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The top quark: why do we care?

@ Top is the heaviest known fundamental particle
A\t = v2my/v ~ 1 (special role in EWSB?)

@ Top quark is short lived
15" decays before hadronization

® Agdp ~ (100 MeV)~" ~ 10~

o MO =1.42 GeV
1~1075 s <1085

@ Top decays (almost exclusively) through t — bW
BR(t — sW) <0.18%, BR(t — dW) <0.02%

@ The measurement of the top quark properties provides a
powerful test of the SM

I precision test of perturbative QCD to high orders (at least
NNLO needed to describe data!)

15 soft radiation in production and decay: constrain the
modelling of parton shower and hadronization

@ Top quark might play a special role in new physics models



The top quark: why do we care?

mass W polarization
width
spin
charge
polarization

production cross-section

production mechanism
spin correlations

Wtb vertex structure

5" Only a selection of results will
be discussed in this talk branching ratios (Wtb, rare decays)
(focusing mainly on associated production (H, W, Z, y)
the most recent ones)



Top quark production at the LHC

@ LHC is a top factory:

g t q t
pair production: }wﬂ< - >w<
g t q t

=¥ dominant production mode
I3 at the LHC, mainly through gluon fusion
I o (t1): constrain gluon PDF, s and pole mass

q q g t q t
single production: Qf o % o >AN<
g b b w q b

==~ EW production (sensitive to Vi)
I tW production: interference at higher orders with tt



Different topologies available in tf events

1" The decay of the W from the top quark defines the event topology
5" Presence of b-tagged jets (from t — bW decay)

@ /+jets:
Top Pair Branching Fractions e high BR
e reasonable S/B

46% e dominant background: W+jets

cojots 15% @ dileptonic:
e small BR
b e excellent S/B
T 2k e 3 main channels: ee, ey, i
we 2 15%
T\ L ’ .
W 15% @ all hadronic:
"dileptons™ e highest BR

e large multi-jet background



Identifying top quarks: boosted topologies

[ATL- PHYS PUB-2015- 053]
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@ pile-up effects are important
1= important to mitigate its effect (trimming, soft drop)

@ Development of t-tagging techniques targeting high-pr top
quarks



Inclusive tt production cross-section

v/s=13TeV| [CMS PAS TOP-16-006]
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@ shape analysis [M(¢, b)]
% 12
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CMS preliminary 23167 (13 Tev) R T
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¥ biggest sources
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Inclusive tt production cross-section

VS=13TeV| [arXiv:1606.02699]
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@ Cross-section and b-tagging
efficiency extracted using e events
with 1 or 2 b-tags:
Ny = Lo €ep 2¢p(1 — Cpep) + N;Dkg w0
N> = LO’ﬁ €ep Cp 6b2 + Ngkg
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@ Selection requires 1 e, 1 1 and
> 1 b-tagged jets

. .. Event counts N Ny

@ b-tagging efficiency absorbs Data 11958 7069
. . . Single t 1140 4+ 100 221 + 68
systematic uncertainties due to Dibosons. Bt 140
Z(= 77 — ep) et 37+ 18 241
b-tag and bJES l\lisidz;tiﬁefl“lept]inss 164 + 65 116 + 55
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@ Hadronization related uncertainties -2 keromd [ B0 2120 310 % 8
dominate

o = 818 4 8 (stat) + 27 (syst) + 19 (lumi) + 12 (beam) pb | (2 = 4%)




Inclusive tt production cross-section
[CMS PAS TOP-16-013]

i Resolved Boosted
@ Fully hadronic topology Tepton veto lepton veto
AK4 jets AKS8 jets
. pr >30GeV and || < 24 pr > 200GeV, || < 2.4, mgp > 50 GeV
@ 2 approaches: o sy
resolved (low top pr) and | #r > 500Gev, py” > 45Gev Py > 450 Gev
. at least two b-tagged jets both jets should contain one b-tagged subjet
boosted (high top pr) ARy > 20 F>0
kin. fit probability > 0.02 150 < még < 200GeV
150 < m; < 200 GeV

