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N

§ Analyses covered )

NVl

» New or recent V+jets measurements to be presented:

8 TeV kT-splittings
» https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-14/ (submitted to JHEP)

/&8 TeV Electroweak W production
» https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2014-11/ (EP)C)

8 TeV W boson angular distributions
» https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-16/ (PLB)

13 TeV Z+]ets
» https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2016-01/ (EP)C)
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CE/RW
\

8 TeV kr-splittings

[arXiv:1704.01530]
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N

% 8TeV kr-splittings | Overview ()

Nyl

» Splitting scales are sensitive to the hard perturbative modelling at high scale
values as well as soft hadronic activity at lower values.

Provide a valuable input complementary to standard jet measurements, in particular
iINn the transition region.

» Splitting scales are measured for
/ — e+e—and Z — y+u- channels
jet-radius parameters of R=0.4 and R =1.0.
Charged-particle tracks are used for the analysis.

» Results are compared to state-of-the-art theoretical predictions with

NNLO accuracy matrix elements
Multi-leg NLO merging
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Start with three input momenta po, p7 and p2

Vdo = pr of the leading k:-jet,
Vdy = distance measure where

N-jet event is resolved as N+1-
jet event.
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y8TeV krsplittings | Definion ()

2
dij = min (P'zr,i’ p’zr,j) X Rzu
dip = P%,i,
Minimum distance measure is the one
between two input momenta py and pz, so dr = mun(d;;, dip)
that the two input momenta are replaced -/
by their vector combination, pi2 Po Vdo = pr of the leading k:-jet,

Vdn = distance measure where
N-jet event is resolved as N+1-
b jet event.
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Minimum distance measure IS between the
po and the beam line, so that po is declared

a jet (j2) and removed from the input list. 7o Ja the leading Ke-iet
o = P71 Ol Ine leading Ki-jet,

Vdy = distance measure where

N-jet event is resolved as N+1-
b jet event.
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There is only the combined input
momentum py2 left and so it will be
declared a jet (j7) and the algorithm

terminates J2 Vdo = pr of the leading k:-jet,
Vdy = distance measure where

N-jet event is resolved as N+1-
b jet event.
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§'8TeV kr-splittings | Background estimation (&)
» Most backgrounds taken from MC

) background is estimated from data
Reverse some lepton identification criteria to get a multijet sample from data. Use in template fit.

» Purity of the signal is ~99 %
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% 8TeV kr-splittings | Systematics (&)

NVl

» Using only tracking information significantly reduces the uncertainty wrt
previous result
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§8TeV kr-splittings | Results

» In lower-order splitting scales

both predictions underestimate
the peak region by 10-20%

» At higher values of vd,

MEPS@NLO agrees well
NNLOPS systematically

overestimates the cross section.

» In the soft region:

Both overshoot data in
lower-order splitting scales

NNLOPS improves significantly

for higher-order splitting scales.
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» Neither prediction provides a fully satistactory description of the data.
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§'8TeV kr-splittings | MC studies

» Now used for validation of new

ATLAS MC configurations. “
Sherpa MEPS@NLO (NLO@Z2j LO@4)) 10°
Powheg MiNLO+Pythia8 (NLO@1)) ’
MG5_aMC+Pythia8 FxFx (NLO@Z2)) L

» All MCs struggle with transition between

perturbative & non-perturbative regions.

—_
o
N

» Sherpa slightly better than
MG5_aMC+Py8 FxFx for high-energy part.

[pb/GeV]

10
&

N

1

» The parton shower-dominated regionis ",
better described by Pythia8 than Sherpa.
» Small uncertainty gives constraints for £ i:
better modelling in future.
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CE/RW
\

7&8 TeV Electroweak W production

[Eur. Phys. J. C 77 (2017) 474
arXiv:1703.04362]
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Introduction D)

& 7&8 TeV EW Wjj

» Most precise measurement of VBF boson production

» Sensitive to triple-gauge couplings

» Validate uncertainties common to VBF Higgs measurements
» Only measurement of VBF boson production at 7 TeV

» Differential measurements of VBF boson production
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©

Introduction q

& 7&8 TeV EW Wjj

» Most precise measurement of VBF boson production

» Sensitive to triple-gauge couplings

» Validate uncertainties common to VBF Higgs measurements
» Only measurement of VBF boson production at 7 TeV

» Differential measurements of VBF boson production

This talk will focus on the strong Wjj results
— the EWK Wjj results were covered in Ismet’s talk.
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& 7&8 TeV EW Wjj

Introduction chun))

NL S
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L >— 4 Ui e _d}
Vector boson fusion W bremsstrahlung Non-resonant

Electroweak
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& 7&8 TeV EW Wjj

» The analysis defines measurement regions varying in EW Wjj purity.

