Summary of Top measurements at LHC
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.

Heaviest known elementary particle
> Sensitive to EWSB mechanism and vacuum stability through radiative corrections

N

At LHC, top quarks are produced

> predominantly in pairs (tt) via strong interaction (= 10 Hz @ 13 TeV)
> alternatively, singly through electroweak interaction (= 1 Hz @ 13 TeV)

Unique behavior : Decays (Tdecay = 1072° s) before hadronization (Thad. = 1072* s)

Introduction

> Access to bare quark properties such as spin-polarization

Allows test of pQCD at NLO or NNLO precision (fixed-order)

Constrains proton PDFs, strong coupling, top-quark pole mass

Allows access to CKM element |Vi| via tWb vertex at production and decay in the

electroweak production mode

Window to New Physics via anomalous or EFT couplings

Constitutes dominant background to multiple BSM resonance searches
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This talk focuses mostly on my picks from all the latest results using Run2 (13 TeV) data
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Top pair measurements



- Theoretical uncertainties shown here correspond to yr and Ur

scale, PDF and the strong coupling

o Most precise (2.4%) result by ATLAS (arXiv:1910.08819) in

events with OS ey pair + 1 or 2 b-tagged jets

o = 826.4 + 3.6 (stat) £ 11.5 (syst) £ 15.7 (lumi)

- 1.9 (beam) pb

- Dominant systematics:
> Luminosity(1.9%),
> tW bkg. cross-section (0.52%),
> tt” shower/had. model (0.49%),
> tt” PDF (0.45%),
> tt” ISR/FSR model (0.45%)

Inclusive tt cross section [pb]

Inclusive o+ measurements

ATLAS
EXPERIMENT
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/TtbarNNLO
Vs | oy (NNLO + NNLL)
+10.1
7 TeV | 177.3%1%1pb (6.6%)
8 TeV | 252.977°3pb(6.2%)
+45.5
13 TeV| 831.87432pb(5.7%)
— | | | | | | | | | | 1I | | | | | | | | | | | | | —
T o o Ty L2580, ATLAS+CMS Preliminary ~Sept2019 -
| m ATLASeu7TeV (L= 46fb'1) LHCiop WG ]
e CMSeu7TeV(L=5fb"
— m ATLASeu8TeV (L= 202fb) -
e CMSeu8TeV(L=19.71b")
103 | v LHC combined ey 8 TeV (L = 5.3-20.3 fb”") LHCtopWG
— m ATLASeu*13TeV (L= 361fb) =
— v CMSeui13TeV (L=35.9fb" -
— ¢ CMS t+e/u*13TeV (L= 359fb) N
| O ATLAS l+jets” 13 TeV (L = 139 fo™) ]
A CMS l+jets 13 TeV (L=2.2 b7
— O CMS alljets* 13 TeV (L=2.53fb™) 900'_ 4 1 =
5 _* Preliminary N ]_J|j<> ..... B
10 = 800f *ﬂ 13
B 700F 1 -
Zmmm NNLO+NNLL (pp) i
B = NNLO+NNLL (pp) [ T B
10 Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 13 Vs[Tevl |
C NNPDF3.0, m  =172.5 GeV, a,4(M,) = 0.118 = 0.001 -
[ | | ] | ] ] ] | ] ] ] | ] ] ] | ] ] | ] ]
2 4 6 8 10 12 14
(s [TeV]

https://twiki.cern.ch/twiki/bin/view/L HCPhysics/L HCTopWGSummaryPlots
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https://arxiv.org/abs/1910.08819
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/TtbarNNLO
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCTopWGSummaryPlots

@) Cross-section ratios

ATLAS arXiv:1910.08819
IS Y N (L e L O I B I IR U L L N L O I rTr ot rr 1t rrr gy rr ol
statistics ATLAS statistics ATLAS statistics ATLAS
+expt. syst. +expt. syst. +expt. syst.
+luminosity 13 TeV, 36.1 fb™ +luminosity 13 TeV, 36.1 fb™ +luminosity 13 TeV, 3.2 b
7 TeV, 4.6 fb™ 8 TeV, 20.2 fb™
ABM12LHC ¢ : ) ABM12LHC
ABMP16 e ABMP16 n ABM12LHCC——>>
8T1O . CT10 — A CT14 | A
T14 A CT14
NNPDF2.3 ., . NNPDF2.3 Hih NNPDF3.0 A
NNPDF3.0 A 1
MSTW | | II\\IAI;_IT_\I?VFB.O :: MMHT A —
MMHT A MMUT ATLAS-epWZ12 +—=
ATLAS-epWZ12 A ATLAS-epWZ12 i HERAPDF2.0
- = i & 1—
';EE?LPHD;:Z'O =~ HERAPDF2.0 .
III|III|III III|II=I|IAII|:II|III|III| PDF4LI_IIC —A—{| I I I | | | | | | | |
38 4 42 44 4 48 5 52 54 | T T T S I | L1 1 |1 | 1 T T T NN NN N N K T T TN T TN 1 10T T T T T T T T T T T O I
(13 TeV) / o (7 TeV) 2.8 3 3.2 3.4 3.6 3.8 4 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4
i e ) e
% % o (13 TeV)/ o (8 TeV) o /o, (13 TeV)
T T | T T T | I I I I I I [ I I I I I T L L L L L I L O O T _ . . .
statistics ATLAS statistics ATLAS o tt cross-section ratios and double ratios
+expt. syst. +expt. syst. — ' i
laminogiy 13TeV 3.2 1" Fominoaity 13 TeV 3.2 1 (tt/2) at dlffe_rent J§ are estlmateql a.nd
7 TeV. 4.6 fb™ 8 TeV. 20.2 b compared with various PDF predictions
ABM12LHC C > ABM12LHC .
CT14 - CT14 e ~ Results agree within 2 s.d with most
NNPDF3.0 A NNPDF3.0 A predictions
MMHT A MMHT A
ATLAS-epWZ12 - ATLAS-epWZ12 & > Only exception being ABM12LHC
HERAPDF2.0 S HERAPDF2.0 A > attributed to lower gluon density at
high Bjorken-x for ABM12LHC
A A A A A A A | | | | | | | | | | I | I I | I | I I | I | I I | I L1 11 | I S | I | I I | I | I I | I L1 1 1 I | 1
55 54 56 58 3 18 19 2 21 22 23 24 25 26 compared to other PDFs
0.1 0,(13TeV)/ o _/0,(7 TeV) o./0,(13TeV)/ o /0c,8 TeV)
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https://arxiv.org/abs/1910.08819

Charge asymmetry at LHC

Production of top quark pairs charge symmetric at LO

1 )
No charge asymmetry in gg > tt at all orders, dilutes measurable >mm<

asymmetry ®

Small charge asymmetry at NLO due to QCD gqg annihilation

allowed in SM \ | )
> interference between tree and box diagram _
> interference between gluon ISR and FSR diagrams [asymme”‘c QCD} asymmetric BSM
(anti-)top quarks are emitted preferentially in the direction of the {
incoming (anti-)parton LHC
No preferential direction for the incoming (anti-)partons at LHC q s _ t
High momenta valence quarks collide with sea anti-quarks { °
carrying lower momenta > More forward top quarks and more
central anti-top quarks
N(A|y| > 0)—=N(A|y]| < 0) S |
AC= 9A‘y‘:‘yt|_‘yf‘ .
NA|y|>0)+NA|y| <0) arXiv:1207.0331

