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Jet clustering

In a laboratory

Detection

I'nree events:
® gg > Hi2s5 > haohap > DbDDD
® gg > Hsee > hi2shi2s5 > Dbbbb
® gg,qq > tt > bbW#W-> bbjjlv

Composite Hadrons

Quarks & Gluons
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https://cms.cern/news/ jets—cms—and-determination-their-energy-scale

[2/7]
Giorgio Cerro — ICHEP, 08-07-2022



Jet clustering

In a laboratory

Detection

Three events:
® gg > Hi2s5 > haohse > bbbb
® gg > Hsee > hi2shi2s > DbDbD
® gg,qq > tt > bbWW-> bbjjlv

https://cms.cern/news/ jets—-cms—and-determination-their-energy-scale

[2/7]
Giorgio Cerro — ICHEP, 08-07-2022



Spectral clustering

Degree matrix

e Compute Laplacian matrix

EEEE

Weight matrix Affinity matrix
a(t)i; = exp(—d(t)7;/ov)
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Spectral clustering

e Project particles into the

elgenspace
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Spectral clustering

Distance 1n the new space:

m(t)i - m(t);

\WKHMWMﬁﬂJ

e Merge the closest two Cﬂw”::dﬂ“amqﬁ(

[3/7]
Giorgio Cerro — ICHEP, 08-07-2022



Spectral clustering

e Repeat until condition met

Giorgio Cerro - ICHEP,

The weight 1s updated
and the laplacian 1s
computed again until

S @i <R
i3
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Results

Light Higgs
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Jet Multiplicity

Jet multiplicities for the
anti-k7 and CA (for two Ry, choices)
and spectral clustering algorithms on the
Light Higgs, Heavy Higgs and Top MC
samples. For all such datasets, the hard
scattering produces 4 partons in the final
state, so maximising a multiplicity of 4

jets indicates good performance.
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Results

Light Higgs with stronger signal Light Higgs with weaker signal SM Higgs
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Three mass selections are plotted for the Light Higgs dataset. From left to

right we show: the invariant mass of the 4b-jet system, of the 2b-jet system with heaviest
invariant mass and of the 2b-jet system with lightest invariant mass (as defined in the
text). Three jet clustering combinations are plotted as detailed in the legend. The spectral
clustering algorithm is consistently the best performer in terms of the narrowest peaks
being reconstructed and comparable to anti-kr/CA with Ry, = 0.8 in terms of their shift
from the true Higgs mass values, with anti-k7/CA with Ry, = 0.4 being the outlier.
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Strengths

® Number of hyper parameters (6)
e Generality
e Control of the algorithm
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L 1m1TS .

e Speed
e Palr merging

e [ [ gradient = 2.51

— gradient = 3.45
Generalised-KT
g{ ® Spectral
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The run time of
spectral clustering compared to
a naive implementation of gen-
eralised k7 (without the perfor-
mance refinements in [31]), on
datasets of varying size. Simple
fits are shown for each dataset,
in both linear and logarithmic
scale. This shows that spec-

tral clustering runs in just over

O(n3).
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Summary

Fastdet APl: https:/nithub.com/HenryPayHall/fastjet spectraljet

Spectral clustering: novelty for jet reconstruction
Results: jet multiplicities and mass peaks
Strengths and limits
Coming next:
e Make 1t faster
e ExXplore the eigenspace

Reference: https://link.springer.com/article/10.1007/JHEPQ2(2022)165
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https://github.com/HenryDayHall/fastjet_spectraljet

Infrared & collinear
safety

Distance 1n the new space:

nw»mwj)

d'(t)i,; = s(t)i,; arccos (Hm(t)z‘H Im(t);]]
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Hyper parameters

*O. scale parameter in physical space
*Ad. shape of the distribution

‘kmmi minimum number of neighbours

‘Alimit: threshold for number
of eigenvectors

*3: quality of information
of eigenvectors

*R: stopping condition
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