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Outline

Analyses covered

o tt dilepton measurements (13 TeV) by ATLAS and by CMS
tt lepton+jets measurement (13 TeV) by ATLAS

tt at 13 TeV with hadronically decaying 7s by CMS
t-channel measurement 13 TeV by CMS

tW measurement at 8 TeV by ATLAS

Combination of single top measurements ATLAS+CMS (7 and 8
TeV)

o tW measurement at 13 TeV CMS
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https://link.springer.com/article/10.1140/epjc/s10052-020-7907-9
https://arxiv.org/pdf/1812.10505.pdf
https://arxiv.org/abs/2006.13076
https://arxiv.org/pdf/1911.13204.pdf
https://arxiv.org/pdf/1812.10514.pdf
https://arxiv.org/pdf/2007.01554.pdf
https://arxiv.org/pdf/1902.07158.pdf
https://arxiv.org/pdf/1805.07399.pdf

Some differences between ATLAS and CMS

@ A higher magnetic field is applied over the inner tracking detector
in CMS (4T) than in ATLAS (2T).

@ Scintillators with Liquid Argon as active material are used by
ATLAS for EM calorimetry, while PbWO, crystals are used by
CMS. Higher energy resolution in EM calorimeter by CMS.

@ 10X hadronic calorimeter in ATLAS with higher energy resolution
than in CMS, which covers 7.

@ In general higher resolution for muons in CMS than in ATLAS.

Presentation by K. Jakobs

el
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http://www.particles.uni-freiburg.de/dateien/vorlesungsdateien/wpf2hadroncollider/kap2c

tt dilepton, ATLAS (36.1 fb™ !, 13 TeV)

Eur.Phys.J.C 80 (2020) 6, 528
@ Inclusive, fiducial and differential measurement and top pole
mass extraction.
@ Dilepton channel, targets tt— W+bW~b — et Frisbb.

o An e* T pair+jets are required of which 1 or 2 are b-tagged.
o b-tagging with the MV2c10 algorithm (70% working point).

@ Data collected in 2015-2016 is used.

@ Most precise measurement of tt at 13 TeV to date.

o By taking the ratio to the measurements at 7 and at 8 TeV their
precision is improved.

@ Ratios to Z production and double ratios are computed.

See talk by Matteo Defranchis for top pole mass extraction and use of
ratios to constrain PDFs.
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https://link.springer.com/article/10.1140/epjc/s10052-020-7907-9
https://conference.ippp.dur.ac.uk/event/891/contributions/4889

tt dilepton, ATLAS (36.1 fb™ !, 13 TeV)

Events split into 2 regions by b-jet multiplicity (1 or 2 b-jets):

Ny = LO’tféeu26b(1 — CbEb) + kag

Ny = Lozee,2Cpep? + N¥&

Nio number of observed ey events with 1, 2 b-tagged jet(s)

L integrated luminosity
ce, efficiency to pass the et 1T selection ~ 0.9 from MC
@ 10% lower for 2016 (pileup, lepton triggers).

Cp tagging correlation coefficient, ebb/e%.
. NEE ptE
@ Determined from MC as C, = W
Nlbég background prediction, evaluated with a combination of
simulation and data control samples
€p b-tagging efficiency including acceptance, determined along with
o+t by solving the above equations.
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tt dilepton, ATLAS (36.1 fb™!, 13 TeV
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Lepton isolation efficiencies

@ The fraction of events where one of the leptons does not pass the
isolation requirement is measured in eu+b-jet samples.
@ Samples with leptons that fail the isolation requirements are
contaminated by QCD multijet events.
e The multijet contribution is estimated in data with an inverted cut

on the transverse impact parameter significance |dy|/o4, for one
lepton.

o Corrections for the multijet yield are applied to tt and tW/.
o Derived corrections: up to 1% on €°/, 0.4% on e,
@ The choice of cut on |dy|/cq, drives the uncertainty on €.
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tt dilepton, ATLAS (36.1 fb™!, 13 TeV)

@ The BLUE method is used to combine the 2015 and 2016 results,
weights of 0.49, 0.51 give the smallest uncertainty.

e The total uncertainty is reduced by 9% compared to treating all
data as one dataset.

Main systematics

@ The main uncertainty on the o, comes from the integrated
luminosity (1.9 % impact on o).

