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Cluster shape analysis for BIB rejection

Using correlation between incidence angle and number of pixel hits per cluster to reject long clusters
— characteristic of BIB particles from muon decays.
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(Preliminary simple cluster shape cuts)

With less than 5% loss of prompt signal clusters, we can

cut down BIB clusters upto 20-30% from each layer of
various subdetectors!
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APPLYING MACHINE LEARNING TO CLUSTER ANALYSIS BDT INPUT VARIABLES
CLUSTER VARIABLES PIXEL HIT VARIABLES

» Position: x, y, and z, incident angle » Top 9 pixels in order of energy deposit:
» Size:local xandy » Energy deposited
» Total size (number of pixels) » Time of arrival

» Energy deposited

» Time of arrival

» Calculated from pixel hits:
» RMS forxandy Grand total:

» Skewnessinxandy 32 Input variables

» Aspectratio



APPLYING MACHINE LEARNING TO CLUSTER ANALYSIS PREVENTING OVERTRAINING

ADAPTIVE BOOSTING TMVA VARIABLE WEIGHTING

» Lots of trees » Calculates correlation

. coefficients
» Each tree is shallow

» Assigns preliminary weights
» Additional weight given to

misclassified clusters

+ LARGE NUMBER OF CLUSTERS



APPLYING MACHINE LEARNING TO CLUSTER ANALYSIS OPTIMIZING PERFURMANCE
SUCCESSIVE FRACTIONING

» Start with lowest-cost

hyperparameter combinations

» Run BDT, get performance
results

» Discard lowest-performing
fraction of combinations

» Increase training "budget”
(e.g., number of trees) for
remaining fraction

05% 1.0% 15% 2.0% 25% 3.0% 3.5%
MinNodeSize

» lterate




APPLYING MACHINE LEARNING TO CLUSTER ANALYSIS 0p‘|‘|M|Z|NG pERFURMANCE
HOW DO WE KNOW WHEN WE'VE GOT IT RIGHT?
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APPLYING MACHINE LEARNING TO CLUSTER ANALYSIS CURRENT STATUS

» Extracted ROC AUC data
from k-fold procedure
results

ROC AUC
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APPLYING MACHINE LEARNING TO CLUSTER ANALYSIS PERFORMANCE ERRUR
K-FOLD CROSS VALIDATION

» Runs BDT on each fold

» Train/test split = K-1 train
“folds” (chunks of data)
and 1 test fold

Training data Test data Used for output
» ROC AUC mean and D1 D2 D3 > Model 1
1ati D D3 D2 > Model 2
standard deviation ‘ ode

. D2 D3 D1 — > Model 3
automatically calculated -
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https://root.cern.ch/download/doc/tmva/TMVAUsersGuide.pdf

APPLYING MACHINE LEARNING TO CLUSTER ANALYSIS CURRENT STATUS

» Looking good!

» Documenting architecture

» Refining plots 50 wm Signal BDT Output (Evaluation)

— Signal clusters

— Background clusters
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APPLYING MACHINE LEARNING TO CLUSTER ANALYSIS

https://github.com/j-s-ashley/beta
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https://github.com/j-s-ashley/beta

APPLYING MACHINE LEARNING TO CLUSTER ANALYSIS
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ADDITIONAL INFO
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SIGNAL Cluster size in y (parallel to beam axis), incident angle from interaction point BAC KG RO U ND

Muon Collider Simulation Muon Collider Simulation
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APPLYING MACHINE LEARNING TO CLUSTER ANALYSIS

VARIABLE RANKS

200 trees, 5% min node size, 50/50 train/test split, 0.5 adaptive boost beta, max depth of 3 (These are the parameters we've been using to date.)

