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Overview: the particle-flow algorithm

Particles <-> clusters and tracks
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The list of individual particles is then used to build jets, to
determine the missing transverse energy, to reconstruct and
identify taus from their decay products, to tag b jets ...
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Why particle-flow with CMS?
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How does it work: the track-cluster link
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Event Display (2.36 TeV data),
transverse view

Charged hadron
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Event Display (2.36 TeV data),
transverse view

Charged hadron
Photon (dashed line)

Physics at the LHC, 10 June 2010 Daniele Benedetti, CERN 6



Event Display (2.36 TeV data),
transverse view

Charged hadron
Photon (dashed line)
Neutral hadron (dotted line)
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Event Display (2.36 TeV data),

transverse view

N particles
MET = — Y Ef
=0

Physics at the LHC, 10 June 2010 Daniele Benedetti, CERN

Charged hadron
Photon (dashed line)
Neutral hadron (dotted line)

SumeE; @ 178 GeV
MET : 1.9 GeV




Event Display (2.36 TeV data),
transverse view

CMS, December 2009, 2.36 TeV
Run-124120 / Event 6613974 - - -
Particle Flow Reconstruction Pa rtl CI eS CI uste red | n etS
Jet 1 p;=22 GeV/c I Jet 2
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“«—Jet
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b, = 38 GeV/c e SUME; : 178 GeV

* MET : 1.9 GeV

e Jet Algo: anti-Kt 5

* Three jets with p> 20 GeV/c
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Expectations for the jet energy
response and resolution

: & v Even for a jet of p; = 500 GeV/c
: o§ the average p; of the stable
particles is of around 10 GeV/c

: 5% v —90% of the jet energy is carried
photon -
' in a jet out by charged-hadrons and
: photons
charged
hadrons

65%0
in a jet
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Jet energy response and resolution

simulated QCD-multijets events
barrel: |n|] < 1.5

95-97%
of the p; reconstructed,
over the whole range.
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Commissioning ...
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Photon commissioning with =t®
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Calorimeter response for hadrons

Obtained with
charged hadrons
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Calorimeter response to hadrons well simulated
Hadron response with calorimeters is adequate at the 5% level

Physics at the LHC, 10 June 2010 Daniele Benedetti, CERN 14



Jet composition

Jet energy fraction carried by particles within jets
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Particle flow jets

commissioning of the basic jet variables
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<+ Good agreement to simulation proof of accurate
understanding of jet 4-vector properties
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Missing transverse energy (MET)
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Electrons in particle-flow
(also within jets)
Only a few electrons in the 900 GeV data (mostly from photon conversions)

and a very low p;
pr = 2.53 GeV/c

< The cluster-track link together
with the large magnetic field
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Conclusions

>

D)

> Combining the various CMS sub-detectors, particle flow allows
for a much better reconstruction of the jet, MET (and 7).

v up to 3 times better resolution in jets
v/ in average 2 times better resolution in E{Miss

L)

<+ Particle Flow commissioning is ongoing and going well
v 710 mass: agreement within 2% with the PDG value
v hadron calorimeter response adequate at 5% level
v Jets and missing energy performance as expected in simulation
v JES, ultimate systematic uncertainty —1%

<+ The Particle Flow event reconstruction is keeping up with the
LHC challenge

v' The algorithm proves to be robust and reliable
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backup
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How does it work: the track-cluster link

»Clusters not linked to any track
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The track is linked to a given cluster if the extrapolated
position in the corresponding calorimeter is within the cluster
boundaries
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Reconstruction of the jet p;

90%
of the p; reconstructed,
[ CMS Preliminary / over the whole range.
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Jet energy resolution

| CMS Preliminary |
0.45 ;

04

-----------------------------------------------------------------------------------

—+=— Corrected Calo-Jets

..........................................................................

=== Particle-Flow Jets

N\t L L Good

S < o w=m<2s | calorimeter
E nEE m resolution,

Tracks —

bring less

0.35

0.3

0.25

IIIII IIII||III

0.2
i U e e 4
0 e e

very large / SR e S
Improvement I T
0

at low pT, _
thanks to p_[GeV/c] «— True jet p;

Tracks

Jet-Energy resolution

® Endcap: 1.5<|n|>2.5

Physics at the LHC, 10 June 2010 Daniele Benedetti, CERN 23



Performance with t

| CMS Preliminary
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@ Even larger improvement than in the case of jets

o because only 1% of the taus produce neutral hadrons
in their decays.
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Particle-flow jet composition: 7 TeV
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Figure: Data vs MC: Fraction of jet energy carried by neutral
hadrons, NHF and the charged hadronic fraction CHF.
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