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Motivation
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τ leptons play important role in Search 
for New Physics phenomena (light SM 
Higgs and SUSY) with ATLAS

Z→ττ and W→τυ are important 
backgrounds to new physics searches

W→τν cross section measurement 
completes the measurement of  W 
production at LHC

important validation of reconstruction 
and identification techniques for τ 
leptons and the measurement of the 
missing transverse energy



W→τυ decays

3

Event topology

soft visible τh momentum spectrum (sum of charged hadrons)

missing transverse energy ETmiss due to 2 neutrinos

True missing 
transverse 
energy

Predicted NNLO cross section: 
σ x BR = 10.46 nb 

q

q ̅

W
τ

ντ



Tau reconstruction & identification at ATLAS
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Only hadronic τ leptons studied

Two reconstruction algorithms for ATLAS

track-seeded seed is leading good quality track with pT > 6 GeV

calo-seeded seeded by calorimeter (anti-kt) jet from built topological clusters

all calo-seeded candidates used in this analysis

BDT identification used in this analysis

Three τh identification algorithms provided 

simple cuts 

Boosted Decision Tree (BDT) 

Likelihood (LLH)



Missing transverse energy

 Efficient QCD background rejection by additional cut on 
ETmiss significance                                                                                           
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Event preselection
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GRL & Trigger:

GRL 

combined tau & ETmiss trigger

Cleaning cuts:

At least 1 vertex with Ntrk > 2

Veto of jets with 

identified as non-collision events or noise

jet with pT > 20 GeV in 1.3 < |η|<1.7

jet pT > 20 GeV and min(Δφ(jet, ETmiss)) < 0.5                      

Remove events with 
fake missing ET

Data period Trigger Efficiency

First (12 pb-1) loose tau pT>12GeV, ETmiss>20 GeV (81.3±0.8)%

Second (25 pb-1) medium tau pT>16GeV, ETmiss>22 GeV (62.7±0.7)%

Measurement with 2010 ATLAS data (34 pb-1)



Event selection
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Event signature:

ETmiss > 30 GeV

Leading tau candidate 

passing BDT tau ID 

20 GeV < pT < 60 GeV, not in crack region

Lepton vetos:

Veto medium electrons with pT > 15 GeV

Veto combined muon with pT > 15 GeV

Additional electron+muon veto from tau ID

QCD background rejection:

ETmiss significance cut                               >6        

Suppress background 
from W and Z

Strong rejection of 
QCD background



Background estimation

EW background is taken from Monte Carlo and scaled to NNLO cross sections.
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NNLO cross sections in agreement 
with ATLAS measurements.

The shapes of the important 
quantities are well described in Monte 
Carlo, verified by comparison to 
embedded sample.



Background estimation
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Regions are defined by two variables:

ETmiss significance

BDT tau ID

To reduce EW/signal contamination in 
control regions BCD, gaps are introduced

Corrected for EW and signal contamination

QCD background estimated from data - two side bin (ABCD) method used



Background estimation 
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good agreement data/MC confirms background estimation



Control plots - ETmiss
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log

C A

D B

good agreement data/MC



Control plots - tau
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C A

D B

good agreement data/MC



Control plots - event topology

good agreement data/MC
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Cross section measurement
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Nbkg

EW background from MC
QCD background from ABCD method

With the kinematic and geometrical signal acceptance343

AW =
Ngen, kin/geom

Ngen, all
, (9)344

where Ngen, all is the total number of simulated signal345

events while Ngen, kin/geom is the denominator of CW , the346

total cross section347

σtot
W→τhντ

= σfid
W→τhντ

/AW =
Nobs −Nbkg

AW CWL (10)348

can be obtained. AW and CW are determined using a349

PYTHIA Monte Carlo signal sample described in Section350

3. The fiducial acceptance is found to be AW = 0.0975 ±351

0.0004(MCstat) and the correction factor CW = 0.0799 ±352

0.0011(MCstat).353

The measured fiducial cross section of the W → τhντ354

decay is:355

σfid
W→τhντ

=
�
0.70± 0.02(stat)

�
nb (11)356

and the total cross section is found to be:357

σtot
W→τhντ

=
�
7.2± 0.2(stat)

