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8.2 Simulated particle-level resolution 55

8.2 Simulated particle-level resolution

The jet pT resolution is reasonably Gaussian, although some nongaussian low-response tails
are present, e.g., due to rare detector effects such as inactive areas of the ECAL and to high-pT
particles punching through the HCAL. At low pT symmetric tails appear due to combinations
where two generator jets produce a single reconstructed jet, or vice versa. Such effects are
typically well-modeled by a double-sided Crystal Ball function [51], as seen in Fig. 35. Low
tails in response measurements are also commonly produced by neutrinos from semileptonic
decays of heavy-flavor hadrons. This does not apply to particle-level resolutions, because CMS
particle jets exclude neutrinos, but this does impact the dijet balance method used to measure
JER in data.
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Figure 35: Jet pT resolution distributions in the barrel for two bins of jet pT. DR indicates the
distance parameter value used for matching reconstructed jets to the corresponding particle-
level jets. The nongaussian tails due to inactive areas of the ECAL and HCAL punchthrough
become more visible for narrow high-pT jets with small core resolution. The Gaussian core
resolution is fit to within ±2s (solid line) and its extrapolation is indicated with a dotted line.
The tails are well modeled by a double-sided Crystal Ball function.

We define the particle-level JER in simulation as the s of a Gaussian fit to the pT, reco/pT, ptcl
distribution in the range [m � 2s, m + 2s], where pT, reco and pT, ptcl are the reconstructed jet pT
and generated particle-level jet pT, respectively, and m and s are the mean and width of the
Gaussian fit, determined with an iterative procedure. To maximize matching efficiency while
still ensuring a unique match, the reconstructed and the generated jets are required to be within
DR < R/2 of each other, with R being the jet distance parameter.

The nongaussian tails increase the RMS of the distribution, and the differences affect the data-
based dijet asymmetry, where two JER distributions are folded together with other (non) Gaus-
sian distributions. The dijet asymmetry is effective in symmetrizing the tails, and according
to the CLT the folded distribution will asymptotically approach a Gaussian distribution. The
treatment of these effects will be discussed in more detail in the next section.

The particle-level JER in simulation with a pileup profile matched to 2012 (8 TeV) data is pre-
sented in Fig. 36 in bins of true number of PU interactions µ. The particle-level JER in simula-
tion is parameterized with the “NSC” fit for calorimeter resolutions, where N is for noise (and
pileup), S is for stochastic fluctuations that scale as 1/

p
E, and C is a constant term with no pT

Matching Approach
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Only ∆R match was applied in CMS paper.

Reference

https://arxiv.org/pdf/1607.03663.pdf


Matching Reverse Ratio
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Process \ Reverse Ratio (%) ee-kt Thrust

∆R 6.91 3.94

∆R + ∆E 6.56 3.88

Under 2-jet condition. Only two combinations could be chose and one of them 
must be correct.  
Firstly, match the RecoJet and GenJet according their energy. 
Compare the ∆RLead—Lead and ∆RLead—Sub-lead, if ∆RLead—Sub-lead < ∆RLead—Lead counter +1. 
Reverse Ratio = counter / total # of event.
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Under 4-jet condition. The matching situation becomes more complex. 
Firstly, match the RecoJet and GenJet according their energy. 
Test the reverse behavior between them which judge from the “diagonal pattern”. 
Reverse behavior could penetrate three order of the energy sort. 

RecoJet GenJet

Leading

Sub-leading

Third

Trailing

Leading

Sub-leading

Third

Trailing

∆E, ∆𝜃, ∆𝜙

Combination
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Sub-leading(2)

Third(3)

Trailing(4)

Reverse behavior
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Process \ Reverse Ratio (%) ee-kt

∆R 35.47

∆R + ∆E 34.79
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Match Reco and Gen by energy and reverse by ∆R (or ∆R + ∆E) is a better 
approach than only using energy. 
Will perform the matching efficiency to determine ∆R (or ∆R + ∆E) is the best 
one.
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∆R Distribution (Z-pole)

58Pei-Zhu Lai (NCU, Taiwan)

Process \ ∆R<0.05 Ratio (%) ee-kt Thrust
Z pole → qq 35.1 35.3

ZZ→𝛎𝛎qq 0.6 0.7
WW→𝞵𝛎qq 0.7 0.8
ZH→𝛎𝛎qq 0.5 0.5
ZZ→qqqq 0.6 0.7

WW→qqqq 0.7 0.7
ZH→qqqq 0.5 0.5

The times it win 0 4

Gen-Parton
Process \ ∆R<0.05 Ratio (%) ee-kt Thrust

Z pole → qq 49.5 26.1
ZZ→𝛎𝛎qq 55.9 54.5

WW→𝞵𝛎qq 60.6 55.4
ZH→𝛎𝛎qq 43.7 43.5
ZZ→qqqq 55.4 54.5

WW→qqqq 60.6 55.4
ZH→qqqq 43.7 43.5

The times it win 7 0

Reco-Gen

Process \ ∆R<0.05 Ratio (%) ee-kt Thrust
Z pole → qq 28.3 13.8

ZZ→𝛎𝛎qq 31.7 31.4
WW→𝞵𝛎qq 34.3 31.6
ZH→𝛎𝛎qq 22.2 21.7
ZZ→qqqq 31.7 31.4

WW→qqqq 34.3 31.6
ZH→qqqq 22.2 21.7

The times it win 7 0

Reco-Parton

Match the different level jet according their energy. Thrust based algorithm does do better than ee-kt
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