
Status of Muon implementation in nanoAODplus

Nano meeting, 20.05.2020

(Excerpt from presentation to Muon POG meeting, 28.10.2019)

Achim Geiser, DESY Hamburg  for the DPOA nanoAODplus team

past and ongoing contributions (partially with EPR)  by                    (contributed to muons)

Afiq Anuar, A.G., Nur Zulaiha Jomhari, Hannes Jung, Armando Martinez, Josry Metwally, 

Melanie Schmitz, Qun Wang, Stefan Wunsch (integral up to then:  ~1 person-year)

and Paula Martinez, Fabian Stäger, Lekhsmi Thulasidaran (summer students 2018/19) 

Matthew Snape, Vitus Magin (internship students 2018/19)    

 current status

 plans 

 summary and outlook

Twiki Documentation (under development) : 
https://twiki.cern.ch/twiki/bin/viewauth/CMS/DPOANanoAODlike
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Updated!



Validation tools and strategy

 Indirectly compare some physics distributions for different datasets:  

 Directly compare technical distributions:         (only possible for Run 2)   

 Use BuildIndex and Friend functions of Root to compare nanoAOD and 
nanoAODplus variables event-by-event, even if input event sets only 
partially overlap and events occur in different order (only possible for Run 2)

-> can validate and debug exactly 
(currently ~75% of variables implemented, ~65% usefully filled, validation in progress)

 Exactly reproduce some known/well-validated  Run 1 distributions from 
nanoAODplus ntuple

 Use in actual Run 1 physics analyses 
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Status of Muon variable implementation 
(w.r.t. nanoAODv3)  part 1
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official Run 2 
nanoAOD variables

filled for 
all Run 1 AOD muons
from muon collection 



Status of Muon variable implementation 
(w.r.t. nanoAODv3)  part 2
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official Run 2 
nanoAOD variables

additional variables  
for Run 1 analysis
(open for suggestions/criticism)

flags to indicate whether muon candidate would make it to  
miniAOD or nanoAOD if data would be Run 2 

Additional variables added in latest nanoAOD, still 
missing:
Muon_fsrPhotonIdx,       Muon_multiIsoId,    Muon_tightCharge
Muon_highPurity,            Muon_mvaId,         Muon_tkIsoId
Muon_inTimeMuon,        Muon_mvaLowPt,  Muon_tkRelIso
Muon_JetPtRelv2,          Muon_mvaLowPtId,
Muon_JetRelIso,             Muon_pfIsoId, Muon_triggerIdLoose
Muon_mediumPromptId, Muon_softMva,     Muon_tunepRelpt
Muon_miniIsoId,              Muon_softMvaId



muon variables: comparison with official nanoAOD
(for checking/validation only) 
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fraction of 2016 DoubleMu dataset: nanoAODplus from 8_X legacy AOD vs official 9_X nanoAOD
(reimplementation of variables from AOD according to workbook)

Use BuildIndex + Friend options of ROOT to compare ntuple contents 

ηpT (GeV)

softId mediumId tightId

nanoAOD

nMuon_nano

nMuon

φ

charge

almost perfect agreement



muon variables: comparison with official nanoAOD 
(for checking/validation only) 
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fraction of 2016 DoubleMu dataset: nanoAODplus from 8_X legacy AOD vs official 9_X nanoAOD
(reimplementation of variables according to workbook)

Use BuildIndex + Friend options of ROOT to compare ntuple contents 

segmentCompnTrackerLayers

dz dzErr ptErr

nanoAOD

nStations

tightCharge

isPFcand

almost perfect agreement



muon variables: comparison with official nanoAOD 
(for checking/validation only) 
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fraction of 2016 DoubleMu dataset: nanoAODplus from 8_X legacy AOD vs official 9_X nanoAOD
(reimplementation of variables according to workbook)

Use BuildIndex + Friend options of ROOT to compare ntuple contents 

pfRelIso03_chg

nanoAOD

dxy pfRelIso03_all

differences

being investigated

sign bug in 
official 
nanoAOD?

