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Muon Reconstruction Integration 
History

Muon Reconstruction Integration Task force established in Jun 2010 (ATLAS+Muon 
Management initiative): 

composition:  Ahmimed Ouraou, Niels van Eldik, David Quarrie, Ed Moyse + (ex officio) D.Rousseau, 
Muon Project Leader or Deputy, Representative of ATLAS management. 

mandate: understand details of Moore/Mboy+assess flexibility against common framework and tools/
EDM+identify features to be preserved (by summer 2010)+define new framework+define integration 
path and migration plan+study impact on clients (by end of 2010)

First report on Aug. 3rd 2010: 

https://twiki.cern.ch/twiki/pub/Atlas/MuonRecoIntegration/JulyReport.pdf feasibility of the project 
established

✓ In conclusion, it does appear technically feasible to adopt common APIs and muon EDM objects at a 
reasonable initial level of granularity. We believe wrapping components of Muonboy is a sensible next 
step, with the aim of drawing up some longer term plans once these studies are concluded. 

Second report on Jan 11th 2011: 

https://twiki.cern.ch/twiki/pub/Atlas/MuonRecoIntegration/FinalReport.pdf plan defined 

✓ approved by TOB with the suggestion/request of adopting the actions needed for an easy integration 
at EF
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Muon Reconstruction Integration 
History

Final Report Strategy: 

phase I: accomplished by summer 2011 - split reco in segment making and track 
finding (4 combinations available: MooMoo, MooMu, MuMoo, MuMu)

phase II: first proof of readiness for Fall 2011 reprocessing; full integration in 
production system (one combination only) for 17.2.X, i.e. Tier0 in 2012

replacement of Moore/Muonboy targeted to release 18

phase III ongoing: current path toward rel 18
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Muon Reconstruction Integration 
History

August 2011: Muon Reconstruction Selection Panel established with mandate:

The Muon Reconstruction Selection Panel is charged with selecting the components to form a single 
baseline standalone muon reconstruction chain to be used at Tier0, data reprocessing and for the 
processing of simulated data in 2012 onwards. Thus the timescale for making the decision is by the end 
of 2011 such that the new standalone muon chain may be fully integrated, further tuned for optimal 
performance and operational in time for the beginning of data taking in 2012. It is possible that 
components of this chain may need to be rewritten in C++ so as to be fully compatible with the 
ATLAS software standards and recommendations, in which case this should proceed in parallel during 
2012 with the goal to be completed by the end of that year.

composition: David Quarrie (Chair), Edward Moyse,  Alexander Oh, Aleandro Nisati, Ludo Pontecorvo 
(ex officio), Fabio Cerutti (ex officio)

Muon Reconstruction Integration Meeting: https://indico.cern.ch/conferenceDisplay.py?
confId=162597 Dic 8th 2011 prepared to allow the decision of the Selection Panel 

https://cdsweb.cern.ch/record/140791 recommendation: 

segment-finding Muonboy based 

track-finding Moore based
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Muon Reconstruction Integration 
History

recommendations in more details
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Today: 3rd chain in 17.2.X
Rules / Clarification before 2012 data taking startup: 

3rd chain deployed in 17.2.X.Y but in dev. (as all software toward rel 18 for phase 3)
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Status of 3rd chain implementation
Mboy Segment Maker wrapped in 
C++ (MuPatSegment)

Moore Track Finding  
(MuPatTrack)

MCP algorithms: OR of existing 
algorithms + overlap removal

Output in a 3rd Muon Container 
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MS Segment Finding              

MS Track Finding              

 MuonSpectrometerTracks    
 ExtrapolatedMSTracks    

MSSegments    

Staco Muid
MuTag

MuGirl

Muon Builder

muons

Info on data model / interfaces / validation / configuration is collected at:  
https://twiki.cern.ch/twiki/bin/viewauth/Atlas/MuonISR

https://twiki.cern.ch/twiki/bin/viewauth/Atlas/MuonRecoIntegration

Muons

https://twiki.cern.ch/twiki/bin/viewauth/Atlas/MuonISR
https://twiki.cern.ch/twiki/bin/viewauth/Atlas/MuonISR
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Status of 3rd chain implementation