Analysis strategy )

N/
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& 7&8 TeV EW Wjj

» MC samples are used to model Wjj production
Small data-derived corrections are applied to reduce systematic uncertainties.

Backgrounds W)

N/

» Other processes producing a prompt charged lepton are also modelled with MC
» The multijet background is modelled using data.
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& 7&8 TeV EW Wjj

» MC samples are used to model Wjj production
Small data-derived corrections are applied to reduce systematic uncertainties.

Backgrounds W)

N/

» Other processes producing a prompt charged lepton are also modelled with MC
» The multijet background is modelled using data.
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7&8 TeV EW Wijj

Systematics W)

NL S
» Uncertainties in strong Wjj S 07 {JUSEIET v 2 O WMSRIT .
modelling are important at low T SEE D8 1 2T IER D8R
dijet invariant mass
» Interference uncertainties become :
dominant at low dijet rapidity o8
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& 7&8 TeV EW Wjj
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» All predictions
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» Inclusive selection
also shows significant
mismodelling of dijet

PT.

» Dijet mass
mismodelling is
particularly striking

Strong production
dominated region.

Sherpa is particularly
discrepant.

» Important for VBF
analyses e.g. Higgs.
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& 7&8 TeV EW Wjj

» Summary of cross section results:
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8 TeV W boson angular distributions

[Phys. Lett. B 765 (2017) 132
arXiv:1609.07045]
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§8TeVWdR | Introducton (@)

» Measure W+jets events kinematically
consistent with a real W emission

A muon is observed close to a high
transverse momentum jet.

At small angular separations the real W
emissions contribution is expected to be

g 1900 AlTLAS|SimuIa|1tion N

|arge. g 1005 Leading\riezt STT>e\5/OO GeV _E

O = |

g 80: PYTHIAS: _:

» Theoretical models are compared to T :
60 +WeaK snower ]

the data for: L :
40 —— -

Absolute cross-section. M E
Angular distributions of the muon from e W I

0 0.5 1 1.5 2 2.5 3 3.5 4

the leptonic W decay. AR(W, closest jet)
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¥ 8TeVWdR | Backgrounds (@)

» Control regions defined for major backgrounds to derive MC scale factors:
Multijet-enriched (Pythia8)=1.13
ttbar-enriched (Powheg+Pythia6) = 0.86
(Alpgen+Pythia6) = 0.71

o\ - o\ = \ - =
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; + Leading Jet p_> 500 GeV - ; Z ///é Leading Jet p_> 500 GeV ] ; - o Data Leading Jet p_> 500 GeV =
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100 — -
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& 8 TeV W dR | Results =)
» All fed into signal region with signal scale-factor:

(Alpgen+Pythia6) = 0.71 S 250 \s-sTev.20am’ ATLAS — —
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» Dominant systematic uncertainties are “LE . PN/
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N

¥ 8 Tev W dR | Comparison to predictions ()

NL S
» Unfolded data compared to several predictions: & s W emvmsm T arias
E 160; tht:GEN+PYTHIA6 Wijets -eedng Jetp 205t
Alpgen+Pythiab (LO@>)) R AT
Pythia8+Weak Shower (LO@2j+EWK PS) © qpor ez Tieth, NNLO ;

100—
- T

» At smaller AR, neither the shape nor the overall
Cross- section agree well for Alpgen or Pythia8.

%II\Q%\II I

Pred./Data

» The predictions from and v SN
show much better
agreement across the entire distribution.

