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CNNAEMNATRF1ZNHgE=

" - " [ 21,21, 20N] XZ mput: | [(None, 21, 21, 1)] YZ mput: | [(None, 21, 21, 1)] XY mput: | [(None, 21, 21, 1)]
araph nput: one, 21, 21, ..\LL
= 1 InputLayer | output: | [(None, 21, 21, 1)] InputLayer | output: | [(None, 21, 21, 1)] InputLayer | output: | [(None, 21, 21, 1)]

InputLayer | output: | [(None, 21, 21, 21, 1)]\ l

l D : 3 ‘ l OW< e r conv2d | mput: (None, 21, 21, 1) conv2d 3 | mput: (None, 21, 21, 1) conv2d 6 | mput: (None, 21, 21, 1)
Conv2D | output: | (None, 21, 21, 128) Conv2D | output: | (None, 21, 21, 128)

Conv2D | output: | (None, 21, 21, 128)

convdd | mput: (None, 21, 21, 21, 1)
Conv3D | output: | (None, 21, 21, 21, 128) l l l
max_pooling2d | mput: | (None, 21, 21, 128) max_pooling2d 3 | mput: | (None, 21, 21, 128) max_poolng2d 6 | mput: | (None, 21, 21, 128)
l MaxPooljngl]% oy but: | (None, 10, 10, 128) MaxPooling2D ‘outp;t: (None, 10, 10, 128) MaxPooling2D output‘: (Nlone, 10, 10, 128)
max_pooling3d | mput: | (None, 21, 21, 21, 128) X Y
MaxPooling3D | output: | (None, 10, 10, 10, 128) conv2d 1 inpﬁt: (None, 10, 10, 128) conv2d 4 input:. one, 10, 10, 128) conv2d 7 inlgut: (No.ne, 10, 10, 128)
l Conv2D | output: | (None, 10, 10, 64) Conv2D | output: | (None, 10, 10, 64) Conv2D | output: | (None, 10, 10, 64)
convdd 1 | mput: | (None, 10, 10, 10, 128) : : l : : l : : l
Conv3D | output: | (None, 10, 10, 10, 64) max _poohflgld_l input: | (None, 1(-)A {0. 64) max _poohflglcl_-l input: | (None, 1(-). {O. 64) max _pooln.lgld_'/-’ input: | (None, 1(?. 1.0. 64)
l MaxPooling2D output: [ (None, 5, 5, 64) MaxPooling2D output: | (None, 5, 5, 64) MaxPooling2D output: | (None, 5, 5, 64)
max_pooling3d 1 mput: (None, 10, 10, 10, 64) . . conv2d 2 inputl: (None, 5, 5, 64) conv2d_5 input:l (None, 5, 5, 64) conv2d_8 input:l (None, 5, 5, 64)
MaxPoolin 23D output: (None, 5, 5, 5, 64) VI S I b | e e n e rg y Conv2D | output: | (None, 5, 5, 32) Conv2D | output: | (None, 5, 5, 32) Conv2D | output: | (None, 5, 5, 32)
l - | | [
/ E n t ry p O S I t I O n max_pooling2d 2 | mput: | (None, 5, 5, 32) max_pooling2d 5 | mput: | (None, 5, 5, 32) max_pooling2d 8 | mput: (IW 5,32) energy mput: | [(None, 7)]
&0011\8(1_2 mput: | (None, 5,5, 5, 614)/ MaxPooling2D | output: | (None, 2, 2, 32) MaxPooling2D | output: | (None, 2, 2, 32) MaxPooling2D | output: one, 2, 2, 32) InputLayer | output: | [(None, 7)]
MD output: | (None, %’.) E . O S i“ i O n \ & l (m /
—t h flatten | mput: | (None, 2, 2, 32) flatten_1 | mput: | (None, 2, 2, 32) flatten_2 | mput: | (N o\@. 2,2,32) flatten_3 | mput: | (None, 7)
A 4 Flatten | output: (None, 128) Flatten | output: (None, 128) Flatten | output: N ONlﬁ) Flatten | output: | (None, 7)
max_poolingdd 2 | mput: | (None, 5, 5, 5,82) energy mput: | [(None, 2)]
MaxPooling3D | output: | (None, 2, ¥, 2, 32) InputLayer | output: | [(None, 2)] \ \ /
concatenate | iput: | [(None, 128), (None, 128), (None, 128), (None, 7)]

f
\ l Concatenate | output: (None, 391)
flatten | mput: | (None, 2, 2, 2, flatten 1 | mput: | (None, 2) l Vi S i b | e e n e rg y

