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€ 

SETmiss

€ 

€ 

σ =
N − Bkgrd
BACL

Final	
  Results	
  
σ(Z→ττ)[nb]:	
  	
  

0.97	
  ±	
  0.07stat	
  ±	
  0.06sys	
  ±	
  0.03lumi	
  
σ(W→τν)[nb]:	
  

11.1	
  ±	
  0.3stat	
  ±	
  1.7sys	
  ±	
  0.4lumi	
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TABLE II. Relative systematic uncertainties in % for the total cross-section measurement. The electron and muon efficiency
terms include the lepton trigger, reconstruction, identification and isolation uncertainties, as described in the text. The last
column indicates whether this systematic uncertainty was treated as correlated among the relevant channels when combining
the results, as described in Section VIIIB. For the multijet background estimation method, the uncertainties in the τµτh, τeτh,
and τeτµ channels were treated as correlated while the τµτµ uncertainty was treated as uncorrelated, since a different method
was used, as described in Section V.

Systematic uncertainty τµτh τeτh τeτµ τµτµ Correlation

Muon efficiency 3.8% – 2.2% 8.6% !

Muon d0 (shape and scale) – – – 6.2% X

Muon resolution & energy scale 0.2% – 0.1% 1.0% !

Electron efficiency, resolution &

Charge misidentification – 9.6% 5.9% – !

τh identification efficiency 8.6% 8.6% – – !

τh misidentification 1.1% 0.7% – – !

Energy scale (e/τ/jets/Emiss
T ) 10% 11% 1.7% 0.1% !

Multijet estimate method 0.8% 2% 1.0% 1.7% (!)

W normalization factor 0.1% 0.2% – – X

Object quality cuts 1.9% 1.9% 0.4% 0.4% !

Pileup description in simulation 0.4% 0.4% 0.5% 0.1% !

Theoret. cross-section 0.2% 0.1% 0.3% 4.3% !

AZ systematics 3% 3% 3% 4% !

Total Systematic uncertainty 15% 17% 7.3% 14%

Statistical uncertainty 9.8% 12% 13% 23% X

Luminosity 3.4% 3.4% 3.4% 3.4% !

TABLE III. The components of the Z → ττ cross-section
calculations for each final state. For Nobs − Nbkg the first
uncertainty is statistical and the second systematic. For all
other values the total error is given.

τµτh τeτh

Nobs 213 151

Nobs −Nbkg 164 ± 16± 4 114± 14± 3

AZ 0.117 ± 0.004 0.101 ± 0.003

CZ 0.21± 0.03 0.12 ± 0.02

B 0.2250 ± 0.0009 0.2313 ± 0.0009

L 35.5 ± 1.2 pb−1 35.7± 1.2 pb−1

τeτµ τµτµ

Nobs 85 90

Nobs −Nbkg 76± 10± 1 43± 10± 3

AZ 0.114 ± 0.003 0.156 ± 0.006

CZ 0.29± 0.02 0.27 ± 0.02

B 0.0620 ± 0.0002 0.0301 ± 0.0001

L 35.5 ± 1.2 pb−1 35.5± 1.2 pb−1

896

σ(Z → ττ, 66 < minv < 116 GeV) = 0.97± 0.07 (stat)± 0.06 (syst)± 0.03 (lumi) nb (6)

897 is obtained for the four final states, τµτh, τeτh, τeτµ, and898

δCW

CW

δNEW
NEW

δNQCD

NQCD

δσ
fid
W→τhντ

σfid
W→τhντ

Trigger efficiency 6.1% 6.1% - 7.0%
Energy scale 6.7% 8.7% - 8.0%
τh ID efficiency 9.6% 4.1% - 10.3%
Jet τh misidentification - 7.2% - 1.1%
Electron τh misidentification - 4.5% - 0.7%
Pile-up reweighting 1.4% 1.2% - 1.6%
Electron reconstruction/identification - 1.2% - 0.2%
Muon reconstruction - 0.3% - 0.04%
Underlying event modelling 1.3% 1.1% - 1.5%
Cross section - 4.5% - 0.7%
QCD estimation: Stability/correlation - - 2.7% 0.2%
QCD estimation: Sig./EW contamination - - 2.1% 0.1%
Monte Carlo statistics 1.4% 2.4% 6.0% 1.5%

Total systematic uncertainty 13.4% 15.2% 6.9% 15.1%

Table 3: Summary table for systematic uncertainties. Correlations have been taken into account.