Rank : Variable Variable Importance Rank : Vardiable Variable Importance Rank : Variable Variable Importance Rank : Variable Variable Importance Rank : Variable Variable Importance
1 : Cluster_ArrivalTime ! 7.814e-02 1 : Cluster_ArrivalTime : 8.166e-02 1 : Cluster_ArrivalTime : 8.157e-02 1 : Cluster_ArrivalTime : 1.147e-01 1 : Cluster_ArrivalTime : 1.247e-01
2 : Cluster_z : 7.229e-02 2 : Cluster_z : 7.138e-02 2 : Cluster_Size_x ! 6.670e-02 2 : Cluster_Size_y ¢ 5.791e-02 2 : Cluster_Size_y : 6.118e-02
3 : Incident_Angle : 5.577e-02 3 : Cluster_Size_y : 5.725e-02 3 : Cluster_z : 6.505e-02 3 : PixelHits_EnergyDeposited_8 : 5.548e-02 3 : Cluster_AspectRatio : 5.154e-02
4 : Cluster_Size_x : 5.557e-02 4 : Incident_Angle : 5.412e-02 4 : Incident_Angle : 5.303e-02 4 : PixelHits_ArrivalTime_8 : 5.393e-02 4 : Cluster_EnergyDeposited : 4.696e-02
5 : PixelHits_EnergyDeposited_2 : 5.425e-02 5 : PixelHits_ArrivalTime_4 : 4.639e-02 5 : Cluster_Size_y : 4.908e-62 5 : Cluster_Size_x : 5.269e-02 5 : Cluster_z : 4.487e-02
6 : Cluster_Size_y : 5.143e-02 6 : Cluster_Size_x : 4.517e-02 6 : PixelHits_ArrivalTime_6 4.846e-02 6 : Cluster_AspectRatio : 4.988e-02 6 : Cluster_x ! 3.785e-02
7 : PixelHits_ArrivalTime_3 : 4.709e-02 7 : PixelHits_ArrivalTime_3 : 4.183e-02 7 : PixelHits_ArrivalTime_7 4.235e-02 7 : Cluster_EnergyDeposited : 4.112e-02 7 ¢ Incident_Angle : 3.747e-02
8 : PixelHits_ArrivalTime_1 : 4.289e-62 8 : Cluster_x : 4.107e-02 8 : Cluster_y : 3.543e-02 8 : Cluster_Size_tot : 3.762e-02 8 : Cluster_Size x ¢ 3.594e-02
9 : PixelHits_ArrivalTime_2 : 4.262e-02 9 : PixelHits_ArrivalTime_6 : 4.052e-02 9 : PixelHits_ArrivalTime_4 3.521e-02 9 : PixelHits_ArrivalTime_4 : 3.740e-02 9 : PixelHits_ArrivalTime_7 ¢ 3.583e-02