2012 data from Tier0

data12_8TeV.00200863.physics_Muons.merge.DESD_SGLMU.f431_m1117/                                  
data12_8TeV.00200863.physics_Muons.merge.DESD_SGLMU.f431_m1117._lb0247-lb0253._0001.1
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      909.926 kb      247.079 kb        0.171 kb        0.000     1449  (B) MuonContainer_p6_StacoMuonCollection
    1099.085 kb      345.605 kb        0.239 kb        0.000     1449  (B) MuonContainer_p6_Muons
    1230.803 kb      386.888 kb        0.267 kb        0.000     1449  (B) MuonContainer_p6_MuidMuonCollection

but also: 
     111.659 kb       22.814 kb        0.016 kb        0.000     1449  (B) MissingET_p3_MET_MuonBoy
     111.627 kb       22.978 kb        0.016 kb        0.000     1449  (B) MissingET_p3_MET_Muid
     111.638 kb       23.039 kb        0.016 kb        0.000     1449  (B) MissingET_p3_MET_Muons
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3rd chain implementation
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Track finding steering: 
 works based on strategies, i.e.  combinations 

of stations with segments to be possibly 
combined in a track; 

one segment can have the special role of 
“seed”

2 main track strategies implemented and studied: 
Moore and Muonboy

Muon Reconstruction 
Integration Meeting, 
Thursday, 8 December 2011 
from 14:00 to 18:30 
(Europe/Zurich) 

Elisa Pueshel
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3rd chain implementation
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Muon Reconstruction 
Integration Meeting, 
Thursday, 8 December 2011 
from 14:00 to 18:30 
(Europe/Zurich) 

Elisa Pueshel
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3rd chain implementation
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From December 2011 to today

Steady development under the baseline strategy outlined in Dec. 
toward rel 17.2.x.y (Tier0 2012)

refining implementation and fixing understood problems: 

charge misidentification rate reduced in Moore/Muons track finding

earlier FSR bias by using measured energy in back extrapolation removed 

New features 

change of definition: MuGirl refitted muons are upgraded to combined muons 

combined muons with forward pixel tracklets
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From December 2011 to today
Clients:

MET: full MET calculation available for the new chain in 17.2.0;  b-tagging: muon 
chain added to default reconstruction, available in the latest caches;  Monitoring 
code to handle the third chain ready in a new Phys. Monitoring framework (to be 
deployed at Tier0); D3PD makers: overall size increase small when Muons are 
stored along with Muid and Staco (3% for SM D3PD) physics groups are strongly 
encouraged to add the muon chain to their physics D3PDs
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MuonTrkPhysMonitoring
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Status of the 3rd chain performance:
efficiency  

Mainly from N. van Eldik at Muon Combined Session in last P&P 

Validation on 2011 data and MC: Z tag and probe: Run190975; Latest v83 processing
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Status of the 3rd chain performance: 
π/k decays in flight 

Validation on MC: π/k rejection 

Cut at 4 on MS/ID momentum balance 
significance 

+cuts on # of layers with holes on track +cut on χ2 
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Status of the 3rd chain performance: 
Pile-up dependence

negligible
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Integrated Efficiency: 
Eff. of rec. μ with pT≥Thr

Thr (on x axis)

Probability of misidentify a π/k decay 
as a prompt muon 

 for  momentum balance 
significance >4

MC: muons from W 
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Status of the 3rd chain performance: 
fix of FSR bias & mass resolution

usage of calorimeter measurements in standalone and combined fit, leading 
to slightly better resolution that in case of STACO (using Eloss 
parameterization)
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only events 
found in both chains
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Status of the 3rd chain performance: 
Charge flip rate 
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in 17.0.x.y higher charge flip rate 
in Muid/Muons than in Staco 

...optimization done

Study done with 17.1.1.1.1 using 
MbMo which is equivalent to 
the new chain 

will be redone using the 
latest release  development 
under the baseline strategy 
outlined in Dec. toward rel 
17.2.x.y (Tier0 2012)
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Status of the 3rd chain performance: 
Muons CB at |η|>2.5 (using Pixel tracklets)

A few Pixel hits combined in 
tracklets matching SA muons

MS coverage |η|<2.7

SCT coverage  |η|<2.5

Pixel single b-layer hit  |η|<2.7

Pixel tracklets |η|<2.65

In Z➛μμ MC sample

Pixel tracklets add 0.6% to the total 
single muon efficiency 

Corresponds to about 15% at |eta| = 
2.6 

improved d0, z0 resolution (no pT)
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ttbar MC
dev staco impl.

