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CMS MC Simulation 

Factorised approach may lead to uncertainties:
PDF,  ME, “Tune” and PS, …
→ In most cases they are relevant but sometimes forgotten. 

– Hard process/Matrix Element generation: 
parton level, perturbative QCD

– Parton Shower/Hadronization: 
QCD/QED emissions to a low scale, 
 Produces hadrons from QCD partons

– Multiple Parton Interaction 
– Detector Simulation and Digitization
– Reconstruction

  (LHE→) GEN→ SIM→ DIGI→RECO
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                     Generator usage in CMS 

● Multi-leg LO and NLO consistently matched to the parton shower
○ LO:    Z+0/1/2/3/4 Jets

Most commonly used in CMS: MG5_aMC@NLO+Pythia8 with MLM matching
Most complex process up to 4 additional jets 

○ NLO  TTbar+0/1/2 Jets
Most commonly used in CMS: MG5_aMC+Pythia8 with FxFx merging
Most complex process up to 2 additional jets at NLO.

● For signal,  NNLO+PS 
 POWHEG: MINLO_NNLOPS 

CMS HWW reweight the nominal signal to this one

based on 2016 
MC campaign
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Gridpack 
  Gridpack (LHE)  → GEN→ SIM→ DIGI→  RECO

● Pre-generated and compiled code with initial phase space integration results 
stored in a tarball (with fixed model/run parameters) →  Gridpack

● Gridpack placed in CVMFS and accessed by remote jobs
● Scripts maintained for all major generators  to produce gridpack tarballs

LSF / Condor / CMS-Connect (grid-like condor jobs using CMS Global Pool)

https://github.com/cms-sw/genproductions
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Showering and Hadronization 
● Pythia 8.226~ default;  Herwig++ replaced by Herwig7.
● Fragment settings depend on Matrix Element

○ LO, NLO; MLM, FxFx matching/merging;  POWHEG emission vetoing

● Pythia 8.240 integrated in CMS recently:
○   NLO shower DIRE, VINCIA;   Dipolerecoil for better description on VBS

More weights 
included than
 last year

https://indico.cern.ch/event/788754/contributions/3314308/attachments/1794878/2925446/PARTON-SHOWER-VBFH.pdf
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Showering and Hadronization 
● Parton Shower Weights,  Tune Variations etc included 

CMS:  Jet substructure in ttbar 
events at 13 TeV (2016) 

angle between the groomed subjets

https://indico.cern.ch/event/751693/contributions/3182936/attachments/1758831/2853427/yazgan_efe_computing_workshop_Cern_2018.pdf#page=9&zoom=auto,-108,1
https://arxiv.org/pdf/1808.07340.pdf
https://arxiv.org/pdf/1808.07340.pdf
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MC Tuning:  CUETP8M1 Tune 
Until 2017 analyses (except 2016 ttbar), Pythia8 CUETP8M1 tune [EPJC 76 
(2016) 155] based on the Monash tune was used.  Fitting MPI energy 
dependence parameters to UE data @sqrt(s) = 0.9, 1.96 & 7 TeV

CUETP8M1 does not describe well the central values of 13TeV data

TOP-16-021

http://cds.cern.ch/record/2235192/files/TOP-16-021-pas.pdf
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                        MC Tuning: CPX Tune 
● First CMS tune with 13 TeV LHC data
● Match PDF and αs in the PS and in the ME.

○ PYTHIA tunes are mostly based on LO PDFs.
○ Sherpa tunes are based on NNLO PDFs.
○ HERWIG7 provide tunes based on NLO PDFs 

● CP5 with NNPDF3.1NNLO as default for 2017/2018 MC productions
  

• CP1: NNPDF3.1 LO (αs =0.130)
• CP2: NNPDF3.1 LO (αs =0.130)
• CP3: NNPDF3.1 NLO (αs =0.118)
• CP4: NNPDF3.1 NLO (αs =0.118)
• CP5: NNPDF3.1 NNLO (αs =0.118)

arXiv:1903.12179 

CMS Tunes with Pythia8 Color Reconnection and Herwig7 are ongoing

https://arxiv.org/abs/1903.12179
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             UE in TTbar        EPJC79(2019)123  
● UE Measurement for the first time at  a scale > 2mt
● Measurement unfolded to particle level
● Good agreement of POWHEG+PYTHIA8 with CUETP8M2T4 in UE 

https://arxiv.org/pdf/1807.02810.pdf
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Top Mass:   b jet/ps/Color-reconnection   EPJC79 (2019) 313 

● Bowler–Lund fragmentation function varied within uncertainties determined by the ALEPH and DELPHI  
● Alternatively Peterson fragmentation function.
● Semileptonic b hadron branching fraction, varied within B0/B+decays measurement and uncertainties

Top quark mass from ttbar fully hadronic (2016) 

CR:  MPI or QCD based, Gluon-Move

https://arxiv.org/abs/1812.10534
https://arxiv.org/pdf/1812.10534.pdf
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       Rivet & Particle-Level Objects    CERN-CMS-NOTE-2017-004

● Rivet preserves complete particle-level analyses in form of code.
Provides a lot of easy-to-use analysis “projections”, e.g. 

