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Overview

7 and 8 TeV Combinations on-going:
Charge Asymmetry
Single top and Vtb
t t̄ Inclusive Cross Section
Top Mass

8 TeV Combinations on-going:
t t̄ Differential Cross Section

Luminosity Correlations
To-do list
13 TeV prospects

Top quark mass 172.5 GeV used as reference in all measurements
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Charge Asymmetry

Barbara Alvarez Gonzalez (CERN) ATLAS and CMS Run1 Combinations June 7, 2017 3 / 27



Latest Results

Significant statistical uncertainty, expected gain from combination
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Strategy

Three combinations:
Inclusive results @ 7 TeV: Preliminary result published (see
previous slide, left plot "ATLAS+CMS l+jets")
Inclusive results @ 8 TeV: Combination of the two most precise
results ("ATLAS l+jets" and "CMS l+jets template", right plot)
Differential t t̄ charge asymmetry as a function of mt t̄ @ 8 TeV:

"ATLAS lepton+jets" and "CMS lepton+jets unfolding"
Same number of bins and widths of bins in both analyses

The Best Linear Unbiased Estimate (BLUE) method used for all
combinations
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Strategy Continued

Inclusive combinations: straight forward using a default BLUE
implementation
Challenge for the combination of the differential results:

Proper treatment of all possible correlations:
(1) Correlations across experiments
(2) Correlations across bins in one experiment
(3) Correlations across bins and experiments

(1) and (2) can be defined or derived from the analyses itself
For (3) information is missing and one has to estimate the
correlations between different bins in the two analyses based on
the known correlations between bins within the same analysis (2)
and between the same bins in the two measurements (1)
Estimation for (3) has been implemented into the code and is
described in the paper draft currently under review
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Summary Status

Preliminary combination of inclusive results at 7 TeV already
publicly available
Combination of inclusive and differential results at 8 TeV
pre-approved
Decision for a combined 7+8 TeV paper that contains all three
combinations

Paper draft for this 7+8 TeV paper is currently under review (ATLAS
editorial board and CMS analysis review committee)
Aim: Approval and paper publication in time for TOP2017
conference
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Single top and Vtb
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Latest Results
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Combine Public Results
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Strategy

Combine ATLAS and CMS cross sections per production mode
Present all cross section combinations in the paper

Estimate |Vtb|2 for each measurement separately (per
production mode and per center-of-mass energy) and then
combine
Both combinations, cross section and |Vtb|2, performed using
iterative BLUE
Uncertainties:

Uncorrelated between ATLAS & CMS and between 7 and 8 TeV
Top mass uncertainty included for |Vtb|2 combination
Theory uncertainties on σtheo fully correlated
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Summary Status

The combination is on-going
8 TeV CMS s-channel will probably not be included in the Vtb
combination due to its large uncertainties
However it will be combined for the cross section combination result

The paper draft is close to start revisions:
All results + all the summary plots + theory uncertainties included

Barbara Alvarez Gonzalez (CERN) ATLAS and CMS Run1 Combinations June 7, 2017 12 / 27



t t̄ Inclusive Cross Section

Barbara Alvarez Gonzalez (CERN) ATLAS and CMS Run1 Combinations June 7, 2017 13 / 27



Latest Results
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Strategy
Combine the most precise results:

CMS, dilepton eµ [JHEP 08 (2016) 029]
7TeV: 173.6 ± 2.1 (stat) ± 4.5 (syst) ± 3.8 (lumi) pb (3.6%)

8TeV: 244.9 ± 1.4 (stat) ± 6.3 (syst) ± 6.4 (lumi) pb (3.7%)

ATLAS, dilepton eµ [EPJC 76 (2016) 642]
7TeV: 182.9 ± 3.1 (stat) ± 4.2 (syst) ± 3.6 (lumi) pb (3.5%)

8TeV: 242.9 ± 1.7 (stat) ± 5.5 (syst) ± 5.1 (lumi) pb (3.2%)

Beam uncertainty improved and no longer relevant for these
measurements
CMS profiled measurement results on correlated uncertainties ⇒
Not using BLUE for this combination
A new tool [http://arxiv.org/abs/1706.01681] is implemented to
perform this combination and fully accounts for all correlations

Allows to combine measurements obtained with simultaneous
nuisance parameter fits
Combination is performed accounting for correlations between the
measurements as well as correlations and constraints within
each individual measurement
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Summary Status

Combination on-going
Missing pieces:

PDF correlations between ATLAS and CMS
Pole mass estimation: predictions and code ready!