�
nb. (12)358

Several alternative analyses are performed to confirm359

these results. For example, the BDT τh ID is replaced by360

a simpler identification based on cuts on three of the ID361

variables only [29]. Also, in order to study the influence362

of pile-up on the result, the signal selection is restricted363

to events with only one reconstructed primary vertex. In364

both cases consistent results are found.365

8. Systematic uncertainties366

Table 3 summarizes the systematic uncertainties. The367

main sources are discussed in the following.368

Monte Carlo predictions. The trigger efficiency is deter-369

mined in Monte Carlo for the two combined Emiss
T and370

τh triggers. The differences between the measured trig-371

ger responses in data and Monte Carlo are considered as372

systematic uncertainty. A pure and unbiased sample en-373

riched with W → τhντ events is obtained in data by apply-374

ing an independent τ (Emiss
T ) trigger and selected cuts of375

the event selection like the BDT τh ID. The correspond-376

ing Emiss
T (τ) trigger part is applied to this sample and377

the response of this trigger is compared to the response in378

Monte Carlo. The observed differences are integrated over379

the offline τh pT and Emiss
T range used for the cross section380

measurement. The total systematic uncertainty after the381

combination of the different trigger parts is 6.1%.382

The signal and background acceptance depends on the383

energy scale of the clusters used in the computation of384

Emiss
T and SEmiss

T
and the energy scale of the calibrated τh385

candidates. Based on the current knowledge of the calibra-386

tion the uncertainty due to cluster energy within the detec-387

tor region |η| < 3.2 is at most 10% for pT of 500 MeV and388

within 3% at high pT as described in [27, 33, 34, 35]. In the389

forward region |η| > 3.2 it is estimated to be 10%. These390

uncertainties have been evaluated by scaling all clusters in391

the event according to these uncertainties and recalculat-392

ing Emiss
T and

�
ET. At the same time, the τh energy scale393

has been varied according to its uncertainty [29]. This un-394

certainty depends on the number of tracks associated to395

the τh candidate, its pT and the η region in which it was re-396

constructed and ranges from 2.5% to 10%. In addition, the397

sensitivity of the signal and background efficiency to the398

Emiss
T resolution has been investigated [35]. Consequently,399

the yield of EW background and signal varies within 6.7%400

and 8.7%, respectively.401

The identification and reconstruction efficiency of τh402

candidates was studied with Monte Carlo W → τhντ and403

Z → ττ samples and was found to vary with different404

simulation conditions such as different underlying event405

models, detector geometry, hadronic shower modeling and406

noise thresholds for calorimeter cells in the cluster recon-407

struction [29]. These uncertainties are evaluated as a func-408

tion of pT of the τh candidate, separately for candidates409

with one or multiple tracks and low or high multiplicity of410

primary vertices in the event. The selection efficiency for411

the signal varies within 9.6%.412

The probability of a QCD jet or electron of being misiden-413

tified as τh candidate has been evaluated in data and com-414

pared with the expectation from Monte Carlo. The rate of415

jets that are misidentified as τh candidates was calculated416

using a selection of W→ �ν+jets events (with � = e, µ) and417

measuring the fraction of reconstructed candidates that418

are found by the τh identification. The deviation of this419

misidentification rate in Monte Carlo compared to that in420

data of 30% was applied as systematic uncertainty to the421

fraction of events mimicked by a QCD jet. The overall422

uncertainty on the EW background is 7.2%. The misiden-423

tification probability of electrons as τh candidates has been424

determined with a “tag-and-probe” method using Z → ee425

events where the τh identification and τh electron veto is426

applied to one of the electrons. The difference between the427

misidentification probability in data and Monte Carlo as428

a function of η has been applied as systematic uncertainty429

to τh candidates mimicked by an electron. It amounts to430

4.5% for the total EW background.431

Other sources of systematic uncertainties have been432

evaluated and were found to have only small effects on the433

resulting cross section measurement, for example the pro-434

cedure to include pile-up effects, the uncertainty on the435

lepton selection efficiency entering the veto of electrons436

and muons and the influence of the underlying event mod-437

eling on Emiss
T quantities. The uncertainties on the cross438

sections used for the EW background are taken from AT-439

LAS measurements when available or theoretical NNLO440

cross sections and lie between 3 and 9.7% [6, 36, 4, 5].441

The uncertainty on the integrated luminosity is 3.4% [10].442

QCD background estimation. Two different sources of sys-443

tematic uncertainties arising from the method to estimate444

the QCD background events from data have been studied.445
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Figure 3: (a) Distribution of missing transverse energy in signal region A in linear scale. The QCD background shape has been extracted
from control region C. (b) Distribution of missing transverse energy in logarithmic scale. (c) Transverse momentum and (d) number of tracks
of τh candidates in signal region A. The QCD background shape has been extracted from control region B. (e) Distribution of ∆φ(τh, Emiss

