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JL
- Tearr "‘I‘

- A. Demic

- Ju Dubens
- E. Gres (IGUKKI
- S.Polyakov (SINRWISU), 1
- A. Vlaskina (Phys. Faculty of Mosct niversity) .
ed list):

Particle Astrophysics Team

»

e . x e .

» Tasks (notac ;
- Particle ident NNCEE i e *
- Determination of EAS parameters (axis direction, EAS coordinatbr!;:
- Determination of particle parameters (energy, spectra) =y

- Image generation (fast generator as a MC replacement)
18.11.2021 A .Kryukov, SINP MSU




Intg:luctin \What Is we Investigate?

top of the atmosphere

» With: Extensive Al
Shower (EAS) ~

* Methods: VT o .p[m _

- IACT (TAIGRIACT) f’§ h ;'LL

- Array of Cherenkov
detectors (HISCORE)

18.11.2021 A Kryukov, SINP MSU 4



. _IACT 01
Cherenkov Cam a Data

Introductlon Traditional approach

. I\/Iethodsx. Tille |
parameters® - A
- Length, width | A

3 Distanca,'@, a

- .Size @ * , - S,
(= intensity) |

18.11.2021 A Kryukov, SINP MSU 5



Introduction: New approach is Al / ML

b =

* Art N

-y, o 4
* Success Stc
- Pattern [
- Natural lang
5 Social d| 'Iytics
- Robotics -
— Natural sciences
18.11.2021 A .Kryukov, SINP MSU
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What is ANN

@ Input Layer () Hidden Layer

between them

« Each ANfas multiple.,
Inputs and one output.
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| Activation function

AN

* Most popular
activation
function right
now Is RelLU

18.11.2021 A Kryukov, SINP MSU
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_ANN: Learning

etween the desired
e resulting value.

N
o , )
=l

%{—JH/_/

MoTepu AaHHBLIX: NporHo3bl Mogenu Perynspusauus:
AOMKHbI paboTaTbh Ha oby4awlwen  MoAenb AofmKHa paboTaTbh
BblOOpKe Ha TecToBOW BblDOpKe

A Kryukov, SINP MSU
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ANN: Lost functions

-

- MSE (Mean Square Error); ,_
H(p,q) = — N () log g(x)

_ O\ %ropy;- - p,q 2 (=) loga(=

|

- Kulbaka-Leiblera mesure

18.11.2021 A Kryukov, SINP MSU
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df, (e) }

P
Wiy = Wiy T170, M
de

< df,(e)
W, =wy, + 170, =,
de

dfie)

. .
Wy =Wy, T1]0, o Vs

T4 ‘ D
] ]
24 '
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t descent

e

. Gradi

ANN
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 C

case of AN

NSF e =
- ol P . ®
r o ) -'b‘ )

o |

Convolutional NN

input —
-=. "

‘@Y .
& = . . ~h

have oné
so called &
convolutional layers

In the

Inning. -
* CNN Is W(b/use -

for image analysis..

18.11.2021

o[S

convolution+ReLU
max pooling

fully connected+ReLU

A Kryukov, SINP MSU 14



_ANN: Conclusion

“the minimum of the
>‘achieéved by means of error
lient descent) using training

b ] -1—-
s " N -
. =

e

E

» In fact, the traihihd"functioh defined by the

table, anéithe we

ights.a

re optimization parameters

in the class of functions defined by the ANN.

18.11.2021
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'Meters of primary particles

y Determlnatloh of
* Here weml consider the third type of problém - the

determination of the energy of gamma guanta from
the IACT data in the TAIGA experiment.
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i |

_' ]

ACT in TAIGA

o

° C :-'-‘_‘
experi
three [AC

IACTO2 IACTO1
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CI. Image example (MC)

1
]
b
:-I
ﬁ
=
b,
X

A Kryukov, SINP MSU
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Gamma event
Index#165
Energy: 42.287 TeV

% Center of the camera
IACT #1
IACT #2
IACT #3

18.11.2021

Proton event
Index#72
Energy: 42.945 TeV

Amplitude, phe

# Center of the camera
IACT #1
IACT #2
IACT #3

A Kryukov, SINP MSU
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JACI: CNN structure

i : = Image (31x31)
-

Convolutional layers

5 kernels

max_pooling2d: MaxPooling2D

Dense layers

280 n.. activation - ReLU

1 O u tp Ut n e u ro n activation - ReLU

—_ tot aI n u&er Of ' - 70 n., activation - ReLU
We i g htS 'i S 3 6 5 47 1 I neuron, uu’n ition: linear

dense_1: Dense

dense_2: Dense

output: Dense

18.11.2021 A Kryukov, SINP MSU



Learning process

Train samples Validation samples

® Mono Mono
@& Stereo? Stereo 2
& Stereo3 Stereo 3

18.11.2021 A Kryukov, SINP MSU




FPR

The ROC curvets

curve most often used to |
represent the results of =
binary classimtion in
machine learning.