New statistical tool needs to be approved by the two
collaborations
Tests performed using BLUE:

Consistent results
Slightly higher uncertainties as expected ⇒ Not combining the
most precise results
CMS analysis correlations not taken into account
Neglecting correlations can lead to biases and wrong uncertainty
estimates

Paper draft started
Details of the individual analyses, correlations from CMS and
correlation assumptions are being documented
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Top Mass
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Strategy

BLUE combination as previous mt combinations
Potential Inputs:

6 ATLAS measurements: 7 TeV (lepton+jets, dilepton, all-jets)
and 8 TeV (lepton+jets, dilepton, all-jets)
7 CMS measurements used in the CMS Run 1 legacy paper: 7
TeV (lepton+jets, dilepton x 2, all-jets) and 8 TeV (lepton+jets,
dilepton, all-jets)

As a starting point:
Previous ATLAS combination [PLB 761 (2016) 350-371]
CMS Run 1 results [PRD 93 (2016) 072004]
Previous LHC combination [http://cds.cern.ch/record/1601811]

Several CMS experimental uncertainties changed since the last
LHC combination (back-up slides)
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Summary Status

The process of categorising the systematic uncertainties is started

Experimental Uncertainties: method calibration, JES corrections
(intercalibration, in situ, uncorrelated) lepton and Etmiss scale
uncertainties, JER, b-tagging, pileup, backgrounds (data, MC)
Hadronization Modeling: flavor-dependent non-b(u,d,s,c,g) JES
flavor-dependent b JES b-jet modeling
Perturbative QCD: PDF, radiation (ME-PS matching+Q2 scales),
ME generator, top quark pT
Soft QCD: underlying event, color reconnection

So far no show stoppers found!
The combination could happen once the 8 TeV ATLAS
lepton+jets measurement is public

Barbara Alvarez Gonzalez (CERN) ATLAS and CMS Run1 Combinations June 7, 2017 19 / 27



t t̄ Differential Cross Section

Barbara Alvarez Gonzalez (CERN) ATLAS and CMS Run1 Combinations June 7, 2017 20 / 27



t t̄ Differential Cross Section @ 8 TeV

Combine parton-level, full phase space, top and t t̄ normalized
distributions in lepton+jets channel @ 8 TeV: m(t t̄), pT(top),
pT(t t̄)
Only results from ATLAS and CMS that use exactly same binning
and phase space

Ref: ATLAS: EPJC 76 (2016) 538 and CMS: EPJC 75 (2015) 542
More details in Otto’s talk
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Summary Status

BLUE combination following the charge asymmetry combination
Shared code and expertises

Some preliminary tests done
Need to work on the correlation model
Preparation of the BLUE inputs for the combination on-going
Inputs per experiment and observable (mostly available in
HepData):

Breakdown of systematic uncertainties per bin
Statistical correlations among bins
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ATLAS-CMS Luminosity Correlations

The correlations between the ATLAS & CMS luminosity
uncertainties @ 7 and 8 TeV have now been finalized (February
2017), and agreed upon between ATLAS & CMS Luminosity
Groups

No ATLAS+CMS public combination has used this
recommendation yet
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To-do list

W helicity combination
Potential combination is under discussion
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13 TeV Prospects - Open Discussion

t t̄ Inclusive Cross Section
t t̄ Differential Cross Section

Discussion during MC workshop
[https://indico.cern.ch/event/588781/]
More details in Otto’s talk

t t̄V
Single top / Vtb

Ratios?
Top Mass

Much longer time scale

Barbara Alvarez Gonzalez (CERN) ATLAS and CMS Run1 Combinations June 7, 2017 25 / 27



Summary

Several combinations on-going in order of readiness:
Charge Asymmetry
Single top and Vtb
t t̄ Inclusive Cross Section
Top Mass
t t̄ Differential Cross Section

Next round of combinations?
TopEFT effort, future combination (Kevin Kroeninger’s talk)

Thanks to all contacts and conveners for the help preparing this talk
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THE END
THANK YOU
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BACK-UP SLIDES
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CMS changes since last LHC combination
iJES: statistical component of JES from W mass constraint in the
2D fits. Not used as a separate term for 8 TeV. Uncertainty is very
small and is folded into the overall statistical error.
uncorrelated JES: split into separate pileup and non-pileup terms
to better show the effect of using data with higher pileup
flavor JES/bJES re-formatted to give a better description of the
contributing uncertainties.

flavor-dependent JES: 4 separate uncertainties for light (u,d,s),
charm, bottom and gluon where the uncertainty is the signed JES
uncertainty corresponding to the specified parton type.
b-jet modeling: 2 terms giving the effect of the uncertainty coming
from the b fragmentation function and the uncertainties in the
semileptonic BR

top quark pT: effect of mismodeling of top quark pT distribution.
Measurement has no correct correction applied. The uncertainty
is the signed shift corresponding to the full difference between the
generated spectrum and the corrected (at parton level) spectrum.
This is conservatively symmetrized when used in combinations
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t t̄ Differential Cross Section @ 8 TeV - Strategy

BLUE Combination a la charge asymmetry
Agreement on the preliminary mapping of the ATLAS and CMS
uncertainties and their correlations

55 ATLAS categories into 11 CMS categories
One covariance matrix for each of the 55 ATLAS uncertainties
summed in groups to match the 11 covariance matrices from CMS

Classify uncertainties: following classification and assumption on
ρATLAS-CMS from previous t t̄ inclusive xsec combination at 8
TeV [TOP-14-016 / ATLAS-CONF-2014-054]:

Detector model
Background from data
Background from simulation
Signal model
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t t̄ Differential Cross Section @ 13 TeV
ATLAS and CMS at 13 TeV see similar trends with data when
using comparable generators

POWHEG+HERWIG++ and POWHEG+PYTHIA8 follows similar
trends between experiments (dilepton results)
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