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Learned about Julia near the end of the program

module Converter 2l julia> histogram([b
if tl.omega » t2.omega > 0.; L missing;
¢ UnROOT: CustomROOTStruct px1l = 0.004355344375 / abs(tl.omega cos(tl.phi®
UnROOT: readtype px2 0.004355344375 / abs(t2.omega) cos(t2.phi0)
pyl 0.004355344375 / abs(tl.omega sin(tl.phi0)
TrackFitResult <: CustomROOTStruct py2 0.004355344375 / abs(t2.omega sin(t2.phi@
do: :Float32 pzl = 0.004355344375 / abs(tl.omega) tl.tanlambda
phi@::Float32 pz2 = 0.004355344375 / abs(t2.omega t2.tanlambda
omega: : Float32 El sqrt(0.140"2 px1°2 pyl*2 + pzl”2
z0: :Float32 E2 = sqrt(0.4952 + px2/2 + py2/2 + pz2/2
tanlambda: : Float32 M = sqrt((E1l EZ2}AD ((px1+px2) "2 (pyl+py2)~2
M

(pz1

pz2)"2)

er r event events r (tl, t2) 1in combinations(event, 2)],

1ct e(i0::I0, T::Type{TrackFitResult}) bins=5.0:0.005:5.5,
T(readtype(io, Float32), readtype(ioﬁ Float32), readtype(io, xlabel=L"$M_{K\pi}$ (GeVv$/cr2$)"
Float32), readtype(io, Float32), readtype(io, Float32))

GKS QtTerm
Base. (i0::I0, x::TrackFitResult)

print(io, "(do = x.d0), ¢o = $(x.phi0), w = x.omega), zq
x.z0), tanA = $(x.tanlambda))")

TrackFitResult

53

M. (GeV/e2)

K

Already at oldest change
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Why Neutrino-less Double Beta Decay (0vf55)?

e It would show that v, = 1,

e Lepton number violation

<
> />/p

Rev. Mod. Phys. 95, 025002
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Why Germanium?

e Single beta decay is
forbidden, hence an ideal

source for Ovfp
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Why Germanium? (Cont.)

e Single beta decay is
forbidden, hence an ideal

source for Ovfp

e [t's a semi-conductor at low
temperature
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Rev. Mod. Phys. 95, 025002
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What We Do
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Why Data Cleaning?
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Why Using ML for Data Cleaning?

e To give people a convenient way to devising data cleaning
algorithm for their own data
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History of the Project

e The project was developed in and tested against with data taken
in UNC, Chapel Hill.

e Esteban Léon developed the model and helped incorporating it
in the secondary analysis using Julia with the JuLeAna team in
TUM, Munich, Germany.
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The Model

e A Support Vector Machine that classifies waveforms as follows.

0: Normal 1: Negative Going ~ 2: Upwards Sloping 3: Downwards Sloping  4: Spike
Waveforms L B 1 ol a
0 s 05- ' L_
* | - 0' _0.5_ 0'-—-—
@© 00
— O.D-I_I T T T 1 T T T -1'0-1 T T 1 1 T
Discrete-Wavelet-Transform (DWT) % 0 5 100 0 5 100 0 50 100 0 5 100 0 5 100
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T 0 % 0 0 50 100 0 50 100 0 50 100 0 50 100
m . . . . . . . .
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Time LUS] arXiv:2410.14701v1
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How it was trained

e Using Affinity Propagation to cluster waveforms automatically
e There will be an exemplar for each cluster

e Labeling exemplars — labeling clusters
e Waveforms and labels are then used to train a SVM
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ML-Based Data Quality Cuts in Julia 1LEGE

[Preprocessing} {Clustering J [Training :} [Inference J
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The missing puzzle was already there (Clustering.jl)

S

Affinity Propagation

Affinity propagation is a clustering algorithm based on message passing between data points. Similar to K-medoids, it
looks at the (dis)similarities in the data, picks one exemplar data point for each cluster, and assigns every point in the
data set to the cluster with the closest exemplar.