2.53 fb” (13 TeV) 2.53 b (13 TeV)
3 900F ¢, " paa | 3§ 3 250FCMs I . Data
O 800F Pre OsSignal 4 O i
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D o0r 1Y uncertainties: parton
300 E .
oo [ shower, b-tagging, JES
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o e
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o = 834 £ 25 (stat) |5 (syst) & 23 (lumi) pb | (22 = 15%)




Inclusive tt production cross-section

Vs =13TeV

ATLAS+CMS Preliminary LHCtOPWG o, summary, s = 13 TeV Aug 2016
NNLO+NNLL PRL 110 (2013) 252004
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Inclusive tt production cross-section

E I T T T T T T T T T T T T I T T T I T T T
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15 Excellent agreement with the SM (NNLO+NNLL prediction)
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Inclusive tt production cross-section in the forward region

V/s=7,8TeV

@ Forward t production different from central: qq and qg
dominates over gg.

@ NLO: ~75% tt and about ~25% t-channel single t

@ Constraint on large x gluon PDF

@ Relies on the detection of an energetic, large |n|, muon

pT(b)}  Wb.c)jet g LHCb o Data
100] .| . = [ Wh+top
Bwo
50
20]

f

]

20 25 " I320 4‘5 7‘0 9‘5
P (g P (4+h) [GeV]

1 First observation (5.40)
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Inclusive tt production cross-section in the forward region

Vs =8TeV

@ High pr, isolated, e or 1 + 2 heavy-flavour tagged jets

@ Moderate pr cuts, tight |n| cuts
@ Relies on the use of m; and an MVA analysis
@ Simultaneous fit of 4=, ™, e~ and e™ samples
@ Allows the measurement of Wbb, Wce and tt cross-sections
LHCb, Vs =8 TeV e MCFMCTI10 [ Data
LHCD preliminary Oaata
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Differential tf production cross-section (parton level)

VS=8TeV| [CMS PAS TOP-14-013]

@ Double differential_cross sections:_bin {t events in 2 variables:
e.g. pr(tt) vs. y(tt), pr(y) vs. y(tt), etc

CMS Preliminary 19.7 b’ (8 TeV)
& T T T T T T T T
‘E 340 < M(tf) < 400 GeV] 400 < M(f}) < 500 GeV | 500 < M(t}) < 650 GeV | 650 < M(tf) < 1500 GeV CMS Preliminary
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107F ] L
..............
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@ m(tt) vs. y(tt) especially sensitive to PDFs
(2D distributions provide stronger constraints than 1D)

@ Significant reduction of the uncertainty at high-x
14/35



Particle level objects and pseudo-top quarks

@ parton level: e.g. top quarks before full phase space
P - -~
decay, but after radiation //pa’ss <election at\\\
@ particle level: stable particles [ detector levely
(r>03x10"1%5) \\ /l
I corrections to particle level allow to NN 7
minimize the extrapolation and the . ﬁdu‘ci;r—eai-(;rr’
theoretical uncertainty at particle level

@ top quark proxy reconstructed from decay products after hadronization
[https://twiki.cern.ch/twiki/bin/view/LHCPhysics/ParticleLevelTopDefinitions]

SAABLARARLAAARR) = 900

ATLAS Simuiation 5=7Te ° ATLAS Simulation

POWHEGAPYTHIA . 9 O, goof POWHEGPYTHIA
e m

Reconstructed 1, p.
M @ A O
3 &8 &
S 8 3 8

=)
S

[JHEPO6 (2015) 100]

0 g o 0 2 o
0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800

Parton-level hadronic top-quark P, [GeV] Particle-level ih Py [GeV]
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Differential tf production cross-section (particle level)

V/s=13TeV | [ATLAS-CONF-2016-040]

@ Differential cross-sections in resolved and boosted ¢+jets events

and unfolded to particle level, in fiducial phase-space

® pr(t), pr(td),

m(tt), [y ()], [y (t0)|

Resolved Top

+ 1electron or muon
b < 4ormore jets
(at least 2 b-tagged)
« Hadronic and leptonic
top reconstruction.