@ The analysis systematics have an impact of 1.39 %, with the
main contributions coming from the normalisation of single top
(5.3 % for tW) and modelling uncertainties for tt.

e Since the lepton isolation efficiencies have been measured in situ,
the predictions for lepton isolation from different generators do
not enter the modelling uncertainties, thus reducing their impact.
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tt dilepton, ATLAS (36.1 fb™ !, 13 TeV)

o ofd=14.074+0.06(stat.)£0.18(syst.)£0.27(lumi.)£0.03(beam)pb.
° att—826.4j:3.6(stat )£11.5(syst.)£15.7(lumi.)£1.9(beam)pb.
o otheo-=832+35(pdf+as) 59 (scale)pb,(NNLO+NNLL, Top+-+).

o Aoz/os = 2.4%, most precise inclusive measurement of tt.
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tt dilepton, ATLAS (36.1 fb™ !, 13 TeV)

olid=14.07£0.06(stat.)=£0.18(syst.)=£0.27(lumi.)£0.03(beam)pb.
0:=826.4+3.6(stat.)+11.5(syst.)£15.7(lumi.)£1.9(beam)pb.
otheo-=832:£35(pdf+as) 53 (scale)pb,(NNLO-+NNLL, Top+-+).

Aoz/os = 2.4%, most precise inclusive measurement of tt.

s Lt tt
e PDF uncertainties reduce in o{5 1y/0% (8) Tev"

@ Improvement for 7 (8) TeV: 4.9 — 3.9% (4.7 — 3.6%).
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tt dilepton, ATLAS (36.1

Ratios to Z production

The luminosity uncertainty almost

cancels in ratios to Z — ¢4

production in the same dataset:
Ott

0~5(UZ—>ee + UZ—WM)

Rtf/Z _

@ Measured to 1.7% precision.
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Double ratios

Cancellations for beam energies
and production processes occur in:
- tt/Z(;
tt/Z Rt/ (l)

Rii

RT/2(j)
@ Precision: 3.0% (2.5%) for

Ri3/7 (Ri3/8)- Main
systematics: signal modelling.
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tt dilepton, CMS (35.9 fb™ !, 13 TeV)

Eur.Phys.J.C 79 (2019) 5, 368

@ Measurement in the opposite sign dilepton channel.

Selection and regions

@ Split by lepton channels (ee, eu, uu).
e The same-flavour channels help constrain the lepton
identification efficiencies.
@ Removing the Z-mass peak in the same-flavor channel.
@ Divided into regions by b-jet multiplicity (0,1,2) and additional
jets (0,1,2).
o The b-tagging efficiency is 44%.
e The 0 b-jet category is only used for ey events.
o There are 28 regions in total (12 4 8- 2).
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https://arxiv.org/pdf/1812.10505.pdf

tt dilepton, CMS (35.9 fb ™!, 13 TeV)

o A template fit is
made.

Fitting variable

o Leading
additional jet pr
(if present).

@ Otherwise: event
yield.

@ The input
distributions in
the e channel
are shown here.
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tt dilepton, CMS (35.9 fb™ !, 13 TeV)

@ A multitude of regions with different compositions is used to
constrain systematics.

@ A priori, the uncertainty of the electron identification efficiency is
higher than for muons. Fitting the different lepton channels
simultaneously constrains Ae. to Ae,.

e This in turn reduces the total measurement uncertainty.

@ 0,7 =803+ 2 (stat.) £25 (syst.) £20 (lumi) pb, in
agreement with the SM prediction.

e The main uncertainties relate to the integrated luminosity
(2.5%) and lepton identification and isolation (2.0%).

See talk by Matteo Defranchis for the extraction of the top quark pole
mass and a.
Valentina Vecchio discusses the uncertainties further.
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tt lepton+jets, ATLAS (139 fb~ !, 13 TeV)

2006.13076 [hep-ex], submitted to PLB

@ The full Run 2 dataset at /s = 13 TeV is used.

@ Exactly one lepton (e or p) is required and at least 4 jets.

@ Requirements on E%lissand m¥vsuppress backgrounds.
e Split by jet, b-jet multiplicity (with the 60% working point).
o Different sentitivities to backgrounds & modelling in SR1, SR2.

e Sensitivity to extra radiation in SR3.
Signal region # jets # b-jets Dominant background

SR1 >4 =1 W+jets
SR2 =4 =2 Single-top
SR3 >5 =2 Single-top

@ Scale factors for the reconstruction, identification and trigger
performance for leptons are determined in Z — £/~ events.