New Physics models can enhance A;~> indirect search for new physics
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http://arxiv.org/abs/arXiv:1207.0331

)

L

EXPERIMENT

© Measurement using full Run 2 data (139 fb™)

- Measurement in the /+jets ( e and p) channels with
resolved & boosted topologies

~ Results unfolded to parton level

~ Ac measured inclusively and differentially (in bins of
My & B 1)

o Evidence of charge asymmetry at the level of 4 s.d
> consistent with SM prediction with accuracy
NNLO QCD + NLO EW

- Ac sensitive to 7 four-fermion operators in the

Warsaw basis > eventually reduced to 2 by
assuming flavor universality

cl=clV+cBY + Y Assumptions:

C2=Cyl +Cy) cl =cl = ¢
Ca=Caq’ —Caq +Cyy >/ c-=C!
G-y La-a-c

< Tighter bound on C than the combination of previous
measurements

Evidence of charge asymmetry

_'(L) 1011""I'"'I""I""I""I""I""I""I""I""
S ot ATLAS Preliminary Eu[f)ata
I_|>J e {s=13 TeV, 139 fb” ] W+ets
: [ single top
10° res. t+boos. e/u+jets 00 Z+VV 4tV
post-marg. (m) [ Multijet
V4
10 [ ] Uncertainty
10° resolved 1b : resolved 2b
| [r0-0®
5 : ®oo®
104 L .
10 ===_k=55 e
10° i ==
, B
10
- 1.05 3 : + :
g% 1 ;o-oﬂ-m-mﬁ-*ﬂ+- +++-o-mﬂﬂm+*ﬂ-+ +-
_'C\_q 095 :T'-o-—-—- Oz ) o y— :‘T'-o-—-—- O I'o_’-|'5'-—-—- '_-'o-—-—-—
S 53T §928 wos” woS2 $oo2 ool wesl wesl wasl wegl Alyl
<0.5 [0.5,0.75][0.75,1] [1,1.5] >1.5 E<o.5 [0.5,0.75][0.75,1] [1,1.5] >1.5 My [TeV
O — [l L] ]
< 0.014 8 NNLOQCD +NLOEW ~ ATLAS Preliminary-
0_012‘_- Powheg+Pythia8 V\s=13TeV, 139 fb"
N Data (stat./total N
oot t P ) =
0.0081 —
o.ooﬁ*
2 n ]
— C*. 0.004 _
0.0021— —
of ]

Inclusive

ATLAS-CONF-2019-026

- mg interval

 ATLAS Preliminary
_differential AL vs. NNLO QCD + NLO EW

I A-2 — A-2 + A-4

Vs=13TeV, 139 fb™ |

68% C.L. limits 7

- > 1500 GeV

- 1000 - 1500 GeV

- 750 - 1000 GeV

- 500 - 750 GeV

- 0-500 GeV

— .

~ inclusive

— LHC8 combination

Ac=0.0060 = 0.0015 (stat + syst)
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pp, 8 TeV, JHEP 1804 (2018) 033

- Tevatron combination

pp, 1.96 TeV, PRL 120 (2018) 042001

8 -6 -4



https://cds.cern.ch/record/2682109
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The first LHC measurement of Arg using
35.9 fb™! data collected during 2016

Measurement in the / (e,u) + jets channels
with resolved & boosted topologies

qqg initiated process at NLO is isolated
using my-, X and c”

qqg > tt diff. cross-section

> linear combination of symmetric and
asymmetric components

> further expanded as a function of
anom. chromomagnetic (v) and
chromoelectric (d) dipole moments and
AFB

Template-based likelihood fits using
differential models based on extensions
to tree-level cross sections for gg and gg
initial states

- o(c*>0)—o(c* <0)
(e > 0) + o(c* < 0)

_ 2P

Vs

%92

Forward - Backward asymmetry

c* = cos @*

App = 0.048%) 0> (stat) F0020 (syst)
p = —0.02410005 (stat) 0010 (syst)

d < 0.03@95 % CL
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arXiv:1912.09540
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https://arxiv.org/abs/1912.09540

@% as & mP°'® from differential cross-section

arXiv:1904.05237
. . . . . . _ CMS_ - - 35917 (13TeV)
o Triple differential cross-section measured in bins of € 020 cooau |  oamd | soodwd |  S0ad) | 4o | soos | o Data dors

. — <400GeV | <500GeV <1500GeV <400GeV <500GeV <1500GeV | ___ + 2_
M(tt), |y(tt)| and Ni; with 35.9 fb! data 3 N0 N0 %g e e Neo B Mo |
© 0.15 T B 1 1 = {==- POW+HER, »2=31
§ E b % %I‘ == MG5+PYT, %2=34

1 -___ | | [E | E || POW+PYT unc.

- Event selection:
> OS dilepton (ee+up+ep)
> > 2 jets (= 1 b-tagged)
> Nt additional jets not from tt decay (AR > 0.4 from
leptons and b-quarks)
> Loose kinematic reconstruction of tt system (no m;

Ratio

. ly(te)l
constral ntS) cmMms = 359f"'(13Tev) CMS 35.9 fb' (13 TeV)
I [ N:)e,: +, M (ti) ,y(ti)] | I I I I | I I I I | I [N:)e,: +, M (ti) | y(ti)] I I I | I I I I
o as and mo extracted from comparison to fixed-order || " hieRne o i otalune
NLO predictions " ranen ~ue
— m{®® + 1 GeV unc. — 0, = 0.001 unc.
~ Simulataneous ag , mi*°® and PDF fit yields ABNP1S ) ABNP16 £
HERAPDF20 Iﬁ! HERAPDF20 W
CT14 CT14
ag(my) = 0.1135 £ 0.0016 (fity*99992 (model) 9999 (param)*0%01! (scale) = -
= 0.113 51‘888%% World average [PDG2018] o World average [PDG2018] —e—
) | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
hole _ 1705+ 07 (ﬁt) + 0.1 ( del 0.0 + 03 lo) GoV 0.09 0.1 0.11 0.12 . %;113) 165 170 17;'00Ie GeV]
mo = S x0. + (.1 (mode )_0.1 (param) * 0.3 (scale) Ge s{M, t
— 170.5 + 0.8 GeV (0.47%)



http://arxiv.org/abs/1904.05237
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First measurement of the top mass running with 35.9 fb-! data

N

Require 1 OS ey pair + = 2 jets

Kinematic reco. of the tt” system with my, and m'® constraints

Diff. cross-section at parton level obtained using ML fit to multi-
differential distributions (m, m™", pt of softest jet)

4 o values obtained as a function of the scale p in 4 my bins

my(u) in MSbar scheme is determined for each bin independently

Following 3 ratios extracted in order to reduce systematics

m(uy) mps) mylpy)

mz(//tz), m, (i) | m, (i)

Observed evolution agrees with RGE prediction at 1-loop precision

within 1.1 s.d

Running of m,

arXiv:1909.09193

CMS 35.9 b (13 TeV)
-§ 350 :— J—
= - - Data unfolded to parton level
£ 300 e ¢
_gd 550 f_ K3 NLO predictions in MS scheme
~_ - e w = u =m(m)
S 200 , ABMP16_5_nlo PDF set
- B m(m) = 162 GeV
150¢ —— my(m) =164 GeV
C m,(m) = 166 GeV
100 |
50 , '
—I ] ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] ]
200 400 o600 800 1000 1200 1400 1600 1800 2000
m. [GeV]
_ dm(u) !
RGE in MS scheme : 22 = — y(a(1)) m(x)
CMS 35.9 b (13 TeV)
= 1.05- ABMP16_5_nlo PDF set
S - u =476 GeV
:/33 1__ lJLO - Mref
= i
0.95F I
0.9 [) NLO extraction from differential o, *
- ® Reference scale U
- One-loop RGE, n =5, a,(m_) =0.1191
0.85_— f z
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
400 500 600 700 800 900 1000
u [GeV]
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http://arxiv.org/abs/1909.09193

