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Unsupervised ML for x?

e Single Telescope (~Good Rate>15 Hz) u”z,_ .
® BOLO-01-2025-12-24-00001 dst.root ’ 100 em
e Single Telescope Analysis ’

100 em
e Learn x? from Events Features - v
e Design Matrix X = Events Features © 82cm \

e Target Vector y = x?



Unsupervised ML for x%: Basic Features

= _cpJEvems;l

i RunNumber
h EventNumber
& GpsID

& StatusCode
& Seconds

4 Nanosecon ds

& NumHitsBot
3 Numbitshid
,“ NumHitsTop
h NumClustersBot
3y NumClustershid
& NumClustersTop

Niracks
4 PosXBot
& PosYBot
_& TimeBot
& PosXMid
& PosYMid
& TimeMid
& PosXTop
,& PosYTop
* TimeTop
& IntersectXMid
3 IntersectYMid
& IntersectZMid
% XDir
n YOr

ZDir
,& ChiSquare
,& TimeOfFiight
h TrackLength
3§ DettaTime
& totTL

& 1otTR
3y tothL
& totMR
§y totBL
3y 01BR

Which Features in the Design Matrix X?

Design Matrix over Events:
o Ntracks = 1 Single Event
o Ntracks >= 1 Showers

Design Matrix over Tracks?

Targety = x? or y = log(x?)
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Unsupervised ML for x?: Correlation Features

Ntracks == 1 Single Event

Targety = ¥°

Features from Events tree

Add T and P?

ChiSquare
DeltaTime
IntersectXMid
IntersectYMid
PosXBot
PosXMid
PosXTop
PosYBot
PosYMid
PosYTop
TimeBot
TimeMid
TimeOfFlight
TimeTop
TrackLength
XDir

YDir

ZDir

totBL
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Unsupervised ML for x?: PCA Components

PCA (Chi2 < 10.0) PCA (All events)
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Unsupervised ML for x%: PCA Loadings

PCA Loadings (Chi2 < 10.0)

1.0

TrackLength

—0.5 A

—1.0 A1

-1.0 -0.5 0.0 0.5 1.0
PC1

PC2

PCA Loadings (All events)

0.8 1

0.6 -

0.4 1

0.2 1

ZDir

N
I

uste
S Oﬁ_
umHitsM

ter Tohi d

S
d

0.0

-0.4

—0.6 1

_08 .

TrackLength

-08 -06 -04 -02 00 02 04

PC1

0.6

0.8



Unsupervised ML for x?: Features Classification

Features Classification:

e Linear ROC CURVE
e Random Forest 10+ & ~4——PERFECT CLASSIFIER =
e XGBoost 7
w 08" 4
[
+ TPR=TP /(TP + FN) :
E 0.6=
+ FPR=FP/(FP +TN) E
Q
« AUC: area sotto la curva e o
&
L : " o2~
Outcome Type Prediction Reality
True Positive (TP) Anomaly Anomaly 00=
True Negative (TN) Normal Normal OTO OI.Z O!u Ofs Ofa \.IO
FALSE POSITINE RATE
False Positive (FP) Anomaly Normal
False Negative (FN) Normal Anomaly




Unsupervised ML for x?: Features Classification

Features Classification: - ceorcances ——

Linear

TimeMid -2.
TrackLength -1.
Random Forest
TimeBot +0.

XGBoost

True Positive Rate

[LogReg] Top coefficients

ROC comparison (n=10000, chi2<10 good)

1.0
0.8
0.6
0.4 1
0.2 1 —— LogReg AUC=0.737
’ —— RF  AUC=0.877
—— XGBoost AUC=0.914
0.0 1 —— Random
0.0 0.2 0.4 0.6 0.8 1.0

False Positive Rate

(abs)
046508
295242
014878
967232
936164

True Positive Rate

=== Importances === === Importances ===
[RF] Top feature_importances_ [XGBoost] Top gain
Intersect¥YMid 0.179528 Intersect¥YMid
PosYMid 0.111862 PosYMid

PosYTop 0.062334 IntersectxXMid

YDir 0.059582 PosYBot

PosYBot 0.052446 PosxMid

ROC comparison (n=10000, chi2<5 good)

1.0 4
0.8 1
0.6 1
0.4 1
0.2+ —— LogReg AUC=0.685
: —— RF  AUC=0.836
—— XGBoost AUC=0.888
0.0 1 —— Random
0.0 0.2 04 0.6 0.8 1.0

False Positive Rate

o J RN

.696106e+01
.753588e+01
.044178e+00
.199484e+00
.082290e+00



Unsupervised ML for x°: Features Engineering

Combing features to improve classification:

: TrackLength
* Velocity b= TimeOfFlight x c
) . TimeT TimeBot
e Time Consistency AT, = TimeMid — —® op + limebo

2

Xexp — XBot + (XTop - XBot)
e Residuals Calculated Residualx = | Xwia — Xexp|

e Theta Zenith 6 = arccos(|Zpi|)

e TOT Asymmetry Asymr,, = |[totTL — totTR|
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Supervised ML con Monte Carlo

MC Truth — Hit — Digit — DST

e MC Truth: informazioni ideali
e Hit: interazioni nei piani MRPC
e Digit: Digitalizzazione elettronica

e DST: Data Summary Tree
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