Boosted Top

« 1electron or muon. N
« 1 or more small-R jets ‘,‘

- 1top-tagged large-R jet [
+ MET > 20 GeV W
« MET + mr(W) > 60 GeV |

- Hadronic top reconstruction\\ b | -
\b /.

pr(t) > 300 GeV

« Either small-R and large-R

jets b-tagged (77% eff.).
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Differential tf production cross-section (particle level)

Vs =13TeV

P!/ GeV [pb]

i

do./d

Data

Prediction

Data

Prediction

[ATLAS-CONF-2016-040]
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@ Dominant uncertainties: JES and b-tagging
@ Trends of NLO predictions observed to be similar as in 8 TeV results
@ Data tends to be softer than NLO MC at high pr(t) in both resolved and

boosted cases
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Vs =13TeV | [ATLAS-CONF-2016-040]

E= T T T T
ATLAS  Preliminary
F V{s=13Tev,3.2fb™"
Resolved

T T T
Fiducial phase-space

e Data
PWG+PYS h,,..=m,
PWG+PY6 h,
- PWGH+PY6 h,
PWG+PY8 h,
- PWGH+H++ hy,,, =
- aMC@NLO+H++
Stat. unc.
Stat+Syst. unc.

P [GeV]

== Normalized distributions

T T
Fiducial phase-space

" | Gev

L

p.

= PWG+PYS hy, =2m, radHi

i

i

1o . [dao./d

Data

Prediction

Data

Prediction

1400
p‘T‘"a" [GeV]

18/35



Differential tf production cross-section (particle level)

v/s=13TeV| [CMS PAS TOP-16-007]

@ Dilepton topology:
ete, ptu~, eFu®

@ Fiducial measurement

CMS preliminary 220" (13 Tev)

Object

Definition

Selection criteria

Prompt neutrino

neutrinos not from hadron decay

none

Dressed lepton

anti-kt jet with a distance parameter of 0.1
using electrons, muons and photons
not from hadron decay

pr>20GeV, || < 2.4

b quark jet

anti-kt jet with a distance parameter of 0.4
using all particles and ghost B hadrons
not including any neutrinos

nor particles used in dressed leptons

pr > 30GeV, || < 24
with ghost B hadrons

CMS Preliminary 2.2 b’ (13 Tev) CMS Preliminary 22107 (13 Tev)
> R i S I R A e e R A A s R TR B e EE A A I M A A
3 —Data I} ~Data o ~Data
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® Dibosons & Dibosons 2 sl Dibosons j
- Single top T owE single top 13 Single top
£ ol Wiels j g Weiets i Wiets
] i-oth g somf- fothers w0l i B
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15000 = 9 aof-  EER E — L
ao00f == 3 4000 ]
10000 E
2000
2000)
so00) K
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0 o o
14 1 14
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3 3 3 +
3 e t 3 g e = 8 ¥
g — o £, e P A & £,
o a =)
o = o L T L T T o e T T
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|
Pl [GeV] p; [GeV] ¥
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tial {t production cross-section (particle level)

v/s=13TeV | [CMS PAS TOP-16-007]

CMS Preliminary 2.2 fo* (13 TeV) CMS Preliminary 2.2 b (13 TeV)
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@ Dominant uncertainties: MC modelling
@ Similar trend on pr(t) observed
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Additional jet activity in tf events