can be used, but more work needed

many more, which are not yet usefully implemented



2010 Dimuon validation example
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2010 Mu dataset
slide Fabian Stäger

Open Data example

nanoAODplus

(global muon directly vs. from muon collection)

2010
CMSSW_4_2_8



Validation procedure using Open Data examples
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Open Data 
example

nanoAODplus

slide Fabian Stäger

2010
CMSSW_4_2_8



2010 MuOnia validation example, J/ψ ->µµ
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2010B MuOnia dataset

Fabian Stäger,  A.G., Josry Metwally, Nuha Jomhari

Open Data example

nanoAODplus

Open Data 
example

nanoAODplus

2010
CMSSW_4_2_8

Would have needed one more iteration



2010 W->µν validation example
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2010B Mu dataset slide Fabian Stäger

Open Data 
example

nanoAODplus

2010
CMSSW_4_2_8

(MET not yet fully the same)



Validation using Open Data examples

1220.05.20 A. Geiser,  nano meeting 

Open Data 
example

nanoAODplus

Fabian Stäger2010
CMSSW_4_2_8

lose global muons 
not in muon collection
(still in Run 2?)

to be checked further



Variable validation using Open Data examples
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Open Data 
example

nanoAODplus

Fabian Stäger

tracker muons

global muons

from global muon collection

from muon 
collection

some 
global 
muons
are not 
in (tracker)
muon
collection

2010
CMSSW_4_2_8



Variable validation using Open Data examples
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Fabian Stäger

2010
CMSSW_4_2_8

Open Data 
example

nanoAODplus



Variable validation using Open Data examples
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Open Data 
example

nanoAODplus

Fabian Stäger

2010
CMSSW_4_2_8



Variables validated using Open Data examples
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Open Data 
example

nanoAODplus

Fabian Stäger
2010
CMSSW_4_2_8



Variables validated using Open Data examples
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Fabian Stäger

2010
CMSSW_4_2_8



Higgs -> 4 lepton Open Data example 

2011+2012 DoubleMuon+DoubleElectron data  + MC  

very close -> all contributing 2011/12 variables (CMSSW_5_3_32) validated

left plot takes ~few CPU-months (from AOD),  right ~CPU-minutes (from nanoAODplus)

also comparisons of many technical distributions + Z mass plots 
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Paula Martinez, 
Nuha Jomhari

(from AOD)

cuts in backup



Backup 
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Melanie Schmitz,  Hannes Jung

Melanie Schmitz

Melanie Schmitz
First real application
of nanoAODplus, 
for master thesis
(more in backup)

2011 Drell-Yan



plans 

nanoAOD-like data format for Run 1 making progress, 
need to further strengthen interaction with XPOG, POGs/PAGs, and PPD

first actual applications starting     some of you are participating!

-> hope to complete for Run 1 by end of 2020,
in parallel to Run 2 ultra-legacy processings

-> all legacy data should be analysable in nanoAOD(plus) format

Table:     0.9          2.76         5                    7             8          13         TeV
ep (ZEUS*)

pp 2010/17 2010/13  2015/17 2010/11  2012     2015
2016/17/18

pPb 2012/13/15 2016
PbPb 2010/11 2015 AOD

nanoAOD available
*external projects                                miniAOD available

RECO only
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current situation:

(also ALICE, ATLAS*)



Backup 
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Data from other experiments -> nanoAODplus? 

e.g. 2011 Drell-Yan Dimuon data, ATLAS vs. CMS  (not an official project)  

Allows comparison of physics distributions using same Root script 

2220.05.20 A. Geiser,  nano meeting 

Lekshmi Thulasidaran
Matthew Snape



Validation through Open Data examples 
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slide from Paula Martinez

Open 
Data



~50 2010 nanoAOD(plus) variables validated 
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Higgs to 4 lepton example, cuts 
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slide from Paula Martinez

~20 nanoAODplus variables validated
for 2011/12 data + MC sets



Backup 
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Melanie Schmitz,  Hannes Jung

(for pT>20 GeV)



Backup 
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Melanie Schmitz,  Hannes Jung

Melanie Schmitz



Validation using Open Data examples
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Open Data 
example

nanoAODplus

Fabian Stäger2010
CMSSW_4_2_8


