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Summary

A multi jet event in LHC
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We use to see Jet Airplanes frequently in the
Sky = They use “jets” to fly

Whatisajet?

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

A jet : A rapid stream of fluid forced out
of a small opening

[rgllzlGe

Ajet is a bunch of particles
within a concentrated region.

As a hadron collider, LHC
mainly having hadrons as jet
constituents.

particle deposits inside jets Most commonly seen, present

everywhere !
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Mouvaton : Why
studyjets ?

Strongest tool to study strong interaction, strongly interacting
particles, prediction/theory for strong interaction.

LHC is a jet factory : Abundance of jets in LHC can be utilised to
study the detector.

For any (new /known) particle search frequently jets use to be the
background that need to be estimated. Understanding them are
important for any search study.

Studies of the internal substructure of jets can discriminate hadronic
decay of new heavy particles from other jet background (jet initiated
by partons).



Jet Reconstruction : In LHC, A jetisreconstructed

OR, a combined information from all sub
detectors used to identify a particle.

These particles (4 momentum vector) are
further used as input to a jet
reconstruction algorithm to reconstruct a
jet.

= > Particle Flow (PF) jets

Energy clusters in the calorimeters used as input to a
jet reconstruction algorithm => calorimeter jets

Calorimeter jet

Particle jet

Parton jet é \//’
parton shower




p, [GeV] | anti-k,, R=1 |

Jet Algorithm :

Two kinds of approaches are popular :
Cone Algorithm &

Sequential Recombination Algorithm
(commonly used in LHC)

General Flow Chart for 2nd one :

Distance between two input objects Distance between each input object and beam

(1 ke :
dg =k?’; p=<{0  Cambridge, Aachené
—1 anti-k; :

Ay + Ad*
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dj = min(kZ®. ktsz)

\

Intrinsic transverse momentum Fixed “radius” parameter

e Find the smallest of all {dy, dis}

If this is one of the dj values, inputs i and j are merged.

e Ifit is one of the dss values, i** input is considered a jet. & removed




Recent jet measurements from LEC



Measurement of jet charge observable at 8 TeV

Estimator of the electric charge of a jet.

Related to charge of the particle/parton initiating the jet.

Crucial for quark-gluon discrimination.

Usetul tool for determining charge quantum number: of
hadronically decaying particles:

[Precisermeasurementsieaditonmprove Vi @simulation:

Differentdeinitionsarestuciedy!




Measurement of jet charge observable at 8 TeV

Higher the energy more quark jet fraction dominates

CMS-PAS-15-003
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CMS Preliminary 19.7 fb™' (8 TeV)
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Jet charge in quark gluon discrimination

CMS-PAS-15-003
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Measurement of jet charge observable at 8 TeV
arXiv:1509:05190

More sensitive to fragmentation
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Measurement of double ditferential jet cross section covering 114 GeV to 2 TeV jets.

Inclusive jet cross section study at 13 TeV

[Large jet radius shows better. agreement with data within NLO accuracy:
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Measurement of dijet cross section as a

function of djiet invariant mass and jet

rapidity:
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Jet cross section ratio at 2.76 TeV and 8 TeV
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Dijet Azimuthal De-correlation at 8 TeV
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Number of papers containing
the words ‘jet substructure’
Jets for future : Jet 4 |
6 | :m.%mwmm.msmm‘w
Substructure
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More Energy -> Boosted particles |HE . >
. . § 3 690 ,\f’
Jets from hadronic decay of massive (Ll &
2t ‘\kg) Q
boosted partlcles (suchias E top, W) B >
L]
1990 1995 2000 2005 2010 2015
year
Normal analyses: two quarks from High-p; regime: EW object X
X — qqQ reconstructed as two jets is boosted, decay is collimated,

qq both in same jet

.7 jet 2
Happens for p; 2 2m/R
p: = 320 GeV for m = my, R =0.5

Detailed description in the next talk..



summary :

Jet measurements in LEHC are extremely useful for
understanding and improving QCD.

Results corrected for detector effects can be compared
with other experiments/ theory:

Jetsicaniberusedforinding new: partcles(eg et charse,
jetsSubSthuctire))
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Jets are reconstructed in LHC

Particle Flow (PF) Jets : Reconstructed from particles identified by
combining information from sub-detectors : Tracker, ECAL, HCAL.

T H HCAL

. ‘ Clusters
hadron : | detector

PF Algorithm : w!ere on‘y ca‘orlmeler |n|orma||on

1. Track reconstruction utilized for reconstruction.
2. Calorimeter clustering

3. Extrapolation of tracks, linking the deposits of each particle in the sub
detectors

The list of individual particles is then used to build jets

E.g. A set of track + clusters constitute a charged hadron.
19
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Jet Energy Calibration CMS-PAS-JME-10-010

Reconstructed Jet

It is crucial due to the nonlinear and
nonuniform response of the
calorimeters.

Also in order to reduce the pile up
effect, electronic noise, data-MC
mismatch.

Offset Correction

» removes pile-up and noise
contributions

A factorized approach is developed (@EESSSEEEESE

by CMS to apply all these i (c°;'e°;'°"
corrections. el
lattens the jet response in 1
100 and corrects the jet pr to
E_ o0E.CMS Preliminary 2010 (Barrel) particle level
§ » i Residual Correction
5. - (n&pr)
Ehs Ayt
£ o » accounts for the differences
L ' between data and MC
: 30
2 7-TeV Data, 7.5 nb” (Calibrated) : ‘
10 g 7-TeV Data, 7.5 nb” (Uncalibrated) Calibrated Jet

' :
10 20 30 40 S50 60 70 80 90 100 :
Track momentum (GeV/c) : 21



A simulation example of hard scatter and jet production :

o d ,H ............... ard Seatter - Hard
= et interaction with large
momentum transfer.

\

Fragmentation

Underlying Event :
All contributions that are not
associated to a hard

Jet Interaction.

PDF (Parton Distribution Function) : Probability of finding a parton with a
momentum fraction within a proton depending on the energy scale.

The final state partons produce showers with successively low energy.
After parton showering partons combine to colourless hadrons.

Fragmentation functions model parton showering and hadronization.
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