Pred./Data

AR(u, closest jet)
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N

¥ 8 TeV W dR | Comparison to predictions )

NVl

» Low and high leading

. . . G DD
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§ 8 TeV W dR | Comparison to predictions (&
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» The Sherpa prediction

performs best. AR, closestjel
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13 TeV Z+jets

[Eur. Phys. J. C77 (2017) 361
arXiv:1702.05725]
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{13 TeV Ztjets | Introduction @)

NVl

» Provides a clean signal with which to perform accurate measurements.
» Used as a powerful test of perturbative QCD.

» V+jets processes constitute a non-negligible background for studies of the
Higgs boson and in searches for new phenomena

Accurate modelling is vital for the sensitivity of these analyses
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N

¥ 13 TeV Z+jets | Backgrounds &)

NVl

» Backgrounds from non-signal single-boson, diboson and top-quark (single
top-quark and top- quark pair) production are estimated using MC

» Contributions from multijet events are evaluated with data-driven

. > — =
tEChanues S 1()7:_Z/Y*(ee+e_)+21jet ?\Kl?n%taStat ® Syst. Unc.
_ - . Ql = ATLAS |\:|Z_e ee, SHERPA 2.2 =
Background-enriched multijet control regions 3 e L 13TeV, 316 10" =§’A§§|§t’_§q2rk -
' - - =L
in data are constructed by loosening the lepton §>105;_ =7 wt e
identification and isolation requirements. i o a0aey -
Templates are built from the dilepton invariant 10° :
mass distribution 102 :
The templates are normalised to events O =
o the 7-h onal selocti § 15 Uhimmze T
passing the Z-boson signal selection. < P S
o5l o vesmoweoem
“ 770 75 80 85 90 95 100 105 110

- [GeV]
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§ 13 TeV Z+jets | Systematics @)
» Dominant sources of systematic uncertainty are:
and jet energy resolution

Unfolding uncertainty
Lepton selection uncertainties
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§ 13 TeV Z+jets | Results

N

CEEW
\

NVl

» The unfolded differential cross sections are compared to several theoretical

predictions:
BlackHat+Sherpa (FO NLO@1-4))

Sherpa2.2 (NLO@2j LO@4)) E Wamas o memem

L OEE s R

MG5_aMC+Py8 CKKW-L (LO@4) ~  wr —,. e
MGS5_aMC+Py8 FxFx (NLO@2)) 1 -
01 R

» Good agreement with the data o =
except in higher multiplicity i ?/A//é
regions where a significant .l e
fraction of jets are produced e . . s

by the parton shower.
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§13TeVZ+jets [Results @)

» The unfolded differential cross sections are compared to several theoretical
predictions:
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» Not easy to model Njets & Hr simultaneously.  # teenaieviee Hr GV
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§ 13 TeV Z+jets | Results

» The unfolded differential cross sections are compared to several theoretical

predictions:
BlackHat+Sherpa (FO NLO@4))

Sherpa2.2 (NLO@2j LO@4)) 2 s memese
;UL i

MG5_aMC+Py8 CKKW-L (LO@4) sy
MG5_aMC+Py8 FxFx (NLO@2)) #ﬁg -

» Good agreement with thedata & vou. il
for Ag;j as expected. -

S O_; L o o L v i e il e

» Trends in my not very strong in ;| i
measured phase space, but e 7#

o o

known to be large beyond...
39
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§ 13 TeV Z+jets | Further use of results )

» Using these measurements to validate and tune the next generation of
ATLAS V+jets samples.

L —7 E £ , UlEosStcU Icvel

Z — eTe”, dressed level — e*e™, dressed level
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§ Summary &outlook @)

» Many important tests of pQCD made with recent measurements.
» Lots of places where modelling could be improved.

» More measurements also required...

In the pipeline
» 13 TeV V+HF
» 13 TeV Z+jets at high pr

» Advanced generator setups also in the pipeline:

Herwig/7 NLO merging with Matchbox
MG5_aMC+Py8 UNLOPS
Geneva
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§ Summary & outlook %

» Many important tests of pQCD made with recent measurements.
» Lots of places where modelling could be improved.

» More measurements also required...

