Ident|fy|ng mass composmon of ultra hlgh emergy COSmlC rays usmg deep Iearnlng 3 é@

1 K Kharuk12 G. Rublsov1 M: Kuznetsov”’for‘l‘elescope Array oollaboratlon

30000 m

Goal: |dent|fy mass compositioh of ultra -high- ehergy " ‘ /
Cosm|c ray$\ \ K \ ll L L il ca £ l{ > ‘Jnstltutefor Nuclear Research of: the Russian Academy of Sc|ences
- ] A By ] ( : A \ W R 1 £ .zMosww Institute.of Physlcs and Technolagy 4
20000m \ T \ y 3 detedto‘rs |ndIV|duaI o Umverslte Ligre de Bruxelles .
y \ TEbe VAN 1 28 | 1 3 :
Problem:'Air showérs, initiated by cosmic rays, are A B T predlctlons i i :
h/ghlz gtochastic. Hence very difficult tp |dent|fy + (i v 3 5 et S
[0 S AR g ’ -

e primary part|c|el ’ v S VN ki) =l

\ \ 1 ol - A I T
e o . 3 L \ i ‘l||\| oL ] F ensemble v elements

3 \Slolutl.on. use twlro neural netv.v‘orks.\ e .~ | predigtions, e R fractions g

1) predict primary particles for individual events, * XA TR sch g ; g ; Mgy ¥
oy = \ | 2) estimate mass composltlon for ensembles’of events ., 5 AN g ; ‘. A eAll s e
_4 R ased on the mference f the ﬁrstnn R e BT e sgpats e inai i el SRP R T = ""'.""I 2 .

\ b\ g : AR sl I“I'he method is general: : i

N C)assmer individual predlctlons \ X Converter ensemblé predu:tlons ' ek i individual events.are subject to hlgh |‘
\ Ly e R e R R S e ..var|ab|l|ty, introduce - a chain of two ! pe :
: \ T LD C0 lneural networks fOl" obtalnln s - Telescope Array Surface Detector 7
*Elbments * g . (covers ~‘(00km2, 1.2km spacing of detectors)-

\ N % b, b
Dense32& [N} Déree 32 ksl bénse 32.&

v\
\Ensemble
predictions

Geometrical

features: 7 VPRELG *
X C é

Spat:al delecmr bundle: Mosl acuve deleclor empo?el deleclor bundle

* fractions,

PRelu ' [2{PRely \ -

! acourate pred|ct|ons for ensembles of

C 20110k122) Signal d ‘\ il ! ‘\ > % . “ %
onv: inal enoder . :
$=(1,1),,d=0.3, p="same” 3 , . A ‘;‘ el 3 ¢ eVeﬂtS
- 5 I X R\ N X ot
| D ‘,‘ [ b AN B S ‘K RN Wi Wy :
‘ PReLN & ‘ ‘ PReLU & ‘ : EIdIreclrcnal*STM % N % 5 AR A
3 MOl G0 N D:—\ta Monte Qa[lo slmulatlon fer'FASD W|th R
| | ! [ DNEIN N primary pa?ucles. ‘protons helium, s
| Conv2D: =20, k=(2,2), AveragePogling2D: : Dense: 8 X 3 nltrogen an’(‘l Jiron; QGSJET—II 3 hadmmc N
s=(1,1),d=0.25, p="same” p=(2,1), p="valid’ f N LN
l i A mterachon & : : S model: N
AN TR A S . .
Eammﬁ‘;ﬁm S 5 Ry CLassIf' ier: hae A blocks, responslble for : g c
I \ ‘ RUSESL aqalyzmg dlﬁerent klnds of  data. . ] * -
. Conv2D: =10, %=(3,1), 3 b3 DU ¢ R & e . ? e
’ AV;’?;Z:“V';’;%?D l ST has0-h pEae: 3 A Conve['ler tfaln\ed an 10 000 ensembles of Each detector has 2 layers of 1.2cm thick
I RVESRER N 0007 =~ U eventss - « plastic scintillator. Real-time calibration.
3 Inpu'r averaged predlctlons of the classifier S A

ConvaD: =20, k=(2.2
s=(1,1), d=0

‘ 20,02, ;
X2+ ‘

for® the~ ensemble and " their dlspersmh
N Output fracﬂons of elements |nensemble

=(1,1), d=0.1, p="valid

dassifier confusion converter

Conv2D: f=20, k=(4,2),

l $=(2,1), d=0.1, p="valid" o e N %
PReLU & PReLU & 5 - = T 3 ‘
BatchNormalization Dense: 10 S Example of predictions obtained by different methods
\— N
To improve accuracy,
train in 2 steps:
1)onallevents T .gnergy bin, log scale 18-18.25 18-18.25 18-18.25 18-18.25 18-18.25
2) in specific energy bin 3
____________ Averaged MAE 0.072 0.053 0.048 0.043 0.038
e A Dense: 16, Dense: 12, /" Massor ™\ r z 0 0
REC"”S:’“C"‘;Q —»( Concat:51 )}—  PRelU,& PReLU, & { Pf’“de ) MAE between true and reconstructed fractions of elements, averaged over the elements for different time bins (20ns)
parameters: \ yoe ) <
SR \_prediction/ energy bins. ; y : -
e Detector’s reading reduced to 128 time bins.

X2