8 TeV| [CMS PAS TOP-15-006] [arXiv:1606.09490]

i i i ¥ 0.
@ Differential cross section for tt £ %% rins 1
. . . > r ~
production as a function of jet % o5 Gotev20sm
IR c L Inl <45, i ]
I 1
mu|tlp|ICI'[y § = ® Data 2012 |
i F — Powheg+PY6 hdamp=e |
. . + ¥ - r Powheg+PY6 hdamp=nm, |
@ /+jets (CMS) and dilepton e*u* + bb osk .1 Founegepve neamp-,
C - - Powheg+HW hdamp=e
(ATLAS) : o5 Foperrwitany— 2
0.2 B
CMS Preliminary 19.7 fb* (8 TeV) [ ]
= T T T T + 4
2 1og Lepton+Jets Comblned 3 0.1~ =
= » Frey 3 L ]
b“: o F L,.,...; ] oL L L T, i =
8|12 ] £ —— Powheg+PY6 hdamp= -~~~ Powheg+PY6 ndamp=
o 1 1 = 8 - Powheg+PY8 hdamp=m ......... MC@NLO+HW
E T ] E o Powheg+HW hdamp=co '
C i ] 15
[ ' i i 7 E
107 RERER 1 E 05E-
E  H— 3 s E
[ e Data ' i | T é 2E— Alpgen+HW ... Alpgen+PY ... MadGraph+PY
102 —*— MadGraph+Pythia6 ©_____ . $ o = st
E --m-- MC@NLO+Herwigé : | 3 e
[ --s- POWHEG+Pythia6 | :T: 1 05~
-3 POWHEG+Herwig6 ' \; £ AcerMC+PY6 Radm AcerMC+PY6 RadLo
107 [ = S 3 Apgen+PY6 RadHi  «ee- Alpgen+PY6 RadLo
E | | | ' | g —— MadGraph+PY6 q down ..... MadGraph+PY6 q’up
o g* 2 [] stat. + syst - . F
28 15 . . 0
O b - e = 3
0.5 0 1 2 3 4
4 5 6 7 8 9 =210

=5
Nogra s Py > 25 GeV
21/35



Additional jet activity in tf events

[ATLAS-CONF-2015-065] dilepton events with 2 b-tagged jets

T T T T T T T T T T T
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o(ttbb)/o

ttjj) ratio

v/s=13TeV | [CMS PAS TOP-16-010] dilepton events

[ESingle t
[Otibj [mtt others @DYJets
Wttcc @tV

+ Data

[ESingle t
[Ottbj @t others @DYJets
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o) 0 1 2 3 =4 o) 0 0.2 0.4 0.6 0.8 1 o) 0 0.2 0.4 0.6 0.8 1
Number of b-tagged jets b jet discriminator b jet discriminator

b [Pb] owj [pb] Tiebb / Vit

Phase Space

Measurement

Visible 0.085 £ 0.012 £ 0.029 3.5+0.1 +0.7 0.024 =+ 0.003 £ 0.007
Full 39+06+13 176 £5+33  0.022 £ 0.003 + 0.006
Simulation (POWHEG)

Visible 0.070 £ 0.009 51405 0.014 £ 0.001
Full 32+04 257 +26 0.012 + 0.001

5" 8 TeV: PLB 746 (2015) 132, EPJC 76 (2016) 11
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ttW and ttZ production

Vs =13TeV | [ATLAS-CONF-2016-003]

d 9

@ Final states with either 2 SS-u or
3,4l =eu

@ 2 control regions
(WZ and Z22)

@ 2 (8) signal regions used for the
ttW (tt2) fits

Process tt decay Boson decay Channel
et (utvb)(qqb) uty SS dimuon
(¢*vb) (£Fvb) 3% Trilepton
iz (£*vb)(qqb) e Trilepton
' (£*vb) (£Fvb) o= Tetralepton

o(ttW)=14+0.8
o(ftZ) =09+0.3

Events

Data/ Pred.

Events

Data/ Pred.