@ m; In lepton+jets with soft-p

ATLAS ATLAS-CONF-2019-046

EXPERIMENT

. . > I_ I | 1T T 1 | L | L | L | L | T I_ > [T 1 | 1T 1T 1 | T 1T 1 | 1T T 1 | T T 1 | T T 1 | 17T 1T 1T
S AnalySIS with 36.1 fb-1 data S10000~ A1LAS Preliminary ¢ Data 1 (§14000— ATLAS Preliminary ¢ Data ]
0 . {s=13TeV, 36.1 fb™ [t (smT from b/c) | © - Vs=13TeV, 36.1 fb” (] tt (sMmT from b/c) T
fé’ ~ SS selection [ tt (SMT fake) . 4212000— OS selection Bt (smT from W) —
$ 8000~ Post-Fit Il Single top -1 9 | Post-Fit [ tt (SMmT fake) i
" . - i [[]Other backgrounds | ! i Il Single to
- election. - - 10000 g P

77 Uncertainty - - [[]Other backgroundsz
72 Uncertainty

> 1e/u+=4jets
> > 2 b-tagged jets, one with displaced vertex tag, one
with soft Muon tag (us)

> AR(Z, us) < 2 (good for boosted jets)

8000

4000[-

= ir? ra;l]nd OS have different contributions but both depend % ;ZZWM@ P é/// % 105 %//—/w//@ﬁw@w//@W/@ﬁfﬁ%//g//@m//}%
t " oo 20 30 40 50 60 70 'éo S 0.(;92; ------------------------------- -
m, GeV] ' 20 30 40 50 60 :’)IM e \ZO
> m(Zus) distribution used in a binned template fit to g OpTTTITTTIT
4 9F
extract the mass > largely reduced sensitivity to JES, Vb -
JER £ E
m, = 174.48 = 0.40 (stat) £ 0.67 (syst) GeV = 174.48 £0.78 GeV (0.45%) o E
5F =
© Dominant systematics: 3 E
> HF-hadron decay model: 0.39 GeV (0.22%) it :
> Pile up : 0.20 GeV (0.11%) 21_ ~ stat E
> b-quark hadronization : 0.19 GeV (0.11%) e N
‘P70 171 172 173 174 175 176 177
m, [GeV] 11
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https://cds.cern.ch/record/2693954
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)

L

PERIMENT

-

data (139 fb)

- Profile likelihood fit to
> my, template in ey channel (high stat.)

> Mpy- template in ee+uu channel (control region)

(

Events / 6.5 GeV

Data / Fit

-~ ATLAS Preliminary 4-Data [t

45000; s =13 TeV, 139 o' Il SingleTop  Other ]
40000F e Ml Lep. fakes”” Uncertainty J

~ Post-Fit ]
35000 =

30000 —

O'%O 40 60 80 100 120 140
reco m, [GeV]

Events / 22.5 GeV

1oooof
8000f
GOOOf
40003

2000

Data / Fit

Top Width

IIIII |IIII|IIII|IIII|IIII|IIII|IIIIIIIIIII:
- ATLAS Preliminary -#-Data it

- Vs=13TeV, 139 fo" JliSingleTop  Other E
C ee+uu Bl Lep. fakes”” Uncertainty
— Post-Fit ]

z //**WM@MW%’% /7"%

"0 50 100 150 200 250 300 350 400 450

reco m [GeV]
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Measured value in agreement with SM prediction within uncertainties

Direct measurement of top quark decay width in dilepton channel with full Run 2

MC templates obtained by reweighing nominal tt sample (' = 1.32 GeV )

ATLAS-CONF-2019- 038

eu

> | T T T | T | T T T
(GDJ TLAS S|mulat|on Prellmlnary

Te} 35000 s =13 TeV, 139 fb

©

@ 30000

c

(0]

>

L

L L
— 1.32GeV —0.20 GeV

1.00 GeV — 1.80 GeV
— 3.00 GeV —4.00 GeV

v 1.1 ]
21.05 -
S - e
0.95 50 900 150
m,, [GeV]
my = 172 GeV my = 172.5 GeV m; = 173 GeV
Mean [GeV] Unc. [GeV] Mean |[GeV] Unc. [GeV] Mean |[GeV] Unc. [GeV]
+0.53 +0.52 +0.52
Measured 2.01 050 1.94 049 1.90 _0.48
Theory 1.306 < 1% 1.322 < 1% 1.333 < 1%
_I 9I: ! | ! ! ! ! | ! ! ! ! | ! ! ! ! .
= sE- ATLAS Preliminary =
< ®C  Dilepton channel 3
76 Vs=13TeV, 139 b’ =
65" E
5F- =
i e
3E E
s
1 .
O IR, 1T ]

T, [GeV] 19


https://cds.cern.ch/record/2684952

Single top measurements



mé Inclusive single top-quark cross-section measurements

t-channel (~ 73% at LHC) tW (~ 24% at LHC) s-channel (~ 3% at LHC)

t

S
>~§v<
Q
o o
X
- 3
Q (@)
~ =2
Q| Q
3
+
O P

g 5 b

t
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/Single TopRefXsec

- ATLAS+CMS Preliminary t-channel
LHC[’OpWG B ATLAS PRD90(2014)112006, EPJC 77 (2017)531, JHEP 04 (2017) 086

® CMS JHEP12(2012)035, JHEP 06 (2014)090, arXiv:1812.10514

Single top-quark production ¢ ATLAS+CMS iHEeros (2019)088
September 2019 W

i B ATLAS PLB716(2012)142, JHEP01(2016) 064, JHEP 01(2018) 063

Vs o (NLO oW .on (NLO
Ot { ) (approx. NNLO) Os-on. | )

® CMS PRL110(2013)022003, PRL 112 (2014) 231802, JHEP 10(2018) 117
¢ ATLAS+CMS uHerP0s (2019)088

.-m - I- = s-channel

B ATLAS PLB756(2016)228
® CMS UHEP09(2016)027

¢ ATLAS+CMS JHerPos (2019)088

Inclusive cross-section [pb]

7TeV | 63.9722pb(4.5%)|15.7 = 1.2pb (7.6%)| 4.3 +0.2pb (4.7%)

— - = = NNLO PLB 736(2014) 58
scale uncertainty

B _iji T - - - NLO +NNLL PRD83(2011)091503, )
&

PRD 82 (2010)054018, PRD 81(2010) 054028
tW: tt contribution removed
scale ® PDF & a uncertainty

8 TeV |84.7135pb(4.4%)|22.4+ 1.5pb(6.7%)| 5.2 £ 0.2 pb (3.9%)

10 =

—— NLO NPPS205 (2010) 10, CPC191(2015) 74

® M= U= Mgy,

CT10nlo, MSTW2008nlo, NNPDF2.3nlo

! tW: p: veto for tf removal=60 GeV and n_=65 GeV
—1—= 1 scale uncertainty

Theory uncertainties due to pyr and pr scale, PDF and . . e

the strong coupling (s [TeV]
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/L HCTopWGSummaryPlots

