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WZjj EWK 20.3 PRD 93, 092004 (2016)
W±W±jj EWK 20.3 arXiv: 1611.02428 [hep-ex]
Zγjj EWK 20.3 arXiv: 1705.01966 [hep-ex]
WWγ 20.2 CERN-EP-2017-096
Wγγ 20.3 PRL 115, 031802 (2015)
Zγγ 20.3 PRD 93, 112002 (2016)

Zjj EWK 20.3 JHEP 04, 031 (2014)
3.2 PLB 775 (2017) 206
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20.2 JHEP 11 (2017) 086

t̄tZ 20.3 JHEP 11, 172 (2015)
3.2 EPJC 77 (2017) 40
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Zγ 4.6 PRD 87, 112003 (2013)
20.3 PRD 93, 112002 (2016)

Wγ 4.6 PRD 87, 112003 (2013)
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Dijets R=0.4 4.5 JHEP 05, 059 (2014)
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20.2 arXiv: 1706.03192 [hep-ex]
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Preservation status for top measurements
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Preservation status for unfolded top measurements

Analysis status public since HEPData Rivet

colour flow in ttbar at 13 TeV submitted to EPJC 08-MAY-18

`+ jets t t̄ + n jets at 13 TeV submitted to JHEP 19-FEB-18

all-hadronic boosted t t̄ submitted to PRD 06-JAN-18 4

tW single top at 13 TeV Eur. Phys. J. C 78 (2018) 186 05-DEC-17 4

`+ jets t t̄ at 13 TeV JHEP 11 (2017) 191 02-AUG-17 4 4

t t̄γ at 8 TeV JHEP 11 (2017) 086 09-JUN-17

τ+jets t t̄ at 8 TeV Phys. Rev. D 95 (2017) 072003 28-FEB-17

Wtb vertex structure at 8 TeV JHEP 04 (2017) 124 27-FEB-17

t-channel single top at 8 TeV Eur. Phys. J. C 77 (2017) 531 09-FEB-17 4

single top Wt at 13 TeV JHEP 01 (2018) 63 21-DEC-16
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Preservation, preservation, preservation

Ü appropriate documentation/preservation in HEPData/Rivet absolutely crucial

Ü huge backlog of ATLAS top measurements with no HEPData entry and/or Rivet routine

Ü situation really bad on the Rivet front

Ü not just a probem for top measurements

Ü similar situation for CMS

Ü we know this needs to be addressed, but lack of person power often an issue

Ü recent kickoff in the LHC working groups helped a little

Ü could think about creating incentives to make this part of the job more appetising
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t t̄ in `+ jets channel at 13 TeV

Ü fiducial differential
cross sections in
resolved and
boosted regime

Ü correlations in
HEPData, but
no MC prediction

Level Detector Particle
Topology Resolved Boosted

Leptons

|d0|/σ(d0) < 5 and |z0 sin θ| < 0.5 mm
Track and calorimeter isolation
|η| < 1.37 or 1.52 < |η| < 2.47 (e), |η| < 2.5 (µ)
ET (e), pT (µ) > 25 GeV

|η| < 2.5
pT > 25 GeV

Small-R jets
|η| < 2.5
pT > 25 GeV
JVT cut (if pT < 60 GeV and |η| < 2.4)

|η| < 2.5
pT > 25 GeV

Num. of small-R jets ≥ 4 jets ≥ 1 jet Same as detector level

Emiss
T , mW

T Emiss
T > 20 GeV, Emiss

T + mW
T > 60 GeV Same as detector level

Leptonic top

Kinematic top-quark
reconstruction
for detector
and particle level

At least one small-R jet
with ∆R(ℓ, small-R jet) < 2.0

Hadronic top

Kinematic top-quark
reconstruction
for detector
and particle level

The leading-pT trimmed large-R jet has:
|η| < 2.0,
300 GeV < pT < 1500 GeV, m > 50 GeV,
Top-tagging at 80% efficiency
∆R(large-R jet, small-R jet associated with
lepton) > 1.5,
∆φ(ℓ, large-R jet) > 1.0

Boosted:
|η| < 2.0
300 < pT < 1500 GeV
Top-tagging:
m > 100 GeV,
τ32 < 0.75

b-tagging At least 2 b-tagged jets

At least one of:
1) the leading-pT small-R jet with
∆R(ℓ, small-R jet) < 2.0 is b-tagged
2) at least one small-R jet with
∆R(large-R jet, small-R jet) < 1.0 is b-tagged
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Bin GeV 0–25 25–50 50–75 75–105 105–135 135–165 165–195 195–230 230–265 265–300 300–350 350–400 400–450 450–500 500–1000
0–25 1.00 0.70 0.61 0.59 0.08 −0.23 −0.49 −0.30 −0.52 −0.22 −0.39 −0.42 −0.23 0.07 −0.17
25–50 0.70 1.00 0.77 0.69 −0.01 −0.39 −0.65 −0.45 −0.66 −0.35 −0.50 −0.53 −0.31 −0.01 −0.21
50–75 0.61 0.77 1.00 0.67 −0.01 −0.40 −0.58 −0.46 −0.70 −0.49 −0.60 −0.56 −0.41 −0.12 −0.28

