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Public results: 
 
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults 
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Definition 
Jets are: 
 collimated cluster of stable particles, 

primarily hadrons originating from 
quark or gluons 

 defined by jet clustering algorithms: 
anti-kt, Cambridge-Aachen, Siscone 

 corrected for detector effects (JEC ) 
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Jets are studied because: 
 It is the main source of background 
 Can be used for tagging  
 ….. 
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Jet Reconstruction 

Calorimeter Jets 
Input : calorimeter towers (HCAL 
cells + ECAL crystals) after 
threshold cuts 

 
 

Default Jet Clustering Algorithm : Anti kt with R=0.5 

Jet-Plus-Track Jets (JPT) 
Subtract average 
calorimeter response 
from CaloJet and replace 
it with charged track 
measurement 

Particle Flow Jets (PF) 
Combines information from 
all sub-detectors. Jets built 
by clustering of PF 
candidates 

 
 

Track Jets 
Independent from 
calorimeter jet 
measurement, 
jets are clustered 
from tracks 
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Jet Energy Corrections 

Reconstructed 
Jets 

L1 
Offset 

L2 
Rel: η 

L3 
Abs:𝑝𝑇 

Residual 
Abs:𝑝𝑇 

Residual 
Rel:η 

MC Truth DATA only 

 
 L1: removal of pile-up and electronic noise 
 L2: Correct to make calorimeter response uniform in eta 
 L3: Correct absolute energy scale 
 Residual L2L3: Small residual corrections (relative and absolute) to correct for difference between 

data and simulation 
 L5: Optional correction assuming different jet flavors  

Initially, the 4-momenta of jets are reconstructed as vector sums 
of the 4-momenta of constituent particles (E-scheme) 
 
Then, a series of factorized corrections are applied; each 
correction factor is a scaling factor. And so is the total correction 
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L5 
Flavor 

Optional 
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L1 Offset Correction 
The offset correction is the first step in the chain of the 
factorized corrections. Its purpose is to estimate and 
subtract the energy not associated with the high-pT 
scattering. The excess energy includes contributions 
from calorimeter electronic noise and extra pp 
interactions within the same bunch crossing (pile-up) 

Noise-only (1PV) High Pile-up (year 2013) 
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L2L3 MC Truth Corrections 

 Calorimeter jets require a large 
correction factor due to the non-linear 
response of the CMS calorimeters. 

 The track-based jet types (JPT and PF) 
require much smaller correction factors 
because the charged component of the 
jet shower is measured accurately in 
the CMS tracker which extends up to 
|η| = 2.4  

 |η| ∼ 1.3 barrel-endcap boudary 
 |η| ∼ 3.0 boundary between the 

endcap and the forward calorimeters 

The MC calibration is based on the simulation and corrects the 
energy of the reconstructed jets such that it is equal on 
average to the energy of the generated MC particle jets. Each 
reconstructed jet is spatially matched in the η −φ space with a 
MC particle jet by requiring ∆R < 0.25. In each bin of the MC 
particle transverse momentum The average correction in each 
bin is defined as the inverse of the average response 
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Relative Residuals (Dijets) 
The dijet 𝑝𝑇 -balance technique, is used to measure the 
response of a jet at any η relative to the jet energy 
response in the region |η| < 1.3 
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 Require at least 2 jets, one jet in the barrel region |η|<1.3  
 Azimuthal separation ΔΦ > 2.7 

 Third jet veto 𝑝
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MPF (Missing 𝑬𝑻 Projection Fraction) (PF only) 

Idea: No intrinsic 𝐸𝑇
𝑚𝑖𝑠𝑠 in such events (only induced by 

mismeasurement): projection of 𝐸𝑇
𝑚𝑖𝑠𝑠 along reference object axis gives 

response 
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Absolute Residuals (/Z + Jet) 
The absolute jet energy response is measured in the reference region 
|η| < 1.3 with the MPF method using /Z+jets events, and the result is 
verified with the 𝑝𝑇 -balancing method. The  or the Z are used as 
reference objects because their energy is accurately measured in ECAL 
(photon, Z →𝑒+𝑒−) or in the tracker and muon detectors (Z → +−). 
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JEC uncertainties 

Sources of the jet energy scale distortion: 

  Calorimeter response 

  Magnetic field 

  Electronic noise  

  Calorimeter thresholds 

 Dead materials and cracks 

 Longitudinal leakage   

 Shower size, out of cone loss 

 Pileup contribution 

JINST 6 P11002 (2011)  
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Background subtraction in heavy-ions 
Iterative pile-up subtraction 
 Background energy per tower is calculated in strips of eta 
 Jet finder run on subtracted towers 
 Background energy recalculated excluding jets 
 Rerun Jet Algo on background subtracted towers without jets 
 Get the final jets 

HF/Voronoi subtraction 
 A Voronoi diagram in the eta/phi plane is used to associate  
a unique area to each particle that the UE density can be removed 
particle by particle 
 Flow(v2,v3,…) accounted for by projecting the expectation from the 
HF calorimeter  
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Conclusion 

 
Summary: 
 Three well-established jet types: Calorimeter jets, JPT jets and PF jets 
 CMS factorizes Jet Energy corrections: 

 Make best use of simulation that accurately describes data 
 Correct for small remaining differences using data-driven residual corrections 

 General data/MC agreement for jet response and resolution 
 Energy resolution better than 12% at 𝑝𝑇> 30 GeV 
 JES uncertainty less than 1% for 𝑝𝑇> 100 GeV in the central region 
Towards Run 2: 
 Pile-up corrections – challenging with higher luminosity 
 New techniques expected! 



11/18/2014 Stepan Obraztsov SINP MSU 13 

References 

 
 “Determination of Jet Energy Calibration and Transverse Momentum Resolution 

in CMS”, 2011 JINST 6 P11002, DOI:10.1088/1748-0221/6/11/P11002 
 “Jet Performance in pp Collisions at 7 TeV”, CMS-PAS-JME-10-003, 2010 
 “Jet Energy Corrections determination at 7 TeV”, CMS-PAS-JME-10-010, 2011 
 “Jet Energy Resolution in CMS at p (s) = 7 TeV”, CMS-PAS-JME-10-014, 2011 
 “Jet Substructure Algorithms”, CMS-PAS-JME-10-013, 2011 

 
 



11/18/2014 Stepan Obraztsov SINP MSU 14 

Backup slides 
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Total JEC factor 
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Jet 𝒑𝑻 resolution 


