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 Our understanding
as mapped into simulation
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Credit: Frank Krauss, 
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Modifications: Own liability

W+jets

production
We need to know

• Electroweak sector: 

mW, lepton universality

• Proton content:

Valence quarks, gluons, 

strange sea quarks

• Hard interaction:

Higher order QCD & EW,

hard parton emissions

• Radiation:

Parton showers & matching,

EW boson radiation

• Non-perturbative regime:

Matching to perturbative
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- A SELECTION -

 Recent ATLAS results → split into categories

 Precision

 W mass @ 7TeV (arXiv:1701.07240)

 W, Z cross sections @ 7TeV (Eur. Phys. J. C 77 (2017) 367)

 Jets

 Z+jets @ 13TeV (Eur. Phys. J. C77 (2017) 361)

 W+jets @ 8TeV – preliminary results for the first time

 Specials

 Collinear W @ 8TeV (Phys. Lett. B 765 (2017) 132)

 kt-splitting scales in Z production @ 8TeV (JHEP08 (2017) 026)

 Comprehensive

 Z 3D @ 8TeV (Eur. Phys. J. C 76(5), 1-61 (2016))
→ skip in the interest of time
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→ For full details, visit ATLAS public results page, W & Z

https://arxiv.org/abs/1701.07240
https://link.springer.com/article/10.1140/epjc/s10052-017-4911-9
https://link.springer.com/article/10.1140/epjc/s10052-017-4900-z
http://www.sciencedirect.com/science/article/pii/S0370269316307419
https://link.springer.com/article/10.1007/JHEP08(2017)026
http://link.springer.com/article/10.1140/epjc/s10052-016-4070-4
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublicResults#W_Z_Physics


ARXIV:1701.07240

 W production in ATLAS
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Typical selection in the presented analyses

• Exactly 1 isolated electron or muon with:

• pT > 20-30GeV, |η| < 2.4-2.47

• Missing transverse momentum ET
miss > 25-30GeV

• Transverse mass mT > 40-60GeV

W mass

→ Need observables sensitive 

to mW: pT
lep, mT

→ Challenge: High precision!

→ World average: 

𝑚𝑊 = 80385 ± 15𝑀𝑒𝑉
→ 0.02% uncertainty

→ Electroweak fit: 

𝑚𝑊 = 80356 ± 8𝑀𝑒𝑉
→ 0.01% uncertainty!

https://arxiv.org/abs/1701.07240


ARXIV:1701.07240

 Precision of mW measurement

 Extremely good understanding of lepton calibrations and hadronic
recoil

 Very detailed understanding of theoretical modelling

 Default NLO Powheg+Pythia8 MC simulation → reweighted to:

 NNLO QCD as function of rapidity

 At each rapidity: Vector boson pT shape

 At each rapidity & pT: Angular coefficients describing decay in rest frame

 χ²-Compatibility test for pT
lep

and mT for different mW

 Minimum of interpolated χ²-
function → measured mW
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https://arxiv.org/abs/1701.07240


ARXIV:1701.07240

 Precision of mW measurement

 Separate results for W+, W-, electron, muon, pT
lep, mT, 3-4 |ηlep| bins
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→ Taking into account statistical and

systematic uncertainties and their

correlations

→ Similar precision as currently leading measurements by CDF and D0

→ Dominating uncertainties: PDF (mod.), lepton-calibration (exp.)

https://arxiv.org/abs/1701.07240


EUR. PHYS. J. C 77 (2017) 367

 Precision total, fiducial and rapidity-related cross sections
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Typical Z selection in the presented analyses

• Exactly two electrons or muons with:

• pT > 20-25GeV, |η| < 2.4-2.47 

(, opposite charge, here for 1 

electron allowed: 2.5 < |ηel| < 4.9)

• Invariant mass mll window around, 

below or above Z peak

W+ W- Z

Exp.

uncert. [%]

± 0.6 ± 0.5 ± 0.3

Diff. NNLO 

pred. [%]

+ 1.2 + 0.7 + 0.2

https://link.springer.com/article/10.1140/epjc/s10052-017-4911-9


EUR. PHYS. J. C 77 (2017) 367

 Differential cross sections

 For example for Z
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→ Dominating uncertainties: 

Multijet bkg (W), lepton recon-

struction & identification efficiencies

(Z), signal modelling (both)

→ 𝑟𝑠 =
𝑠+  𝑠

2  𝑑
→ Supports 

unsurpressed strange sea

https://link.springer.com/article/10.1140/epjc/s10052-017-4911-9


EUR. PHYS. J. C77 (2017) 361 

 Production of jets in association with a Z boson
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Z

e-, μ-e+, μ+

pp

→ Count jets:

Anti-kt R=0.4

pT > 30GeV, |y| < 2.5

→ Measure jet (-related) 

properties like leading

jet pT, |y|, HT (=ΣpT
jet

+pT
lep1 +pT

lep2), etc.