The stability of the method and the small correlation of the444

two variables (τh ID and SEmiss
T

) used to define the control445

regions have been tested by varying the SEmiss
T

threshold.446

The systematic uncertainty due to the correction for signal447

and EW background contamination in the control regions448

was obtained by varying the fraction of these events in449

the regions within the combined systematic and statisti-450

cal uncertainties on the Monte Carlo predictions discussed451

above. The total uncertainty on the QCD background es-452

timation is 3.4%.453

Acceptance. The theoretical uncertainty on the geometric454

and kinematic acceptance factor AW is dominated by the455

limited knowledge of the proton PDFs and the modeling456

of the W -boson production at the LHC.457

The uncertainty resulting from the PDF set is evalu-458

ated by comparing the acceptance obtained with different459

PDF sets (the default MRST LO*, CTEQ6.6 and HER-460

APDF 1.0 [35]) and within one PDF set re-weighting the461

default sample to the different error eigenvectors available462

for the CTEQ6.6 NLO PDF [36]. The uncertainty is 1.6%463

in both cases and combines to 2.3%.464

The uncertainty on the production of W was evaluated465

by comparing the default sample acceptance to the one ob-466

tained from a MC@NLO sample where the parton shower467

is modeled by HERWIG. The difference in acceptance is468

found to be negligible.469

9. Results470

The results of the analysis relevant to the cross sec-471

tion measurement are summarized in Table 4. Within the472

acceptance region defined in table 2 they translate into a473

fiducial cross section σfid
W→τhντ

of:474

[

0.70 ± 0.02(stat) ± 0.11(sys) ± 0.02(lumi)

]

nb (13)

and a total cross section σtot
W→τhντ

of:475

[

7.2 ± 0.2(stat) ± 1.1(sys) ± 0.2(lumi)

]

nb (14)

Nobs 2335
NQCD 127 ± 8 (stat) ± 4.3 (sys)

NEW 283.6 ± 6.9 (stat) ± 52.8 (sys)

AW 0.0975± 0.0004(stat) ± 0.0022(sys)

CW 0.0799± 0.0011(stat) ± 0.0108(sys)

Table 4: Resulting numbers for the cross section calculation.

After correcting the cross section for the hadronic τ decay476

branching ratio BR(τ → hν) = 0.6479 ± 0.0007 [37] this477

yields the following inclusive cross section σtot
W→τντ

:478

[

11.1 ± 0.3(stat) ± 1.7(sys) ± 0.4(lumi)

]

nb (15)

The measured cross section is in good agreement with479

the theoretical NNLO cross section 10.46 ± 0.52 nb [4, 5, 6]480

and the ATLAS measurements of the W → eνe and W →481

µνµ cross sections [6]. The comparison of the cross section482

measurements for the different lepton final states and the483

theoretical expectation is shown in Figure 4.484

485

) [nb]ν l→(W σ
6 7 8 9 10 11 12 13 14 15

-1, 34pbν τ →W  ATLAS

-1, 36pbν e →W  ATLAS

-1, 33pbν µ →W  ATLAS

Stat

 Stat ⊕Syst 

 Lumi⊕ Stat ⊕Syst 

Theory (NNLO)

Stat

 Stat ⊕Syst 

 Lumi⊕ Stat ⊕Syst 

Theory (NNLO)

) [nb]ν l→(W σ
6 7 8 9 10 11 12 13 14 15

-1, 34pbν τ →W  ATLAS

-1, 36pbν e →W  ATLAS

-1, 33pbν µ →W  ATLAS

Figure 4: Cross sections for the different W → "ν channels measured
in ATLAS with 2010 data. Systematic, luminosity and statistical
errors are added in quadrature. The theoretical NNLO expectation
is also shown.

486
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Visible	
  Mass:	
  

τμτh	
  

τμτh	
  

W→τν	
  	
  

W→τhντ	
  	
  

W→τhντ	
  	
  

Z→ττ	
  	
  
W→τhν	
  systema<cs	
  	
  

Z→ττ	
  systema<cs	
  	
  

Z→ττ:	
  
• 	
  τeτh,	
  τμτh:	
  
• 	
  Trigger	
  on	
  lepton	
  (e/μ)	
  
• 	
  Require	
  Tight	
  τ	
  (cut	
  based)	
  
• 	
  Z→ll	
  Suppression:	
  
• 	
  Require	
  exactly	
  one	
  lepton	
  

• 	
  	
  τeτμ:	
  
• 	
  Trigger	
  on	
  electron	
  
• 	
  	
  	
  	
  	
  	
  	
  Suppression:	
  
• 	
  	
  	
  

• 	
  τeτh,	
  τμτh,	
  and	
  τeτμ:	
  
• 	
  W	
  +	
  Jets	
  Suppression:	
  
• 	
  ΣcosΔφ	
  >	
  -­‐0.15	
  	
  
• 	
  mT	
  <	
  50	
  GeV	
  

• 	
  τμτμ:	
  
• 	
  Trigger	
  on	
  muon	
  
• 	
  Require	
  two	
  oppositely	
  
charged	
  muons.	
  