FastJets with ghost bottom/charm/τ tagging automatically included, 
no distinction between light quarks and gluons (but g→bb/cc possible)

● Recently implemented Rivet definitions in CMSSW module: 
ParticleLevelProducer, writing a Rivet plugin of the analysis becomes fast and simple.

Markus Seidel

https://cds.cern.ch/record/2267573
https://indico.cern.ch/event/689514/contributions/2961919/attachments/1630124/2598110/rivet_mcnet_mseidel.pdf
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                  ttbb/ttjj            PLB 776 (2018) 355

Crucial bkg to ttH (H→bb)
Dilepton events with≥4 jets,≥2 b–tagged jets
Signal extracted by fitting to b-discriminators
Categorized with Particle level objects
Main uncertainties: 
     b/mistag efficiency, modelling

https://arxiv.org/abs/1705.10141
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Z+c:   PDF, decay        EPJC 78 (2018) 287  
● Jets with HF quark content are identified through 

(1) the semileptonic decay of c/b flavoured hadrons with a muon (muon-inside-a-jet) in the final state
(2) using exclusive hadronic decays of charm hadrons. (D±, D*(2010)±)

● Events classified as Z+b, Z+c, or Z+light flavour 
according to the flavour of the generator-level jets 

● Decay Br of e.g. Br(D±→K∓π±π±) in PYTHIA:  
scaled in order to match the experimental values

● Fit to SV mass or JP discriminant

1. Fixed-order matrix elements matched 
to parton shower describe the 
data,both at LO and NLO;

2. MCFM fixed order NLO underestimate 
the cross sections;

3. No big difference when using PDFs 
with and without intrinsic charm.

https://arxiv.org/abs/1711.02143
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    Z+b/bb:   4f/5f, g→bb      EPJC 77 (2017) 751  

● Sizable differences between 
4FS and 5FS at low pT. 

● 5FS closer to data.
Gluon splitting dominated at small 
∆Rbb region; Reasonable agreement

https://arxiv.org/abs/1611.06507
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Searches:   LO vs NLO
Relevant phase space are in tail of N(jets), VpT..., challenging to model.
NLO vs LO:  NLO more accurate, negative weights, statistically limited, CPU demanding;  

May rely on LO samples and correction factors from data

V(DATA-others, CR)*V(MC, SR)/V(MC, CR)

SUSY MT2 
https://arxiv.org/abs/1705.04650

https://arxiv.org/abs/1705.04650
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  Generator upgrade

● We are OFF by ~5x  on CPU power when considering Moore’s law
● HL-LHC salvation will come from software improvements, not from hardware

Elizabeth Sexton-Kennedy

https://indico.cern.ch/event/719844/contributions/3047940/attachments/1746734/2828521/quantum_computing_atlas_and_cms_Nov_2018.pdf
https://indico.cern.ch/event/751693/contributions/3182927/attachments/1758824/2852826/CWP_Challenges_and_GEN-Workshop_Aims.pdf
https://indico.cern.ch/event/751693/contributions/3182927/attachments/1758824/2852826/CWP_Challenges_and_GEN-Workshop_Aims.pdf
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               HSF and Generator Workshop
The HEP Software Foundation facilitates cooperation
and common efforts in High Energy Physics software 
and computing internationally. 
Community White Paper： summarising R&D in a variety 
of technical areas for HEP Software and Computing

Goals of this workshop:
○ Identify the most crucial areas for technical improvements to the generators used by the 
experiments.
○ Define a programme of work that can be used to attract investment in these technical 
areas, aiming to have software engineers who can work together with the generator authors.
○ Identify ways of making new theoretical advances easier to implement in a computationally 
efficient way.  

https://hepsoftwarefoundation.org/activities/cwp.html
https://arxiv.org/abs/1712.06982
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Thanks



19

CMSDAS2019
One Week before CMSWeek in Thailand
CMS Students are welcome to join this school (registration will open soon)
Exercises are being organized.  Facilitators/Contributions are welcome!

https://indico.cern.ch/event/806790/
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MC Tuning: CUETP8M2T4 Tune [TOP-16-021]

Efe Yazgan
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MC Tuning: CPX Tune 

New Tunes based on higher-order 
PDF sets, interfacing with 
higher-order and multileg matrix 
element generators, such as 
POWHEG and MG5_aMC, gives a 
reliable description of observables 
measured in multijet final states, 
Drell-Yan, and top quark production 
processes

arXiv:1903.12179 

CMS Tunes with Pythia8 Color Reconnection and Herwig7 are ongoing

https://arxiv.org/abs/1903.12179
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MC Tuning:  jet substructure 

Efe Yazgan DIS2019