10 : Cluster_RMS_x : 3.927e-02 10 : Cluster_y : 3.800e-02 10 : PixelHits_EnergyDeposited_4 : 3.295e-02 10 : Cluster_x : 3.568e-02 10 : Cluster_y : 3.564e-02
11 : Cluster_x ¢ 3.745e-02 11 : PixelHits_ArrivalTime_2 ¢ 3.754e-02 11 : PixelHits_ArrivalTime_5 : 3.281e-02 11 : Cluster_z : 3.547e-02 11 : Cluster_RMS_x ¢ 3.488e-02
12 : PixelHits_EnergyDeposited_4 : 3.731e-02 12 : PixelHits_ArrivalTime_0 : 3.731e-02 12 : PixelHits_ArrivalTime_1 : 3.265e-02 12 : PixelHits_EnergyDeposited_7 : 3.437e-02 12 : Cluster_Skew_y : 3.445e-02
13 : PixelHits_ArrivalTime_0 : 3.477e-02 13 : PixelHits_ArrivalTime_5 ¢ 3.720e-02 13 : Cluster_x : 3.114e-02 13 : PixelHits_ArrivalTime_7 : 3.250e-02 13 : PixelHits_ArrivalTime_5 ¢ 3.251e-02
14 : Cluster_y ¢ 3.368e-02 14 : PixelHits_EnergyDeposited_2 : 3.330e-02 14 : PixelHits_EnergyDeposited_6 : 2.911e-02 14 : PixelHits_ArrivalTime_6 : 3.238e-02 14 : PixelHits_ArrivalTime_4 : 3.228e-02
15 : Cluster_RMS_y : 3.331e-02 15 : Cluster_RMS_x : 2.927e-02 15 : PixelHits_EnergyDeposited_7 : 2.780e-02 15 : PixelHits_ArrivalTime_0 : 3.150e-02 15 : PixelHits_ArrivalTime_1 ¢ 3.099e-02
16 : PixelHits_EnergyDeposited_0 : 3.266e-02 16 : Cluster_Skew_x : 2.775e-02 16 : PixelHits_ArrivalTime_3 : 2.698e-02 16 : Incident_Angle ¢ 3.114e-02 16 : PixelHits_ArrivalTime_2 : 2.960e-02
17 : PixelHits_ArrivalTime_5 ¢ 3.023e-02 17 : Cluster_RMS_y : 2.754e-02 17 : PixelHits_EnergyDeposited_3 : 2.693e-02 17 : PixelHits_ArrivalTime_2 1 2.959e-02 17 : Cluster_RMS_y t 2.911e-02
18 : PixelHits_ArrivalTime_4 : 2.978e-02 18 : PixelHits_EnergyDeposited_7 : 2.571e-02 18 : PixelHits_EnergyDeposited_0 : 2.656e-02 18 : Cluster_y 1 2.781e-02 18 : PixelHits_ArrivalTime_3 : 2.897e-02
19 : PixelHits_EnergyDeposited_7 : 2.711le-02 19 : PixelHits_ArrivalTime_1 : 2.566e-02 19 : PixelHits_ArrivalTime_0 : 2.630e-02 19 : Cluster_RMS_x : 2.662e-02 19 : PixelHits_ArrivalTime_0 : 2.725e-02
20 : PixelHits_EnergyDeposited_3 : 2.504e-02 20 : PixelHits_EnergyDeposited_0 : 2.516e-02 20 : Cluster_RMS_x : 2.579e-02 20 : PixelHits_ArrivalTime_3 : 2.549e-02 20 : PixelHits_EnergyDeposited_6 : 2.673e-02
21 : Cluster_EnergyDeposited 1 2.324e-02 21 : PixelHits_EnergyDeposited_5 : 2.460e-02 21 : PixelHits_ArrivalTime_2 : 2.530e-02 21 : PixelHits_ArrivalTime_5 1 2.491e-02 21 : PixelHits_ArrivalTime_8 ! 2.539e-02
22 : PixelHits_EnergyDeposited_1 : 2.245e-02 22 : PixelHits_ArrivalTime_8 : 2.446e-02 22 : PixelHits_ArrivalTime_8 : 2.512e-02 22 : Cluster_RMS_y : 2.075e-02 22 : PixelHits_ArrivalTime_6 : 2.467e-02
23 : PixelHits_ArrivalTime_6 1 2.021e-02 23 : PixelHits_ArrivalTime_7 : 2.039e-02 23 : PixelHits_EnergyDeposited_5 : 2.437e-02 23 : PixelHits_EnergyDeposited_6 : 1.704e-02 23 : PixelHits_EnergyDeposited_2 : 2.000e-02
24 : Cluster_Skew_x : 1.993e-02 24 : PixelHits_EnergyDeposited_8 : 1.775e-02 24 : Cluster_RMS_y : 2.416e-02 24 : Cluster_Skew_x : 1.521e-02 24 : PixelHits_EnergyDeposited_0 : 1.85le-02
25 : PixelHits_EnergyDeposited_5 : 1.616e-02 25 : Cluster_EnergyDeposited : 1.543e-02 25 : Cluster_Size_tot : 1.852e-02 25 : PixelHits_ArrivalTime_1 1 1.494e-02 25 : PixelHits_EnergyDeposited_8 : 1.754e-02
26 : PixelHits_EnergyDeposited_6 : 1.294e-02 26 : PixelHits_EnergyDeposited_3 : 1.528e-02 26 : PixelHits_EnergyDeposited_1 : 1.693e-02 26 : PixelHits_EnergyDeposited_3 : 1.255e-02 26 : PixelHits_EnergyDeposited_4 : 1.742e-02
27 : Cluster_AspectRatio : 1.052e-02 27 : PixelHits_EnergyDeposited_6 : 1.450e-02 27 : PixelHits_EnergyDeposited_8 : 1.628e-02 27 : PixelHits_EnergyDeposited_1 : 1.201e-02 27 : PixelHits_EnergyDeposited_1 : 1.626e-02
28 : Cluster_Size_tot P 7.182e-03 28 : Cluster_Skew_y : 1.360e-02 28 : Cluster_Skew_x : 1.323e-02 28 : Cluster_Skew_y : 1.081e-02 28 : Cluster_Size_tot : 1.373e-02
29 : Cluster_Skew_y : 6.687e-03 29 : PixelHits_EnergyDeposited_1 : 1.194e-02 29 : Cluster_EnergyDeposited : 1.080e-02 29 : PixelHits_EnergyDeposited_2 : 1.051e-02 29 : Cluster_Skew_x : 1.154e-02
30 : Cluster_Eccentricity : 0.000e+00 30 : Cluster_AspectRatio : 6.808e-03 30 : PixelHits_EnergyDeposited_2 : 1.04le-02 30 : PixelHits_EnergyDeposited_0 : 8.543e-03 30 : PixelHits_EnergyDeposited_3 : 8.733e-03
31 : PixelHits_EnergyDeposited_8 : 0.000e+00 31 : Cluster_Size_tot : 6.567e-03 31 : Cluster_Skew_y : 1.006e-02 31 : PixelHits_EnergyDeposited_5 : 8.361e-03 31 : PixelHits_EnergyDeposited_5 : 7.446e-03
32 : PixelHits_ArrivalTime_7 0.000e+00 32 : PixelHits_EnergyDeposited_4 : 4.842e-03 32 : Cluster_AspectRatio : 8.949e-03 32 : PixelHits_EnergyDeposited_4 : 1.116e-03 32 : Cluster_Eccentricity : 0.000e+00
33 : PixelHits_ArrivalTime_8 0.000e+00 33 : Cluster_Eccentricity 0.000e+00 33 : Cluster_Eccentricity 0.000e+00 33 : Cluster_Eccentricity 0.000e+00 33 : PixelHits_EnergyDeposited_7 : 0.000e+00