• 	
  Z→ll:	
  
• 	
  Use	
  BDT	
  to	
  separate	
  from	
  signal	
  

• 	
  Background	
  EsMmaMon	
  (ABCD):	
  

• 	
  Electroweak	
  (EW)	
  Backgrounds	
  EsMmated	
  from	
  Monte	
  Carlo	
  (MC)	
  
• 	
  W+jets	
  MC	
  normalized	
  to	
  data	
  

• 	
  MulMjet:	
  OS	
  vs.	
  SS	
  and	
  isolated	
  vs.	
  non-­‐isolated	
  (Z→ττ)	
  
• 	
  Must	
  show	
  ra<o	
  of	
  Opposite	
  to	
  Same	
  Sign	
  Events	
  is	
  independent	
  of	
  
isola<on	
  and	
  that	
  regions	
  CBD	
  have	
  negligible	
  signal	
  and	
  EW	
  
contamina<on.	
  

The	
  measurement	
  of	
  the	
  W	
  and	
  Z	
  boson	
  produc<on	
  cross-­‐sec<ons	
  with	
  tau	
  leptons	
  in	
  the	
  final	
  state	
  is	
  important	
  in	
  demonstra<ng	
  the	
  capabili<es	
  
of	
  the	
  ATLAS	
  detector	
  in	
  probing	
  for	
  new	
  physics.	
  	
  The	
  study	
  of	
  W	
  and	
  Z	
  bosons	
  with	
  taus	
  in	
  the	
  final	
  state	
  allows	
  the	
  measurement	
  of	
  the	
  tau	
  
trigger,	
  reconstruc<on,	
  and	
  iden<fica<on	
  efficiencies	
  in	
  data.	
  	
  Reconstruc<on	
  and	
  iden<fica<on	
  of	
  tau	
  leptons	
  is	
  important	
  for	
  Standard	
  Model	
  
Higgs	
  (H→ττ)	
  searches	
  as	
  well	
  as	
  in	
  Supersymmetry	
  models	
  involving	
  charged	
  Higgs.	
  	
  	
  

Tau	
  leptons	
  decay	
  hadronically	
  65%	
  of	
  the	
  <me	
  and	
  leptonically	
  (e/μ)	
  35%	
  of	
  the	
  <me.	
  	
  The	
  W	
  boson	
  produc<on	
  	
  cross-­‐sec<on	
  is	
  measured	
  when	
  
the	
  tau	
  decays	
  hadronically	
  (W→τhντ),	
  while	
  the	
  Z	
  boson	
  produc<on	
  cross-­‐sec<on	
  is	
  measured	
  in	
  4	
  final	
  states	
  where	
  the	
  final	
  visible	
  decay	
  
products	
  are:	
  an	
  electron	
  and	
  a	
  hadronic	
  tau	
  (τeτh),	
  a	
  muon	
  and	
  a	
  hadronic	
  tau	
  (τμτh),	
  an	
  electron	
  and	
  a	
  muon	
  (τeτμ),	
  and	
  two	
  muons	
  (τμτμ).	
  	
  The	
  

total	
  cross-­‐sec<on	
  is	
  measured	
  in	
  all	
  5	
  final	
  states	
  by:	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  .	
  	
  Where	
  B	
  is	
  the	
  branching	
  ra<o,	
  A	
  accounts	
  for	
  the	
  theore<cal	
  acceptance,	
  
C	
  is	
  the	
  detector	
  efficiency,	
  and	
  L	
  is	
  the	
  integrated	
  luminosity	
  (36	
  pb-­‐1).	
  

W→τhντ:	
  
• 	
  Trigger	
  	
  on	
  hadronic	
  tau	
  and	
  missing	
  energy	
  (ETmiss)	
  
• 	
  Use	
  Tight	
  τ	
  iden<fica<on	
  (Boosted	
  Decision	
  Tree	
  (BDT)	
  
• 	
  QCD	
  Suppression:	
  
• 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  >	
  6.0	
  	
  
• 	
  	
  ETmiss	
  	
  >	
  30	
  GeV	
  	
  

• 	
  Z→ll/W→lν	
  Suppression:	
  
• 	
  Veto	
  event	
  with	
  iden<fied	
  e/μ	
  

• 	
  Background	
  EsMmaMon	
  (ABCD):	
  

• 	
  Electroweak	
  (EW)	
  backgrounds	
  esMmated	
  from	
  MC	
  
• 	
  W→τν	
  shape	
  verified	
  with	
  embedding	
  
• 	
  Replace	
  μ	
  in	
  data	
  with	
  simulated	
  τ	
  rerun	
  full	
  
reconstruc<on	
  
• 	
  Underlying	
  event	
  and	
  pileup	
  correctly	
  modeled	
  

• 	
  MulMjet:	
  Tight	
  τ	
  vs.	
  Loose-­‐not-­‐Tight	
  τ	
  and	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  >	
  6.0	
  	
  	
  vs.	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  <	
  4.5	
  
• 	
  Must	
  show	
  that	
  the	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  is	
  independent	
  of	
  the	
  τh	
  iden<fica<on	
  and	
  that	
  regions	
  CBD	
  
have	
  negligible	
  signal	
  and	
  EW	
  contamina<on.	
  


