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Neural Network

e Mathematical tool

Output layer

e Suitable for finding patterns Input layer N O raden tayer
in big data sets > > 2, *—o, Taret

e Similar to a “human brain” ©
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Neural Networks

ati1,5 (X) = Z w((’t-’t’m 'UHL:E)) Otjr(x).} Output of a ANN where:
V,;—is the i'th neuron of

the t'th layer
O,;, — heuron output
X —input vector

r: (ve,r,V11,5)EE

One can define the neuron output as:

0t+1,5(X) = 0 (ary1,(x)). G — neuron activation
function (p —in
previous slide)

http://www.cs.huji.ac.il/~shais/UnderstandingMachinelLearning
/understanding-machine-learning-theory-algorithms.pdf



Neural Networks — activation functions

Activation Functions

Sigmoid Leaky Rel U
o(z) = i max(0.1z, z)
l4e—"*
- Maxout 3
tanh(:zr) max( u',’.r + by, U'é x4+ by)
RelLU ELU
max(0, z) {f z>0
ale* -1) <0



Types of Neural Networks

Conventional NNs

» Convolutional NN (require
Image-Data)

» Multi-Layer Perceptron (MLP)

Bayesian NN' R

» weights are distributions | ,_
» gives a set of NNs in one Model A




Interfaces

ROOT and TMVA

» ROOT: tool for Data Analysis
» widely used in physics
» TMVA: Toolkit for Multivariate Analysis

Tensorflow and Keras

» Keras simplifies construction of NN-models

» with Python: Quick way to test your model

» Additional Tensorflow Libraries for Bayesian Approach
>

>

NVIDIA GPU Cards with CUDA-capability are supported
GPU computations improve training and inference process




A4 BES Ill- Introduction

+» BEPC = Beijing Electron Positron
Collider.

* Operates in the T-charm mass
region

* Charmonium physics

* Light hadron

* Hyperon physics:

- Hyperon form factors

- Decay asymmetry parameters of
hyperons 18




- S| - B
The Analysis
* Training Model: C :
- InpUt vector ? S : Signal labelled B : Background labelled
- Signal Sample
S + B = Training Set
- Background Sample °
* Principal Component Analysis
o Training the NN y [i] = vertexy, -[i] + DecayLengthli] + MDC, .[i](7; p)

* Application on unlabelled data

Degree project by my two students: Tim Littau and Tobias Nordahl



Principle Component Analysis

 Decorrelation

* Dimensionality reduction
e Separation (Unsupervised Learning)

2 component PCA

@ background
@ signal
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For example:
Principal component analysis

Jake Lever, Martin Krzywinski & Naomi Altman Nature Methods volumel4, page5641—642 (2017)

Original

Full overlap — no separation, a more
advanced method required BNN

After PCA

bdaDecayLength

LambdaVertex.fx —0.00038

Lambdavertex.fy - -0.022

LambdaVvertex.fZ -

NTrack_X_proton -

NTrack_Y_proton -

NTrack_Z_proton -

NTrack_X_pion -

NTrack_Y_pion -

NTrack_Z_pion -

0.048

0.0

-0.0045

0.0:

0.0

-0.0

15

24 -0.016 -0.021 0.048 -0.059

13

12 0.0015 0.22 0.0031 0.019 0.44 -0.01

0.03

|

=

s

=]

=t

L

-

>

o

b
o
9
&
~ - 0.0025
g
~ - 0039
o
&
m 0.068
9
&
- - 0019
o
&
v - 0.0063
I
&
“ 0.025
I
&
~ - 0014
9
&
© - 0014
g
o - 003
9
&

-0.00038 -0.022

0.015 -0.0045 0.024 0.013 -0.012 0.03

012 00023 -0.016 0.13 00015 -0.01

0.075

0.012 019 | -0.021 0018 0.22 -0.0034

0.0014 -0.00066

0.048 -0.0015 0.0031 0.064

-0.059 0.48 0.019 -0.055

-0.00066

0.44  -0.025

-0.01 0.44

0.13 0.018 -0.0015 0.48

0.0055

-0.01 -0.0034 0.064 -0.055 -0.025

e
Y
B

lavertex.fX -
favertex.fy -
lavertex.fZ -
k_X_proton -
k_Y_proton -
k_Z_proton -
ack_X_pion -
ack_Y_pion -
ack_Z_pion

0.0025 0039  0.068 0019 -0.0063  0.025 0014  -0.014 0.03

0.0013 -0.014 0.11 0.00056 -0.0074

01 017 ©0.017 0.018 021 -0.0024
0.0002 0.043 0.0023 0.001 0.06
0.097
0.0013
0.014
011
0.00056
£0.0074  -0.0024 0.06 0.05

PC4 PCS PC6 PC7 PC8 PC9

1.00

-0.75

-0.50

-0.25

- 0.00

-0.25

- -0.25



The Analysis — Bayesian Neural Network

* BNN for S/B separation (backeround suppression):

v'10 element input vector

v'22 nodes (neurons) in hidden layer (simple architecture = stability)
v'2 output nodes



The analysis —training the NN

Accuracy vs iterations
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The Analysis- Sampling Weight distributions

weight means

weight stddevs
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» Instability coming form sampling weight distributions?

v’ Evaluate this effect with MC sample for 20 applications!
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The Results

Before After

350

]

250

200

Cauinl

150

L]

[:X] Lo 11 12 1y 1la L5 18 LT D9 10 L1 12 13 14
Fivariant mass [Gedie] Invariant mass [Gevic’]

15

LE

1y

Y-vertex [cmi)
=]

—a .

-4l .,

F . - :
x-vertex [cm] X-wertex [om]

Decay points of a given object
projected on a X vs Y plane

Decay points of a given object
projected on a X vs Y plane



Conclusions

* The method provides background reduction in the signal region

* The applied neural network infrastructure is simple therefore the
training and application does not require a lot of computing power or
time

* This method has been used and verified by Viktor Thoren (For BESII|
members -> see plenary talk at Shanghai CM meeting)