→ Large HT: contributions

from higher multiplicities

essential → NNLO 

improves w.r.t. NLO

→ Constant (Njets+1/Njets) 

ratio as expected if

dominated by gluon

self-interaction

https://link.springer.com/article/10.1140/epjc/s10052-017-4900-z


FIRST PRELIMINARY RESULTS

 W(→eν) production in association with jets

 Include forward jets: |y| < 4.4
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Challenge – Backgrounds 

→ Multijet: Dominant at low Njets

→ Suppress by electron isolation

& low momentum contributions to

ET
miss from tracks, not calorimeter

deposits

→ 𝑡  𝑡 : Dominant at high Njets

→ Suppress by veto on events 

w/ b-tagged jets (MV1, 60% eff., 

pT>20GeV, |η|<2.5)

→ Measure fiducial and differential 

cross sections for W, W+, W- and

W+/W-



FIRST PRELIMINARY RESULTS

 Differential cross section and cross section ratio
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→ Similar to Z+jets, NNLO improves on NLO, though not as perfect w/ 

forward jets than with central jets only

→ W+/W- exposes different features in predictions → complementary



FIRST PRELIMINARY RESULTS

 Differential W+/W- cross section ratio
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→ Presence of at least one jet → Shifts x-Q² range of the collision higher

→ Information on proton content → Complementary to W asymmetry in 

ATLAS – probes similar x as W asymmetry @ Tevatron



PHYS. LETT. B 765 (2017) 132 

 Radiation of W bosons from light partons at high pT

 Measurement of angle of decay muon (W→μν)
to closest jet

 Boosted topology, central (|ηjet|<2.1)

 Leading jet pT > 500GeV

 Other jet pT > 100GeV

 Again no b-tagged jets
(MV1, 70% eff., pT>25GeV, |η|<2.1)
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Composition

Control 

backgrounds

𝑡  𝑡

Z+jets

Multijets

http://www.sciencedirect.com/science/article/pii/S0370269316307419


PHYS. LETT. B 765 (2017) 132 

 Differential cross section as function of angular separation
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→ NLO QCD+EW or NNLO calculations

required for description of data

→ Amount of collinear W → increases

with jet pT

http://www.sciencedirect.com/science/article/pii/S0370269316307419


 Many interesting measurements with W and Z bosons possible

 Probing different aspects of our understanding of the Standard model

 Proton structure functions, electroweak parameters, perturbative
QCD, QCD radiation, electroweak radiation, etc.

 Experimental challenges

 Precision of calibrations, background suppression & estimation, 
large data and simulation samples required

 Theoretical challenges

 Meet experimental precision → higher order calculations in QCD 
and EW, higher number of hard parton emissions, radiations
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→ Very interesting physics results obtained with W and

Z bosons already

→ More data still to come 



01.09.2017Valerie Lang - PANIC 2017

17



01.09.2017Valerie Lang - PANIC 2017

18



ARXIV:1701.07240

 Multijet estimate

 Template fits to pT
miss, mT and pT

l/mT in two jet-enriched regions

 FR1: Remove SR-requirements on pT
miss and mT

 FR2: In addition, remove SR-requirement on hadronic recoil uT

 Multijet template: From data w/ inverted lepton isolation requirement

 Electron channel Muon channel

 Extrapolation to SR-isolation requirement
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https://arxiv.org/abs/1701.07240


ARXIV:1701.07240

 Systematic uncertainties
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https://arxiv.org/abs/1701.07240


EUR. PHYS. J. C 77 (2017) 367

 Multijet estimate

 Electron channel Muon channel
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W: Fit ET
miss

→ relaxing mT

and ET
miss

→ Multijet

tempalte from

data w/ inverted

(ID and) iso

Z: Fit isolation

→ Again MJ 

template from

data

https://link.springer.com/article/10.1140/epjc/s10052-017-4911-9


EUR. PHYS. J. C 77 (2017) 367

 Systematic uncertainties

 Electron channel Muon channel
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https://link.springer.com/article/10.1140/epjc/s10052-017-4911-9


EUR. PHYS. J. C77 (2017) 361 

 Multijet background → fit separately for each Njets

 Template fit of mll in range: 52-148GeV for electron, 40-80GeV for
muon channel

 Multjet templates from data with looser lepton ID and no/inverted
isolation
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https://link.springer.com/article/10.1140/epjc/s10052-017-4900-z


