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Jet formation involves grouping decay products to estimate
the momentum and identity of the particle that decayed

This activity has been compared to reading tea leaves. ..
www.quantumdiaries.org/2011/04/22/when-youre-a- jet-youre-a-jet-all-the-way/
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Spectral Clustering

Spectral clustering is a machine learning technique for
picking out clusters. It doesn’t use a neural net

https://scikit-learn.org/stable/modules/
clustering.html
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Rapidity

Spectral Clustering
Inputs

How likely are two particles
to belong in the same jet?
Distance; d;

= /007 + 0¥

Similarity; a; ;

2
—d;;
Oy

= exp
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Ideally, particles connected
by high similarity would be
in the same jet. Particles
separated into different jets
would only have low simi-
larity between them.

Spectral Clustering
Cost function
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Ideally, particles connected
by high similarity would be
in the same jet. Particles
separated into different jets
would only have low simi-
larity between them.

The size of the groups
should be about the same.

Spectral Clustering
Cost function
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Ideally, particles connected
by high similarity would be
in the same jet. Particles
separated into different jets
would only have low simi-
larity between them.

The size of the groups
should be about the same.

Spectral Clustering
Cost function

Cost function;

> ic Gy jcGy Qi
NCut = 2;(: BTN

Where

The numerator is the
similarity crossing the
boundary of G.

|G| = > ek > @ij seeks to

balance cluster size.
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Spectral Clustering
Indicator vectors

Let’s create some indicator
vectors

! ifie G
f(k)i = { VIG 1 -

0 otherwise

If these could be found it
would define the jets.
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Let’s create some indicator
vectors

! ifie G
f(k)i = { VIG 1 -

0 otherwise

If these could be found it
would define the jets.

Spectral Clustering
Indicator vectors

A Laplacian helps with that;
let D,'J' = (5,'71' (Zk a,-,k)

Lij=Dij—aij
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Spectral Clustering
Indicator vectors

Use the definition of
indicator vectors again;

L ifie G
f(k); = ¢ VIGd :

0 otherwise

This gives something
familiar looking...

fkyLik) = 3 é’kf|

i€ Gk.j¢ Gk
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Use the definition of
indicator vectors again;

1

f(k)j = { VIG

0

if i € Gg

otherwise

This gives something
familiar looking...

f(kY Lf(k) =

>

i€ Gk.j¢ Gk

ai
| G|

Spectral Clustering
Indicator vectors

It's part of the cost function;

> icGyjeGy i
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Use the definition of
indicator vectors again;

1

f(k)j = { VIG

0

if i € Gg

otherwise

This gives something
familiar looking...

f(kY Lf(k) =

>

i€ Gk.j¢ Gk

ai
| G|

Spectral Clustering
Indicator vectors

It's part of the cost function;

> icGyjeGy i

So if F is a matrix with rows
of f(n);

NCut = tr(F'LF) = F'TF
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Spectral Clustering
Embedding space

To minimise this cost function, take eigenvectors of
L=D"2(D— A)D 2— LVy = ApVn
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Spectral Clustering
Embedding space

To minimise this cost function, take eigenvectors of
L=D"2(D— A)D 2— LVy = ApVn

V11 V21

Vio Voo
Vi,V2 = .

Vin Vay
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Spectral Clustering
Embedding space
The eigenvectors of L create a multidimensional embedding

space.
L Vn = An Vn
Physical space
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Conclusion

Spectral clustering offers a deterministic crisp jet formation
algorithm, without any use of learnt parameters or black box

elements. It is remarkable for its ability to adapt to various
data sets.

arXiv:2104.01972
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Spectral Clustering
Timing

The algorithm is currently O(N3).
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Spectral Clustering
Parameters

® o, and « are used to define the similarity;
a;=e %l

® kyn removes some similarities to reduce noise.
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Spectral Clustering
Parameters

® o, and « are used to define the similarity;
aij = e .
® kyn removes some similarities to reduce noise.

* \imit and 5 make use of the information in the
eigenvalues to prioritise the eigenvectors.
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Spectral Clustering
Parameters

oy and « are used to define the similarity;
ajj=e .
knn removes some similarities to reduce noise.

Nimit @and 5 make use of the information in the
eigenvalues to prioritise the eigenvectors.

When the mean distance in the embedding space rises
over R, the clustering stops.
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For contrast, on the right is the parameter space of the

generalised kr algorithm

Spectral Clustering
Parameters
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Shape variables

Shape variables are dependant on the clustering algorithm
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