T )
and (f) transverse mass mT in signal region A. The QCD background shape has been extracted from control region C. The expectation from
Monte Carlo signal and EW background in region A are also shown.

distribution of Emiss
T , the pT spectrum of the τh candi-306

date, the number of tracks associated to the τh candi-307

date, the ∆φ(τh, Emiss
T ) and transverse mass distribution,308

mT =

�
2 · pτh

T · Emiss
T ·

�
1− cos ∆φ

�
τh, Emiss

T

��
, in the se-309

lected signal region A are shown for ATLAS data and the310

combined background estimate, illustrating the character-311

istic properties of W → τhντ decays. In all the distri-312

butions a good agreement between data and Monte Carlo313

prediction is observed.314

7. Cross section measurement315

The fiducial cross section is measured in a phase space316

region given by the geometrical acceptance of the detector317

and by the kinematic selection of the analysis (as described318

in Section 5). This region is defined based on the decay319

products from a simulated hadronic τ decay and corre-320

sponds to the cuts reported in Table 2.

20 GeV < pτ,vis
T < 60 GeV

|ητ,vis| < 2.5, excluding 1.3 < |ητ,vis| < 1.7
(
�

pν
)T > 30 GeV

|∆φ(pτ,vis,
�

pν
)| > 0.5

Table 2: Definition of the acceptance region.

321

Here, the visible τ momentum pτ,vis
T and pseudorapid-322

ity ητ,vis
are calculated from the sum of the four-vectors of323

the decay products from the simulated hadronic τ decay,324

except for the neutrinos. This momentum also includes325

photons radiated both from the τ lepton and from the326

decay products themselves, considering only photons in a327

∆R < 0.4 cone of the τh. The minimum Emiss
T requirement328

translates into a cut on the transverse component of the329

sum of the simulated neutrino four-vectors (
�

pν
)T .330

The fiducial cross section is defined as331

σfid
W→τhντ

= σfid
pp→WX ×BR(W → τhντ )

=
Nobs −Nbkg

CWL , (7)

where Nobs is the number of observed events in data, Nbkg332

is the number of estimated (QCD and EW) background333

events, and L is the integrated luminosity. CW is the cor-334

rection factor that takes into account the efficiency of trig-335

ger, τh reconstruction and identification and the efficiency336

of all selection cuts within the acceptance:337

CW =
Nreco, all cuts

Ngen, kin/geom
, (8)338

where Nreco, all cuts is the number of fully simulated signal339

events passing the reconstruction and the selection cuts of340

the analysis and Ngen, kin/geom is the number of simulated341

signal events within the fiducial region defined above.342
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Figure 3: (a) Distribution of missing transverse energy in signal region A in linear scale. The QCD background shape has been extracted
from control region C. (b) Distribution of missing transverse energy in logarithmic scale. (c) Transverse momentum and (d) number of tracks
of τh candidates in signal region A. The QCD background shape has been extracted from control region B. (e) Distribution of ∆φ(τh, Emiss

T )
and (f) transverse mass mT in signal region A. The QCD background shape has been extracted from control region C. The expectation from
Monte Carlo signal and EW background in region A are also shown.
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=
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where Nobs is the number of observed events in data, Nbkg332

is the number of estimated (QCD and EW) background333

events, and L is the integrated luminosity. CW is the cor-334

rection factor that takes into account the efficiency of trig-335

ger, τh reconstruction and identification and the efficiency336

of all selection cuts within the acceptance:337

CW =
Nreco, all cuts

Ngen, kin/geom
, (8)338

where Nreco, all cuts is the number of fully simulated signal339

events passing the reconstruction and the selection cuts of340

the analysis and Ngen, kin/geom is the number of simulated341

signal events within the fiducial region defined above.342
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With the kinematic and geometrical signal acceptance343