Dr. Olga Bessidskaia Bylund (BUW) Total cross section in top production 13 /40


https://arxiv.org/pdf/2006.13076.pdf

tt lepton+jets, ATLAS (139 fb !, 13 TeV)

Z,'P,-O‘P,-B
Z,’|Pi|2 ’

e SR2: m}j‘in, minimum invariant mass over all lepton-jet pairs.

e SR3: AR;.JV.g, average distance between the three jets.

@ SR1: aplanarity A:%)\g,, A3: smallest eigenvalue of

e Constructs a system similar to a hadronially decaying top.
e The jets are selected to give the highest pr for the system.
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tt lepton+jets, ATLAS (139 fb !, 13 TeV)

Pre-fit impact on o, /0% A0,/ che @ Shower: POWheg+Pythla8 VS
0 = 0+A0 6="0-A0 -0.04 -0.02 0 0.02 0.04 .
Post-fit impact on o, /Pt [T i i ! i Powh eg+ Herwi g7 .
0 = +00 0=06-08 | ATLAS
—o— Nuis. Param. Pull | 8= 18TeV, 13917 e Luminosity uncertainty (1.7%):
Shower Model Incl. Acceptance ‘ determined Wlth LUCID_2
H 1
Luminosity f .
Shower Migraton Parameter —— correction factors from
Topp, NNLD Rowoing - ‘ data+associated uncertainties
JES (pile-up subtraction) are a I|ed
JVT pp
Py i @ Final state radiation: variation
PDF4LHC NP4
Shower Model Shape SR2 e by factors 20, 0.5 of HUFSR-
1 Il Il 1 1 L
2 -15 -1 -05 0 05 1 15 H
a0 o 85 eigenvectors are used for

the b-tagging uncertainties.

® 0fig = 110.7 £ 0.05 (stat.) T33(syst.) £1.9 (lumi.) pb, 4.1%.
@ 0jnc =830 £ 0.4 (stat.) £36 (syst.) £14 (lumi.) pb, 4.6%.
@ Most precise inclusive tt measurement in this channel.

@ The result is consistent with the theoretical prediction.
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tt with a hadronic 7, CMS (35.9 b=t 13 TeV)

JHEP 02 (2020) 191

e tt with a hadronically decaying 7: tt—(/v)(7hv,)bb.
o This channel covers ~5% of tt final states.
o A test of lepton universality.
o Br(7 — hadrons) = 65%.
@ Selection: one electron or muon, one hadronic 7 candidate of
opposite charge and two jets of which at least one is b-tagged.

T reconstruction with the hadron-plus-strips (HPS) algorithm
@ In each jet, a charged hadron is combined with other nearby
charged hadrons or photons to identify the decay modes.

@ Clustering electrons and photons in strips along the bending
direction enhances 70 identification by taking into account
early showering of photons.
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tt with a hadronic 7, CMS (35.9 fb™ !, 13 TeV)

CMS Preliminary 35.9 b (13 TeV) ” CMS Preliminary 35.9 fb! (13 TeV)
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@ Main background: tt (lepton+jets) with a misidentified 7.

@ A BDT is used to distinguish the 7 candidates from QCD.

o Identification efficiency uncertainty of 7 with pp > 20 GeV: 5%.
This is the dominating uncertainty in the measurement.

o Determined with tag-probe technique using Z — 747, events.
o Includes a charge mismeasuring probability of 1%.
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tt with a hadronic 7, CMS (35.9 b=t 13 TeV)

CMS Simulation Preliminary (13 TeV)

o Fitting M7 (£, E55) in a profile — signal
||ke||h00d flt 0("1; L background

@ For each combination of 1 ool o
b-tagged jet and 2 light jets, the
distance parameter D;;, =

V(mw —my)? + (me — myp)?

0.008}

0006 7T

is calculated. 2 categories: oo
o Signal-like if Dﬁin > 60GeV. no ;
e Background-like otherwise. 5 < R T T

5
M. _IJ_‘;”“) [GeV]

@ 0,7 =781 +7 (stat.) +£62 (syst.) £20 (lumi. ) pb.
o [(t—7v,b)/I(t—all) = 0.1050 + 0.0009(stat.)+0.0071(syst).
o Consistent with the SM prediction (0.1083 £ 0.0002 for width).

@ The first measurement of tt production with a 7 in the final
state at 13 TeV has been performed.

