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AssTrACT: The CMS apparatus was identified, a few years before the start of the LHC operation at
CERN, to feature properties well suited to particle-flow (PF) reconstruction: a highly-segmented
tracker, a fine-grained electromagnetic calorimeter, a hermetic hadron calorimeter, a strong magnetic
field, and an excellent muon spectrometer. A fully-fledged PF reconstruction algorithm tuned to
the CMS detector was therefore developed and has been consistently used in physics analyses for
the first time at a hadron collider. For each collision, the comprehensive list of final-state particles
identified and reconstructed by the algorithm provides a global event description that leads to
unprecedented CMS performance for jet and hadronic 7 decay reconstruction, missing transverse
momentum determination, and electron and muon identification. This approach also allows particles
from pileup interactions to be identified and enables efficient pileup mitigation methods. The data
collected by CMS at a centre-of-mass energy of 8 TeV show excellent agreement with the simulation
and confirm the superior PF performance at least up to an average of 20 pileup interactions.
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Calorimeter Clustering
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Particle Flow
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Clusters not linked to a track = photon (ECAL) or neutral hadron (HCAL)

Tracks = charged hadrons
- compatible energy in calos: energy from a fit of track and cluster measurements
- excess: additional neutrals
- deficit: muon, fake track 6
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Response
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Jet Response and Resolution
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Resolution always better than for calo jets:

- PF works when particles are close

- charged hadron energy from fit of track
and cluster measurements
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Response for different flavours
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Jet Composition, Pileup
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Tau Beconstrucﬁcn & Identification
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Tau Reconstruction & Identification
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PF in ATLAS

Not an attempt to
identify all particles

But: use the tracker to
improve jets and MET

Main idea:

— subtract expected hadron
energy deposit from topo
clusters

— jets and MET from tracks
and (modified) topo
clusters

arxiv:1703.10485 14
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Conclusion

PF is the foundation of >99% of CMS analyses

— all physics objects come from PF

— global, high-res view of the final state particles
(e.g. control underlying event - colour reconnection)

> 50 000 lines of code
— to deal with the gory « details » :
» fake tracks, muons, e/y, secondary interactions, noise, ...
Algorithm unchanged since 2009
— 0 - 45 pileup collisions

What now?
— PF in ATLAS! Jet resolution now the same as in CMS
— HL-LHC data: big challenge. PF is needed to deal with PU

— Trending: deep learning on PF particles
e e.g.tau ID, MET reconstruction, boosted top tagging, ..
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The CMS Tracker: Big! (and Thick)
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Nuclear Interactions

Maps of nuclear interaction vertices  1.0nb" (7 Tev) 1.0 nb™ (7 TeV)
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- Secondary vertices reconstructed from displaced tracks (+ 0 or 1 incoming track)

- Secondary charged particles reconstructed by PF = single charged hadron

- Secondary neutrals reconstructed by PF as usual

- Incoming track if any is discarded 21



Particle Flow and Jets @HLT

In the High-Level trigger, timing is
crucial! (~140 ms / evt)
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Electron ID efficiency
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from W in ttbar
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The CMS HGCAL
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Background rejection

200 pileup collisions / beam crossing
Boosted jets
Pandora and Arbor:
- aggregate many unrelated hits
Tried a different approach:
- fast 2D clustering in each layer
- projective association into 3D clusters
- works only for electrons so far
Setting up a full PF algo will take time and effort
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Deep Learning for HGCAL reconstruction
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Deep Learning on PF output
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Our advantage:
- Monte Carlo Simulation
g - large number of events
- - we know the truth
T (NN target)
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