T
[ ATLAS Preliminary
F {5=13Tev, 3215
Post-Fit

2. 2

T .
+Daa Wiz

miw mwz Bl
2z iz
wz Wi -
WOther Fake leptons
7 Uncertainty B
A vk

| ‘
N

3L 4 3 ETS
L. on L-QCR L"Vog_gb H-Ss
T T T T —
ATLAS  Preliminary 4-Data Wiz
(5=13TeV, 3210 Wi Wz
Post Fit z z
wz
Moter Fake leptons

i

- %ﬁ

7 Uncertainty

N
A.Df

%{V
o3

Tz G2z o222 162 230 0z A Sre7 O O

UL
%2 24135



ttW and ttZ production

Events

@ {tW measured in 2 SS
leptons events
(BDT used)

@ {iZ measured in 3 or 4
leptons events

[CMS PAS TOP-16-017]
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- rare I ttw —+data /7~ uncertainties
30f 2L-- i 2L++
zoz 0<BDT<06 | BDT>06 0<BDT<06 | BDT>06
E § + L
10 : BB |

129 b7 (13 Tev)

Y Yy Rt ag Yty Ran e oy Yty oo an o] Yty Sz e ez,

Events

Il ronprompt

21Ib,=0mb =0lb21mb 21ib21mb

21b,=0mb =0lb2mb 21lb21mb

CMS Preliminary 12.9fb™ (13 Tev) CMS Preliminary 12.9 b (13 Tev)
@ 50 T T 2
S 3L, = djets E Dza‘a H 30F a2 jets -+ Data
b4 1t > ' it
@ o W ux 1 Yos Eﬁ B
35 Wz E Wzz
Mrare 3 20 ]
2 g ‘ Drare
nonpromp
E I nonprompt

=0b  211b,=0mb =0lbzlmb =1lb21mb 2j(=0b) 2j(=1b)

25/35



ttW and ttZ production
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[CMS PAS TOP-16-017] CMS Preliminary 12.9 fo™ (13 TeV)
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2/ss analysis (ttW) 2.6 3.9
3¢ analysis (ttZ) 5.4 3.8
40 analysis (ttZ) 2.4 2.8
3¢ and 4/ combined (ttZ) 5.8 4.6
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ttH production

Vs =13TeV

[ATLAS-CONF-2016-068]
[https://twiki.cern.ch/twiki/bin/view/CMSPublic/TTHCombMoriond2016]
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1" 13 TeV sensitivity already surpasses the 8 TeV one
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Single t production: t-channel differential cross-section

\/E =13 TeV q\ ' q

[CMS PAS TOP-16-004]
@ single muon topology o _—
(1, > 1b-jet, > 1 fwd jet, MET) b e T

@ BDT used (ft and W+jets rejection)
@ Unfolding pr(t + 1) and |y|(t + 1) to parton level
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Single t production: Wt-channel inclusive cross-section

/s =13 TeV | [ATLAS-CONF-2016-065]

At least one jet with pr > 25GeV

Exactly two leptons of opposite charge with pp > 20 GeV

At least one lepton with pp > 25GeV, veto if third lepton with pr > 20 GeV

At least one lepton matched to the trigger object

ER™ > 50GeV,
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@ BDT shape used in 2 regions (1j1b and 2j1b) and single bin in 2j2b
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Single t production: inclusive cross-sections and Vy,

ATLAS+CMS Preliminary LHCtop WG June 2016
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Top quark mass measurement in the fully hadronic channel

ATLAS Preliminary
_[ Ldt=2021"

/S =8TeV| [ATLAS-CONF-2016-064]
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Top quark mass measurement using alternative observables

V/8=8TeV| [CMS PAS TOP-15-008 ] oMy Mf,
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Top quark mass: summary of the direct measurements

