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What is a jet?
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Where do the boring particles go?
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The challenge: multiple jets

Microscopic Scale Detector Scale
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But wait, it gets worse

This is 79 collisions! Remove tracks and calo energy 78 of them.
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https://cds.cern.ch/record/1479324

Pretend it’s a 2d problem
Figure from arXiv:1612.01551

» Of course it’s not
» Multiple types of particles
» Tracks have 5 parameters
» Calo energy has depth,
shape
» But thinking in 5d is hard

» Also experiment-specific



http://arxiv.org/abs/1612.01551

I
Then cluster in 2d

1. Make every particle into a vector

2. Cluster in ¢—y space (y ~ 1)

p,[GeV]
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Clustering algorithm

2 2
1. Calculate d;p for each particle, dij = mln(p"lzzlva])R
;ifijdfor ezch falr ) ) Rz2 = (¢ — (;5]) + (s yj)2
2. ;i > d;p for all j call it a .
ujetl;z ’ dZB - pg[‘LRO
3. Find smallest d;;, combine 4 Algorithm ‘ n
and j kr 1
4. to back to step 1 Cambridge-Aachen | 0
Stop when everything is a jet Anti-kr -1

Theorists love this

» Completely standardized via FASTJET

» They even built a workshop around it
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https://indico.cern.ch/event/579660/timetable/
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Correcting the Particle Momentum (Calibration)

» Problem: the (clustered) jet momentum is wrong
» Neutrinos, incorrect clustering, detector response

» Solution: several grad-student years of work (per experiment)

EM or LCW
constituent scale jets

Jet area based pile-
up correction

Residual pile-up
correction

Origin Correction

Jet finding applied to Changes the jet direction " e Function of y and NPV
topological clusters at to point to the primary erfg:d%re"r? Sf’te szttjp.gf aur‘;a applied to the jet at
EM or LCW scale vertex. Does not affect E. 9y 4 J constituent scale
Absolute EtaJES Globa! seql.JentlaI ReS|d'uaI ||:|-S|tu
calibration calibration
Corrects the jet 4-vector Based on tracking and A final residual calibration
to the particle level scale. muon activity behind jets. is derived using in-situ
Both the energy and Reduces flavour dependence measurements and is
direction are calibrated. and energy leakage effects. applied only to data
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Classification

» So far this is all the machine learning
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In Summary

» All the ML happens after we define jets
» But there are lots of places we could use it

» Definition of jet inputs
» Sequential clustering

» Lots of input from theory here
» But still ignores everything but momentum

» Calibration
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You can still make it
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