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contain jets with more than three energy prongs  
(T  tZ  5q, H 6q) 

• Typically, the calibration is performed with SM 
candles like W or top quarks from  production 

 it covers only up to three quark decays!
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Data/Simula'on Lund Jet Plane Ra'o

Figure 2: Ratios of the LJP in data and simulation in each subjet p
T
 bin. The combined statistical and systematic 

uncertainty on the ratio is represented by the area of the hatched region in each bin. Bins with no data or simulation 
events are shown as white, but assumed to have a ratio value of unity and 100% uncertainty.
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W Jets Substructure Observables

    Figure 3: A comparison of the data/simulation agreement of various substructure observables in the W-region. The distribution of various simulated 
processes are shown in the colored histograms and observed data points are shown in black. The brown line shows the total simulated distribution after the 
LJP correction has been applied to the W-matched tt and tW simulations. Only statistical uncertainties are shown, and the computed χ2 is based only on 
statistical uncertainties. The agreement between data and simulation improves with the correction, particularly in the two-pronged tagging variable τ
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Top Jets Substructure Observables

Figure 4: A comparison of the data/simulation 
agreement of various substructure observables in 
the top-region. The distribution of various simulated 
processes are shown in the colored histograms 
and observed data points are shown in black. The 
brown line shows the total simulated distribution 
after the Lund Plane correction has been applied to 
the top-matched tt simulation. Only statistical 
uncertainties are shown, and the computed χ2 is 
based only on statistical uncertainties. The 
agreement between data and simulation improves 
with the correction, particularly in the three-pronged 
tagging variable τ
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Top Jets Substructure Observables
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Subjet – Quark Matching

Figure 5: Distributions of the ΔR between 
subjets found by the reclustering with the 
exclusive k

t
 algorithm and gen-level quark of 

the heavy resonance decay. The distribution is 
shown for various different jet types simulated 
using CMS Run-2 conditions. Even for jets with 
a high number of prongs,  the ΔR distribution 
remains steeply falling. But at high numbers of 
prongs, the showers from the multiple quarks 
begin to overlap, leading to increased 
uncertainty.

Systematic 
uncertainties 

• Ratio uncertainty 

•  extrapolation 

• B jet uncertainty 

• Matching 
uncertainty 
(dominant)

pT

Or how to correct jets with more than 3 energy prongs?
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Correc'on Factor Comparison Plot

Figure 6: A comparison of CFs derived using the LJP correction procedure and other sources. For W and 
top tagging, CFs derived with the LJP have larger uncertainties but agree well with those from the standard 
calibration method. For the R→WW SF, the LJP correction factor is compared to the one obtained in a recent 
CMS search [11] which utilized top quarks with a hard gluon emission as a 4-prong proxy. The LJP CF 
agrees well with this value as well, with a ~20% reduction in uncertainty.
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• Lund Jet Plane (LJP): a 2D representation of the 
density of splittings inside the showering process 
of the jet 

• ‘primary’ LJP: it includes the splittings along the 
hardest branch of the clustering history 

• LJR reweighting map: the ratio between data 
and simulation of quark jets from W decays in bins 
of pT

[arxiv:1807.04758]
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Top Jets Substructure Observables

Figure 4: A comparison of the data/simulation 
agreement of various substructure observables in 
the top-region. The distribution of various simulated 
processes are shown in the colored histograms 
and observed data points are shown in black. The 
brown line shows the total simulated distribution 
after the Lund Plane correction has been applied to 
the top-matched tt simulation. Only statistical 
uncertainties are shown, and the computed χ2 is 
based only on statistical uncertainties. The 
agreement between data and simulation improves 
with the correction, particularly in the three-pronged 
tagging variable τ
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tt̄ • Corrections are derived on W  (2 prong) 

• To validate jets with higher number of prongs it 
is applied to top (3 prong) 

• Data-to-simulation agreement improves for W 
and top jets after applying the correction!

→ qq̄

W enriched region

Top enriched region
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• Method is very general 

• Large error, but remains the only option for 
particular phase spaces

[arxiv:1807.04758]

https://arxiv.org/pdf/1807.04758
https://arxiv.org/pdf/1807.04758

