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Introduction

® A neural network is a type of machine learning model inspired by the structure and
function of the human brain. It consists of interconnected nodes, called neurons,
that process and transmit information to make regressions or classifications.
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Good prediction? -> L = L(y, y) (y = Label)

* Backpropagation!
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Introduction

. Hello sir, could you write an small script using ROOT that fills one histogram with two
different random Gaussian distributions and then performs a fit of the total distribution?

print the parameters of the fit at the end.

Two Gaussian Distributions

Certainly, here is an example ROOT script that generates a histogram filled with two

- Entries hist 200000 Gaussian distributions and then performs a fit of the total distribution:
S0001— Mean  0.003853 ®) Copyoora
- Std Dev 1.412
4000—
3000 std;
: (TH1F* hist) {
- TRandom3 (0);
2000— ( i ; 1 ; 1++) {
- X = rand.Gaus(-1, 1);
: hist->Fil1(x);
B }
1000 }— i=0;1
- X rand.Gaus
: hist->Fil11(x);
8 }
O Lol bd
-5 —4 -3 -2 -1 0 1 2 3 4 5

0 {

Fit Parameters: THIF* hist = TH1F (
Mean 1: 0.974527
Sigma 1: 1.0063

"> Regenerate response

Me an 2 = = 1 . 03 109 Free Research Preview. ChatGPT may produce inaccurate information about people, places, or facts. ChatGPT May 3 Version

Sigma 2: 0.981926
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Application to CALIFA

1. Knockout Reactions
la. Punch-through classification.
Ib. Punch-through reconstruction.
2. Gamma and Proton Clustering.

3. Realistic background generation.
4. P1D

5. Noise discrimination

6. Cosmic tracking

This started 1n 2018
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Application to CALIFA

1. Knockout Reactions
la. Punch-through classification.

1b. Punch-through reconstruction.

SOKAI (Some Kind of Artificial Intelligence)

2. Gamma and Proton Clustering.

SoKAI is a neural network framework :
3. Realistic background generation.

e Written enterily in std C++ (No weird dependencies: CMAKE + GLLOG )

4. PID
e Linked with ROO'T" (histograms, fits, random generators, etc ...)

5. Noise diserimination
e [asytoinstall: 1) cmake SOKAI 2) make

6. Cosmic trackin , , o
J e Balanced between user friendliness and customization.

This started 1n 2018
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Knockout Classification

® Application to experiment s455.
® We can start by simulating a quasifree channel detected in CALIFA: *%U(p,2p)*'Pa
® With the different observables we can try to train a model for classification: was this a fully stopped proton or a

punch through?
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Knockout Classification

® We can define Labels for each case and

one-hot enconding them: Polar Angle 1 ——» Q
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Knockout Classification

Neural Network 5;,3::
Architecture: ' e
® 4 Layers (L, L, L, L.). 200
® (ross-Entropy lLoss. :
® Sizes : 38, 10,20 ,4 = .

360 parameters. |
® Adam Optimizer =

@iniriar = 0.001) 30
® Batch size: 16 250
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Knockout Classification
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Knockout Reconstruction

Energy Deposition for Crystal Type 1233

Traditional Method for Punch-through
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Knockout Reconstruction

S
~
N
P
o
’
' 4

\
-
-
>
" ' 4

P
" o "
r

g
»
S A

~NNS

|
S
|
3
4
'
*
-

A\
-

. e . .
L N N S -
. .