Top ranked variables across range

1. Cluster_ArrivalTime

B~ W DN

Cluster_Size_y

Cluster z

Cluster_Size x

5. PixelHits_ArrivalTime*

6. Incident_Angle

7. PixelHits_EnergyDeposited*

*Calculated by taking the average ranking of the top ranked
variable, regardless of pixel number
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VARIABLE

800 trees, 3% min node size, 50/50 train/test split, 0.5 adaptive boost beta, max depth of 8
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VARIABLE

200 trees, 5% min node size, 50/50 train/test split, 0.5 adaptive boost beta, max depth of 3

(These are the parameters
we've been using to date.)
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VARIABLE

800 trees, 3% min node size, 50/50 train/test split, 0.5 adaptive boost beta, max depth of 8
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VARIABLE

200 trees, 5% min node size, 50/50 train/test split, 0.5 adaptive boost beta, max depth of 3

(These are the parameters
we've been using to date.)
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VARIABLE

200 trees, 5% min node size, 50/50 train/test split, 0.5 adaptive boost beta, max depth of 3

(These are the parameters
we've been using to date.)
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VARIABLE

800 trees, 3% min node size, 50/50 train/test split, 0.5 adaptive boost beta, max depth of 8
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VARIABLE

200 trees, 5% min node size, 50/50 train/test split, 0.5 adaptive boost beta, max depth of 3

(These are the parameters
we've been using to date.)
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ADAPTIVE

From
1 Necollection
YBoost(X) = Z In(a)) - h(x)
Neollection ;
== 1]
,
1 —err, e
a,, = XIn |
err,,

Weighted Sample
N
B Z,-zl wl(y; # T,,x;)
Stm = N Weighted Sample
i=1 Vi

I(v2£T (x.
w; = w; X %07l Training Sample

7 — { 1 misclassified event

0 otherwise


https://people.phys.ethz.ch/~pheno/Lectures2012_StatisticalTools/slides/Chanon2.pdf