13 TeV (217.0729pb (4.1%)|71.7 £ 3.8 pb (5.3%)| 10.3 = 0.4 pb (3.9%)

scale ® PDF @ a, uncertainty
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% t-channel inclusive and differential measurement @13 TeV

10’ CMS 359" (13 TeV)
~ Different production rate of t and t due to proton PDF ) ’ ’ ) 200
- Direct sensitivity to |V W W
~ Event selection: 1 e or y and multiple jets
b t b t

' ¢ Data |
HHets Bt channel
ot N

CtW I

7 WW/Z+jets
JQCD I

Stat @ systH

7

+

——

~ Events categories depending on jet and b-tag multiplicity 6, = 130 £ 1 (stat) = 19 (syst)pb = 130 + 19 pb ° Feime  shetme oo
- Likelihood fit to BDT discriminator in all regions 6,_n; =77 £ 1 (stat) + 12 (syst) pb = 77 + 12 pb ?";f,-";'ti 25'59)%:::\0
simultaneously to extract o;.c, and R, from data 6, it = 207 % 2 (stat) = 31 (syst) pb = 207 + 31 pb 1505— @ » Eg\’)ﬁ e —
-~ Dominant unc. sources: PS scale, PDF, yg and g scale V| = Grt;;::,wf — 0.98 + 0.07 (exp) * 0.02 (theo) 1°°E‘ St(é?@ Syst‘z
© Unfolded data matched to signal predictions at parton or <t 502_ e _
3.0 B

particle level > better agreement with aMC@NLO 4FS R,_4 = 1.68 £0.02 (stat) £ 0.05 (syst) = 1.68 = 0.06

AT R,
p 2jets-1tag 3jets-1tag 3jets-2tags
CMS 35.9 fb™' (13 TeV) 1

[TrrTrjrrrrprrrop T T T |:| LI | [ : T | ] I:I UL B CMS 359 fb' (13TeV) 359 fb-1 (13TeV)
1.66 = 0.02 (stat) = 0.05 (syst) ! —— 4 < [T T rrTT T reTT T ] = 1F T DR ]
—stat  —stat @ syst mE e S e 1 o : ws/em+jets |
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2

~ t-channel allows to measure the spin asymmetry

of the top quark

> sensitive to BSM couplings

> top quark highly polarized along the direction

of spectator quark

U
= 0.439 = 0.062

A,..=0.439 £0.032 (exp) £ 0.053 (theo)

- Measurement compatible with SM expectation

(POWHEG NLO): 0.436

> deviation observed by CMS at 8 TeV

disfavored

o First differential measurement of charge ratio as
a function of various observable

~ Calculating the ratio of top or anti-top cross-
section to total cross-section instead of top to

anti-top

~ Results agree with prediction from all PDF sets

1 do

5
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pol RS R R 3
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1
= —(1 +2A,cos 0% )

o d Ccos ‘9;21 2
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pol
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0.6 “aaa

| u*/e*+jets 1
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NNPDF 3.0 NLO I
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Parton-level top quark pt (GeV)
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t-channel differential measurement @13 TeV

arXiv:1907.08330

35.9 fb' (13 TeV)

u*/e*+jets
e Data (T exp, | total)
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== aMC@NLO 4FS
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IVig| in t-channel

CMS-PAS-TOP-17-012
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-17-012/index.html

Observation of SM tZq process

ATLAS-CONF-2019-043
Observation of SM tZq with full Run2 data (139 fb™') by ATLAS - - >

'é;;,;'s' proimnay e Due -
S - [s=13TeV, 139 fb” W 1
* CMS observation earlier with 77 fo! data (2016+2017) with N, T
significance ~ 8 s.d  ( PRL122(2019) 132003 ) | postFi -
- . HWAHtH i
- <~ Uncertainty |
80 —
Events selection: g N E
> OR of single electron/muon triggers & E
> exactly 3 leptons (1 OSSF pair) & |m,, - mz|< 10 GeV % “F -
> > 2 jets with py > 35 GeV and |n| < 4.5 ; out of which exactly 2 » 2°
1 central (|n| < 2.5) b-jet gt .
% ]g74/}////*/////?////j/////+////?////%+//%/r%/ . /
Separate NN for each signal region (SR) designed using 1 8 3%—0 b b
several kinematic variables T 0,
CR diboson 2j0b  |CR diboson 3j0b 3 T e
P i reliminar e Data
- Simultaneous PLH fits to data in SRs and control regions ; g 100 S 13 ToV, 15910 .
i Z+jets
(CRs) to extract o( t£*¢q) , ; . sasn WeLE
. — Post-Fit tHZ+t ~
> NN in SRs, NN in #~Z CR, event yield in tt CR, my (£,E;™) Number of jets g — .
in diboson CR 6"% _:
o(t ¢~ q) = 98 £ 12 (stat) £ 8 (syst) fb (15%)
m,, > 30 GeV
ooy = 102713 b 44 0
BT /%
. . . . IR 0| P R e rrre? Toreel eelird ere! Treer? Teatl io2
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-043
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.132003

New Physics In tW + tt production in dilepton final states

< ' ' -1
EPJC 79 (2019) 886 Analysis with 35.9 fb™' data

~ Event Selection: di-lepton (ee, eu, uu) + jets events
>Separated by lepton flavor, tt: = 2 jets (2 b-jets), tW : 1-2 jets (0-1 b-jet)

© Signal extraction is performed using channel dependent NN
o First experimental bound on Cg coupling

- Limits on C,g and C.g translated to observed (expected) ULs on FCNC BRs

@95% CLs
Bt = ug) < 0.12(0.22) % , B(t — cg) < 0.53(1.05) %
i cMs 35.9 fb (13 TeV)
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- s - A VPPN SIS T s s s s s s C I - I
8 T et @eesiassisiisis G
- 15— - ] ]
U rrsrrrr0770707 7077, /AN @ k< SIS S 3 :
: o oH |-
4 — ; —
2 : Cow B
I e — 0 Ciex10 | I ] |
© L T .2f b o B : ]
= U 0 ) L L) C x10 I I
a 3 L — .
S pzzzz ” i L % 5444 . = L - _
O T ————————— + T L C x10 —
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http://dx.doi.org/10.1140/epjc/s10052-019-7387-y

Summary

- Several results with full or partial Run2 data
- Measurements agree with SM prediction at a given accuracy
~ Measurements are performed with unprecedented precision

- Provides good understanding of the various modeling aspects such as
PDF, hadronization and parton shower etc.

