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JES → 
Modelling 

here!

Modelling 
various 

aspects of 
QCD…

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-52
https://arxiv.org/abs/1810.01772
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ATLAS ATL-PHYS-PUB-2022-021 
ATLAS 2303.17312 (new!)

“Difference in gluon jet response between Pythia8 & other MC”

Defines old 
 Uncertainty

JES Flavour Response

After GSC

Before GSC
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MC-based

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-021/
https://arxiv.org/abs/2303.17312


By re-weighting the baryon and kaon fractions within Herwig and Sherpa 
jets to match Pythia, the jet response in all generators can be made closer.

Get closer 
to Py8

Get closer 
to Py8

Pythia v8.235 vs. Herwig v7.1.6 Pythia v8.235 vs. Sherpa 2.2.5

ATLAS ATL-PHYS-PUB-2022-021
JES Flavour Response

Matt LeBlanc (Manchester) — Review of ATLAS JES uncertainties related to MC modelling — Les Houches PhysTeV, 2023 SM Session — Slide 6

MC-based

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-021/


By re-weighting the baryon and kaon fractions within Herwig and Sherpa 
jets to match Pythia, the jet response in all generators can be made closer.

Sherpa can also brought to Pythia 
out-of-the-box by re-tuning 

 to LEP data!

Get closer 
to Py8

Get closer 
to Py8

Pythia v8.235 vs. Herwig v7.1.6 Pythia v8.235 vs. Sherpa 2.2.5
Pythia v8.235 vs.  

Re-tuned Sherpa 2.2.5

JES Flavour Response
ATLAS ATL-PHYS-PUB-2022-021
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MC-based

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-021/


JES Flavour Response
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MC-based



JES Flavour Response
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/JETM-2022-005/
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MC-based



JES Flavour Response

Pythia8 [1] vs. 
Sherpa v2.2.5 w/ Lund hadronisation (Pythia 6) [2][3]

Sherpa v.2.2.11w/ AHADIC cluster hadronisation [2][4] (new tune [5]) vs. 
Sherpa v2.2.5 w/ Lund hadronisation (Pythia 6)

Herwig7 angular parton shower [6][7] vs.
Herwig7 dipole parton shower [6][8] shower models

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/JETM-2022-005/
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MC-based

https://arxiv.org/abs/1410.3012
https://arxiv.org/abs/1905.09127
https://arxiv.org/abs/hep-ph/0603175
https://arxiv.org/abs/1905.09127
https://arxiv.org/abs/hep-ph/0311085
https://arxiv.org/abs/2203.11385
https://arxiv.org/abs/1705.06919
https://arxiv.org/abs/hep-ph/0310083
https://arxiv.org/abs/1705.06919
https://arxiv.org/abs/1109.6256


Aside: H7 dipole PS?

Dijet-like region of event shapes

ATLAS 2004.03540, 2305.16930 (new!)

Perturbative emissions within jets (Lund jet plane)
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https://arxiv.org/abs/2004.03540
https://arxiv.org/abs/2305.16930


JES Flavour Response
ATLAS ATL-PHYS-PUB-2022-021
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-021/


• Experimentalists at the LHC work hard to calibrate the jet energy scale 
(JES) using in situ balance measurements in different topologies…

ATLAS JES    Run 2: EPJC 81 (2021) 689    Run 3 (brand new!): 2303.17312
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In situ

https://arxiv.org/abs/2007.02645
https://arxiv.org/abs/2303.17312#


• With our latest techniques, the in situ JES uncertainty is driven by the choice of nominal MC model 
in many places… 

• Need to cover extrapolation between MC-based JES calibration & main samples for physics 
analysis: long duty cycle of MC generator setups.

ATLAS Jet Energy Scale
ATLAS, 2303.17312 (brand new!) 

Powheg + Pythia 8

PowhegBox v2 + Pythia 8

vs. Sherpa 2.2.11 
(AHADIC)

vs.  Powheg + Herwig 7
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In situ

https://arxiv.org/abs/2303.17312#


Summary of Modelling Uncertainties in Jet Calibrations
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Thanks for Listening!



JES NPs — Overview (ATLAS Run 2)
Simulation-based In situ techniques

Area Subtraction 
+Pile-up residual MC JES GSC

Eta 
Intercalibration

Z+jet balance 
(MPF)

Dijet JER

γ+jet balance 
(MPF)

Multijet 
balance

Other: E/p  
& b-JES

EtaIntercalibration_TotalSyst 
EtaIntercalibration_NonClosure_highE 
EtaIntercalibration_NonClosure_negEta 
EtaIntercalibration_NonClosure_posEta 

+531 Statistical

JER_DataVsMC_MCTYPE 
JER_dijet_closure 
JER_dijet_jesnp1-3 
JER_dijet_jv 
JER_dijet_mcgenerator 
JER_dijet_pt3dphi 
JER_dijet_stat1-12

JER Noise Term

JER_N_constscale_noise_up 
JER_N_fit_conversion_hist_variation 
JER_N_fit_error_up 
JER_N_fitrange_high_up 
JER_N_mc_non_closure_variation 
JER_N_no_pu_N_fit_instability_variation 
JER_N_no_pu_N_unc_up 
(All w/ central & forward)

BJES_Response

MJB_Alpha 
MJB_Beta 
MJB_Fragmentation 
MJB_JVT 
MJB_Asym 
MJB_Threshold 
+28 Statistical 
+ Propagated NPs

Gjet_GamESZee 
Gjet_GamEsmear 
Gjet_Generator 
Gjet_Jvt 
Gjet_ShowerTopology 
Gjet_Purity 
Gjet_Veto 
Gjet_dPhi 

+16 Statistical

Zjet_ElecESZee 
Zjet_ElecEsmear 
Zjet_Jvt 
Zjet_ShowerTopology 
Zjet_MC 
Zjet_MuScale 
Zjet_MuSmearID 
Zjet_MuSmearMS 
Zjet_MuSagittaRes 
Zjet_MuSagittaRho 
Zjet_Veto 
Zjet_dPhi 
+28 Statistical

n.b. propagated NPs through MJB omitted

SingleParticle_HighPt

Pileup_OffsetMu 
Pileup_OffsetNPV 

Pileup_PtTerm 
Pileup_RhoTopology 

Flavor_Composition 
Flavor_Response 

Punch-through

PunchThrough_MCTYPEGreen : defined by MC comparisons

Relative JES Absolute JES

JER High-pT

Purple : Categorized as “Modelling” in JES Config
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