Dr. Olga Bessidskaia Bylund (BUW) Total cross section in top production 18 /40




t-channel, CMS (35.9 b=t 13 TeV)

@ Single top t-channel production Phys.Lett.B 800 (2020) 135042

is measured for top, anti-top and
their ratio Ry = o¢/073.

u d d u

@ Due to the valence quark content W w
of the protons, more top than
anti-top events are produced. b tb

Signature and selection

@ The e/u+jets final states are analyzed with additional
requirements related to EF'.
o Categories split by lepton flavour and charge, jet and b-jet
multiplicity:
e 2 jets 1 b-tag: signal-enriched
o 3 jets, 1 b-tag, 3 jets 2 b-tags: control regions dominated by tt
@ BDT algorithms enhance the separation of signal from large
backgrounds.
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@ A simultaneous fit to all categories, split by the lepton charge, is
performed.

@ R; is extracted directly from the fit, together with o p.
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t-channel, CMS (35.9 fb ™,

To profile or not to profile...

Profiling scales, NLO matching,

Allows for constraints.
@ Experimental uncertainties
@ Background rates

o Background modelling
(shapes)

Results
0+=130+1(stat)+19(syst)pb
oF=T77+1(stat)+12(syst)pb
R+=1.68+0.02(stat)+0.05(syst)

Dr. Olga Bessidskaia Bylund (BUW)

13 TeV)

Avoids constraints.
@ Signal modelling (shapes):

parton shower, pdfs.

o Avoids assuming the same
constraints on signal
modelling when
extrapolating to full phase
space.

@ Integrated luminosity (rate):
known to 2.5%.

Theory, NLO with HATHOR
othec=136.015 3 (scale)+3.5(pdf+as)pb
Jlghe°:81,Of%?(scaIe):|:3.2(pdf+Oés)Pb
Rtheo- — 1.68
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Single top combination ATLAS and CMS (7 and 8 TeV)

JHEP 05 (2019) 088

q q q W q b
E w >W< The BLUE method is
b tb tod t

used for the
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tW lepton+jets, ATLAS (20.2 fb !, 8 TeV)

2007.01554, submitted to EPJC

@ One isolated lepton and at least 3 jets are required, targeting one
hadronically and one leptonically decaying W.

@ A neural network is trained to separate the signal from the
background, which is dominated by tt.
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https://arxiv.org/pdf/2007.01554.pdf

tW lepton+jets, ATLAS (20.2 fb !, 8 TeV)

20000

ATLAS

E 20 ATLASv S\mu\atvwon 3j1b. E prve'm.aﬂb
> V5=8TeV Vs=8TeV, 20.2fb~"
8 215000 + Data
2 15 P -
Z € - i
B . oY 10000 - sjets HF
5 L, e Wajels HF o — Wiiets LF
3 10 5000
: J
£ Ly
o S ahind! " o
@ 5 bl [rang o 12
© - ©
& e Hr,., T A V5,
. EESac NN S o8l Y Z 7
o Iy ]
00 50 100 150 200 250 300 e 0 50 100 150 200 250 300
m(Wy) [GeV] m(Wy) [GeV]

For 65 < m(Wy) < 92.5 [GeV], a 2D discriminant is constructed

from m(Wpy) and the NN response.

Outside of this range, just m(Wy) is used.

oww = 26 £ 7 pb (of which data statistics + 4 pb).

theo.
Otw

= 22.4 + 0.6(scale) + 1.4(PDF) pb (NLO+NNLL).

Main systematics: jet reconstruction, b-tagging and the
modelling of tt and tW and their interference.
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tW dilepton, CMS (35.9 fb™!, 13 TeV)

JHEP 10 (2018) 117
@ A dilepton ey selection with 1 or 2 jets is applied. Split into
regions by jet and b-jet multiplicity (1j1b, 2j1b, 2j2b CR).
@ Separate BDTs are trained for 1j1b and 2j1b.
@ A likelihood fit to the signal strength is performed.
@ Main systematics: pileup, jet energy scale, lepton efficiencies.