In the pipeline
» 13 TeV V+HF
» 13 TeV Z+jets at high pr

» Advanced generator setups also in the pipeline:

Herwig7 NLO merging with Matchbox
MG5_aMC+Py8 UNLOPS
Geneva
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§'8TeV kr-splittings | MC studies

Ny
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§ 7&8 TeV EW Wijj | Results )
} There IS gOOd Overa” agreement between LHC electroweak Xjj production measurements ATLAS
th e n O rm a | |Zed d |Str| b utl O n S a n d th e d ata . Stat. uncertainty . Total uncertainty § Theory uncertainty

ATLAS EW Wijj Vs=7 TeV

» The fit results for ugcp are:
1.16 + 0.04 (stat) for 7 TeV data ATLAS EW i o8 Tov
1.09 + 0.02 (stat) for 8 TeV data.

CMS EW Wijj \s=8 TeV
JHEP 1611 (2016) 147

_ ‘ . ATLAS EW Zjj {s=8 TeV
JHEP 1404 (2014) 031
il NN

~ i

JHEP 1608 (2016) 045
o :

| | i | | | |
0.6 0.8 1 1.2 1.4 1.6 1.8

o-B normalized to SM prediction

» The measured values of pgw are:

CMS EW Zjj \s=8 TeV
Eur.Phys.J. C75 (2015) 66

46 [arXiv:1708.04362] josh McFayden | QCD@LHC 2017 | 28/8/2017



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2017-005/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2014-11/

& 7&8 TeV EW Wjj @)

Region name Requirements

Preselection Lepton pt > 25 GeV
Lepton || < 2.5
El'r'“"SS > 20 GeV
mt > 40 GeV

pil > 80 GeV

py: > 60 GeV
Jet |y| < 4.4
ij > 500 GeV

Ay(ji, j2) > 2

AR(j,€) > 0.3

Fiducial and differential measurements

Signal region fo;m = l,N'ce‘i‘S1 =0

Forward-lepton control region Nfce;m =0, ]\G‘;‘S‘ =0

Central-jet validation region Nigyion = L Nigg = 1
Differential measurements only

Inclusive regions M;; >05TeV,1TeV, 1.5 TeV, or 2 TeV

Forward-lepton/central-jet region Nfce;mn =0, Nj‘gf > 1

High-mass signal region M;; > 1TeV, Nf‘e‘;’m = 1, NJ‘fL‘: =0
Anomalous coupling measurements only

High-g* region Mj; > 1TeV, Nﬁeprion = l,IVj‘fL‘; = (), p?r‘ > 600 GeV
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7&8 TeV EW Wijj

Process

W(— ev, uv) + 2 jets
2 EW vertices
4 EW vertices (no dibosons)

W(— 1v) inclusive
2 EW vertices

W(— tv) + 2 jets
4 EW vertices (with dibosons)
4 EW vertices (no dibosons)

Top quarks
ti(— fvbggb, Evblvb)

tW

thg — {vbbg
th — fvhb

Z(— £f) inclusive, mgp > 40 GeV

2 EW vertices

Z(— ee,pp) + 2 jets, mg, > 40 GeV

4 EW vertices (no dibosons)

Dibosons
WWwW
WZ
ZZ

MC gencrator o -8B [pb]
7TeV 8TeV
PowreG + PyTima8 4670 5340
POwHEG + PyTHIAB 2.7 3.4
SHERPA 10100 11900
SHERPA 8.4
SHERPA 4.2
MCc @NLO + HERWIG 90.0
PowHeG + PYTHTAG 114
ACErRMC + PyrHiab 15.3
Mc @NLO + HERWIG 20.7
ACErRMC + PytHiA6 23.5 25.8
AcerMC + PyTmab 1.0
MC @NLO + HERWIG 1.7
SHERPA 3140 3620
SHERPA 0.7 0.9
Herwic++ 45.9 56.8
Herwic++ 18.4 22.5
HerwIG++ 6.0 7.2

CE/RW
\
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& 7&8 TeV EW Wjj @)

» No jet in gap (to derive correction) — With jet in gap (to validate correction)

I I L I
- ATLAS \s=8TeV, 20.2 fb’

I
ATLAS \s=8TeV, 20.2 fb’

= - > _
) _ O _
O 2 ) . — O 2| . . L . _
~ 10 Wijj forward-lepton control region = = 10 = Wijj central-jet validation region =
}C_,' ® Data - background — % 4 ® Data - background |
> >
w10 I QCD Wijj = w10 I QCD Wijj =
% Uncertainty = < Uncertainty -
1 = 1 E
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107 = 107
107 107
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e 2~ — e
L®) 1 — O y
e e BN G, orrnn . o I llllllllllllllllll
= 0o - = o -+ .
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» Correction reduces total uncertainty of o/oSM from 0.18 to 0.14.
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7&8 TeV EW Wijj @)

Table 5: The statistical and systematic uncertainty contributions to the measurements of pugw In 7 and 8 TeV data.

