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Motivation to study Drell-Yan process

(ppZ/γ*->l+l-)

 LEP and Tevatron experiments have established Electroweak part of 

Standard Model (SM ) very well. 

 Confirmation of SM will be done at LHC using theoretically  well- understood    

processes like, Drell-Yan events .

 Study of the new Physics at LHC requires the accurate  measurement of 

Standard Model processes ( like DY) which pose as background  to many new 

physics searches e.g Z’  resonance structure at  high invariant mass , so needs 

to be estimated correctly.

 Lepton pair + missing energy is also signature  of new physics.
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Generation Information of data samples analyzed
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 InclusivePPMuX has large scaling factor for 100 pb -1 and InclusiveMuPt15  has large 

pt cut on muons (pt > 15 GeV).  

 QCD samples in different pt hat bins have been merged after normalization



 Filter  (implemented in PAT)  used to select events with atleast

two muons:

 Module used to select two muon events 

minLayer1Muons = cms.EDFilter("PATMuonMinFilter",

src = cms.InputTag("selectedLayer1Muons"),

minNumber = cms.uint32(2)
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Online Selection: 

 Single Muon Trigger : HLT_Mu9 (single muon with pt > 9 GeV)

 Double Muon Trigger : HLT_DoubleMu3 (2 muons pT > 3 GeV)

 OR of single muon and dimuon trigger has better signal 

efficiency rather than individual one. 

 Events passing OR of two triggers have been selected.

Efficiency: 

Signal = 91%, Ztautau = 34%, Wjets=46%,   ttjets = 54%, 

QCD = 23%
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Offline Selections:
1.   There must be atleast two global muons  in the event.

Invariant mass of dimuon system after trigger and 2 muon selection. QCD 

is very dominating in the low mass region. 
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 pt of both leading muons > 10 GeV and both muons

should be in detector acceptance region |η| < 2.4 

Since the muons coming from heavy meson decays in QCD will be relatively soft.

so a pt cut > 10 GeV is quite effective in reducing a large fraction of QCD

Efficiency of  pt  > 10 GeV and |η| < 2.4 cut :  Signal = 81% ,  QCD = 4% , 

Wjets = 8%

ptμ1

ptμ2
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 Muon ID selection :

(recommended by Muon POG for selecting good muon tracks)

 Normalized chi2 of both leading muons < 10.        

 Number of valid hits > 11.
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 For  muons coming from signal , the transverse impact parameter 

is expected to be very small whereas for  the muons coming  

from decays in flight muons in QCD , it will be quite large.  

 |d0μ1+ d0μ2| < 0.01 cm for both 

leading muons.

 d0 is the transverse impact 

parameter of muon.     

|d0μ1+ d0μ2|  for two leading 

global  muons in the event.

Efficiency of MuonID selection :

Signal = 94%, QCD = 36% , W+jets = 58%

ttbar+jets = 50%



10/25/2009 LHC Physcis  workshop, 09  10

Isolation Condition (Tracker based)

 Comparison of Relative and absolute tracker isolation variable in two different cone 

sizes 0.3 and 0.4 

Delta R = 0.4

 Relative Isolation variable is defined as

∑pt/ptμ and absolute isolation variable 

is ∑pt of  tracks  in a given cone.

Relative

absolute

 For a given signal  efficiency , 

relative  isolation variable has more

background rejection  as compared 

to absolute one.



 Comparison of  relative Isolation variable 

in two cone sizes 0.3 & 0.4 

 Relative Isolation variable  gives more 

background rejection for a given signal 

efficiency in cone size 0.4

Isolation Variable  ∑pT/pT
m < 0.1 

in cone of deltaR = 0.4(optimized)

Veto cone of  0.01  to exclude muon tracks

Only tracks with pT > 1 GeV

Efficiency:

Signal = 90% , QCD= 1%, Wjets=3% , 

ttbar+jets = 35%
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Angle between  two muons

 Signal muons most of the time will be back to back.  So the value for the angle

between two muons has been optmized to be  >  2.25 rad.
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Invariant mass of dimuon system after all selection cuts

All the backgrounds have been reduced to a good extent. QCD and Z-> τ+τ- are

now mainly contributing in the low mass region 20-60 GeV, however ttbar+jets is 

dominating  in the higher mass region.
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Cumulative efficiencies of all selection cuts
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No of events expected in each mass bin for 100 pb -1

 Total signal events ~ 47500 and total background expected  after all cuts 

for 100 pb -1 ~ 750
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Drell-Yan differential cross section
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 Calculated using the formula  :  

ε = Correction factor for 

the selection efficiencies     

in  each mass bin.

β  = Correction factor for the 

detector acceptance in 

each dimuon mass bin

Points Measurements for 100 pb -1

Solid histogram  SM prediction
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Table shows the Drell-Yan cross section in each mass bin of dimuon pair for 

100 pb -1

Since the corrections has been applied using the gen level info, so our

measurements for 100 pb -1 are matching exactly  with the SM predcition



Conclusions/Plans 

 Various selection cut has been optimized to reduce backgrounds to good extent.

 QCD mainly contributes to low  dimuon mass region,  in high  mass region QCD 

is quite under control.

 This work has been done in 2_2_6 CMSSW version at 10 TeV,  to redo this work

in 3XY series using the new samples at 7 TeV  

 To estimate the QCD , Z-> τ+τ- and ttbar+jets background using  data driven 

technique.
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Back -up
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Optimization plot for sum of transverse impact parameter 

and angle between of two leading muons

 Sum IP has been 

optimized to be <  0.01cm   
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Relative efficiencies of all selection cuts