«10* 35910 (13 TeV) x10° 35.9 10" (13 TeV)
¢ Data tW (u = 0.88) ¢ Data tW (u = 0.88)
&1 + 1j1b I Non-Wi/iZ | |3 & + 2j1b I Non-WiZ W+

N ot Pt o Pt oy

uncertainty uncertainty uncertainty uncertainty
— Prefit Data/MC — Prefit Data/MC

Events

|
1

7 8 9 10 4 5 6
1j1b BDT output bin 2j1b BDT output bin

Data /MG

oww =63.1 + 1.8 (stat) & 6.4 (syst) & 2.1 (lumi) pb, consistent
with offi€e = 71.7 & 1.8 (scale) + 3.4 (PDF).
The most precise measurement at 13 TeV to date.
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https://link.springer.com/article/10.1007/JHEP10(2018)117

@ Some of the latest results for the total cross section in tt and
single top production by ATLAS and CMS have been shown.

@ Several results for obtained from a partial Run 2 dataset
collected at /s = 13 TeV, have been published.

@ The first results using the full Run 2 dataset are becoming
public.

@ We are pushing the limit in precision with novel treatments of
experimental uncertainties.

@ Combinations of results from ATLAS and CMS are performed.
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tt dilepton, ATLAS (36.1 fb™ !, 13 TeV)

Table 1 Summary of the main object and event selection requirements

Object Identification Selection

Electrons Tight likelihood Er > 20GeV, |y < 1.37 or 1.52 < || < 2.47, isolation

Muons Medium pr > 20GeV, || < 2.5. isolation

Jets Anti-k R = 0.4 P> 25GeV, || < 2.5, b-tagging with MV2¢10 at 70% efficiency
Event 1 electron+1 muon with opposite sign, 1 or 2 b-tagged jets

@ When solving Egs. 1, 2 the number of b-tagged jets in tW and
diboson backgrounds is predicted by simulation.

@ The correlation coefficient Cp also has a weak dependence on the
efficiencies for tagging heavy- and light-flavoured jets.

@ The modelling of the b-tagging performance in simulation was
then corrected using scale factors determined from:

o Dilepton tt events for b-jets
o Single-lepton tt events for charm jets
e Dijet events for jets from light-quarks and gluons.

@ The corresponding uncertainties were propagated to the
background and correlation coefficient estimates.
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tt dilepton, ATLAS

Evaluated for €y, Gey and Cp, and propagated to the cross section.
@ NLO matching: Powheg+Pythia8 vs aMCONLO+Pythia8.
@ Hadronisation: Powheg+Pythia8 vs Powheg+Herwig?.
e ISR/FSR: varying ug, pr by factors of 2, 0.5.

Background modelling

e tW normalisation uncertainty: 5.3%. tW modelling: Diagram
Removal vs Diagram Subtraction to remove overlaps with tt.

@ Scale factors for Z+jets are derived from data. The multijet
background is measured in data.

Luminosity and beam energy

@ Uncertainty on integrated luminosity: 2.0% for 2015, 2.1% for
2016, applied separately. Determined with LUCID-2.

@ Beam energy: 0.1% precision, impact on oz 0.23%.
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tt dilepton, ATLAS

Uncertainty source Beoplén AGou[Gop ACHICy | Aofoy  Actljod
(%) ) (%) %) %) .

e o 0w @ Uncertainties for
trmod. fF generator 038 005 0.05 043 0.10 . K

17 hadronisation 024 042 0.25 049 067 eff|c|enc|es'

Initial/final-state radiation 030 026 016 | 045 041

7 heavy-flavour production | 0.01 001 026 | 026 026 .

Paron dsevuion nions | 043 005 | o4 oo correlations and the

Simulation statistics 022 015 0.17 022 018 . .
Lept.  Electron energy scale 006 006 . 0.06 006 total and fiducial

Electron energy resolution 001 001 E 001 001

Electron identification 034 034 E 037 037

Electron charge mis-id 0.09 009 E 0.10 0.10 Cross section are

Electron isolation 022 022 E 024 024

Muon momentum scale 003 003 - 003 003 eva [ u ated .

Muon momentum resolution | 0.01 001 E 001 001

Muon identification 028 028 E 030 030 - .

Muon isolation 0.16 0.16 . 0.18 0.18 @ Main uncertai nty:

Lepton trigger 013 013 E 0.14 014 . . .
Jeth  Jetenergy scale 002 002 006 | 003 003 inte gra ted luminosi ty

Jet energy resolution 001 001 004 | 001 001

Pileup jet veto - - - 002 002 . .

b-tagging efficiency . - 004 | 020 020 @ Main ana IyS IS

s mistagging E - 006 | 006 0.06

Bkg.  Single-top cross-section E - - 052 052 e

Single-top/s7 interference E - E 015 015 systematics:

Single-top modelling E - E 034 034 . .