ATLAS+CMS Preliminary LHCtOp WG my,, summary, Vs=7-8 TeV Aug 2016

World Comb. Mar 2014, [7]
stat

total uncertainty total stat

My, = 173.34 £ 0.76 (0.36 + 0.67) GeV. m,, + total (stat £ sys) G Ref
ATLAS, I+jets (*) ———t 172.31+ 1.55 (0.75 + 1.35) Tev [1
ATLAS, dilepton () i 173.09 + 1.63 (0.64 * 1.50)
CMS, I+jets L | 173.49 + 1.06 (0.43 + 0.97)
CMs, dilepton i 172.50 + 1.52 (0.43 + 1.46)
CMS, all jets —r—— 173.49 + 1.41 (0.69 + 1.23)
LHC comb. (Sep 2013) = 173.29 +0.95 (0.35 + 0.88) 7 TeV [6
World comb. (Mar 2014) - 173.34 +0.76 (0.36 + 0.67) 1.96-7 TeV [7]
ATLAS, l+jets H——t 172.33 +1.27 (0.75 + 1.02) 7TeV 8
ATLAS, dilepton =t 173.79 + 1.41 (0.54 + 1.30) 7TeV [8
ATLAS, all jets H——e—— 1751+ 1.8 (1.4 £ 1.2) 7Tev [9
ATLAS, single top —t——t— 1722 +2.1(0.7 £ 2.0) 8TeV [10]
ATLAS, dilepton H= 172.99 +0.81 (0.34 + 0.74) 8Tev [11]
ATLAS, all jets — 173.80 + 1.15 (0.55 + 1.01) 8TeV [12]
ATLAS comb. J:g;?gf [ 172.84 +0.70 (0.34 £ 0.61)  7+8Tev 11
CMS, l+jets 172.35 + 0.51 (0.16 + 0.48) 8Tev [13]
CMs, dilepton [E— 172.82 +1.23 (019 £1.22)  s7ev (13]
CMS, all jets HeH 172.32 + 0.64 (0.25 + 0.59) 8TeV [13]
CMS, single top e 172.60 +1.22 (0.77 £ 0.95)  &7Tev [14]
CMS comb. (Sep 2015) () 172.44 +0.48 (0.13 + 0.47)  7:8Tev [13]

(*) Superseded by results
shown below the line
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Top mass from

Top-quark pole mass measurements July 2016
DO o(tt), 1.96 TeV +5.20
PLB 703 (2011) 422 — 167.50 -4.70 GeV

MSTW08 approx. NNLO

DO o(tt), 1.96 TeV +3.30
DO Note 6453-CONF (2015) @ 169.50 -3.40 GeV

MSTWO08 NNLO

DO o(tt), 1.96 TeV +3.38
arXiv:1605.06168 (2016) ——— 17280 -3.57 GeV
MSTWO08 NNLO

ATLAS aftt), 7+8 TeV 172.90 *250 _ __Gev
EPJC 74 (2014) 3109 —— : -2.60 €
ATLAS tt+j shape, 7 TeV ®— 17370228, Gev

JHEP 10 (2015) 121

CMS a(it), 7+8 TeV 173.80 *1.70 v
arxiv:1603.02303 (2016) —@— 17380 7T g9 GE

CMS tt+ shape, 8 TeV o 169.90 *452 . Gev
TOP-13-006 (2016) .

CMS oftt), 13 TeV ° 172.30 ¥2.70 Gev
TOP-16-006 (2016) : -2.30 ©€

World combination
ATLAS, CDF, CMS, DO @
arXiv:1403.4427, standard measurements

173.34 076 Gev
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| | |
150 160 170 180
m, [GeV]

34/35



@ With the LHC data the top quark physics has entered in a
precision era

@ The top-quark observables constitute a powerful test of the SM
(and perturbative QCD): NNLO precision is required to describe
data

@ Differential measurements play a very important role

@ Pseudo-top definitions and fiducial particle level measurements
allow to reduce the uncertainty related to the MC-based
extrapolation to parton level results in the full phase-space

@ Many measurements dominated by systematics, but not all:

