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› Designed to look at CP violation in B decays @ LHC 
› Fully instrumented within 1.9 ≤ ! ≤ 4.9 
› Muon reconstruction capabilities: P>3GeV/c, Pt>1GeV/c, mµµ>2.5GeV/c2 

› ∫L2010 ~ 38 pb-1 on tape , ∫L = (16.5 ± 1.7) pb-1 these analyses 

LHCb – A Forward Spectrometer 
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W&Z Production and PDFs 

Simone Bifani 

› LHCb’s forward acceptance provides very interesting possibilities 
for PDF studies 

› Take large-x from one proton and a 
small-x from the other 
-> probe two distinct regions in  
(x, Q2) space 

› Can probe the low-x, high-Q2 
region inaccessible to other 
experiments (PDF predictions for 
this region are more sensitive to 
model changes than in central 
acceptance) 

› Explore with W, Z (x of 10-4, 10-1) 
and low-mass Drell-Yan (x ->10-6) 

W, Z 

"* 

Q2 =M 2  ,  x = M
s
!e±y
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W&Z Production and PDFs 
› Theoretical predictions 
» Cross-sections known @ NNLO to 1% 
» PDF uncertainty dominates @ large 

rapidities (1% @ y<2, 6-8% @ y~5) 

› Experimental measurements 
» Clean signature 
» Easily reconstructible final state 
» Low statistical and systematic 

errors 
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Cross-section measurements @ LHCb can constrain PDFs 
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W&Z Production and PDFs 
› Cancel or highlight PDF uncertainties with ratios 

» A+- = (d#W+ - d#W-) / (d#W+ + d#W-) 
tests uV and dV difference  

» R+- = d#W+ / d#W- 
tests dV/uV ratio 

» RWZ = d#W+- / d#Z 
almost insensitive to PDFs 
precise test of SM 
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Many systematic errors cancel 
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Z -> µµ!
› Single muon trigger: Pt > 10 GeV/c 

› 2 reconstructed muons 
» Pt > 20 GeV/c 
» 2.0 < ! < 4.5 
» 81 GeV/c2 < mµµ < 101 GeV/c2 

› Backgrounds 
» Z->$$ ~ 0.2 (MC) 
» Heavy flavour ~ 1 (Data) 
» %/K mis-ID < 0.03 (Data) 

› NZ
candidates = 833 

› Nbg = 1.2 ± 1.2 
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LHCb preliminary
L = 16.5 pb-1, !s = 7 TeV
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W -> µ"µ!
› Single muon trigger: Pt > 10 GeV/c 

› 1 reconstructed & isolated muon 
» Pt > 20 GeV/c 
» 2.0 < ! < 4.5 
» Impact parameter significance < 2 
» 'Pt in cone around muon < 2 GeV/c (R=0.5) 

› Rest of the event&
» M < 20 GeV/c2 

» 'Pt < 10 GeV /c 

› Backgrounds 
» Z->µµ (1 muon in acceptance) 
» Z->$$ (data+simulation) 
» W->$( (simulation) 
» QCD background (data+simulation) 
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W -> µ"µ 
› Fit muon Pt spectrum in data to expected shapes for signal and 

backgrounds (perform fit in ! bins for differential results) 

› QCD background is large and charge asymmetric 
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LHCb preliminary
L = 16.5 pb-1, !s = 7 TeV

LHCb data
W Monte-Carlo
QCD bkgs (data)
Tau bkgs (MC)
Z      !! (MC)
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NW+
candidates =  7624 

NW-
candidates =  5732 

Nbg+ =  2194 ± 150 
Nbg- =  1654 ± 150 

µ- µ+ 
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Efficiencies 
› The cross-section for boson production can be expressed as 

› The overall efficiency for selecting signal candidates can be factorized as 

› Measurements will be performed in the forward region (2.0<!<4.5) for 
muons with Pt > 20 GeV/c  (no 4% extrapolation) -> A = 1 by definition 