Source Uncertainty in gupw
7 TeV 8 TeV
Statistical
Signal region 0.094 0.023
Control region 0.127 0.044
Experimental
Jet energy scale (77 intercalibration) 0.124 0.053
Jet energy scale and resolution (other) 0.096 0.059
Luminosity 0.018 0.019
Lepton and E%‘iss reconstruction 0.021 0.012
Multjjet background 0.064 0.019
Theoretical
MC statistics (signal region) 0.027 0.026
MC statistics (control region) 0.029 0.019
EW W jj (scale and parton shower) 0.012 0.031
QCD W j (scale and parton shower) 0.043 0.018
Interference (EW and QCD Wjj) 0.037 0.032
Parton distribution functions 0.053 0.052
Other background cross sections 0.002 0.002
EW Wjj cross section 0.076 0.061
Total 0.26 0.14
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Lepton centrality

Jet centrality

Dijet mass [GeV]

[arXiv:1609.07045] josh McFayden | QCD@LHC 2017 | 28/8/2017



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-16/

4

& 7&8 TeV EW Wjj @)

A

- ATLAS Simulation Vs =8 TeV
7L Wijj signal region (ij>0.5 TeV)
—  POWHEG+PYTHIAS

- SHERPA

o
(o)

0.7
0.6
0.5

Electroweak signal fraction

0.4
0.3
0.2

5x10° 10° 3x10°
Dijet mass [GeV]
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o o o —
§ 8 TeV W boson angular distributions =)
7

Systematic Source 02<AR <24 | AR> 24 | Inclusive
gizlligg gi i}]tztzzt:t)adata 82;2 8;2 8232 Pr.(.)cess 0.2 <AR <24 | AR > 2.4 | Inclusive
Scaling of Z + jets to data 0.6% 0.3% 0.5% ?ljets > % 2% 4%
Jet energy scale 4.6% 5.8% 5.0% i . 1% 2% 5%
b-tagging efficiency 3.7% 1.2% 2.9% Z + Jets 6% 4% >%
Data/MC disagreement for dijets 0.9% 0.6% 0.8% Dibosons 2% 4% 3%
Data/MC disagreement for ¢ 1.2% 0.4% 1.0% W + jets 80% 88% 82%
Data/MC disagreement for Z + jets 0.6% 1.5% 0.9% Data 1907 833 2740
Diboson background estimate 2.2% 0.1% 1.5%
Unfolding dependence on prior 1.1% 1.8% 1.3%
Muon momentum scale and resolution 0.0% 0.1% 0.1%
Muon reconstruction efficiency 0.4% 0.4% 0.4%
Muon trigger efficiency 2.0% 1.9% 1.9%
Jet energy resolution 0.6% 0.8% 0.6%
MC background statistical 2.4% 1.8% 2.3%
MC rcsponsc statistical 1.7% 2.2% 1.9%
Total systematic (excluding luminosity) 7.6% 7.4% 7.3%
Luminosity 1.9% 2.0% 2.0%
Data statistical 2.7% 3.6% 2.2%

53

[arXiv:1609.07045] josh McFayden | QCD@LHC 2017 | 28/8/2017



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-16/

§ 13 TeV Z+jets

54

Process Generator (o0 -BR) Normalisation Reference | Theory
[pb]  order uncert.
Z(—> ) + jets (€ = e, u; mgp > 40 GeV) SHERPA 2.2 2106 NNLO [24-27] 5%
Z(=> )+ jets (€ = e, u, T;mee > 40 GeV) | MG5_aMC@NLO+Py8 2103 NNLO [24-27] 5%
Wodly (E=e,p) MGS5_aMC@NLO+Py8 20080 NNLO [24-27] 5%
it (m; = 172.5 GeV)
PeruUGIA2012(rRADHI/RADLO) PowHEG+PY6 831 NNLO+NNLL 28 6%
UE-EE-5 MGS_aMC@NLO+Herwig++ 831 NNLO+NNLL 28 6%
Single top quark (Wr) POWHEG+PY6 72  NLO+NNLL 29 6%
Single top quark (#-channel) PowHEG+PY6 136 NLO+NNLL 30 6%
Single top anti-quark (#-channel) POWHEG+PY6 81 NLO+NNLL 30 6%
Dibosons SHERPA 2.1 97 NLO 31} 6%
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§ 13 TeV Z+jets