=
h
1

o
=Y
I

iF)
]
1]
o
e
=
=]
w
[=}
=8
LB}
=
sl
'_

 \We have two classes:

Receiver Operating Characteristic

— Mono

:AUC = 0.93

—— Stereo 2: AUC = 0.97
—— 5Stereo 3: AUC = 0.98

gammas and hadrons
18.11.2021 A .Kryukov, SINP MSU
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0.4 0.6
False Positive Rate
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0.8
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Traln , , Sbefore Saﬂer PI’GCISI
on

Mono 44246 64.23  476.07 0.95
Stereo2 44246 63.94  439.30 0.98
Stereo3 44246 1927 72.09 577.65 0.99

S
» Signal/Noise relatié&
+ Quality faltor

18.11.2021 A Kryukov, SINP MSU 23
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IACT Gamma specrtum (Mono)

Energy spectrum reconstruction : mono

> - MC spectrum
-~ - 2 _
iy ey e, <& SATEE - 4 Reconstructed spectrum : y= = 850.0

=+
+—’-ﬂ%

M ++¢4—+

+ +

+
+
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IA}(.;'I__': Gamma spectrum (Stereo2)

Energy spectrum reconstruction: stereo 2

<4 MC spectrum
4 Reconstructed spectrum : y2 = 552.3

18.11.2021 A Kryukov, SINP MSU




IA}(.;'I__': Gamma spectrum (Stereo3)

Energy spectrum reconstruction: stereo 3

=4 MC spectrum

iy A, N e <4 Reconstructed spectrum : y? = 1531.9

18.11.2021 A Kryukov, SINP MSU




_Conclusion

| ) 1 analysis tool
» CNN-gi | r particle identification,
energy andether parameter values from IACT
Images. TN . - e
* To get much betteﬁr‘you need to use a more
complex ANN and mueh more MC ‘events for both

training and testing.

18.11.2021 A Kryukov, SINP MSU 27
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Back slides

Obo3HauyeHuA;
N — Homep nporoHa

Eps — cpeaHsiAa oTHocuTenbHas owwubka: Eps = 1/K * sum(1..K, |E_mc-E _rec|/E_mc ), K — konnmyecTBo cobbIThii
<Eps>— cpefdHAA No NporoHam oTHocKUTebHasn ownbka: <Eps> = 1/N * sum(1..N, Eps)

Sig"2 — cpegHekBagpaTiuHan owmnbka: Sig"2 = 1/K * sum(1..K, (E_mc-E_rec)*2 /K ), K — konuuecTteo cobbITHid
<Sig"2> — cpefHAA N0 NporoHam cpegHekBaapaTMuHan ownbka: <Sig"2> = 1/N * sum(1..N, Sig"2)

Hi"2 — kputepuid xy-ksagpar: Hi"2 = 1/K * sum(1..M, (N_mc:N_rec)*2/N_mc ), N_** - uncno cobbiTuii B QuHe cnektpa, M — konnuecTtso GuHoB (40)
<H|"2> — cpeHKA NO NporoHam KpuTepui xu-keagpar: <Hj"2>=1/N * sum(1..N, Hi"2)

A A : of | of |
Eps <Eps> Sig"2 <Sig"2> Hi"2 mﬂ%ﬂuﬂﬁ | Rueotless
5.86 0.163 4.46 5.86
5.89 0131 4.29 5.89
5.87 0.136 3.82 5.87
6.78 0.267 444 6.78
5.73 0.132 4.26 5.73
5.81 ' 0217 4.23 5.82
5.65 0123 421 5.65
5.63 0.140 4.42 5.63
5.66 0.180 4.19 5.66
10 5.60 0.168 453 5.60

18.11.2021 A Kryukov, SINP MSU
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