» Stringent limits on couplings are placed with EFT interpretation

© Need to exploit the full potential of the Run2 data (~140 fb-1)
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Summary of my,, measurements at LHC

https://twiki.cern.ch/twiki/bin/view/L HCPhysics/L HCTopWGSummaryPlots

ATLAS+CMS Preliminary M SUMmary,Vs =7-13 TeV ~ May 2019
LHCtopWG ,
World comb. (Mar 2014) 2 ATLAS+CMS Preliminary My, from cross-section measurements
""""" orld comb. (Mar I —r— i
stat total stat LHCIopWG Sep 2019
i ] m,., = tot (stat = syst = theo Ref.
total uncertainty m,, = total (stat= syst s Ref. total stat top ( y )
LHC comb. (Sep 2013) LHCtopwa |—|+|—| 173.29 + 0.95 (0.35 = 0.88) 7 TeV [1] _ . ]
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. L - I 1 + + 1.7
ATLAS, dﬂepton F—f—t— 173.79+ 1.41 (0.54= 1.30) 7 TeV [3] CMS, 7+8 TeV ———] 173.8 f’1_8 [2]
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. . . 2.
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v ATLAS, 3.2 fb'1, JHEP 04 (2017) 086
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September 2019
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Summary of FCNC searches at LHC
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1285_ F . IE Mis-ID lepton E N2 Lattee,ucbeb + N2
= 0 41— Powheg+PY8 =
120:— . -1-- Powheg+PY8 RadUp 2 o _
128_ 1 PowhegsPY8 RadDn3 o €, = efficiency for a tt event to pass

N
o

N (@)
o o
II|III|III|III|II

the OS selection

III|III|III|III|II

e €, = combined probability for a jet

Stat. uncert.

coming from top decay within the

MC / Data
(@) —_
O DN O
IIIII

i acceptance, passing the reco. criteria
and pr threshold and being b-tagged

T
| j

1

Il I = == = = = = = = N

. 3 . :
2 1 3 = 4

 C, =tagging correlation coefficient

/s values [TeV]

Measured cross-section ratio NNLO+NNLL prediction

13/7
13/8
8/7

4.54+0.08+£0.10£0.12 (0.18) 4.69 £ 0.16
3.42+0.03 £0.07 £ 0.10 (0.12) 3.28 + 0.08
1.33 £ 0.02 £ 0.02 £ 0.04 (0.05) 1.43 + 0.01

/s value [TeV]

tt/Z cross-section ratio CT14 prediction

13 1.062 + 0.009 + 0.016 + 0.002 (0.018) 1.132J_r8:8;§

/s values [TeV] tt/Z cross-section double ratio
13/7 2.617 +£0.049 + 0.060 + 0.007 (0.078) 2.691f8:8‘5‘§
13/8 2.212 +£0.024 + 0.049 + 0.006 (0.055) 2.124J_r8:8§g
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arXiv:1910.08819

Uncertainty source A€eu/€ey AGeu/Gey ACL/Cp | Aoyi/oi Ao{‘t_d / O'flt-d
(%) (%) (%) (%) (%)
Data statistics 0.44 0.44
tt mod. tf generator 0.38 0.05 0.05 0.43 0.10
tt hadronisation 0.24 0.42 0.25 0.49 0.67
Initial/final-state radiation 0.30 0.26 0.16 0.45 0.41
tt heavy-flavour production 0.01 0.01 0.26 0.26 0.26
Parton distribution functions 0.44 0.05 - 0.45 0.07
Simulation statistics 0.22 0.15 0.17 0.22 0.18
Lept. Electron energy scale 0.06 0.06 - 0.06 0.06
Electron energy resolution 0.01 0.01 0.01 0.01
Electron identification 0.34 0.34 0.37 0.37
Electron charge mis-id 0.09 0.09 0.10 0.10
Electron isolation 0.22 0.22 0.24 0.24
Muon momentum scale 0.03 0.03 0.03 0.03
Muon momentum resolution 0.01 0.01 0.01 0.01
Muon identification 0.28 0.28 0.30 0.30
Muon isolation 0.16 0.16 0.18 0.18
Lepton trigger 0.13 0.13 - 0.14 0.14
Jet/b Jet energy scale 0.02 0.02 0.06 0.03 0.03
Jet energy resolution 0.01 0.01 0.04 0.01 0.01
Pileup jet veto - - - 0.02 0.02
b-tagging efficiency 0.04 0.20 0.20
b-tag mistagging 0.06 0.06 0.06
Bkg. Single-top cross-section - 0.52 0.52
Single-top/tf interference 0.15 0.15
Single-top modelling 0.34 0.34
Z+jets extrapolation 0.09 0.09
Diboson cross-sections 0.02 0.02
Diboson modelling 0.03 0.03
Misidentified leptons - - - 0.43 0.43
Analysis systematics 0.91 0.75 0.44 1.39 1.31
L/Ey Integrated luminosity - - - 1.90 1.90
Beam energy - - - 0.23 0.23
Total uncertainty 0.91 0.75 0.44 2.40 2.36

25


https://arxiv.org/abs/1910.08819

)

L

EXPERIMENT

m;P°'e extracted from inclusive tt” cross-section measurement

&’

in dilepton final state

mtpOIe from O (e“)

Using 36.1 fb! data at 13 TeV

Selection:

> 1 OS ey palir
> 1 or 2 b-tagged jets
> events with SS ey pair used to control bkg due to non-
prompt leptons

oy dependence on mP°'® parametrized as

Gtt;leO(mtpole) — G(mtref) (

where x =

pole _ _ ref
M m;

ref

ref
m;

4
r 2
) (1 +ax+ ayx)

m tpole

,m™ = 172.5GeV

Inclusive tt cross-section o(tt) [pb]

arXiv:1910.08819
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mP° = 173.1

Uncertainty source

Experimental
PDF+ag
QCD scales

Total uncertainty
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600 :— Czakon, Fiedler, Mitov, PRL 110 (2013) 252004
64 ie6 Tes 170 173 74 i7e 176 180 g2
m?>° [GeV]
+2.0
5 GeV PDFset | m’* [GeV]
AmP® [GeV] CT14 173.1+39
1.0 CT10 172.13:8
‘1 MSTW 172.3+2:0
s NNPDF2.3 | 173.4*1
+2.0 '
-2.1 PDFALHC | 172.1%,
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EXP

L

Differential oy (ep)

o 1D and 2D normalized diff. cross-section measurement as a

function of lepton and dilepton kinematic variables and compared

with several MC generators

- Disagreements between unfolded data and MC predictions are

1/0 dO/de [1/GeV]

MC / data

found mostly in the tails (lower or higher) of leptonic and dileptonic

observables
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@ Ot (f + jetS)

ATLAS ATLAS-CONF-2019-044

< x10°
" " -1 g - | |reiminar| aall . | . %’ L arias Ir;irlnilnalrI . ItI - Itfl -
© Analysis with full Run2 data (139 fb") S TS T SO s & | s eom | O0
g 1600:— ls+que1ts S/Itr:te"rt ,tdx - e T ogol lHiets Other  MtX  _
| Lﬁ 1400:_ o B Multije ~Uncertain y_: % E g(IZ)%SZt-Fit [ Multijet 7~ Uncertainty .
~ Event Selection: 1200/ = T 5o .
> 1 lepton (e or Y) + = 4 jets (= 1 b-jet) 1000 - : :
300 >4j1b -
- PLH fit to different distributions in 3 signal-enriched :
regions (=4j1b, 4j2b, =5j2b)

> small sensitivity to tt modeling uncertainties

Data / Pred.
Data / Pred.

