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W → `ν AND Z/γ? → `` CROSS-SECTION MEASUREMENTS

DATASET AND SIGNATURE

DATASET

First W+,W− and Z/γ? production cross section measurements with
Atlas at

√
s = 7 TeV

data collected from March to July 2010∫
Ldt

◦ W → eνe: 315 nb−1

◦ W → µνµ: 310 nb−1

∫
Ldt

◦ Z→ ee: 316 nb−1

◦ Z→ µµ: 331 nb−1
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W → `ν AND Z/γ? → `` CROSS-SECTION MEASUREMENTS

DATASET AND SIGNATURE

W → `ν` & Z/γ? → ``

SIGNATURE: W→ `ν` & Z/γ? → ``

W → `ν` signature:

one isolated lepton with high pT

6ET from neutrino

⇒ peak in mT distribution

Z/γ? → `` signature:

two opposite charged isolated
leptons with high pT

⇒ peak in m`` distribution
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W → `ν AND Z/γ? → `` CROSS-SECTION MEASUREMENTS

DATASET AND SIGNATURE

W → `ν` & Z/γ? → ``

EVENT DISPLAY: W→ µν @
√
s = 7 TeV

animation: → http://www.atlas.ch/multimedia/#w-boson-event
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W → `ν AND Z/γ? → `` CROSS-SECTION MEASUREMENTS

DATASET AND SIGNATURE

W → `ν` & Z/γ? → ``

EVENT DISPLAY: Z→ µµ @
√
s = 7 TeV

animation: → http://www.youtube.com/watch?v=5xcw7sU_jkg
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W → `ν AND Z/γ? → `` CROSS-SECTION MEASUREMENTS

W AND Z BACKGROUNDS

BACKGROUND PROCESSES (I)

EW and top backgrounds are estimated from MC

•bgr for W → µν, eνe

◦ 1 muon outside muon-spec. acc. → 6ET

◦ larger η for cal. in W → eν

•bgr for W and Z

◦ smaller bgr via single or double leptonic τ
decays

•bgr for W → µν, eνe

◦ in particluar via τ → `νν

•bgr for W and Z
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W → `ν AND Z/γ? → `` CROSS-SECTION MEASUREMENTS

W AND Z BACKGROUNDS

BACKGROUND PROCESSES (II)

QCD background are estimated in data-driven approaches

Semileptonic decays from heavy quarks

Hadron fakes (hadrons misidentified as leptons)

e-channel → electrons from conversions
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W → `ν AND Z/γ? → `` CROSS-SECTION MEASUREMENTS

EVENT SELECTION

W → `ν`

EVENT SELECTION (I)

W→ `ν`
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W → `ν AND Z/γ? → `` CROSS-SECTION MEASUREMENTS

EVENT SELECTION

W → `ν`

EVENT SELECTION (I)

W → eνe selection: W → µνµ selection:

one high ET electron with ET>20 GeV in
|η| < 2.47

no isolation

additional electrons are vetoed

6ET>25 GeV

mT>40 GeV

one high pT muon with pT>20 GeV in
|η|<2.4

Isolation cut: ΣpID
T /pT<0.2

6ET>25 GeV

mT>40 GeV
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EVENT SELECTION
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W → `ν AND Z/γ? → `` CROSS-SECTION MEASUREMENTS

EVENT SELECTION

Z/γ? → ``

EVENT SELECTION (II)

Z/γ?→ ``
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W → `ν AND Z/γ? → `` CROSS-SECTION MEASUREMENTS

EVENT SELECTION

Z/γ? → ``

EVENT SELECTION (II)

Z/γ? → ee selection: Z/γ? → µµ selection:

two high ET electrons with ET>20 GeV
in |η| < 2.47

opposite charg and same flavour

veto on three or more electrons

66<mee<116

two high pT leptons with pT>20 GeV

opposite charge and same flavour

66<mµµ<116

◦ small backgrounds → not shown in plotsW → `ν AND Z/γ? → `` CROSS-SECTION MEASUREMENTS 24TH JULY 2012 14



W → `ν AND Z/γ? → `` CROSS-SECTION MEASUREMENTS

EVENT SELECTION

OBSERVED EVENTS AFTER FULL SELECTION

NUMBER OF OBSERVED CANDIDATE EVENTS Nobs

W → `ν` channel:

Z→ `` channel:
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From number candidates to cross section 

Pocket equation:
 ! =
Nprocessed…events

Luminosity

As we measure only on the leptonic channel:


!W (Z ) !!W (Z ) "BR W ! lv(Z! ll)( )

As a result of the geometrical features of the detector 
and the object selection:


Nevents =
NW (Z )

signal

AW (Z ) !CW (Z )
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Pocket equation:


Nevents =
NW (Z )

signal

AW (Z ) !CW (Z )

Number of candidates


! =
Nprocessed…events

Luminosity

From number candidates to cross section 
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Pocket equation:


Nevents =
NW (Z )

signal

AW (Z ) !CW (Z )

Factor due to the geometry of the detector and kinematic constrains


! =
Nprocessed…events

Luminosity

From number candidates to cross section 
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Pocket equation:


Nevents =
NW (Z )

signal

AW (Z ) !CW (Z )

Factor due to the candidate selection


CW (Z ) = f !event _ select.,!reconstruction,!lepton_ select.,!trigger( )

! =
Nprocessed…events

Luminosity

From number candidates to cross section 
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Pocket equation:


! total
W (Z ) =

NW (Z )
signal

AW (Z ) !CW (Z ) !LW (Z )

! fiducial
W (Z ) =

NW (Z )
signal

CW (Z ) !LW (Z )

Requires	
  theore,cal	
  
extrapola,on	
  

Direct	
  measurement	
  

! =
Nprocessed…events

Luminosity

From number candidates to cross section 
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W +

W !

W

!W
fiducial !BR W " ev( ) !W

fiducial !BR W " µv( )
2.92± 0.12(stat)± 0.21(syst)± 0.32(lumi) 2.71± 0.11(stat)± 0.12(syst)± 0.30(lumi)
1.93± 0.10(stat)± 0.14(syst)± 0.21(lumi) 1.83± 0.10(stat)± 0.08(syst)± 0.20(lumi)
4.85± 0.10(stat)± 0.34(syst)± 0.53(lumi) 4.60± 0.10(stat)± 0.20(syst)± 0.51(lumi)

Z /! !

!
Z /!!
fiducial "BR Z /! ! # ee( ) !

Z /!!
fiducial "BR Z /! ! # µµ( )nb[ ]

nb[ ]

66 <mee <116GeV 66 <mµµ <116GeV

0.33± 0.04(stat)± 0.03(syst)± 0.04(lumi) 0.43± 0.04(stat)± 0.02(syst)± 0.05(lumi)

nb[ ]

nb[ ]

From number candidates to cross section 
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Total cross section measurement 
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Total cross section measurement 
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Cross section ratio 

W+ W- to Z/γ* ratio compared with NNLO theory predictions


Combined W to Z/γ* ratio compared with NNLO theory predictions
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W charge asymmetry 

W charge asymmetry in the electron channel


W charge asymmetry in the  muon channel
Al =
!
W +
fiducial !!

W !
fiducial

!
W +
fiducial +!

W !
fiducial
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So, what was all of this for .. 

Measurement of the Wèlv and Z/γ* in proton proton

collisions at sqrt(7) TeV  with the ATLAS detector


ATLAS	
  

Theory	
   Other	
  experiments	
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arXiv:1012.2466	
  
Measurements	
  of	
  Inclusive	
  W	
  and	
  Z	
  Cross	
  Sec,ons	
  in	
  pp	
  Collisions	
  at	
  sqrt(s)=7	
  TeV.	
  	
  

	
   	
   	
   	
   	
   	
   	
   	
  	
  
arXiv:1102.5435	
  

Study	
  of	
  Z	
  boson	
  produc,on	
  in	
  PbPb	
  collisions	
  at	
  nucleon-­‐nucleon	
  centre	
  of	
  mass	
  energy	
  =	
  2.76	
  
TeV.	
  	
  

	
   	
  	
  	
  	
  	
  	
  	
  	
  	
   	
   	
  arXiv:1204.1620	
  
Inclusive	
  W	
  and	
  Z	
  produc,on	
  in	
  the	
  forward	
  region	
  at	
  sqrt(s)=7	
  TeV.	
  	
  	
  

Other	
  experiments	
  (cited	
  by	
  similar	
  measurements)	
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arXiv:1204.1620	
  
Inclusive	
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Other	
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  (cited	
  by	
  similar	
  measurements)	
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arXiv:1109.6572	
  
Search	
  for	
  squarks	
  and	
  gluinos	
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  final	
  states	
  with	
  jets	
  and	
  missing	
  transverse	
  momentum	
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  arXiv:1012.1792	
  
Measurement	
  of	
  the	
  top	
  quark-­‐pair	
  produc,on	
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  sec,on	
  with	
  ATLAS	
  in	
  pp	
  collisions	
  at	
  s
‚àö=7	
  TeV.	
  	
