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Neutrino Oscillation
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Tau and Mu Neutrino Interaction
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Gradient Tree Boosting Example

Some arbitrary tabular data

Name Gender Height Glasses
Kush M 180 Y
Paulina F 183 Y
Rosa F 190 N
Thomas M 178 Y
Mario M 179 N
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Gradient Tree Boosting Example

Who grabs a second sandwich during lunch?

tree 1 tree 2

f (M) =+0.9 +2 =2.9
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Performance on simulated neutrino data
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Feature distribution
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Cross-sections and energy distribution
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Comparison of GBTs
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Gradient tree boosting hyperparameters

Gradient boosted trees have several adjustable parameters (hyperparameters):

e n_estimators - the maximum number of trees allowed 1n the model

 max depth - the maximum depth of individual trees allowed (the deeper the tree, the tree
becomes very complex and 1s prone to overfit on the training data)

e learning rate - how much each individual tree influences the entire model. Usually less than 1 1in
order to suppress the influence of an individual tree to avoid overfitting
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General Gradient Boosting Algorithm

ALGORITHM 1 (Gradient_Boost).

Fy(x) = argmin, Y, L(y;, p)
. For m =1 to M do:

Y dL(y; F(x;)) :
- Vi = [ dF(x;) ]F{I]=Fm_1[!ﬁ}’ t=1LN

. a, =arg miﬂa,ﬁ Efiﬂydi - ﬁhil“ﬂ ﬂ)]z
 pm =argmin, >N L(y;, F,,_1(x;) + ph(x;;a,,))
 F(x)=F,,_1(x)+p,h(x;a,)

Sy O = W o

Greedy Function Approximation: A Gradient Boosting Machine, Jerome H. Friedman
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kNN and DNN
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7~ DECAY MODES
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Derivation of Oscillation

https://www.overleaf.com/9324
896741vgtcnhnjwkvn#3409e6
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