AW =
Ngen, kin/geom

Ngen, all
, (9)344

where Ngen, all is the total number of simulated signal345

events while Ngen, kin/geom is the denominator of CW , the346

total cross section347

σtot
W→τhντ

= σfid
W→τhντ

/AW =
Nobs −Nbkg

AW CWL (10)348

can be obtained. AW and CW are determined using a349

PYTHIA Monte Carlo signal sample described in Section350

3. The fiducial acceptance is found to be AW = 0.0975 ±351

0.0004(MCstat) and the correction factor CW = 0.0799 ±352

0.0011(MCstat).353

The measured fiducial cross section of the W → τhντ354

decay is:355

σfid
W→τhντ

=
�
0.70± 0.02(stat)

�
nb (11)356

and the total cross section is found to be:357

σtot
W→τhντ

=
�
7.2± 0.2(stat)

�
nb. (12)358

Several alternative analyses are performed to confirm359

these results. For example, the BDT τh ID is replaced by360

a simpler identification based on cuts on three of the ID361

variables only [29]. Also, in order to study the influence362

of pile-up on the result, the signal selection is restricted363

to events with only one reconstructed primary vertex. In364

both cases consistent results are found.365

8. Systematic uncertainties366

Table 3 summarizes the systematic uncertainties. The367

main sources are discussed in the following.368

Monte Carlo predictions. The trigger efficiency is deter-369

mined in Monte Carlo for the two combined Emiss
T and370

τh triggers. The differences between the measured trig-371

ger responses in data and Monte Carlo are considered as372

systematic uncertainty. A pure and unbiased sample en-373

riched with W → τhντ events is obtained in data by apply-374

ing an independent τ (Emiss
T ) trigger and selected cuts of375

the event selection like the BDT τh ID. The correspond-376

ing Emiss
T (τ) trigger part is applied to this sample and377

the response of this trigger is compared to the response in378

Monte Carlo. The observed differences are integrated over379

the offline τh pT and Emiss
T range used for the cross section380

measurement. The total systematic uncertainty after the381

combination of the different trigger parts is 6.1%.382

The signal and background acceptance depends on the383

energy scale of the clusters used in the computation of384

Emiss
T and SEmiss

T
and the energy scale of the calibrated τh385

candidates. Based on the current knowledge of the calibra-386

tion the uncertainty due to cluster energy within the detec-387

tor region |η| < 3.2 is at most 10% for pT of 500 MeV and388

within 3% at high pT as described in [27, 33, 34, 35]. In the389

forward region |η| > 3.2 it is estimated to be 10%. These390

uncertainties have been evaluated by scaling all clusters in391

the event according to these uncertainties and recalculat-392

ing Emiss
T and

�
ET. At the same time, the τh energy scale393

has been varied according to its uncertainty [29]. This un-394

certainty depends on the number of tracks associated to395

the τh candidate, its pT and the η region in which it was re-396

constructed and ranges from 2.5% to 10%. In addition, the397

sensitivity of the signal and background efficiency to the398

Emiss
T resolution has been investigated [35]. Consequently,399

the yield of EW background and signal varies within 6.7%400

and 8.7%, respectively.401

The identification and reconstruction efficiency of τh402

candidates was studied with Monte Carlo W → τhντ and403

Z → ττ samples and was found to vary with different404

simulation conditions such as different underlying event405

models, detector geometry, hadronic shower modeling and406

noise thresholds for calorimeter cells in the cluster recon-407

struction [29]. These uncertainties are evaluated as a func-408

tion of pT of the τh candidate, separately for candidates409

with one or multiple tracks and low or high multiplicity of410

primary vertices in the event. The selection efficiency for411

the signal varies within 9.6%.412

The probability of a QCD jet or electron of being misiden-413

tified as τh candidate has been evaluated in data and com-414

pared with the expectation from Monte Carlo. The rate of415

jets that are misidentified as τh candidates was calculated416

using a selection of W→ �ν+jets events (with � = e, µ) and417

measuring the fraction of reconstructed candidates that418

are found by the τh identification. The deviation of this419

misidentification rate in Monte Carlo compared to that in420

data of 30% was applied as systematic uncertainty to the421

fraction of events mimicked by a QCD jet. The overall422

uncertainty on the EW background is 7.2%. The misiden-423

tification probability of electrons as τh candidates has been424

determined with a “tag-and-probe” method using Z → ee425

events where the τh identification and τh electron veto is426

applied to one of the electrons. The difference between the427

misidentification probability in data and Monte Carlo as428

a function of η has been applied as systematic uncertainty429