EUR. PHYS. J. C77 (2017) 361 

 Systematic uncertainties
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https://link.springer.com/article/10.1140/epjc/s10052-017-4900-z


FIRST PRELIMINARY RESULTS

 Multijet estimate

 Fit of ET
miss distribution in range 15-75GeV for each Njets → removed

ET
miss requirement for the fit

 Multijet template from data with inverted electron ID and isolation
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FIRST PRELIMINARY RESULTS

 Systematic uncertainties
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PHYS. LETT. B 765 (2017) 132 

 Multijet estimate

 Pythia 8 MC simulation → normalized to data in control region
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Control region:

• 93% purity of multijet

events

• Inverted SR isolation of

the muon

• Normalization factor: 

1.134 ± 0.054

http://www.sciencedirect.com/science/article/pii/S0370269316307419


PHYS. LETT. B 765 (2017) 132 

 Systematic uncertainties
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http://www.sciencedirect.com/science/article/pii/S0370269316307419


JHEP08 (2017) 026 

 Investigate transition from perturbative to non-perturbative regime

 kt-jets from charged-particle tracks in the ATLAS inner detector

 Tracks with pT > 400MeV, |η| < 2.5

 Cluster to jets → combine track i with track j, if

 Splitting scale, when going from (k+1) to k objects:
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<

https://link.springer.com/article/10.1007/JHEP08(2017)026
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<

→ Let‘s do some numbers (R=0.4)

Track no. pT [GeV] ΔRij √dij [GeV]

1 4 12: 0.2, 13: 0.5 12: 2, 13: 5

2 5 23: 0.3 23: 3.8

3 7

Smallest

→ Combine 1 

and 2

https://link.springer.com/article/10.1007/JHEP08(2017)026
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<

→ Let‘s do some numbers (R=0.4)

Track no. pT [GeV] ΔRij √dij [GeV]

1 4 12: 0.2, 13: 0.5 12: 2, 13: 5

2 5 23: 0.3 23: 3.8

3 7

Smallest

→ Combine 

(12) and 3

~9 (12)3: 0.3 (12)3: 5.3(12)

https://link.springer.com/article/10.1007/JHEP08(2017)026
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<

→ Let‘s do some numbers (R=0.4)

Track no. pT [GeV] ΔRij √dij [GeV]

1 4 12: 0.2, 13: 0.5 12: 2, 13: 5

2 5 23: 0.3 23: 3.8

3 7

~9 (12)3: 0.3 (12)3: 5.3(12)
Smallest

→ Define jet
(123) ~16 No further track -

→ Now define splitting scales:

√d0=16GeV, √d1=5.3GeV, √d2=2GeV
→ √d0 : measurement of 

leading track jet pT

https://link.springer.com/article/10.1007/JHEP08(2017)026


JHEP08 (2017) 026 

 Cross section as function of splitting scale for R=0.4 and R=1.0 
jets → w/ and w/o correction for neutral particles in jets
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Charged particles only Charged + neutral particles

→ New input for tuning of parameters in non-perturbative

states of event generators

https://link.springer.com/article/10.1007/JHEP08(2017)026


EUR. PHYS. J. C 76(5), 1-61 (2016) 

 Measurement of differential cross sections as function of pT
ll and

ϕη* for bins in mll and |yll|
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http://link.springer.com/article/10.1140/epjc/s10052-016-4070-4


EUR. PHYS. J. C 76(5), 1-61 (2016) 

 Differential cross sections in mass peak
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http://link.springer.com/article/10.1140/epjc/s10052-016-4070-4


EUR. PHYS. J. C 76(5), 1-61 (2016) 

 Comparison to theory
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Resummed

prediction ResBos

describes well low

ϕη* , but not high ϕη* 

http://link.springer.com/article/10.1140/epjc/s10052-016-4070-4


EUR. PHYS. J. C 76(5), 1-61 (2016) 

 Comparison to theory
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Generators 

interfaced to parton 

showers get the 5-

100GeV part for pT
ll

roughly right, but 

neither the very low

(non-perturbative) 

nor the high pT (hard

parton emission) 

part

http://link.springer.com/article/10.1140/epjc/s10052-016-4070-4


EUR. PHYS. J. C 76(5), 1-61 (2016) 

 Comparison to theory
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Fixed order NNLO 

prediction gets

shape approximately

right above 40GeV 

(flat ratio), but 

absolute cross

section prediction is

off by 15%, not 

covered by scale & 

PDF uncertainties

http://link.springer.com/article/10.1140/epjc/s10052-016-4070-4