Z MC
mu 20

Muons: 3rd chain
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Physics Clients
https://indico.cern.ch/getFile.py/access?contribId=6&resId=0&materialId=slides&confId=175029
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D3PD Makers 
ready to 
include 
Muons 

see M. Bellomo 
at past Atlas 
Week

https://indico.cern.ch/getFile.py/access?contribId=6&resId=0&materialId=slides&confId=175029
https://indico.cern.ch/getFile.py/access?contribId=6&resId=0&materialId=slides&confId=175029
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Physics Clients
Muons fully integrated in missing ET calculation:

Default MET RefFinal stored in D3PDs is from Staco tracks: 
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To compute RefFinal for Muid/
new chain muons one need to 
apply

MET RefFinal (Muons) = 
MET RefFinal - MET 
MuonBoy - MET RefMuon 
- MET CellOut Eflow + 
MET Muons + MET 
RefMuons + MET CellOut 
Eflow Muons

✓ Note that due to 
muon-cell overlap 
removal the MET 
CellOut Eflow term 
also depends on the 
muon reconstruction
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Muons: Performance on 2012 8 TeV collisions 

From Muon Reconstruction Meeting of Apr. 16th 2012: Peter K, Niels 
van E., Alan P. 

https://indico.cern.ch/getFile.py/access?resId=0&materialId=slides&confId=170499

using period A3; Z skims (now allowing unbiased TP efficiency measurements: require  
two muons pT > 25 GeV; one MS muon and one Calorimeter muon or 2 MS muons; 
Mass > 55 GeV
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Muons: Performance on 2012 8 TeV collisions 
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Integration in Offline Monitoring on the ES
Current muon high level offline monitoring only checks Moore/Muonboy

MuonTrkPhysMonitoring new -candidate for production at Tier0- waiting integration

Package utilizes all 3 Muon Chains

Alignment and B-Field Monitoring

General Tracking Performance Monitoring

Z-Based Physics Monitoring

Detector Specific Monitoring Most recent validation run: Release 17.2.1.1 on data11_7TeV.
00191426.physics_Muons.recon.ESD.v83
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•	
  Sample:	
  Pt>15	
  GeV
•	
  Defini?on:

Mean(	
  (z0)Mext	
  -­‐	
  (z0)ID)

•	
  Z	
  selec?on

from A. Basye: https://indico.cern.ch/getFile.py/access?
contribId=23&sessionId=7&resId=0&materialId=slides&c

onfId=181713

https://svnweb.cern.ch/trac/atlasoff/browser/MuonSpectrometer/MuonValidation/MuonDQA/MuonTrkPhysMonitoring
https://svnweb.cern.ch/trac/atlasoff/browser/MuonSpectrometer/MuonValidation/MuonDQA/MuonTrkPhysMonitoring
http://panda.cern.ch/server/pandamon/query?dataset=data11_7TeV.00191426.physics_Muons.recon.ESD.v83&compsite=ANALY_ARC
http://panda.cern.ch/server/pandamon/query?dataset=data11_7TeV.00191426.physics_Muons.recon.ESD.v83&compsite=ANALY_ARC
http://panda.cern.ch/server/pandamon/query?dataset=data11_7TeV.00191426.physics_Muons.recon.ESD.v83&compsite=ANALY_ARC
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https://indico.cern.ch/getFile.py/access?contribId=23&sessionId=7&resId=0&materialId=slides&confId=181713
https://indico.cern.ch/getFile.py/access?contribId=23&sessionId=7&resId=0&materialId=slides&confId=181713
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What’s left
Production level  Validation 

Decoupling from Muonboy/Moore 

still some sharing of tools 

Phase 3: 

one step: Muon Reconstruction workshop on Feb, 29th-March 1st: 

https://indico.cern.ch/conferenceDisplay.py?confId=174523

migration to C++ of Muonboy segment maker - Aim at rel 18:  

work in understanding/decomposing in OO blocks under way; two proposed strategies 

what else is good to borrow from Muonboy TF into the new Muons ? 

segment making steering option

MCP related issues under study: CPU optimization in forward extrapolation, merging of 
segment taggers 

26

https://indico.cern.ch/conferenceDisplay.py?confId=174523
https://indico.cern.ch/conferenceDisplay.py?confId=174523


S. Spagnolo Muon Integrated Reconstruction - Atlas Italia Workshop - Apr 17th 2012

Conclusions

Integrated Muon Reconstruction chain successful so far 

timely progress along side the schedule 

already very good performance in 17.2.x.y and good stability - Tier0 in 2012 - 

Physics clients using Muons (+Staco+Muid)

MCP plan during 2012: qualify Muons in 17.2.x.y at the same level of 
Staco/Muid muons (scale factors, smearing corrections) to demonstrate 
full ability of physics analyses to use Muons 

must be ready for rel 18; plan: staco/muid decommissioned by rel 18

... meanwhile (by ICHEP) blessed physics with Staco/Muid but Phys 
Groups getting ready to use Muons 

plan may possibly be revised after ICHEP
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