to τh candidates mimicked by an electron. It amounts to430

4.5% for the total EW background.431

Other sources of systematic uncertainties have been432

evaluated and were found to have only small effects on the433

resulting cross section measurement, for example the pro-434

cedure to include pile-up effects, the uncertainty on the435

lepton selection efficiency entering the veto of electrons436

and muons and the influence of the underlying event mod-437

eling on Emiss
T quantities. The uncertainties on the cross438

sections used for the EW background are taken from AT-439

LAS measurements when available or theoretical NNLO440

cross sections and lie between 3 and 9.7% [6, 36, 4, 5].441

The uncertainty on the integrated luminosity is 3.4% [10].442

QCD background estimation. Two different sources of sys-443

tematic uncertainties arising from the method to estimate444

the QCD background events from data have been studied.445
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alternative methods (with cut-based tau ID, 1 vertex) yield consistent results for cross section

AW = 0.0975 ± 0.0004 (MC stat)

CW = 0.0799 ± 0.0011 (MC stat)



Systematic uncertainties

Main contributions:

uncertainty on energy scale

hadronic tau identification efficiency
15

δCW
CW

δNEW
NEW

δNQCD
NQCD

δσfid
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 modeling 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 the446

two variables (τh ID and SEmiss
T

) used to define the control447

regions have been tested by varying the SEmiss
T

threshold.448

The systematic uncertainty due to the correction for signal449

and EW background contamination in the control regions450

was obtained by varying the fraction of these events in451

the regions within the combined systematic and statisti-452

cal uncertainties on the Monte Carlo predictions discussed453

above. The total uncertainty on the QCD background es-454

timation is 3.4%.455

Acceptance. The theoretical uncertainty on the geometric456

and kinematic acceptance factor AW is dominated by the457

limited knowledge of the proton PDFs and the modeling458

of the W -boson production at the LHC.459

The uncertainty resulting from the choice of the PDF460

set is evaluated by comparing the acceptance obtained461

with different PDF sets (the default MRST LO*, CTEQ6.6462

and HERAPDF 1.0 [37]) and within one PDF set re-weighting463

the default sample to the different error eigenvectors avail-464

able for the CTEQ6.6 NLO PDF [38]. The uncertainty is465

1.6% in both cases and combines to 2.3%.466

The uncertainty on the modeling of the production of467

W was evaluated by comparing the default sample accep-468

tance to the one obtained from a MC@NLO sample where469

the parton shower is modeled by HERWIG. The difference470

in acceptance is found to be negligible.471

9. Results472

The results of the analysis relevant to the cross sec-473

tion measurement are summarized in Table 4. Within the474

acceptance region defined in table 2 they translate into a475

fiducial cross section σfid
W→τhντ

of:476

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

�
nb (13)

Nobs 2335
NQCD 127 ± 8 (stat) ± 4 (sys)

NEW 284 ± 7 (stat) ± 43 (sys)

AW 0.0975± 0.0004(stat) ± 0.0022(sys)

CW 0.0799± 0.0011(stat) ± 0.0107(sys)

Table 4: Resulting numbers for the cross section calculation.

and a total cross section σtot
W→τhντ

of:477

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

�
nb. (14)

After correcting the cross section for the hadronic τ decay478

branching ratio BR(τ → hντ ) = 0.6479 ± 0.0007 [39] this479

yields the following inclusive cross section σtot
W→τντ

:480

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

�
nb. (15)

The measured cross section is in good agreement with481

the theoretical NNLO cross section 10.46 ± 0.52 nb [4, 5,482

6] and the ATLAS measurements of the W → eνe and483

W → µνµ cross sections [32]. The comparison of the cross484

section measurements for the different lepton final states485

and the theoretical expectation is shown in Figure 4. This486

is the first W → τντ cross section measurement performed487

at the LHC.488

489

490
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AW systematic uncertainty 
(mainly PDF uncertainty): 1.9%

With the kinematic and geometrical signal acceptance343
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σtot
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= σfid
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/AW =
Nobs −Nbkg
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can be obtained. AW and CW are determined using a349
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0.0011(MCstat).353
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decay is:355

σfid
W→τhντ

=
�
0.70± 0.02(stat)

�
nb (11)356

and the total cross section is found to be:357

σtot
W→τhντ

=
�
7.2± 0.2(stat)

