
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Conclusion

» In the task.of cle | y learning gives a very good result.
Due to'th ‘ neural netwo_rks can be
an importe _ .

* In the proble ergy spectrum a good result is achieved
in the case of s coplc observa lons. In this mode, neural networks

_%@ds based on Hillas parameters.
* Very good prospects for me sed on generative networks for event
simulation as%alternative nte Carlo simulation. These-methods

I

make it possible to speed up the process of modeling good quality events
with correct statistics by hundreds and thousands of times.
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