Z+jets extrapolation - - - 0.09 0.09 normalisation Of the

Diboson cross-sections E - E 0.02 002 i

Diboson modelling E - E 0.03 003 sing le to p Cross

Misidentified Leptons - - - 043 043

“Analysis systematics 091 075 0.44 139 131 . T .
T Incomied minonty % section, tt modelling

Beam energy - - - 023 023 ..

Total uncertainty 091 075 044 | 240 236 uncertainties.
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tt dilepton, ATLAS, background details

@ The main background tW is evaluated with simulation, as well as
diboson production.

@ Z-+b-jets has large theoretical uncertainties: simulated with
SHERPA, incusive xs normalised to FEWZ prediction and further
scaled by 1.10 £0.12 (1 b-tag) and 1.20 £ 0.12 (2 b-tags),
derived in data in an OS same flavour selection. In addition 5%
and 23% uncertainties were assigned from a re-evaluation for the
SFs using MG5_AMCQ@QNLO+PYTHIAS.

@ The contribution of events with one misidentified lepton was
estimated in a same sign ey selection for j b-tags (1,2):
is—id data,SS sim,prompt,SS
N Ri(N; —N; ) (1)
sim,mis—id,O0S
N

sim,mis—id,SS
Nj
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tt dilepton, ATLAS, background details

ATLAS
* (s=13TeV, 36.1 fo"

1100

T
=
S 1000} .
g ;
% soof ]
IR REEEER g
Iisoo:—+++ t +++++++E
g - ]
% - ]
3 7001 -]
= [ == CT14 NNLO+NNLL ]
800  Czakon, Fledler, Mitov, PRL 110 (2013) 252004 -

PRI SRR PRI SRR SRR S R ErRT SR R S|
164 166 168 170 172 174 176 178 180 182

nﬂu\e IG EV]

@ The predicted cross-section also depends strongly on my,
decreasing by 2.7% for a 1 GeV increase in the top mass.

@ A 0.1 % variation inscorresponds to a 0.23% variation ;.
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tt production, lepton+jets inclusive (ATLAS)

Category A4 ] A o]

Tiid Tinc

Signal modelling

17 shower/hadronisation +2.8 +2.9

11 scale variations +2.2 +2.7

hdamp +1.5 +1.1
Background modelling

MC background modelling +1.8 +2.0

Multijet background +0.8 +0.6

Detector modelling

Jet reconstruction +2.5 +2.6
Luminosity +1.7 +1.7
Flavour tagging +1.2 +1.3
EMBS 4 pile-up +0.3 +0.3
Muon reconstruction +0.6 +0.5
Electron reconstruction +0.7 +0.6
Simulation stat. uncertainty ~ +0.6 +0.7
Total systematic uncertainty — +4.3 +4.6
Data statistical uncertainty +0.05 +0.05
Total uncertainty +4.3 +4.6
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tt with a hadronic 7, CMS (35.9 b=t 13 TeV)

@ Selection: one electron (muon) with pr >30 (26) GeV, one
hadronic 7 candidate of opposite charge, pr > 30 GeV and two
jets of which at least one is b-tagged (66% efficiency).

@ A BDT is used to distinguish the 7 candidates from QCD. Input:
multiplicity and the pr of e, v candidates near the 7, kinematics
of hadrons and strips, info about 7 lifetime.

o Fitting M7 (¢, Eiss) = \/2p%E7HJiSS (1 —cos Ag) in a profile
likelihood fit.
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t-channel, CMS (35.9 b=t 13 TeV)

Selection: an electron pt > 24 GeV or muon pt > 32 GeV + jets.

BDT input variables

1. Light-quark jet |n|
Invariant mass of top
Dijet mass of the of (b,j) from the top decay.
AR(L, b)

cos 0*

pr sum for jets from top
o

Einiss

AR(j, b) (jets from top)
10. ()]

11 (W)

12. Invariant mass of light jet

{ORNCORES IR OGRS RNCORID
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Single top combination ATLAS and CMS (7 and 8 TeV)

g w q b

t-channel tW-channel s-channel

Combining with BLUE

The BLUE method is applied iteratively to combine the single top
results from ATLAS and CMS.

@ BLUE minimises the global x? by adjusting the weight of each
input measurement.

o Convergence criterion: the change in x2 is less than 0.01%
from the previous iteration.

