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between the control regions used to determine the lepton misidentification rate and the control regions
used to estimate the yield in the signal region. The uncertainty due to irreducible background sources
other than W Z j j�QCD is evaluated by propagating the uncertainty in their MC cross-sections. These
are 20% for VVV [57], 15% for tZ j [10] and tt̄ + V [58], and 25% for Z Z j j�QCD to account for the
potentially large impact of scale variations.

The uncertainty in the combined 2015+2016 integrated luminosity is 2.1%. It is derived, following
a methodology similar to that detailed in Ref. [59], and using the LUCID-2 detector for the baseline
luminosity measurements [60], from a calibration of the luminosity scale using x–y beam-separation
scans.

The e�ect of the systematic uncertainties on the final results after the maximum-likelihood fit is shown
in Table 2 where the breakdown of the contributions to the uncertainties in the measured fiducial cross-
section �fid.

WZj j�EW is presented. The individual sources of systematic uncertainty are combined into
theory modelling and experimental categories. As shown in the table, the systematic uncertainties in the
jet reconstruction and calibration play a dominant role, followed by the uncertainties in the modelling
of the W Z j j�EW signal and of the W Z j j�QCD background. Systematic uncertainties in the missing
transverse momentum computation arise directly from the momentum and energy calibration of jets,
electrons and muons and are included in the respective lines of Table 2. Systematic uncertainties in the
modelling of the other backgrounds are also considered.

Table 2: Summary of the relative uncertainties in the measured fiducial cross-section �fid.
WZj j�EW. The uncertainties

are reported as percentages. The total systematic uncertainty does not correspond directly to the quadratic sum of
the distinct sources since correlations are considered in the computation.

Source Uncertainty [%]

W Z j j�EW theory modelling 4.8
W Z j j�QCD theory modelling 5.2
W Z j j�EW and W Z j j�QCD interference 1.9

Jets 6.6
Pile-up 2.2
Electrons 1.4
Muons 0.4
b-tagging 0.1
MC statistics 1.9
Misid. lepton background 0.9
Other backgrounds 0.8

Luminosity 2.1

Total Systematics 10.7

9 Cross-section measurements

The signal strength µWZj j�EW and its uncertainty are determined with a profile-likelihood-ratio test
statistic [61]. Systematic uncertainties in the input templates are treated as nuisance parameters with an
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Very similar

same sign WW (ATLAS) WZ (ATLAS)

Theory modelling belongs to largest systematic uncertainties!
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Not used in VBS analyses so far, but we did apply this in VBF measurements. 

(partially subjective) motivation against this: 

• third jet not modelled from matrix element in either signal (EW6) or background (EW4) 

• unclear theoretical motivation for jet vetos in general  
(see discussion for WW+0jet @8TeV in ATLAS) 

In VBF, we started with veto, but moved to cut on third jet centrality/Zeppenfeld variable
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• A problem was found in shower simulation of Sherpa  
[talk by S. Höche at MBI 2018] 

• third jet is produced more centrally and at higher rate 

• merging with this PS decreases overall event rate
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Example: W+W+ production, e+µ+ channel
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I Di↵erential distributions confirm expectation:
I Third jet produced more centrally and at higher rate in Sherpa 2.2.2
I PS radiation pattern in Sherpa 2.2.0 corrected by ME+PS merging,

but breaking of PS unitarity in CKKW(L) decreases overall event rate

I Sherpa 3.0.0 predicts ⇠20% larger cross section after cuts
as a result of correct color flow and PS starting scales
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Example: W+W+ production, e+µ+ channel

I Test new setup in simplest vector boson scattering scenario
! same-sign WW production (simplified to e+µ+ channel)