Flatten | output: (None, 256) atten | output: | (None, 2) dense | mput: | (None, 391)
\ —_— e Dense | output: | (None, 128) E 't . 't .
tenate | mput: 256 ) ! y
CORCAISIAtE mput: [(None, 256), (None, 2)] batch_normalization | mput: | (None, 128) . L
Concatenate | output: (None, 258) BatchNormalization | output: | (None, 128) EX | t p O S I t I O n
; l ~ activation | mput: one, 128
dense | mput: | (None, 258) — ! l )
Activation | output: | (None, 128)
Dense | output: | (None, 64) l

dense 1 [ mput: | (None, 128)
- - . ot . )
batch_normalization | input: | (None, 64) Dense O“tl’It' (None, 32)

BatchNormalization | oufput: | (None, 64)
batch_normalization_1 | mput: | (None, 32)
BatchNormalization | oufput: | (None, 32)
activation | mput: | (None, 64) l
Activation | output: | (None, 64) activation 1 | input | (None, 32)
l Activation | oufput: | (None, 32)
dense 1 | mput: | (None, 64) l
- dense 2 | input: | (None, 32)
Dense | output: | (None, 6) Dense | output | (Nome. D




0,5 deg

Count

50

40

30

20

10]

60

O
Z
Z
HE
it

AN

cnn_45gev_55gev_300mm_1200mm_delta_theta

h

Entries
l Mean

L
I

2921
1.025
0.8258

’ Std Dev

1
[}

@68:1.245

I ———

o s s el D N O O |

3D

lllllllllllllllll

' JWM
olllllllllllllllllllllllllllll Anlm_ﬂ_‘_d_‘n‘_‘_ﬂn_
4

0 0.5 1 1.5

delta_theta(deg)

AN N O T TS
RSN NN MR SN NN NN SN NN N T
14— bbb LT . / ......................................
E Y : : : : : : R /?\/ : :

1.2 :_. ...... . ................ ................. .................. .................. ................. ......

1] R — l .................................................... SR ST S SS— - : ..............
AYAEENNNS WO TN WU W O SUUU NN U S
PP SR W SIS ST SN S SO SN S A

0

100 200 300 400 500 600 700 800 900 1000
Electron energy(GeV)

N\

575

300

250

200

150

100

50

AN =Iy
YRy

Entries
Mean
Std Dev
x2 / ndf
Constant
Mean
Sigma

2000

0.3958

5.195

120 /37
217.3+6.9
0.456 + 0.095
4.137 £0.090

[LLN

e

5PCA

40 60
Entry Point AX mm

14



dzElayer (x» Y) _

SRy AN R AN

(ﬁt)f”oﬁe-f“

(1) =

E layer

[(fTy+1)

pRE

(1 —p)R?

E_Rec (GeV),

X

dxdy

$F

AU E &

(x* +y% + RZ)?

EANBTRLF,

+. AR /E /3 4
k=

IS ST

XA 3

AL

\//\/A\\

-

/

(x* +y? + R})?

SRFEBRIXT N K R

-
-
o

<o/
-
o

1800

/700

600

500

400

300

200

100

CNNEZ ST =1

h2

Entries 400000

Mean y 500.2

Std Dev y

----------------------------------------------------------

TrackingLength>30Xo
MC truth + gaussian smearing

Mean x 5059 | ................... ................... ................... ..................

Std Dev Xx 285.6 [ ................... ................... ................. ..... |

.