~ Systematic sources included as nuisance
parameters and constrained in the fit

Aplanarity (jets)

Category AT fid [o]

o O-ilil [070] N T T 1 T T 1 L N
Signal modelling © 2501~ '\{ALTLAS Preliminary1 --Data [t o
[% . V{s=13TeV, 139 fb™" [ Single top [ W+jets
1t shower/hadronisation +2.1 -19 427 =27 S ~ l+jets Other  [MttX i
O.z f ets — 829 7 + O 4 Stat +35.3 S St b 4. 6% tf scale variations +2.0 -1.8 +25 =26 11 200+ SR3 Bl Multijet 77 Uncertainty —
tt —34 .5 - Post-Fit -
Background modelling -
MC background modelling  +1.8 -1.7 +1.6 —-1.8 150/
Multijet background +0.5 -0.6 +0.6 -0.7 _ > 5j 2b
. . . . . Detector modelling i
> Similar level of uncertainty obtained in the 100f
Jet reconstruction +2.4 -2.3 +2.5 S -
_ Luminosity +1.8 -1.7 +1.8 -1.6 i
measu red Gfld Flavour tagging +1.4 -14 +15 -1.4 50
ESS + pile-up +0.3 -02 405 -05
Muon reconstruction +0.4 —-0.6 +0.4 —-0.5
Electron reconstruction +0.4 -0.2 +0.2 -0.4 3 OF e e e
- In ag reement Wlth N N LO + N N LL pred |Ct|0n Simulation stat. uncertainty +0.7 -0.6  +09  -0.9 DGL_) 1.01- ;?_
N T o e T //_/@W
5 7 (y Total systematic uncertainty  +4.1 -3.9 +4.6 -4.5 S 0.99F
(U n C . . 0) Data stat. uncertainty +0.05 -0.05 +0.05 -0.05 S FE
Q 098" 1 1.5 2 2.5 3
Total uncertainty +4.1 -3.9 +4.6 —4.5 avg

Aijj max p_ 28
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Dominant uncertainties for Ac and Ars measurements

EXPERIMENT ATLAS-CONF-2019-026 arXiv:1912.09540
DAct. : A . Source Uncertainty in Type  Size Affects
ost-marginal. 0o + AB ATLAS Preliminary Jet energy scale +1o(pr, 1, A) N&S 7.6% All
DOst_marg|na| 90 — A6 \/g =13 TeV, 139 fb_1 Jet energy resolution :|:10’(|17|) N&S 32% All
. _ Pileup +1o(npy) N&S 29% All
1] Dre-marglnal. 0o + AO Inclusive Boosted p+jets trigger eff. +1o(pT, 1) N&S 04% Type-1/2 u+jets
A : B Resolved u+jets trigger eff. +1o(pT, 1) N&S 01%  Type-3 utjets
1 Pre marginal. 8o — A0 (é B 90)/A9 Boosted e+jets trigger eff. +1o(p1, |1]) N &S 18.6% Type-1/2 e+jets
- NP pull Resolved e+jets trigger eff. +1o(pT, 1) N&S 25%  Type-3etjets
—2 0 2 . .
| . Muon ident. eff. +1o(pt, ||, npv) N &S 0.4% All u+jets
tf ISR (resolved) - i [ | Muon PF isolation eff. +1o(pr, 7|, npv) N &S 02%  Type-3 pu+jets
. | | Electron ident. eff. +1 , N&S 1.0% All e+jet
W+jetS correlated HRr + HF scale - i | | i b teefgrsfrfl.,l be;relts e(?loose) ifa(g?pTTJZ')) N&S 25% Typeeze/;
W +jets norm. (2b-incl.) - i | _I'._|' i b tag eff., c jets (loose) +1o(pt, 1) N&S 12% Type-1/2
E7rpiss resolution para. - | i b tag eff., light jets (loose) +1o(pr, 1) N&S 6.3% Type-1/2
1P ] | | b tag eff., b jets (medium) +1o(pr, 1) N&S 1.9% Type-3
V“'}ES pile-up p i{IOprIOeg | 'I ; b tag eff., c jets (medium) +1o(pt, 1) N&S 0.8% Type-3
_ +Jet§ nolrm. ( -EXC ) : ; b tag eff., light jets (medium) +1o(pr, 1) N&S 1.2% Type-3
tt PS+hadronization (resolved) - ; ; t tag eff. (merged) +10(pr) N&S 1.6% Type-1
JES mixed NP3 - i i t tag eg. Esemimergzg) :I:lUEpTg N&S 22% Type-1
: ] | | t tag eff. (not merge +1o(pr N&S 2.8% Type-1
Fake lept. norm. (resolved 2b-incl.) 5 5 ISR scale 1y N&S 22% i
Single-top ME matching - ; ; FSR scale +1o N&S 2.6% tt
JER NP3 - i i ME-PS matching (hqamp) +10 N&S 25% tt
- o g g CUETP8M2T4 tune +10 N&S 24% tt
Large A J?t PT resolution i i Color reconnection +1o S 2.8% tt
tt ISR (bOOSted) ] i i b fragmentation +10(xp) N&S 37% tt
JES mOdeIIing NP3 - i i b branching fraction +10 ) N&S 1.0% tt
Fake lept. norm. (boosted 1b-excl.) - ; ; Top quark pr reweighting +1o(p5™, p™ S  25% tt
. . Renormalization scale ug SUR — 2UR S 2.6% tt
- l | H 2:” H
. . JES flavour response E E Factorization scale ur %yp — 2UF S 1.5% tt
Single-top diagram substr. vs. removal - 5 g Combined ug/ ur scale ! 5 2(ugrand pr) S 3.8% tt MC
Muon ID - | | Integrated luminosity +2.5% N — All
RPN i i Reg +1% N&S —  All fype/ fams
i i q9 qp q
JES flavour composition -. .- Rips oo N AWt MC
—-0.5 0.0 0.5 RISR (20 params total) +10 (stat) N Multijet
AAc [x1 0_3]
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ATLAS-CONF-2019-038

Source

Impact on I; [GeV]

Jet reconstruction

Signal and bkg. modelling

MC statistics
Flavour tagging
E%“SS reconstruction

Pile-up and luminosity
Electron reconstruction

PDF

1t normalisation
Muon reconstruction

Fake-lepton modelling

+0.24
+0.19
+0.14
+0.13
+0.09
+0.09
+0.07
+0.04
+0.03
+0.02
+0.01

Epiphany 2020, Cracow

ATLAS-CONF-2019-046

Source Unc. on m,; [GeV]| Stat. precision [GeV]
Data statistics 0.40

Signal and background model statistics 0.16

Monte Carlo generator 0.04 +0.07
Parton shower and hadronisation 0.07 +0.07
Initial-state QCD radiation 0.17 +0.07
Parton shower ag " 0.09 +0.04
b-quark fragmentation 0.19 +0.02
HF-hadron production fractions 0.11 +0.01
HF-hadron decay modelling 0.39 +0.01
Underlying event < 0.01 +0.02
Colour reconnection < 0.01 +0.02
Choice of PDF's 0.06 +0.01
W | Z+jets modelling 0.17 +0.01
Single top modelling 0.01 +0.01
Fake lepton modelling (t - W — ¢) 0.06 +0.02
Soft muon fake modelling 0.15 +0.03
Jet energy scale 0.12 +0.02
Soft muon jet pt calibration < 0.01 +0.01
Jet energy resolution 0.07 +0.05
Jet vertex tagger < 0.01 +0.01
b-tagging 0.10 +0.01
Leptons 0.12 +0.00
Missing transverse momentum modelling 0.15 +0.01
Pile-up 0.20 +0.05
Luminosity < 0.01 +0.01
Total systematic uncertainty 0.67 +0.04
Total uncertainty 0.78 +0.03
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@) Comparison between CMS and ATLAS measurements of SM tZqg

