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!   LHC is challenging the Standard Model in unchartered territory 
and many processes will be measured to high accuracy. 

!   LHC is a QCD machine (LEP was an electroweak machine). 

!   Successful experimental searches rely on accurate predictions for 
hard scattering processes, including HO QCD and EW radiative 
corrections, e.g. 

    - Higgs and new physics phenomena (BSM) 
    - SM backgrounds  

!   Production of electroweak W and Z gauge bosons is theoretically 
very well understood, has unique signatures in the lepton decay 
channels and high rates.   

     Interesting first measurements at LHC published by ATLAS and 
CMS. 

     Ongoing efforts to understand single differential distributions 
e.g. in pT

Z, yz, lepton rapidity and transverse momentum. 
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!   Cross section factorises at scale µ based on parton distribution 
functions (PDF) 

!   Sensitive to parton luminosities: PDFi x PDFj  
!   Theoretical uncertainties in σij (variation of scale µ) controlled up to 

NNLO QCD  perturbative QCD essential and established part.  
!   Excellent tool to calibrate detector and to pave the way for 

understanding complex final states for top and new physics 
searches. 
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!   LHC measurements at high 
scales Q=M and testing 
parton kinematics at  

    x1,2= (M/√s) exp(±y) 

!   HERA PDF measurements 
crucial for precision 
predictions at LHC 

!   Precision in QCD evolution 
of PDFs at NNLO for DIS 
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√s	  =	  10	  TeV	  

	  W±	  	  &	  	  Z/γ*	  

Note:	  In	  contrast	  to	  DIS,	  Drell	  Yan	  
processes	  have	  also	  a	  dependence	  on	  pT(Z,W).	  



W and Z 
production 
at 7 TeV  
per lepton 
decay channel: 

FEWZ@NNLO 
(MRST2008) 
predictions  

σ(W+)= 6.16 nb 
σ(W-) = 4.30 nb 
σ(Z)  = 0.99 nb 
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2010	  

high	  pT	  jets	  
W	  
Z	  

top	  pairs	  

Higgs	  (?)	  

√s	  =	  7	  TeV	  
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ATLAS and CMS uncertainty 
was 11% due to luminosity! 
W/o lumi, e.g. CMS exp. 

uncertainties were 
!   δσ(W)        :  2.9% 
!   δσ(Z)         :  3.9% 
!   δσ(W)/σ(Z):  3.8% 
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ATLAS	  0.32	  pb-‐1	  JHEP12(2010)06	  
CMS	  2.9	  pb-‐1	  	  	  	  	  	  JHEP01(2011)080	  



•  Series of Van der Meer (beam separation) scans  
  dedicated luminosity calibration runs for experiments in Oct 2010 

•  CMS : preliminary luminosity scale of 0.993 and uncertainty of 4%  

•  ATLAS : preliminary luminosity scale of 0.964, i.e. smaller than 
previous result and luminosity uncertainty improved to 3.4%  

      specific visible interaction rate 
     (normalised to bunch charge product) 
      is measured vs. nominal beam  
      separation specified by the LHC 
      control system 
      luminosity systematic dominated by  
     knowledge of bunch charge product (3.1%)    
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ATLAS	  ATLAS-‐CONF-‐2011-‐011	  
CMS	  	  	  	  CMS	  DPS	  -‐2011/002	  



!   W selection: pT
µ > 25  GeV, |ηµ|<2.1 & combined isolation criteria,    

no ET,miss  or mT cuts but fit to ET,miss distribution (calibrated with particle 
flow algorithm).  

!   Z selection: 60<Mll<120 GeV, pT
µ > 20 GeV, |ηµ|<2.1 & pure track 

based isolation 
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CMS-‐PAS-‐EWK-‐10-‐005	  

13.7k	  Zμμ	  candidates	  
141k	  Wμν	  candidates	  

W	   Z	  

Isola&on	  for	  selected	  muons	  
pTμ	  >	  25	  GeV,	  |ημ|<2.1	  	  



!   Electrons: ET
e>25 GeV, |ηe|<1.44, 1.57<|ηe|<2.5 & isolation criteria 

!   Z selection: 60<Mll<120 GeV 
!   W selection: no ET,miss or mT cuts but fit to ET,miss distribution.  
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CMS-‐PAS-‐EWK-‐10-‐005	  

8.4k	  Zee	  candidates	  
136k	  Weν	  candidates	  

W-‐	  W+	   Z	  



!   mT>40 GeV and ET,miss >25 GeV, vertex with at least 3 tracks  
!   muons : |ηµ|<2.4 and pT>20 GeV, track isolation cut of ΔR=0.2 
!   electrons : “Tight” identification within  
     |ηe|<1.37 and  1.52<|ηe|<2.47 and ET>20 GeV 