55

Electron channel

+2>0jets | +=>21jets | +=>22jets | +>23jets | + >4 jets | +>5jets | + =206 jets | + =7 jets
Z —e"e [%] 990.3 97.6 93.9 90.3 87.3 85.2 33.3 81.2
Top quark [%] 0.2 1.2 3.8 6.5 8.6 9.7 10.5 11.6
Diboson [%] 0.2 0.8 1.6 2.4 3.4 4.4 5.5 6.6
Z->171 [%D] <0.1 <().1 <0.1 <0.1 <(.1 <0.1 <(.1 <0.1
W — ev [%] <0.1 <(0.1 <0.1 <0.1 <(.1 <0.1 <0.1 <0.1
Multijet [%] 0.2 0.4 0.6 0.7 0.7 0.7 0.7 0.7
Expected 1,327,900 239,500 57,310 14,080 3637 078 252 63
Observed 1,347,900 248,816 59,998 14,377 3587 898 217 48

Muon channel

+>07jcts | +>1jets | +=>2jets | +>3jets | +>4jets | +>25jets | +=>63cts | + > 7 jets
Z - utu %] 99.3 97.5 94.0 90.7 88.3 86.7 84.8 84.6
Top quark [%] 0.2 1.1 3.6 6.0 1.7 8.1 8.7 7.7
Diboson [%] 0.2 0.7 1.6 2.4 3.4 4.5 5.9 7.0
Z > 11t [%] <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
W — uv [%] <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Multijet [%] 0.3 0.6 0.9 0.9 0.7 0.7 0.7 0.7
Expected 1,693,000 300,600 71,230 17,740 4523 1187 307 76
Observed 1,708,602 311,183 74,510 17,865 4387 1081 240 57

Table 2: Fraction of signal and background processes 1n % 1n the final selection and expected and observed numbers
of events for the various inclusive jet multiplicities considered in the electron (top) and muon (bottom) channels.
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§ 13 TeV Z+jets

56

Jet Measured cross section =+ (stat.) £+ (syst.) £ (lumi.) [pb]
multiplicity Z — ee Z — uu
> () jets 743 + 1 + 24 + 16 738 + 1 + 23 + 16
> 1 jets 116.6 + 0.3+ 9.9 + 2.5 115.7 + 0.2 + 0.7 + 2.5
> 2 jets 27.1 + 0.1+ 2.9 + 0.6 27.0 + 0.1+ 2.8 + 0.6
> 3 jets 620+ 006+ 0.82+ 0.14 6.22+ 005+ 083+ 0.14
> 4 jets 149+ 003+ 023+ 0.04 148+ 003+ 023+ 0.04
> 35 jets 0.357+ 0.013+ 0.069+ 0.009 | 0354+ 0.012+ 0.068 = 0.009
> 6 jets 0.082+ 0.006+ 0.019+ 0.002 0.076 = 0.005+ 0.019+ 0.002
> 7 jets 0.0180 + 0.0029 = 0.0051 + 0.0005 | 0.0166 = 0.0027 + 0.0060 + 0.0004

Table 3: Measured fiducial cross sections 1n the electron and muon channels for successive inclusive jet multiplicit-

ies. The total statistical and systematic uncertainties are given, along with the uncertainty in the luminosity.
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57

13 TeV Z+jets

Relative uncertainty in o(Z(— €€ )+ > Nj,) [%]