@ Systematic uncertainties are scaled with the cross section in
each iteration (relative uncertainties).

@ Data and MC statistics are not scaled.

Dr. Olga Bessidskaia Bylund (BUW) Total cross section in top production 36 /40



Single top combination ATLAS and CMS (7 and 8 TeV)

JHEP 05 (2019) 088

Decorrelated uncertainties Partially correlated uncertainties

o Data statistical, simulation @ Integrated luminosity (0.3)
statistical.

@ Background normalisation. Fully correlated uncertainties

@ Jet energy scale, jet energy @ Signal modelling and
resolution dependence on top quark

@ Lepton modelling mass.

° E_,ngiss eslalsiianm @ Some u.ncertalntles in
btagei theoretical cross-section

° b- -

TR predictions: pg and g for
@ Pileup modelling ) tW.
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https://arxiv.org/pdf/1902.07158.pdf

Single top combination ATLAS and CMS (7 and 8 TeV)

ATLAS+CMS
T LHClopWG
= ATLAS+CMS u ATLAS
= | tHoopwe « CMS [Oness
5 1021 * ATLAS.CMS — [f Vsl = || 222 from single-top-quark production
3 .—LT-L_ LHciopwa heo.
3 o NLO (t- and s-channel), NLO+NNLL (W)
a2 *4—‘4— 80, SCale ® PDF © o & my © Eygayy
@ NNLO t-channel -1 GeV
<] scale uncertainty m = 1725 Ge! [f,Vyol + (meas.) = (theo.)
5

--NLO+NNLL

g scale & PDF & a, uncertainty ATLAS+CMS LucipWa o 1.02 : 0.04 - 0.02
g t-channel, Vs = 7, 8 TeV/
S
£

{ { i —NLO
B S scale uncertainty
scale & PDF ® o, uncertainty’
I . ATLAS+CMS LHQtopwG 0.09 -
Eeem ot —t—t—i 1.02 £ 0.09 = 0.04

ATLAS+CMSLHCtopWG | o
s-channel, {s = 8 TeV.

............ l ATLAS+CMS LHCopWa et £0.04 -
b t-channel, tW, s-channel, Vs = 7,8 TeV 102 20,04 = 0.02

| . ‘ . |
7 8 — 0.6 0.8 1 1.2 1.4
Vs [TeV] Ifu Vsl

7 TeV 8 TeV
Integrated luminosity [fb~!] 1.17-51 12.2-20.3
t-channel xs [pb] 675+ 57 87.7+58
tW-channel xs [pb] 16.3 £ 41 231+36
s-channel xs [pb] - 49+ 1.4

— 0.97 £0.15 = 0.02

The coupling at the tWhb vertex:

oy V| = \/% = 1.02 = 0.04(meas.) £ 0.02(theo.)
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tW 13 TeV (CMS)

” x10* 35.9 fb" (13 TeV) x10° 35.9fb" (13 TeV)
g 4 Data W (1 = 0.88) 4 Data W (1 = 0.88)
[ e+ 1j1p MNnwz W ey« 2jtb MNonwz  EHE
Moy VWV Moy VY
Postiit Prefit Postfit Prefit
“ uncertaini uncertainty uncertaint uncertainty

Prefit Data/MC Preft Data/MC

g

5 6
2j1b BDT output bin

7 8 9 10
1j1b BDT output bin
m 35910 (13 TeV)
el +22b ¢+ Data
W (i = 0.88)
I Non-WiZ
i
g
ViV
Postfit uncertainty
Prefit uncertainty
— Prefit DataMC

Events / 20 GeV
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tW 13 TeV CMS

Source Uncertainty (%)
Experimental
Trigger efficiencies 27
Electron efficiencies 32
Muon efficiencies 31
JES 32
Jet energy resolution 18
b tagging efficiency 14
Mistag rate 0.2
Pileup 33
Modeling
tt pg and i scales 25
tW pr and pr scales 09
Underlying event 04
Matrix element/PS matching 18
Initial-state radiation 08
Final-state radiation 0.8
Color reconnection 20
B fragmentation 19
Semileptonic B decay 15
PDFs 15
DR-DS 13
Background normalization
tt 28
vV 04
Drell-Yan 11
Non-W/Z leptons 1.6
ttvV, 0.1
MC finite sample size 1.6
Full phase space extrapolation 29

Total systematic

(excluding integrated luminosity) 101
Integrated luminosity 33
Statistical 28
Total 1.1
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