 §
4
"
’
>

Azimuthal Angle 2~ —> O S Y

\
SN
-
»
|
|
*
xx

y ;. . ~ ;
- " 4 \ \ ~
7’ /‘ ' \ \ —
! /4 RN by,
_> > 4 v / NN\ \ N - a4
Polar Angle_1 A TR
_— \NA ~ g
: V- A7 T L al \ -\~\“ s ¥
L NN A7 /7, WA TS T,
RS > S [ AL Bl &7 Y
NSO, N W XA %
\\ 4 \ LDy y ' DA
ﬂ\,\\\ v > v / ,./,/ y AN\ \\\\~ X x ’l./,/,/-a
uster Energy_I — NAW: 4y , \NNSANANS N W/,
\ \n'.~ A W N / 7 / / ’ 77 h ) \ \'.\ A \" \‘.".' ': P n /./"r"n’
.!\~\ . o / AT s y / ‘\ . X ‘.n \ \ - ‘4_"/‘ J"‘_
> N X ~ = | v, X X X/ ‘ ’
RWKSEAT KA P R AR SRS
oy A L < X /4‘ o /7 LS e N \‘.N.". NS¢ "'," s .
W ." X X > " 2 ‘e Py Y 0 A ". /4
\/I Other Cry Energ:y 1 — AN \.n:'\ \ XX/ / A1 / \ X \ \ AR x O/ ’( // "".f".’
' - :,'.-. \~;-' ': o _ ’ o . Av &V ‘: .‘ \*‘\:' .".: X ,'- ‘¢-:'/ u",:
o ‘.N . '-:u. \ “.q :" / ,‘- / . . & "4 Y \ \.-..'; ’x .’:.'-:‘./‘1,:| ) #"
WO A X X x o ™ v N W\ X L Y ¥ ' .
RO AN AN AL > \ AN PN YA
. NCOHAK ‘Z;x APH BTN LY RSO AR A xqi’ A
VO WA A £ : SO A CTRL DR IR o N
Azimuthal Angle 1 —» O IEIIIIENRSASE O RS W O
XA A ,,':" N :' .’:' & ':' X ¥ ‘:"‘. '-‘:')"ﬂ ) Wavs
" # X o’ Y X - o 4 N vy 9 g A N o
AN EIEREAA, RGN b AN '.',;-'I‘ %,: O S
RRIRIA KINIEK D B HK FHMIIHL roton Energy
LI WA AR FRRML
\.l. . I:.:l '."‘ ‘\" A . : ‘. .:l A ..’:l' I'.:":'. ',:J‘ I: . a .
Polar Angle 2 _> O '; ..-. ’l'o‘ X::'-‘-'z~ X N\.- ) N N O o ./ X .; -'-: x ':::.\r:. '- \ W -. O
- '.,' y -',", 4))(. N :.:}‘ \ N S u Y ’ y v ""\ r,'.::\\‘ ;::._.Iﬂ'."x{: v
P ' ., : By A o N\ X o Va A '-‘. 2\, A\
MO 7y v ‘v.‘ N S \ > 2 X KA ~l-.\‘_.',‘ '.'\ v )
I IALART TR R AT RIS
CoRGT B W AT IR RO
X " "' N N " ” s, Y W W Y
Cluster Energ}f 2 — 17774 S A A \ \ \BATA RS \ 777 /', / A x N \;.\ VAR
- WL ASAE SO D Y LY VNG SO SR
N - » . ——_ - I s {7 N '. Y UM .
'-,:._'4/’ ' L AN \ R \ - e 4 /'y/‘.:,,’:. )( N\ \“.v SR
AN 2 a ’ ' 1o X Yo ¥,
J '.’ﬂ’ v ~". TN \‘" \ /ﬁ 5. ,ﬂ" X . )\ "“.\‘\'
K J .‘ v P, \! e\ / 4 /.’ i X \ \“ Y N\
other I*y- nergy_ —_—) e N ,// oo R RN
> W T Dot A W P 2 R ok
','.._ e -\ \.\ ._' l:,/ Z, . v ‘;\‘~. X
/ ) - \ \ y / Yy v . N “_
\ \ \ . 'y o / .~' \
O : \ O

Gabriel Garcia Jiménez - Neural Networks 1n Califa R3B Collaboration Meeting. Budapest 2023.




Knockout Reconstruction
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Knockout Reconstruction: Residues

Neural Network

Counts

Traditional Fit

Neural Network
Architecture:

® 5 Layers (L., S, L, L, L).
® (Quadratic Loss.

® Sizes:8,8,12, 8 and 1

Counts

= 2064 parameters.

® Adam Optimizer

Iainitial — OOI>

® Batch size: 8

Gabriel Garcia Jiménez -
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Knockout Reconstruction: Kinematics

Califa Cluster Kinematics
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Knockout Reconstruction: Kinematics

Traditional Reconstruction

700 Energy Deposition for Crystal Type 1233
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Knockout Reconstruction: Real Data

Reconstructed Energy (Cluster)
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Knockout Reconstruction: Excitation KEnergies

Excitation Energy Vs Charges
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Knockout Reconstruction: Excitation Energies

ProjectionY of binx=[76,95] [x=-25.0..21.7] ProjectionY of binx=[106,125] [x=45.0..91.7]
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Future Perspectives

I. Test and compare with real data (outgoing, proton runs 2020}
2. Study dependence on physies model.

3. Compare classification with Nf-Ns (non trivial)

4. Implement convolutions!

J. Autoencoders for simulations.

6. Gammas.
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