RYTLAR
ATLAS-CONF-2019-043 PRL122(2019) 132003
o(tfT¢~q) = 98 + 12 (stat) * 8 (syst) fb (15%) o(tt*¢q) = 111 = 13 (stat)*y' (syst) b (15%)
Uncertainty source Ao /o [o] Uncertainty Impact (%)
Experimental

tZq PDF 4.2 lepton selection 3.2
Prompt lepton background modelling and normalisation 3.4 trigger efficiency 1.4
Non—prompt lepton background modelling and normalisation 2.3 jet energy scale 3.3
Jets+Eq 2.1 b-tagging efficiency 1.7
Luminosity 1.7 nonprompt normalization 4.1
Lepton reconstruction and calibration 1.7 ttZ normalization 1.0
Pile-up 1.2 [uminosity 1.7
MC statistics 1.0 pileup 1.9
tZq QCD radiation 0.8 other L3
b-tagging 0.4 Theoretical

final-state radiation 2.0
Total systematic uncertainty 3.0 tZq QCD scale 2.0
Statistical uncertainty 12 ttZ QCD scale 1.4
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-043
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.132003

BDT inputs for ATLAS measurement of SM tZq

ATLAS-CONF-2019-043

Variable Rank Definition
SR 2j1b SR 3jlb
My; 1 1 (Largest) invariant mass of the b-jet and the untagged jet(s)
My, 2 2 Reconstructed top-quark mass
17Gie)] 3 3 Absolute value of the n of the j; jet
mr (¢, E} 155 4 4 Transverse mass of the W boson
b-tagging score S 11 b-tagging score of the b-jet
Hr 6 — Scalar sum of the py of the leptons and jets in the event
q(Ly) 7 3 Electric charge of the lepton from the W-boson decay
‘n(f W)‘ 8 12 Absolute value of the n of the lepton from the W-boson decay
pr(W) 9 15 pr of the reconstructed W boson
pr(€yw) 10 14 p of the lepton from the W-boson decay
m(€€) 11 — Mass of the reconstructed Z boson
in(2)| 12 13 Absolute value of the n of the reconstructed Z boson
AR(jg, Z2) 13 7 AR between the j; jet and the reconstructed Z boson
ETS 14 — Missing transverse momentum
P1Ge) 15 10 pr of the j; jet
7G| - 5 Absolute value of the 7 of the j, jet
pr(Z2) - 6 pr of the reconstructed Z boson
Pr(;) — 9 pr of the j_ jet



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-043

R

Variable

PLB 800 (2019) 135042

Description

Light-quark jet |7|

Absolute value of the pseudorapidity of the light-quark
jet

Dijet mass

Invariant mass of the light-quark jet and the b-tagged jet
associated to the top quark decay

Top quark mass

Invariant mass of the top quark reconstructed from the
lepton, the neutrino and the b-tagged jet associated to the
top quark decay

AR (lepton, b jet)

AR between the momentum vectors of the lepton and the
b-tagged jet associated to the top quark decay

cos(6*) Cosine of the angle between the lepton and the light-
quark jet in the rest frame of the top quark

Jet pt sum Scalar sum of the transverse momentum of the light-
quark jet and the b-tagged jet associated to the top quark
decay

mey Transverse mass of the W boson

piss Missing momentum in the transverse plane of the event

AR (light jet, b jet) AR between the momentum vectors of the light-quark jet
and the b-tagged jet associated to the top quark decay

Lepton |7 Absolute value of the pseudorapidity of the selected lep-
ton

W boson |7| Absolute value of the pseudorapidity of the recon-

structed W boson

Light-quark jet mass

Invariant mass of the light-quark jet

ARy ch/Ricn Ac/o(t) Ac/o(t)
Nonprofiled uncertainties
uRr/ ur scale t channel 0.1 6.2 6.5
ME-PS scale matching ¢ channel 0.5 2.9 2.3
PS scale t channel 0.6 12.9 13.3
PDF t channel 24 7.1 9.5
Luminosity — 2.5 2.5
Profiled uncertainties
JES 0.5 1.7 2.1
JER 0.2 0.1 0.3
Unclustered energy 0.2 0.1 0.3
b tagging 0.1 1.2 1.2
Muon and electron efficiencies 0.2 1.1 1.0
Pileup 0.4 0.9 1.2
QCD bkg. normalization 0.2 0.3 0.5
MC sample size 2.6 2.3 3.3
tt bkg. model and normalization 0.6 1.1 1.5
Top quark pr < 0.1 0.5 0.5
tW bkg. normalization 0.1 0.4 0.5
W /Z+jets bkg. normalization 0.2 0.3 0.5
ur/ ur scale tt, tW, W/ Z+jets 0.8 0.3 0.5
PDF tt, W/ Z+jets 0.6 0.2 0.7
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http://dx.doi.org/10.1016/j.physletb.2019.135042

CMS-PAS-TOP-17-012 EPJC 79 (2019) 886

Treatment Uncertainty Ao /o(%)
Lepton trigger and reconstruction 0.50
Limited size of samples of simulated events 3.13 (3) T _ I
tt modelling 0.66 Ops = (@7 T Dugp)(g7v"7T9),
Pileup 0.35
. QCD background normalization 0.08 - = v I\ ZTA7]
Profiled W-ets composition 0.13 Omw = (Go™ Tt )pWoy,
Other backgrounds ur/ ur 0.44
PDF for background processes 0.42 Oic = ( éo—}‘ V /\At)djcﬁ ,
b-tagging 0.73
Total profiled 3.4 By C
Luminosity 2.6 Og = fABCG;?vGL" GP ,u,
JER 2.8
JES 8.0 vy A\ A
. PDF for signal process 3.8 Ou{c“G = (qU‘“ A t)(PG;“.-:
Nonprofiled | . '
Signal ur/ur 2.4
ME-PS matching 3.7
Parton shower scale 6.1
Total nonprofiled 11.5
Total uncertainty 12.0

Epiphany 2020, Cracow


http://dx.doi.org/10.1140/epjc/s10052-019-7387-y
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-17-012/index.html

Runi combination of ¢;..;, measurements at LHC
https://twiki.cern.ch/twiki/bin/view/L HCPhysics/L HCTopWGSummaryPlots

ATLAS+CMS Preliminary
LHCtopWG

September 2019

L

Data 2011, VS = 7 TeV, m = 172.5 GeV total stat
:  NLO (MCFM),

PDF4LHC (MSTW2008, CT10, NNPDF2.3)

scale uncertainty

scale ® PDF @ a4 uncertainty

o + (stat.) + (syst.) = (lumi.)

t-channel —

ATLAS, L _=4.59 fio

|—|--|—| 682+ 8+1pb

PRD 90 (2014) 112006
1 |

CMS, L, =1.17-1.56 1b e 67.2+3.7 =46 =15pb
JHEP 12 (2012) 035
LHC combined

combine v — 67.5 + 2.4 = 5.0 = 1.1 pb
JHEP 05 (2019) 088

] ] | ] ] | ] ] | jl ] ] | ] ] | ] ] | ]

0 20 40 60 80 100 120
Ot-channel [pb]

O¢_chan.s \/g =7 TeV

Combined cross-section 67.5 pb

: Uncertainty
Uncertainty category T T Tpb
Data statistical 3.5 2.4
Simulation statistical 1.4 0.9
Integrated luminosity 1.7 1.1
Theory modelling 5.1 3.9
Background normalisation 1.9 1.3
Jets 3.4 2.3
Detector modelling 3.4 2.3
Total syst. unc. (excl. lumi.) 7.5 | 5.0
Total syst. unc. (incl. lumi.) 7.6 | 5.2
Total uncertainty 8.4 5.7

JHEP 05 (2019) 088

Epiphany 2020, Cracow

ATLAS+CMS Preliminary September 2019
LHCtopWG

I : *
Data 2012, Vs =8 TeV, m, =172.5 GeV total stat

:  NLO (MCFM),
PDF4LHC (MSTW2008, CT10, NNPDF2.3)
scale uncertainty
scale ® PDF @ a4 uncertainty

+ (stat.) = (syst.) = (lumi.)