75–105 0.59 0.69 0.67 1.00 0.06 −0.21 −0.53 −0.38 −0.56 −0.35 −0.50 −0.52 −0.37 −0.08 −0.32
105–135 0.08 −0.01 −0.01 0.06 1.00 0.35 0.09 0.15 −0.12 0.05 −0.12 −0.16 −0.19 0.11 −0.27
135–165 −0.23 −0.39 −0.40 −0.21 0.35 1.00 0.57 0.54 0.50 0.47 0.40 0.37 0.25 0.35 0.12
165–195 −0.49 −0.65 −0.58 −0.53 0.09 0.57 1.00 0.66 0.64 0.50 0.53 0.61 0.38 0.33 0.29
195–230 −0.30 −0.45 −0.46 −0.38 0.15 0.54 0.66 1.00 0.67 0.76 0.71 0.62 0.56 0.66 0.39
230–265 −0.52 −0.66 −0.70 −0.56 −0.12 0.50 0.64 0.67 1.00 0.68 0.73 0.73 0.58 0.42 0.45
265–300 −0.22 −0.35 −0.49 −0.35 0.05 0.47 0.50 0.76 0.68 1.00 0.77 0.60 0.65 0.71 0.45
300–350 −0.39 −0.50 −0.60 −0.50 −0.12 0.40 0.53 0.71 0.73 0.77 1.00 0.71 0.66 0.59 0.57
350–400 −0.42 −0.53 −0.56 −0.52 −0.16 0.37 0.61 0.62 0.73 0.60 0.71 1.00 0.59 0.49 0.62
400–450 −0.23 −0.31 −0.41 −0.37 −0.19 0.25 0.38 0.56 0.58 0.65 0.66 0.59 1.00 0.54 0.57
450–500 0.07 −0.01 −0.12 −0.08 0.11 0.35 0.33 0.66 0.42 0.71 0.59 0.49 0.54 1.00 0.46
500–1000 −0.17 −0.21 −0.28 −0.32 −0.27 0.12 0.29 0.39 0.45 0.45 0.57 0.62 0.57 0.46 1.00

JHEP 11 (2017) 191
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t t̄ in all-hadronic channel at 13 TeV
Ü fiducial differential

cross sections at
particle and
parton level

Ü correlations and
MC prediction
in HEPData
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ZZ → 4` at 13 TeV
Type Input or requirement

Leptons (e, µ) Prompt
Dressed with prompt photons within ∆R = 0.1 (added to closest prompt lepton)
pT > 5 GeV
|η| < 2.7

Quadruplets Two same-flavor opposite-charge lepton pairs
Three leading-pT leptons satisfy pT > 20 GeV, 15 GeV, 10 GeV

Events Only quadruplet minimizing |ma
`` −mZ |+ |mb

`` −mZ | is considered
Any same-flavor opposite-charge dilepton has mass m`` > 5 GeV
∆R > 0.1 (0.2) between all same-flavor (different-flavor) leptons
Dileptons minimizing |ma

`` −mZ |+ |mb
`` −mZ | are taken as Z boson candidates

Z boson candidates have mass 66 GeV < m`` < 116 GeV

Jets Clustered from all non-prompt particles
Anti-kt algorithm with R = 0.4
pT > 30 GeV
|η| < 4.5
Rejected if within ∆R = 0.4 of a fiducial lepton

Ü Rivet routine available

Ü correlations also in HEPData

Ü limits on aTGC and EFT parameters
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Z → νν/Z → `` ratios at 13 TeV

Rmiss =
σfid

(
pmiss

T + jets
)

σfid (`+`− + jets)

Ü exploit shape
information to set
limits on various
new-physics models

Ü limits competitive
with those from
detector-level
searches using the
same data set
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Z → νν/Z → `` ratios at 13 TeV: auxiliary material

Ü Rivet routine assumes
user generates BSM events

Ü spits out (SM+BSM)/SM
using SM prediction from paper

Ü can use Rivet routine to replace
SM prediction with custom prediction

Ü statistical correlations and
covariance matrix made
available in HEPData

Ü currently not fully supported in Rivet,
but development ongoing
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Z → νν/Z → `` ratios at 13 TeV: caveats

Ü various stress tests performed
to assess robustness of the unfolding

Ü data can be directly compared to
any particle-level prediction
where additional BSM component
produces pmiss

T +jets final states

Ü data cannot be compared to final states
with ≥ 1 prompt lepton and pmiss

T +jets

Ü could affect W background subtraction
applied to numerator or lepton-efficiency
corrections applied to denominator
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Probing the gauge structure of the Standard Model

Z

W±

W±

q

q̄′

Ü fiducial differential cross section
measurements at 8 and 13 TeV

Ü aTGC limits using data
in high-mWZ region
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Unnecessary (Standard) Model Dependency

Ü ambiguity in lepton assignment addressed using ’resonant shape algorithm’

At particle level, the kinematics of final-state prompt electrons and muons is computed including the con-
tributions from final-state radiated photons within a distance in the (⌘, �) plane of �R =

p
(�⌘)2 + (��)2 =

0.1 around the direction of the charged lepton.