I Rivet analysis courtesy of Stefanie Todt (TU Dresden)
I Two charged dressed leptons (same sign) pT > 27 GeV, |⌘| < 2.5
I At least 2 jets with pT > 30 GeV, |⌘| < 4.5
I Lepton isolation �Rll > 0.3, �Rlj > 0.3
I Lepton invariant mass mll > 20 GeV
I Missing transverse momentum pT,miss > 30 GeV
I Tagjet (lead-pT ) invariant mass mjj > 500 GeV
I Tagjet rapidity di↵erence �yjj > 2

before cuts
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https://indico.cern.ch/event/700961/contributions/3069895/attachments/1706021/2749483/annarbor_18-08.pdf
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Fig. 19: Di�erential distribution in the Zeppenfeld variable of the third-hardest jet from predictions matched to
parton showers, at LO (left) or NLO (right) accuracy (upper plot), compared with the fixed-NLO result computed
with VBFNLO (lower plot). At NLO+PS accuracy, for VBFNLO+Herwig7-Dipole, the three-point scale
uncertainties are shown, while for MG5_aMC+Pythia8 the darker and lighter bands correspond respectively
to the nine-point scale uncertainty and the scale and PDF uncertainties combined linearly. The predictions are
obtained in the fiducial region described in Sec. 3.3.

culation is satisfactory given the current experimen-
tal precision, as well as the one foreseen for the
near future [109, 5, 6]. Nonetheless, care has to be
taken when using such approximations, in particular
if more inclusive phase-space cuts are used.

– In addition to the standard interpretation of EW
signal versus QCD background, combined measure-
ments should also be presented as they are better
defined theoretically. In fact, while at LO the in-
terference term can be included in the background
component, at NLO the separation of EW and QCD
components becomes more blurred, as, e.g. at the
order O

!
–s–

6"
both types of amplitudes contribute.

Therefore, a combined measurement including the
EW, QCD, and interference contributions is desir-
able. Note that with such a measurement a compar-
ison to the SM would be straightforward and still
be sensitive to the EW component. In addition, the
QCD component could be subtracted based on a
well-defined Monte Carlo prediction.

– Since the inclusion of NLO QCD corrections gives
a better control of extra QCD radiation and re-
duces the ambiguities related to the matching de-
tails and/or the parton shower employed, we encour-
age the use of NLO-accurate event generators in ex-
perimental analyses. In doing so, special care should
be employed in order to estimate the theoretical un-
certainties, as the standard prescription based on

renormalisation and factorisation-scale variation is
clearly inadequate. Rather, di�erent combinations
of generators and parton showers should be em-
ployed.

– The present study has focused on the orders O
!
–

6"

at LO and O
!
–s–

6"
at NLO. NLO computations

and publicly-available tools also exist for the QCD-
induced process [13–17, 19, 58].

– For practical reasons, we have focused on the W+W+

signature. Nonetheless, the observed features (e.g.
validity of the VBS approximation or comparison of
theoretical predictions matched to parton shower)
should be qualitatively similar for other VBS signa-
tures with massive gauge bosons. For these other
signatures, similar quantitative studies should be
performed.
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third jet from ME

third jet from Herwig PS

third jet from Pythia PS

[from arXiv: 1803.07943]

Pythia by default shows same behaviour as Sherpa, 
which isn’t compatible with ME calculation! 
Possible in new version to adjust recoil scheme, 
which fixes this

zj=0

zj=1

zj=1

https://arxiv.org/abs/1803.07943
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hard requirements: 
• on-the-fly weights for systematics 

• possibility for merging or NLO QCD 

• possibility to include s-channel distributions 

soft requirements: 
• include interferences between s and t, u 

channels 

• reasonable CPU time 

• test for other channels than WWss
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known setups: 
• MG5_aMC@NLO event generation + 

Pythia8 (not in merged setups) or Herwig for 
parton shower 

waiting for updates: 
• Sherpa 3 

• Pythia 8 with fix for merging problem 

• OTF weights + s-channel contributions in 
Herwig7 Matchbox interface 

⇒ We need two to get uncertainties and for 

verification!