O1‘-channel -

ATLAS, L =202 fo

89.6 1.2 + g'gi 1.7 pb
EPJC 77 (2017) 531 = '

_ :

CMS, L= 19.7 1o —roi—i 83.6+23+7.1+22pb
JHEP 06 (2014) 090
LHC combined

combine =—v— 87.7 +t11+55 +1.5pb
JHEP 05 (2019) 088
RTINS RIS SNSTUNTA A AR NN S SN SO NN N SO S NN N N
20 40 60 80 100 120 140 160
01‘-channe| [pb]

O¢_chan.s \/E = 8 TeV

Combined cross-section 87.7 pb

: Uncertainty
Uncertainty category T T oDl
Data statistical 1.3 1.1
Simulation statistical 0.6 0.5
Integrated luminosity 1.7 1.5
Theory modelling 5.3 4.7
Background normalisation 1.2 1.1
Jets 2.6 2.3
Detector modelling 1.8 1.6
Total syst. unc. (excl. lumi.) 6.3 | 5.5
Total syst. unc. (incl. lumi.) 6.5 | 5.7
Total uncertainty 6.7 5.8
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https://link.springer.com/article/10.1007/JHEP05(2019)088

Run1 combination of ¢;y measurements at LHC
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/L HCTopWGSummaryPlots

ATLAS+CMS Preliminary September 2019

LHC top WG

-

Data 2011, Vs = 7 TeV, m = 172.5 GeV total stat

:  NLO+NNLL (PRD 82 (2010) 054018)

scale ® PDF ® a4 uncertainty

o,y * (stat.) = (syst.) = (lumi.)

ATLAS, L =2.05 fio!

—m | 16.8 +2.9+4.9 +0.6pb
PLB 716 (2012) 142

_ -1
CMS, L _=4.91b 1628 =1 pb
PRL 110 (2013) 022003 :
LHC combined
combine i 16.3 + 2.3 + 3.3 = 0.7 pb
JHEP 05 (2019) 088
| | | | | | | | ;I | | | | | | | | | | | | | | | | | | | | | | | | | |
0 10 20 30 20 50 60

Oy [PD]

O-tW, \/g — 7 TeV

Combined cross-section 16.3 pb

: Uncertainty
Uncertainty category T T obl
Data statistical 14.0 2.3
Simulation statistical 0.8 0.1
Integrated luminosity 4.4 0.7
Theory modelling 13.9 2.3
Background normalisation 6.0 1.0
Jets 11.5 1.9
Detector modelling 6.2 1.0
Total syst. unc. (excl. lumi.) | 20.0 | 3.3
Total syst. unc. (incl. lumi.) | 20.5 | 3.3
Total uncertainty 24.8 4.1

JHEP 05 (2019) 088

ATLAS+CMS Preliminary September 2019

LHC top WG

-

Data 2012, Vs = 8 TeV, m = 172.5 GeV total stat

:  NLO+NNLL (PRD 82 (2010) 054018)

scale ® PDF ® a4 uncertainty

o,y * (stat.) = (syst.) = (lumi.)

ATLAS, L =203 fio!

iy 23.0+1.3 32+ 1.1pb
JHEP 01 (2016) 064 |
CMS, L =122fb e 234 +1.9=50=06pb
PRL 112 (2014) 231802 :
LHC bined
combine —tr-— 23.1+11+3.3 +0.8pb

JHEP 05 (2019) 088

0 10 20 30 40 50 60
Oy [PP]

O-tW, \/g — 8 TGV

Epiphany 2020, Cracow

Combined cross-section 23.1 pb

: Uncertainty
Uncertainty category T T [pb
Data statistical 4.7 1.1
Simulation statistical 0.8 0.2
Integrated luminosity 3.6 0.8
Theory modelling 11.8 2.7
Background normalisation 2.2 0.5
Jets 6.2 1.4
Detector modelling 4.9 1.1
Total syst. unc. (excl. lumi.) | 14.4 | 3.3
Total syst. unc. (incl. lumi.) | 14.8 | 3.4
Total uncertainty 15.6 3.6



https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCTopWGSummaryPlots
https://link.springer.com/article/10.1007/JHEP05(2019)088

.

Runi combination of |V;,| measurements at LHC

https://twiki.cern.ch/twiki/bin/view/L HCPhysics/L HCTopWGSummaryPlots

JHEP 05 (2019) 088

ATLAS+CMS combination 7+8 TeV"”’
JHEP 05 (2019) 088

CMS 13 TeV? 1
arXiv:1812.10514 (35.9 fb™)

ATLAS 13 TeV* 1
JHEP 04 (2017) 086 (3.2 fb™)

tW:

ATLAS+CMS combination 7+8 TeV"”
JHEP 05 (2019) 088

ATLAS 13 TeV° 1
JHEP 01 (2018) 63 (3.2 b7

CMS 13 TeV 1
JHEP 10 (2018) 117 (35.9 fb™)

s-channel:
ATLAS+CMS combination 8 TeV"”

ATLAS+CMS Preliminary O eas . . September 2019
LHCtop WG If Vil = Oy from single top quark production
Oy0o- NLO+NNLL MSTW2008nnio ———4
PRD 83 220113 091503, PRD 82 (2010) 054018, total theo
PRD 81 (2010) 054028
Ao, . : scale ® PDF
my,, = 172.5 GeV
If V| = (meas) = (theo)
t-channel:

1.020 = 0.040 =+ 0.020
1.00 =+ 0.08 = 0.02
1.07 £ 0.09 = 0.02

1.020 = 0.090 = 0.040

-— y 1.14 £ 0.24 £ 0.04

0.94 + 0.07 £ 0.04

0.970 = 0.150 = 0.020

JHEP 05 (2019) 088

all channels:

ATLAS+CMS combination 7+8 TeV"”’
JHEP 05 (2019) 088

" including top-quark mass uncertainty

1.020 = 0.040 = 0.020

04..: NLO PDF4LHC11 (NPPS205 (2010) 10, CPC191 (2015) 74)

including beam energy uncertainty
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Combined |fiv Vip|” 1.05
. Uncertainty

Uncertainty category G| Alf Ve 5
Data statistical 1.8 0.02
Simulation statistical 0.9 0.01
Integrated luminosity 1.3 0.01
Theory modelling 4.5 0.05
Background normalisation 1.3 0.01
Jets 2.6 0.03
Detector modelling 1.6 0.02
Top-quark mass 0.7 0.01
Theoretical cross-section 4.3 0.04
Total syst. unc. (excl. lumi.) 7.1 0.07
Total syst. unc. (incl. lumi.) 7.2 0.08
Total uncertainty 7.4 0.08
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCTopWGSummaryPlots
https://link.springer.com/article/10.1007/JHEP05(2019)088

Evidence of s-ch. single top process at 8 TeV
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https://www.sciencedirect.com/science/article/pii/S037026931600188X?via=ihub