› All efficiencies determined from data and cross checked with simulation 

› Selection efficiency 
» Z selection criteria define the measurement kinematic region -> )Z = 1 
» W: determined from Z data with1 muon masked -> )W = (55 ± 1) % 
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! = A !!trigger !!tracking !!µ"ID !!selection

! =
Ncandidates ! Nbg

" " L#

23rd Rencontres de Blois  



Z Cross-Section 
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2<!<4.5&
81GeV/c2<mµµ<101GeV/c2 

NZ
candidates 833 

Nbg& 1.2 ± 1.2 

)tracking [%] 83 ± 3 

)µ-ID [%] 97 ± 1 

)trigger [%] 86 ± 1 

)selection 1 

A 1 

)Z [%] 69 ± 3 

∫L [pb-1] 16.5 ± 1.7 

#Z [pb] 73 ± 4stat&syst ± 7lumi 

!
Z!µ+µ"

=
Ncandidates

Z " Nbg

" Z # L$

Result not corrected for FSR 

LHCb preliminary
L=16.5 pb-1,!s = 7 TeV

FEWZ NLO+MSTW2008 PDFs

LHCb-CONF-2011-012 
LHCb Preliminary 
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W Charge Asymmetry 
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2<!<4.5& + - 

NW
candidates 7624 5723 

Z->µµ& 460 506 

W->$(& 151 90 

Z->$$& 2 2 

QCD 2194 ± 150 1654 ± 150 

NW 4817 ± 165 3480 ± 161 

)tracking [%] 73 ± 3 78 ± 3 

)µ-ID [%] 98.2 ± 0.5 

)trigger [%] 73 ± 1 

)selection [%] 55 ± 1 

A 1 

)W [%] 29 ± 1 31 ± 1 

∫L [pb-1] 16.5 ± 1.7 

#W [pb] 1007±48±101  680±40±68 

A+! =
! W + " µ+!µ( ) !! W ! " µ!!µ( )
! W + " µ+!µ( )+! W ! " µ!!µ( )

± stat&syst ± lumi 
Result not corrected for FSR 
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Comparisons 
› All W and Z observations are consistent with NLO predictions 

(MSTW08) 
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Results not corrected for final state radiation 

LHCb-CONF-2011-012 
LHCb Preliminary 
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Improvements on PDFs 
› LHCb measurement of the W charge asymmetry slightly reduce the 

uncertainty in the large-x region while small-x is unchanged (EW@LHC) 
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G.Wa% M.Ubiali 
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Other Studies 
› Work ongoing on other channels: W->e(, Z->ee and Z->$$&
› W&Z+jets: test pQCD, sensitivity to gluon PDF and background for 

many searches 
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Z->ee Z->µµ+jet 

Z->$$->µe((((&
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Jet Studies 
›  Inclusive jet and dijet events in the forward region can provide 

valuable information on PDFs (x < 10-3) 
» Clustering with KT algorithm 
» Track + unassociated %0 

» Energy correction ongoing 

› To do 
» Calibrate ET on data 
» Efficiencies 
» Compare to NLO simulation 
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LHCb-CONF-2011-015 
LHCb Preliminary 
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Jet Studies 
›  Inclusive jet ET spectrum 
» Uncorrected for acceptance, jet energy scale and resolution 
» MC: Pythia 6.4 + PDF CTEQ6 LO and detector response simulation 
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LHCb-CONF-2011-015 
LHCb Preliminary 
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Summary and Outlook 
› Cross-sections for W and Z @ 7TeV (Pt>20 GeV/c,  2<!<4.5) 
› All observations consistent with current NLO predictions 
› Luminosity uncertainty dominates cross-section results 
› Inclusive jets characteristics can be measured @ LHCb 

› Expect to collect ~1 fb-1 in 2011 
-> analyses limited by systematics 

› Probe PDFs in previously unexplored region 
› Distinguish different PDF models 
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Spares 