@ rare processes
o differential measurements

@ No evidence for physics beyond the SM (yet?)
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Inclusive tt production cross-section

v/§=5.02TeV| [CMS PAS TOP-16-015] Source Number of events

W Zly* - e

ety
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26 pb™ (5.02 TeV, - <
2 s o - Dbaa Signal (tt —e u) 17.0+0.2
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Yoo B Non Wiz
° wv )
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99
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o

o7 = 82 & 20 (stat) = 5 (syst) = 10 (lumi) pb \ (32 — 23%)

1z reference for future heavy ions measurement

I5° uncertainty statistically dominated
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Boosted topology in /+jets events

pr > 25 GeV
n] < 2.5 GeV
pr > 300 GeV
< 2.0 GeV
or i [l

>25GeV ,
[l < 2.5 GeV
Efiss + mY > 60 GeV ,

Episs > 20 GeV
> 1 R=1.0 jet, > 1 top tag, > 1 R=0.4 jet, > 1 matched b-jet
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(particle level)

Vs =13TeV | [ATLAS-CONF-2016-040]
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Top quark pr mismodelling at 8 TeV
[CMS PAS TOP-14-018]
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Top quark pr mismodelling at 8 TeV

_— B B e B B — T
< 0.008 :
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Top quark pr mismodelling at 8 and 13 TeV

V5 =8/13TeV| [ATLAS-CONF-2016-040]
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@ Similar trends in Powheg + Pythia 8 at 13 TeV compared to 8 TeV

@ Powheg + Herwig++ agrees better with data at 8 TeV than at 13 TeV
@ Comparable total uncertainty sizes as both energies

@ NNLO corrections appear to bring pr(t) into agreement
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Additional jet activity in tf events

V/s=8TeV| [CMS PAS TOP-15-006]

do/dN Stat. Exp. Theo. Total Prediction

[pb] [pb]
tF+>0jet | 2399 03% 62% 112% 13.0% | 252.97370 (scale) & 4.6%(PDF+as)
tF+>1jet | 814 05% 72% 11.7% 14.0% -
tF+>2jets | 201  0.8% 85% 13.6% 16.3% 20.97 73550 (scale)
tF+>3jets | 406 1.6% 103% 184% 21.3% -
t+ >4djets | 071 34% 131% 30.5% 334% -
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Top quark pole mass from o(tt)

V8=7,8TeV| [JHEP 08 (2016) 029]
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Top quark mass: alternative measurements

CMS Preliminary May 2016

b hadron lifetime — e @—e—— 173.50 = 1.50 = 2.91 GeV
TOP-12-030 (2013) o

Kinematic endpoints 173.90 = 0.90 +1-70 GeV
EPJC 73 (2013) 2494 o - 210G

b-jet energy peak

———— 17229+ 1.17 + 2.66 GeV
TOP-15-002 (2015)

Lepton+J/¥ @ 173.50 = 3.00 + 0.90 GeV
TOP-15-014 (2016)

Lepton+SecVix ° 173.68 = 0.20 +1-58 GeV
arXiv:1603.06536 (2016) - -0.97 9¢

Dilepton kinematics 171.70 = 1.10 +2.68 GeV
TOP-16-002 (2016) b -3.09

Single top enriched I 172.60 + 0.77 +0-97 v
TOP-15-001 (2016) - 09360
CMS tt+j °
+j shape, 8 TeV 169.90 + 1.10 *438 4 0 Gev

TOP-13-006 (2016)
oftt) 7+8 TeV PY 173.80 +1.70 GeV
arXiv:1603.02303 (2016) 80
CMS 7+8 TeV (2015) I’ 172.44 = 0.13 = 0.47 GeV
arXiv:1509.04044
World combination
ATLAS. CF e, D0 W 173.34 + 0.27 + 0.71 GeV
arXivi1403.4427 (2014)

o b ey by

160 170 180 190
m, [GeV]
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