Vv Clustering.affinityprop — Function

affinityprop(S::AbstractMatrix; [maxiter=200], [tol=1e-6], [damp=0.5],
[display=:none]) -> AffinityPropResult

Perform affinity propagation clustering based on a similarity matrix S.

Si; (i # 7)is the similarity (or the negated distance) between the i-th and j-th points, S;; defines the
availability of the i-th point as an exemplar.

Arguments

o+ damp: :Real: the dampening coefficient, 0 < damp < 1. Larger values indicate slower (and probably
more stable) update. damp = 0 disables dampening.

« maxiter, tol, display: see common options

References

Brendan J. Frey and Delbert Dueck. Clustering by Passing Messages Between Data Points. Science, vol 315,
pages 972-976, 2007.

So was a well-

defined interface!

NeuralNetworkRegressor,
MultitargetNeuralNetworkRegressor,
GaussianMixtureRegressor,
MultitargetGaussianMixtureRegressor,
KMeans, KMedoids,
GaussianMixtureClusterer,
Simplelmputer, GaussianMixturelmputer,
RandomForestimputer, Generallmputer

C Clustering.j|

MUIClusteringInterface.jl

KMeans, KMedoids

DecisionTree.jl

EvoTrees.jl

Evolinear.jl

GLM,jI

LIBSVM,jI

LightGBM,jI

ML) DecisionTreelnterface.jl

MLJGLMInterface.jl

MLJLIBSVMInterface.jl

DecisionTreeClassifier,
DecisionTreeRegressor,
AdaBoostStumpClassifier,
RandomForestClassifier,
RandomForestRegressor

EvoTreeRegressor, EvoTreeClassifier,
EvoTreeCount, EvoTreeGaussian,
EvoTreeMLE

EvolLinearRegressor

LinearRegressor, LinearBinaryClassifier,
LinearCountRegressor

LinearSVC, SVC, NuSVC, NuSVR,
EpsilonSVR, OneClassSVM

LGBMClassifier, LGBMRegressor

medium

medium

medium

high

high

Yuan-Ru Lin (yuanru@uw.edu) | JuliaHEP | 07/28/2025


mailto:yuanru@uw.edu

Counts/(5 keV)

—_

o
n
(6}

—_

o
o
o

100.0

QC Results From Calibration Data (3 channels in period 03, run 000)
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Fraction

Fraction of Each Category vs Energy
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Many early trigger and soft pileup at
gamma lines due to the nature of the

high event rates of the calibration data

| Unexpected energy dependence of soft |
' pileup efficiency due to normalization
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QC Results From Physics Data w/o Pulser Events (All channels in period 03)
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Fraction of Each Category vs Energy
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Review — developing in Julia is joyful

« Compounding effect of quality-of-life tools, all in REPL!
- Pkg.develop + edit + Revise.jl = strong feedback loop when working on
existing packages
- Shell mode + gh
- {Plots.jl, CairoMakie.jl} + {ITerm2Images.jl, SixelTerm.jl,

KittyTerminallmages.jl} (+ ssh) — visualization without XQuartz nor
Jupyter notebooks

e Better expressiveness — better readability = more welcoming
codebase for newcomers

e Easier parallelism — less clunky workflow management — easier
reproducibility — more welcoming codebase
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PRs/Issues Completed

F JuliaAl/MLJ.jl Initial commit for adding affinity propagation v
#1147 by Yuan-Ru-Lin was merged on Dec 17, 2024 - Approved

F JuliaAl/MLJModels.jl Add affinity propagation v
#574 by Yuan-Ru-Lin was merged on Dec 16, 2024

f= JuliaAl/MLJClusteringinterface.jl Initial commit for implementation of Affinity
Propagation v
#28 by Yuan-Ru-Lin was merged on Dec 10, 2024 - Approved

) Add remaining static clustering models
#19 - by ablaom was closed on Dec 20, 2024
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