  

	
  arXiv:1110.2299	
  
Search	
  for	
  new	
  phenomena	
  in	
  final	
  states	
  with	
  large	
  jet	
  mul,plici,es	
  and	
  missing	
  transverse	
  
momentum	
  using	
  sqrt(s)=7	
  TeV	
  pp	
  collisions	
  with	
  the	
  ATLAS	
  detector.	
  	
  

arXiv:1012.5419	
  	
  
Measurement	
  of	
  the	
  centrality	
  dependence	
  of	
  J/{\psi}	
  yields	
  and	
  observa,on	
  of	
  Z	
  produc,on	
  in	
  
lead-­‐lead	
  collisions	
  with	
  the	
  ATLAS	
  detector	
  at	
  the	
  LHC.	
  	
  

arXiv:1103.4344	
  
Search	
  for	
  supersymmetry	
  in	
  pp	
  collisions	
  at	
  sqrt{s}	
  =	
  7TeV	
  in	
  final	
  states	
  with	
  missing	
  transverse	
  
momentum	
  and	
  b-­‐jets.	
  	
  

arXiv:1108.5602	
  
Performance	
  of	
  Missing	
  Transverse	
  Momentum	
  Reconstruc,on	
  in	
  Proton-­‐Proton	
  Collisions	
  at	
  7	
  
TeV	
  with	
  ATLAS.	
  	
  

arXiv:1109.5141	
  	
  
Measurement	
  of	
  the	
  inclusive	
  W+-­‐	
  and	
  Z/gamma	
  cross	
  sec,ons	
  in	
  the	
  electron	
  and	
  muon	
  decay	
  
channels	
  in	
  pp	
  collisions	
  at	
  sqrt(s)	
  =	
  7	
  TeV	
  with	
  the	
  ATLAS	
  detector.	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
   ATLAS	
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Theory	
  
arXiv:1101.1300	
  

Impact	
  of	
  Heavy	
  Quark	
  Masses	
  on	
  Parton	
  Distribu,ons	
  and	
  LHC	
  Phenomenology.	
  	
  
	
  -­‐>	
   	
  Comparison	
  with	
  predicted	
  cross	
  sec,ons	
  from	
  theore,cal	
  PDF.	
  

arXiv:1011.3540	
  
FEWZ	
  2.0:	
  A	
  code	
  for	
  hadronic	
  Z	
  produc,on	
  at	
  next-­‐to-­‐next-­‐to-­‐leading	
  order.	
  	
  

	
  -­‐>	
   	
  Comparison	
  with	
  predicted	
  cross	
  sec,on	
  from	
  NNLO	
  MC	
  generator.	
  
arXiv:1101.5057	
  

TMD	
  Parton	
  Distribu,on	
  and	
  Fragmenta,on	
  Func,ons	
  with	
  QCD	
  Evolu,on.	
  	
  
	
  -­‐>	
   	
  Comparison	
  with	
  predicted	
  cross	
  sec,on	
  from	
  Transverse	
  Mom.	
  Dependent	
  PDF	
  

arXiv:1011.6259	
  
NNLO	
  Benchmarks	
  for	
  Gauge	
  and	
  Higgs	
  Boson	
  Produc,on	
  at	
  TeV	
  Hadron	
  Colliders.	
  	
  

	
  -­‐>	
   	
  Comparison	
  with	
  NNLO	
  predic,ons	
  
arXiv:1106.5788	
  

Parton	
  distribu,on	
  func,on	
  dependence	
  of	
  benchmark	
  Standard	
  Model	
  total	
  cross	
  sec,ons	
  at	
  the	
  7	
  TeV	
  LHC.	
  	
  
	
  -­‐>	
   	
  Complementary	
  informa,on	
  for	
  PDF	
  discussions.	
  

arXiv:1204.6038	
  
Displaced	
  Supersymmetry.	
  	
  

	
  -­‐>	
   	
  Complementary	
  informa,on	
  for	
  Electron	
  and	
  Muon	
  selec,on	
  in	
  an	
  exo,c	
  search.	
  
	
  arXiv:1206.7024	
  

Physics	
  at	
  the	
  LHC	
  -­‐-­‐	
  From	
  Standard	
  Model	
  measurements	
  to	
  Searches	
  for	
  New	
  Physics.	
  	
  
	
  	
  	
  	
  	
   	
  -­‐>	
   	
  Listed	
  as	
  one	
  of	
  the	
  2010-­‐2011	
  major	
  ATLAS	
  results.	
  Its	
  implica,on	
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Summary 

	
  Understanding the performance of the leptons in 

the ATLAS detector  by using an SM process, is a 

necessary benchmark in order to explore new 

physics scenarios.



The cross section measurement constrains NNLO 

cross section calculations.



The observed W charge asymmetry provides 

important information about the PDF of the protons.
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