›  Initial design: 1 single 
proton collision in each 
event 

› Last fills: over 2 on 
average 

› Triggers evolved through 
the year 

2010 Data Taking 
› ∫L2010 ~ 38 pb-1 on tape 
› ∫L = (16.5 ± 1.7) pb-1 this analyses 
› ∫L2011 ~ 1 fb-1 
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W&Z Production and PDFs 
› Complementary ! range to Atlas/CMS 
» Overlap for cross check 

1.9 ≤ ! ≤ 2.5 
» Unique to LHCb 

2.5 ≤ ! ≤ 4.9 
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17%(16%) of W+(W-) within LHCb 8% of Z within LHCb 

!&

in 
LHCb 
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W&Z Production and PDFs 
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W -> µ"µ 
› QCD background defined by anti cuts 

» Impact parameter significance > 4 
» 'Pt in cone around muon > 5 GeV/c (R=0.5) 
» M rest of event > 40 GeV/c2 

» 'Pt rest of the event > 15 GeV /c 

› Pseudo-W (Z events with 1 muon masked) 
» Pseudo-W and W simulated distributions look 

similar 
» Pseudo-W  described by simulation 

» Signal can be modeled with Pseudo-W 

› Efficiency from data ( ) 
› Purity by fit to templates 
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W simulation 
Pseudo-W simulation 
Pseudo-W data 
QCD background 

W simulation 
Pseudo-W simulation 
Pseudo-W data 
QCD background 
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› Single muon trigger 
» Pt > 10 GeV/c 

› Results include global trigger cuts on maximum event multiplicity 

Efficiencies – Trigger 
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› Efficiency flat in *, Pt, and ! 
» No evidence for charge bias 
» )W 

» )Z 
= (73 ± 1) % 
= (86 ± 1) % 
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› Tag&Probe method in Z sample 
» Tag:        identified muon track 
» Probe: rough trajectory from muon stub and 

minimal tracking information (TT) 

› Different W+/W- average efficiency due to 
different ! distribution 

› Harsher tracking cuts in W analysis lead to a 
lower efficiency wrt Z 

Efficiencies – Tracking 
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› Efficiency flat in * and Pt, two regions in ! 
» )W+ 

» )W-  
» )Z 

= (73 ± 3) % 
= (78 ± 3) %  
= (83 ± 3) % 
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› Efficiency flat in *, Pt, and ! 
» No evidence of charge bias 
» )W 

» )Z 

Efficiencies – µ-ID 
› Tag&Probe method in Z sample 
» Tag:      identified muon&
» Probe: identified track 
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Systematics 
› Efficiency uncertainties dominated by limited statistics 
› Luminosity error dominant 
› Background error large for W because of uncertainty on shapes 
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Source& Z W+ W- 

Background 0.1 3 5 
)tracking 1 1 1 
)µ-ID 0.7 0.5 0.5 
)trigger 4 4 4 
)selection - 2 2 

∫L 10 
#systematic 11 11 12 
#statistical 4 1 1 

relative error 
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Comparisons 
› All W and Z observations are consistent with NLO predictions 

(MSTW08) 
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Improvements on PDFs 
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Improvements on PDFs 

 

› Differences between PDF sets larger than uncertainties 
-> W, Z measurements will allow to distinguish between different 
PDF models 
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› MSTW08 0.1 fb-1, 7 TeV 
small improvement with small 
amount of data 

› MSTW08 1 fb-1, 14 TeV 
higher energy, more data 
 -> improvement up to 30% 

ratio = ! PDF  with LHCb data
! PDF  without  LHCb data

Z   W+   W-   W+-&Z 

MSTW08 1 fb-1, 14 TeV 

MSTW08 0.1 fb-1, 7 TeV 
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Efficiencies – Trigger 
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Efficiencies – Trigger 
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Efficiencies – Trigger 
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Efficiencies – Tracking 
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Efficiencies – µ-ID 
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Efficiencies – µ-ID 
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