These dressed leptons and the final-state neutrinos that do not originate from hadron or ⌧ decays are
associated with the W and Z boson decay products with an algorithmic approach, called “resonant shape”.
This algorithm is based on the value of an estimator expressing the product of the nominal line shapes of
the W and Z resonances

P =

���������
1

m2
(`+,`�) �

⇣
mPDG

Z

⌘2
+ i �PDG

Z mPDG
Z

���������

2

⇥
���������

1

m2
(`0,⌫`0 )

�
⇣
mPDG

W

⌘2
+ i �PDG

W mPDG
W

���������

2

, (1)

where mPDG
Z (mPDG

W ) and �PDG
Z (�PDG

W ) are the world average mass and total width of the Z (W) boson,
respectively, as reported by the Particle Data Group [16]. The input to the estimator is the invariant mass
m of all possible pairs (`+, `�) and (`0, ⌫`0) satisfying the fiducial selection requirements defined in the
next paragraph. The final choice of which leptons are assigned to the W or Z bosons corresponds to the
configuration exhibiting the highest value of the estimator. Using this specific association algorithm, the
gauge boson kinematics can be computed using the kinematics of the associated leptons independently of
any internal Monte Carlo generator details.

The integrated and di↵erential cross-section measurements are performed in a fiducial phase space defined
at particle level by the following requirements: the pT of the leptons from the Z boson decay is greater
than 15 GeV, the pT of the charged lepton from the W decay is greater than 20 GeV, the absolute value of
the pseudorapidity of the charged leptons from the W and Z bosons are less than 2.5, the invariant mass
of the two leptons from the Z boson decay di↵ers at most by 10 GeV from the world average value of the

Z boson mass mPDG
Z . The W transverse mass, defined as mW

T =

q
2 · p⌫T · p`T · [1 � cos��(`, ⌫)], where

��(`, ⌫) is the angle between the lepton and the neutrino in the transverse plane, is required to be greater
than 30 GeV. In addition, it is required that the angular distance �R between the charged leptons from W
and Z decay is larger than 0.3, and that �R between the two leptons from the Z decay is larger than 0.2.

The integrated cross section, measured in the fiducial region of the detector, is extrapolated to a total phase
space, defined by requiring that the invariant mass of the lepton pair associated with the Z boson decay is
in the range 66 < mZ < 116 GeV, and extrapolating to all decay channels of the W and Z bosons.

In order to define the VBS fiducial region for the cross-section measurement, in addition to the inclusive
fiducial criteria, at least two jets with a pT greater than 30 GeV and an absolute value of the pseudorapidity
⌘ j below 4.5 are required. These particle level jets are defined using the anti-kt algorithm with a radius
parameter R = 0.4. The angular distance between all selected leptons and jets, �R( j, `), is required to be
greater than 0.3. If the �R( j, `) requirement is not satisfied, the jet is discarded. The invariant mass of the
two leading jets, m j j, must be above 500 GeV to enhance the sensitivity to VBS processes.

For setting limits on aQGC, the fiducial region definition was optimized to give the best expected limits.
Therefore, in addition to the criteria used for the VBS fiducial cross-section measurement, it is required
that the di↵erence in azimuthal angle |��(W,Z)| between the W and Z directions is greater than 2 rad. In
addition, in order to increase the sensitivity to aQGC signals, the scalar sum of the transverse momenta
of the three charged leptons associated with the W and Z bosons,

P |p`T|, is greater than 250 GeV.

A summary of the phase-space definition used in this paper is given in Table 1.

5

Ü work out highest estimator value from all combinations of `+, `−, `′ and ν`′

Ü makes reinterpretation unnecessarily hard by
defining fiducial selection in terms of SM propagators
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Summary

Ü big wealth of Standard Model measurements available for reinterpretation

Ü data can be directly compared to particle-level predictions

Ü usefulness depends on analysis preservation in HEPData/Rivet

Ü correlations regularly provided, increasingly also MC predictions

Ü BUT: preservation efforts somewhat lacking recently Ü needs to be improved

Ü ‘single-purpose’ measurements are problematic

Ü aim should be to minimise model dependence/maximise impact data can have

Ü ratio measurements becoming increasingly popular

Ü development work ongoing to make it easier to use these results (e.g. within Rivet)
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Backup
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Z → νν/Z → `` ratios at 13 TeV: idea
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