14	  

121k	  Weν	  candidates	  
140k	  Wμν	  candidates	  

ATLA
S-‐CO

N
F-‐2011-‐041	  

ET,miss>25 GeV 	  mT>40 GeV	  

ET,miss calibrated for 
different particle response	  



!    2 oppositely charged leptons  
     identified as for W selection  
!   “Medium” electron identification 
!   Very low backgrounds (<2.5%)  

!   New: select central, |ηe|<2.47, and forward, 2.5<|ηe|<4.9, electrons 
!   Larger backgrounds of about 28%  
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ATLAS-‐CONF-‐2011-‐041	  

central-‐forward	  	  	  Zee	  

11.7k	  Zμμ	  candidates	  
9.7k	  	  Zee	  candidates	  

4.0k	  	  c-‐f	  Zee	  candidates	  

central-‐central	  
Zee	  
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!   Fiducial cross sections for described kinematic and geometrical cuts 
corrected for detector effects w/o further QED FSR corrections. 

!   Determine the efficiency corrections in data and simulation in the 
same way using the ratio  

!   Calculations done effectively via a factor  
    purely from simulation (fraction of events selected in simulation 

after QED FSR) and efficiencies ε taken from data  
      A x ε  = F x ρ = A x εsim x ρ  

!   Correction factor ρ derived from data and the related systematic 
uncertainties are only experimental ones.  

!   The values for F are derived from Monte Carlo (Powheg interfaced 
to Pythia and Photos) and uncertainties on F are derived from the 
uncertainties of A (theory models). 	  

JHEP01(2011)080	  



•  Experimental uncertainty for fiducial cross sections is dominated by 
lepton reconstruction efficiency. It is smallest with 0.7% for the Zµµ  
and at most 1.8% for the Z ee channel. 

•  To be added: Luminosity uncertainty of 4%. 
•  PDF uncertainty from 68% C.L. envelope of CT10, NNPDF2.0 and 

MSTW08 PDF sets . 
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CMS-‐PAS-‐EWK-‐10-‐005	  



!   Fiducial cross section for described kinematic and geometrical cuts 
are corrected for detector and QED FSR effects. 

!   Corrections for reconstruction, trigger, lepton identification and QED 
FSR effects are performed with a single factor CW(Z) taken from 
Pythia Monte Carlo interfaced with Photos (NMC,gen before QED FSR).  

!   Total cross section is obtained calculating the geometrical 
acceptance AW(Z) using Pythia and dedicated MC@NLO samples 
using CTEQ6.6 and HERAPDF1.0 PDFs.  

     PDF model, CTEQ6.6 90% C.L. eigenvector sets and Monte Carlo 
generator model systematics in the range of 1.5-4%. 
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JHEP12(2010)06	  



•  Efficiencies are high and usually well modelled by simulation. 
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ATLA
S-‐CO

N
F-‐2011-‐041	  



•  Experimental uncertainty with 1.1% smallest for Zµµ. 20	  

ATLA
S-‐CO

N
F-‐2011-‐041	  
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CMS,	  QED	  FSR	  not	  further	  corrected	  	  

ATLAS	  electron	  channels,	  QED	  FSR	  corrected	   |ηe|<1.37	  and	  	  1.52<|ηe|<2.47	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  ET>20	  GeV	  

ET,miss>25	  GeV	  
mT	  >	  40	  GeV	  	  

ATLAS-‐CONF-‐2011-‐041	  
	  CMS-‐PAS-‐EWK-‐10-‐005	  

Z:	  60<Mll<120	  GeV,	  pTμ>20	  GeV	  
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ATLAS	  muon	  channels,	  QED	  FSR	  corrected	  

ET,miss>25	  GeV	  
mT	  >	  40	  GeV	  	  

ATLAS-‐CONF-‐2011-‐041	  
	  CMS-‐PAS-‐EWK-‐10-‐005	  

|ημ|<2.4	  	  
pT>20	  GeV	  

Z:	  60<Mll<120	  GeV,	  pTμ>20	  GeV	  CMS,	  QED	  FSR	  not	  further	  corrected	  	  
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ATLA
S-‐CO

N
F-‐2011-‐041	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  CM

S-‐PA
S-‐EW

K-‐10-‐005	  
ATLAS	  

CMS	  
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CM
S-‐PA

S-‐EW
K-‐10-‐005	  

W	   Z	  

W/Z	  

CMS	  
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CM
S-‐PA

S-‐EW
K-‐10-‐005	  

W+/W-‐	  

W+	   W-‐	  

CMS	  
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W/Z	  

W+/Z	  

W-‐/Z	  

Good agreement with NNLO predictions for W and Z boson production 
cross sections and their ratios within quoted uncertainties. 
Differences in NNLO predictions apparent.  