Z—ee
Systematic source +>0jets | +>1jets | +>2jets | +>3jets | +>4jets | +>Sjets | +>6jets | +> 7 jets
Electron trigger 0.1 0.1 0.1 0.2 0.2 0.2 | 0.3 0.3
Electron sclection 1.2 1.6 1.8 1.9 2.3 2.7 2.9 3.8
Jet energy scale < 0.1 6.6 9.2 11.5 13.8 17.3 20.6 23.7
Jet energy resolution < 0.1 3.7 3.7 4.4 5.3 52 6.2 7.3
Jel verlex lagger < 0.1 1.3 2.1 2.8 3.6 4.5 5.5 6.3
Pile-up 04 0.2 0.1 0.2 0.2 0.1 0.4 0.8
Luminosity 2.1 2.1 2.2 2.3 2.4 2.5 2.6 2.8
Unfolding 3.0 3.0 3.0 3.0 3.0 3.1 3.1 3.2
Background 0.1 0.3 0.6 1.0 1.6 3.3 6.0 11.6
Tolal syst. uncertainty 39 8.7 11.0 13.4 15.9 19.5 23.6 28.7
Stat. uncertainty 0.1 0.2 0.5 0.9 1.9 3.7 7.7 15.9
Z —utu
Systematic source +2>0jets | +>21jets | +225ets | +2>23jets | +>4jets | +=>257jets | +=>6jets | +27 jets
Muon trigger 0.4 0.5 0.4 0.5 0.4 0.5 0.9 0.6
Muon selection 0.8 0.9 1.0 1.0 1.0 1.5 4.2 16.6
Jet energy scale < 0.1 6.8 9.1 11.9 14.0 17.0 20.9 23.7
Jet energy resolution < 0.1 3.6 3.6 4.1 5.0 5.9 6.2 6.3
Jel verlex lagger < 0.1 1.3 2.1 3.1 3.6 4.4 5.6 6.6
Pile-up 0.4 0.1 < (.1 0.3 0.5 0.1 (0.4 0.9
Luminosity 2.1 2.1 2.2 2.3 2.4 2.5 2.6 2.7
Unfolding 3.0 3.0 3.0 3.0 3.0 3.1 3.1 3.2
Background 0.2 0.4 0.6 0.9 1.7 4.0 7.4 12.9
Total syst. uncertainty 3.8 8.7 10.8 13.6 16.0 194 24.6 36.3
Stat. uncertainty 0.1 0.2 0.4 0.8 1.7 3.4 7.2 16.3
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Josh McFayden

Table 4: Relative statistical and systematic uncertainties (in %) in the measured cross sections of Z + jets production
for successive inclusive jet multiplicities 1n the electron (top) and muon (bottom) channels.
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§ 13 TeV Z+jets )

Jet multiplicity Measured cross-section ratio
+ (stat.) £ (syst.) = (Jlumai.)

Z — L

> 1jets / > 0jets | 0.1568 + 0.0004 + 0.0131 + 0.0001
>2jets / > 1jets | 0.2327 + 0.0011 = 0.0093 £ 0.0002
>3jets / > 2 jets | 0.2299 + 0.0018 = 0.0095 £ 0.0002
>4 jets / > 3 jets | 0.2390 + 0.0035 + 0.0094 + 0.0002
>5jets / > 4jets | 0.2397 £ 0.0068 + 0.0111 £ 0.0002

>6jets / > 5 jets | 0.2213 = 0.0127 = 0.0123 £ 0.0003 Jet multiplicity Measured cross section
>7jets / > 6jets | 0.2240 + 0.0264 + 0.0222 + 0.0003 + (stat.) + (syst.) + (lumi.) [pb]
Table 6: Measured combined ratios of the fiducial cross sections for successive inclusive jet multiplicities. The o
statistical, systematic, and luminosity uncertaintics are given. > 0 jets 740 + I+ 23 + 16
> 1 jets 1160+ 03+ 97+ 25
> 2 jets 27.0+ 0.1+ 28+ 0.6
> 3 jets 6.20+x 004+ 082+ 0.14
> 4 jets 148+ 002+ 023+ 0.04
> 3 jets 036+ 001+ 007+ 0.01
> 6 jets 0.079 + 0.004+ 0.018+ 0.002

> T jets 0.0178 + 0.0019 £ 0.0049 + 0.0005

Table 5: Measured combined fiducial cross sections for successive inclusive jet multiplicities. The statistical, sys-
tematic, and luminosity uncertainties are given.
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