�
nb. (12)358

Several alternative analyses are performed to confirm359

these results. For example, the BDT τh ID is replaced by360

a simpler identification based on cuts on three of the ID361

variables only [29]. Also, in order to study the influence362

of pile-up on the result, the signal selection is restricted363

to events with only one reconstructed primary vertex. In364

both cases consistent results are found.365

8. Systematic uncertainties366

Table 3 summarizes the systematic uncertainties. The367
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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 modeling 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 the446

two variables (τh ID and SEmiss
T

) used to define the control447

regions have been tested by varying the SEmiss
T

threshold.448

The systematic uncertainty due to the correction for signal449

and EW background contamination in the control regions450

was obtained by varying the fraction of these events in451

the regions within the combined systematic and statisti-452

cal uncertainties on the Monte Carlo predictions discussed453

above. The total uncertainty on the QCD background es-454

timation is 3.4%.455

Acceptance. The theoretical uncertainty on the geometric456

and kinematic acceptance factor AW is dominated by the457

limited knowledge of the proton PDFs and the modeling458

of the W -boson production at the LHC.459

The uncertainty resulting from the choice of the PDF460

set is evaluated by comparing the acceptance obtained461

with different PDF sets (the default MRST LO*, CTEQ6.6462

and HERAPDF 1.0 [37]) and within one PDF set re-weighting463

the default sample to the different error eigenvectors avail-464

able for the CTEQ6.6 NLO PDF [38]. The uncertainty is465

1.6% in both cases and combines to 2.3%.466

The uncertainty on the modeling of the production of467

W was evaluated by comparing the default sample accep-468

tance to the one obtained from a MC@NLO sample where469

the parton shower is modeled by HERWIG. The difference470

in acceptance is found to be negligible.471

9. Results472

The results of the analysis relevant to the cross sec-473

tion measurement are summarized in Table 4. Within the474

acceptance region defined in table 2 they translate into a475

fiducial cross section σfid
W→τhντ

of:476

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

�
nb (13)

Nobs 2335
NQCD 127 ± 8 (stat) ± 4 (sys)

NEW 284 ± 7 (stat) ± 43 (sys)

AW 0.0975± 0.0004(stat) ± 0.0022(sys)

CW 0.0799± 0.0011(stat) ± 0.0107(sys)

Table 4: Resulting numbers for the cross section calculation.

and a total cross section σtot
W→τhντ

of:477

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

�
nb. (14)

After correcting the cross section for the hadronic τ decay478

branching ratio BR(τ → hντ ) = 0.6479 ± 0.0007 [39] this479

yields the following inclusive cross section σtot
W→τντ

:480

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

�
nb. (15)

The measured cross section is in good agreement with481

the theoretical NNLO cross section 10.46 ± 0.52 nb [4, 5,482

6] and the ATLAS measurements of the W → eνe and483

W → µνµ cross sections [32]. The comparison of the cross484

section measurements for the different lepton final states485

and the theoretical expectation is shown in Figure 4. This486

is the first W → τντ cross section measurement performed487

at the LHC.488
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Systematic uncertainties
Monte Carlo predictions

Trigger efficiency: The response of the τh and ETmiss trigger part are 
compared in data and MC - 6.1%

Energy scale uncertainty: all clusters in event are rescaled according 
to their uncertainty and ΣET and ETmiss are recalculated, at the same time τh 
energy scaled is according to its uncertainty - 6.7% for CW, 8.7 % for Nbkg

τh identification efficiency: Uncertainty evaluated for Monte Carlo - 
varies with underlying event models, detector geometry, hadronic shower 
model, calorimeter noise cluster thresholds (provided by tau WG) - 9.6 % 
for CW, 4.1 % for Nbkg

Electron/jet misidentification: The misidentification probability of 
jets/electrons as τh candidates is determined in data and Monte Carlo in a 
W→lυ+jets/Z→ee sample - 7.5% / 4.2% for Nbkg

20

Affecting Nbgk and CW



Systematic uncertainties

QCD background estimation

stability/small correlation of variables: studied by varying the 
SETmiss threshold - 2.7% 

contamination of signal+EW background: studied by varying 
them in control regions within statistical and systematic uncertainty - 2.1%

Acceptance AW

Uncertainty of PDF: reweight default MRSTLO* to different error 
eigenvectors available for CTEQ6.6, reweight default to PDF sets of CTEQ 
6.6 and HERAPDF 1.0 - 1.9%

Uncertainty on modelling of parton shower: comparison of 
acceptance with MC@NLO (after correction for missing tau polarization) - 
negligible
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Affecting Nbgk



Tau ID variables
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Tau ID variables



MC samples
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