ATLA
S-‐CO

N
F-‐2011-‐041	  

ATLAS	  



•  Total cross section results. 
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ATLA
S-‐CO

N
F-‐2011-‐041	  

W-‐	   W	  

W+	   Z	  

ATLAS	  

Preliminary	  error	  ellipses	  caveats:	  	  
-‐68%	  C.L.	  theory	  errors	  –	  without	  αs	  contribuion	  
-‐correlaion	  between	  AW+/AW-‐	  neglected	  for	  σW-‐	  versus	  σW+	  

-‐	  



•  Cross section ratio σW+/σW- has only mild dependencies on NNLO vs 
NLO and the choice of αs.	  

•  But apparent difference between the predictions of different NNLO 
(and NLO) PDF sets.   
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Plot	  courtesy	  of	  Graeme	  Wam.	  



!   Results for fiducial cuts : pT
µ>20 GeV, ET,miss>25 GeV, mT>40 GeV 

!   Luminosity uncertainty cancels. 
!   Main experimental uncertainties are related to charge dependencies of 

efficiency corrections and/or are statistical dominated. 
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arXiv:1103.2929
	  	  

W-‐	  W+	  

ATLAS	  
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ATLAS	  muon	  channel	  

CMS	  

CMS	  arXiv:1103.3470 	  	  
ATLAS	  arXiv:1103.2929 	  	  

pT>20	  GeV	  
ET,miss>25	  GeV	  
mT	  >	  40	  GeV	  	  
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arXiv:1103.2929
	  	  

arXiv:1103.3470

Both,	  CMS	  and	  Atlas	  asymmetries,	  are	  corrected	  for	  QED	  FSR.	  

pT>20	  GeV	  
ET,miss>25	  GeV	  
mT	  >	  40	  GeV	  	  



•  corrected for detector 
and QED FSR effects 
•  pT,l > 20 GeV 
•  muons |η|<2.1 
•  electrons  
           |η|<1.444  
1.566<|η|<3.0 

    3.1<|η|<4.6 
 yee up to 3.5 (as ATLAS) 
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CM
S-‐PA

S-‐EW
K-‐10-‐010	  

CMS	  

Data	  shown	  with	  total	  uncertainies.	  
Blue	  band	  :	  1σ	  errors	  from	  CT10	  eigenvectors	  



•  total uncertainties of 4.5% at lowest and about 30% at highest pT,ll 

•  fair agreement to Powheg+Pythia within 20-40% 
•  good agreement to inclusive 
FEWZ NLO using CT10 (prediction 
normalised to 20<pT,ll<600 GeV) 
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CM
S-‐PA

S-‐EW
K-‐10-‐010	  

CMS	  

Blue	  band	  :	  Scale	  variaion	  error	  from	  FEWZ	  authors.	  



!   ATLAS and CMS performed excellently in their first physics year 
and could achieve a luminosity uncertainty of 3.4% (Atlas) and 
4% (CMS), respectively. 

!   Both experiments measured fiducial and total W+, W- and Z 
production cross sections and their ratios to about 5% total 
experimental precision using the central detectors. The fiducial 
cross sections have almost no theoretical uncertainty.  

!   Both CMS and ATLAS are extending the Zee kinematic coverage 
up to yZ of 3.5. ATLAS showed central-forward cross sections with 
a total experimental precision of 10%, and CMS showed first yZ 
and pT

Z shape measurements. 

!   Good agreement of both CMS and ATLAS total cross section 
results with each other and with NNLO QCD predictions which 
have a spread about as large as the current measurement 
uncertainties. 
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!   Ongoing efforts:  Publication of full 2010 data results including 
differential cross sections and pT

Z and yZ shapes.  
    Reminder : All presented results, except the W asymmetry, are  

preliminary. 

!   LHC restarted with 3.5 TeV and we expect a 100 times higher 
luminosity than in 2010 which will lead to higher precision  W&Z 
measurements and further constraints on PDFs. 

!   A new level of W, Z precision measurements require improved and 
fast tools for HO QCD and EW models and theory predictions for the 
inclusive and differential measurements in the fiducial phase space. 
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•  acceptance 17% (16%) for W+ (W-) 
•  require pT

µ > 20 GeV and ‘little’ activity in the ‘rest of the event’ 
•  mass of ‘rest event’ < 20 GeV and pT of ‘rest event’ <10 GeV 
•  charged transverse momentum in cone of ΔR around muon < 2 GeV 
•  QCD background around 30% 
•  QED FSR not simulated  
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CONF	  note	  in	  preparaion	  

See	  e.g.	  talk	  by	  R.	  McNulty	  
IOP	  Half	  Day,	  12.1.2011,	  
Liverpool;	  
Private	  Comm.	  T.	  Shears.	  

16.5	  pb-‐1	  
W-‐	   W+	  
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/
LeptonChargeAsymmetryEWK10006 
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CM
S-‐PA

S-‐EW
K-‐10-‐010	  