100 200 300 400 500 600 700 800 900 1000
E True (GeV)



Residual (%)

30

25 2 S

o ................. .................. ....... ® NN ............ 7; )% ................. .

I )
YRR RN SRR SR R SRS ST S BN SO W
YN N W S S W S M

_1 0 1 1 1 1 | I T | I 1 1 1 1 I I I | I I I | | I I | 1 1 1 1 | I | I I I | | 1 1 1 1 |
0 100 200 300 400 500 600 700 800 900 1000
Electron energy (GeV)

gE

5 = BB B EECNNM 287)1| 2
E10GeV~1TeVEFEE=":
)| ZFRINRB AT EZER T E26EEE
oBEE N IR S HFNL(EE26X0) 3R L5
M ASIIE NS LA Z3E

BB S

I||-UI

G/E (%)

o/E (0/0)

L 374K

100 200 300 400 500 600 700 800 900 1000
Electron energy (GeV)

Energy resolution for electrons

r | * Simulation

..........................................................................................

;_ __________ 2017/‘-—%;}?;4@;1;”,(15)\ %j— )

0 50 100 150 200 250

Energy deposition in CALO (GeV)

16



Inverse backgr. eff (1/eff)

Z\

/]

™

1400
- 1200

500 % o e i

S D MTIREN T

— 21 |layers
—— 19 layers
- 17 |layers
--------- 15 layers

e | e - = -

600 ,,,,,,,.,,,,.,,‘_*t .................................. -.—.—.—.I ...................... R E U AR S
- H Z — : :
S : : : :

00 ........... - ..................... ........... l.....-,_l....... .......................

200 """"""""" E"': """""""""""" :""E """""""""""" g’""'"'"'.'.'I'l"'.'l'l'l'l".'é;?'-'iii'ui'i': """ , “.,.!--q """""""""""

.........

| | 1 1 | | 1 1 | 1 1 i
092 094 096 0.98 1
Signal eff

EIRBUE ARSI SRS, S {EH 747
Ta, 52le/pLrl4Es 1377106@90%91‘1‘

1

MBDTZICNNZZDNN:

eV

N
7

N7/

RSSOkl

)

a
<

FN:N

MVA_BDTG

.................................................

i . ]— 200GeV,30X_

...................................................

Inverse backgr. eff (1/eff)

crrprreyprrrp e rrryl

— 200GeV,40X
— SOOGeV 30X

..................................................................................................................

................................................................................................................................

.....................................

...............................................................................................................................

Z. RE

@) AN
SEIS "h%

1ZHE;

EPCASREN T

===favay

12 N ”J%JX%/

:I-H+—
m 7

\1 4/\/ =

A

Signal eff

it £, FRAZ T ARLA
=7
O IRZE, >4OXOH|315£/T\T/_‘
|MEBEF1.2x105@90%eff. 200GeV

\

EEF NRBER N ~50%

17



ARFELIEITXI

FGHA
-Wt@ﬂ\aﬁ BEEEEZAMNK(BF. BRFEE)
oKl BT | AR I EIES R IR B A o SR SL S0 2N
W IR ”E’] 2 BE T N TR S

\

A | Raw data

oiF SR DNNFICNNNAFPID; -~ | Gan
IR HEZEM L Clustering®E A . — 2
R m | —

S EDIE -

100

Calibration

PR e serialND. X
100 200 300 400 500 600 700 «
Reconstruction Simulation

Type. Energy. Position. Direction
18




RIS MER: 1R T +1222
LR SIOFRA 5 T HRSE, BRI B KL AR
K, ZAEBRAAT

ln-d | 11

3

19



HIHERD= SRR REBOMEN T VEOHIR, 82 S ER

/.
iz, PIERANIZIRERZULER. &
-11 N7 5@”7 =SR] )ﬂz?ﬂﬁﬁ;’b - BEPCAEE

BDTﬁﬁle/pK%U E£F,
‘T‘ﬂyﬁj ? L CNN7E12 17T‘E§>ZE

11
|
IT~
T
o

LS
Sh

20



s EAIZIm, 18HELE

21



