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Top Quark Physics in Production and Decay

W-Helicity Fractions
g—l- Branching Ratios, Vi,

Top Quark Pairs VV Rare Decays, FCNC

Spin Correlations
Polarisation
Asymmetries

Mass
Mass Difference,
Width, Charge

cross sections,

kinematics, QCD
parameters,
resonances,
new particles

EWK Single-Top Production s, t, tW channel production,
- S Polarisation, Vi,, FCNC, W-helicity, mass
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Earlier Top-Quark Results
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Top Quark Mass

Tevatron and LHC Run4
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Mass of the Top Quark LHCtopWG
July 2016 (* preliminary) ATLAS+CMS Preliminary LHCIOPWG  my,, summary, s = 7-8 TeV May 2017
f o e World Comb. Mar 2014, [7
CDF-I dilepton 1674114  103= 49) stat "
i Py total uncertainty total stat
DO-1 dilepton 168.4+12.8 (=123= 3.6) My, = 173.34 = 0.76 (0.36 = 0.67) GeV My  t01al (stat = syst) i Rel
CDF-Il dilepton —— ATLAS, I+jets (*) ———t 172.31+ 1.55 (0.75 = 1.35) 7 TeV [1]
p 1715+ 32 (=1.9= 25) ATLAS, dilepton (*) =t 173.09 = 1.63 (0.64 = 1.50) 7TeV [2]
i * -0 j e 49 =1, 43 £ 0.
DO-11 dilepton 178.50 +1.56 (1312 084) CMS, |-itjetS : 173.49 = 1.06 (0.43 = 0.97) 7 TeV [3]
CMS, dilepton —ti= 172.50 = 1.52 (0.43 = 1.46) 7 TeV [4]
. [ —— .
CDF-I lepton+jets 1761273 (51= 53) CMS, all jets i 173.49 = 1.41 (0.69 = 1.23) 7 TeV [5]
LHC comb. (Sep 2013) = 173.29 = 0.95 (0.35 = 0.88) 7 TeV [6]
DO-I lepton+jets 1801+ 53 («36= 3.9) World comb. (Mar 2014) H¥H 173.34 + 0.76 (0.36 = 0.67) 1967 TeV [7]
ATLAS, I+jets o+ 17233127 (075« 1.02) 7 7Tev [8]
. il
CDF-Il lepton+jets 172.85+1.12 (=052=0.99) ATLAS, dilepton —fo——1 173.79 = 1.41 (054 = 1.30)  77TeV [8]
. e ATLAS, all jets FH—=— 175118 (14 £ 1.2) 7 TeV [9]
DO-Il lepton+jets 174.98=0.75 (=0.41=0.63) ATLAS, single top ~ ——t—=—f=m—{ 172.2 £2.1 (0.7 = 2.0) 8 ToV [10]
CDF-I all-iet . ATLAS, dilepton - 172.99 = 0.85 (0.41+ 0.74) 8 TeV [11]
al-jets 186.0+115 (100= 57) ATLAS, all jets et 17372 £ 115 (055 = 1.01) 8 Tev [12)
June 2016 + +
CDF-Il all-jets = 175072195 (1192 1.55) ATLAS.comb. (I+jets, dil. H-"'+:-I 172.84 = 0.70 (0.34 = 0.61)  7+8TeV [11]
CMS, I+jets HetH | 172.35 + 0.51 (0.16 = 0.48) 8 TeV [13]
CDF-Il Lxy e 166.90 4943 (:9.00= 280) CMS, dilepton —to=— 172.82 £ 1.23 (0.19 = 1.22) 8 TeV [13]
CMS, all jets HeH 172.32 £ 0.64 (0.25 = 0.59) 8 TeV [13]
CDF-Il MET+Jets - 173.93 £1.85 (1.26=1.35) CMS, single top H—eH 172.95 = 1.22 (0.77 + 0.95) 8 TeV [14]
CMS comb. (Sep 2015) - 172.44 = 0.48 (0.13 = 0.47) 748 TeV [13]
N o
Tevatron combination 174.30 +0.65 (0.35= 0.54) [1] ATLAS-CONF-2013-046 [6] ATLAS-CONF-2013-102 [11] Phys Lett 8761 (2016) 350
(<stat = sysp (*) Superseded by results G oo oe Blenbmesa coissss 1o Pt s rzcne
x/dof = 10.8/11 (46%) shown below the line (S ayicopty e s st o b
| | | | ol b o e e
150 160 170 180 190 200 165 170 175 180 185
2
m, (GeV/c?) Miop [GeV]

CMS Run-l Combination
Mtop = 172.44 + 0.48syst GeV

ATLAS Combination (8 TeV to come)
Mtop = 172.84 + 0.703yst GeV

Tevatron Run-l and Run-ll Combination

mtop = 17430 + 0.65syst GeV
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TOp QU a rk P o pe rt|eS Tevatron and LHC Run-|
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The Present: LHC Run-I|

A

120 Top-Quark Physics Frontiers:

= Ultimate precision

= Differential distributions

= Production in association
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Standard Model Total Production Cross Section Measurements
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Status: July 2017

Top-Quark Physics Frontiers:

= Ultimate precision
= Differential distributions
= Production in association

ATLAS Preliminary

Vs=7,8,13 TeV

Theory
LHC pp Vs =7 TeV

BBl Data 45-49fb!
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pope i “Peak insf. Iﬁrminos_ity:'m4 cm2s
= "“(“7000 top quark pairs per hour{
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ey : { o ]'.:'--J'_ﬂ' R "'“-_. iR T S ;
1  LHC Run-ll (15-48y100 fbr! (13 TeV)
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tt Event Signatures

W+

A%
T-jet b-jet Jet b-jet
N W

all-hadronic:

tautjets ¢

14
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)
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electron+jets
muon+jets

tautjets
~.
g
= ant?
L)
~.
Yy

' T tautjets L v
= m\dk muon+jets
o | 9 electron+jets
Q\\ NI - —
&C’% e (u|T ud CcS

Top quark events have all experimental signatures:
leptons, jets, b-jets, missing transverse energy
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Experimental Ingredients

CMS DP-2012/012 CMS JME-13-001 .
] I B L B I I I I 2 CN‘ITS‘ “wHW‘ww“‘\“‘1\?"7‘]:?”(?\T‘?Y)
§ [ —+ type2 calok, (Data 1= L o< > -e- Dat .
g F e ca:DET ey, 1 g 08Pz 30 Gy gy ]
w 20— —t— tcE, (Data) — r W Z+c
i T [ —tck e F Z+l
= Jet (and ETm'ss) [ +tpf?ET((Data . 2000~ /4 =Others
. . S 15— pE(MC) — r 1
= Event-by-event pile-up subtraction g 155 1 1s00f
based on charged component ne ; ;
= Resolution and scale mostly from y-jet - ] 1o%or
and Z-jet balance. °F 1 ol
. . . L CMS plelnnmﬂl\ 2010 ] L
= b-jet energy scale directly accessible o bl L
0 50 100 150 200 250 300 350 40
through Z+b Calibrated pfzE, (2~1 0
relative bjet cor; 0.998 +0.005 Rwpr
= [solated Leptons (e, p or 1) N S
isplace d — H
= Calibrations and efficiencies from S 0 e e o 2@
dilepton resonances (Z, Y, Jiy) Secondary : = o Cjet =y
Vertex ) 103 ; Light-flavour jet ; ci
’ . p . tT—eut2jets = ;%u
= b-tagging LN (o 7
] ] ] rimary §— =
= Combination of several techniques vertex | = =
(vertex, impact parameter, tracks/ ol ‘g
leptons within jets) S et - N
- >
-1 MV2c20 output 20 +1

Top quark physics: require high-precision leptons, jets and b-tagging
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Top-Quark Pair Production

LHC (13 Tev) Tevatron
t 9o —>— ¢
g 09/9q ~90% ~15%
A
£ 9 THO—e— 1 qq ~10% ~85%
g — -t g t H1 and ZEUS HERA I+II PDF Fit
1 ) —
g = ! \xe (< 0.05) Q*= 10000 GeV? 3
‘ _ —— HERAPDF1.5 NNLO (prel.) é
g —_ f g t 08 - - exp. uncert.
xS (x 0.05) l:| model uncert. .
xS (x 0. - 2
L l:| parametrization uncert. 5
0.6 %n
04 'é
o(13 TeV) = 832 pb £ 5%
<
L =4
ng/g — 328 = |8
10* 102
Top quark pair production at LHC predominantly from gluons
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Top-Quark Pair Production

Czakon, Fiedler, Mitov PRL 110 (2013) 252004

350 LHC (13 Tev) Tevatron

NNLO (scales)
NLO (scales)
300 LO (scales)
CMS, 7TeV =———
ATLAS+CMS, 7TeV —a— .
250 ¢ ATLAS, 7TeV m—a— 4
CMS, 8TeV '

09/9q ~90% ~15%

R — NLO | qg ~10% ~85%

b"‘ A

O ot [PD]

200 —~~LO
H1 and ZEUS HERA I+1II PDF Fit
1 . —
150 " xg (x 0.05) Q*=10000 GeV? &
100 . Indep. ]J-F A Vafiaﬁon 3 “‘ —— HERAPDF1.5 NNLO (prel.) ;
PP — tt+X; my,,=173.3 GeV 081 B e uncert.
50 M-STW2008(68CI) Lg, NLO,, NNLO : S (< 0.05) [ ] model uncert. -
xS (x 0. o 2
6. 5 7 7 5 8 8 5 L - parametrization uncert. 5
Vs [TeV] o £
T * =
o(7 TeV) =177 pb £ 7% :
- 0.4 ‘g
o(8 TeV) = 253 pb + 6%
o(13 TeV) = 832 pb & 5%
[-™
[ -«
=
Ri3/8 = 3.28 mm——— |8
10* 10
Full NNLO available since early 2013 - scale and pdf uncertainties 2-3%
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ot (Tevatron, Run-l and Run-Il)

E‘ | | | | | | | | | | | | | | | | | | | | | | | |
— v Tevatron combined 1.96 TeV (L < 8.8 fb’ ) . . ]
2 | e CMSdilepton jets* 5.02 TeV (L=27.4pb™) ATLAS+CMS Preliminary May 2017
c m ATLASen7TeV (L=461b")
e e CMSeu7TeV(L=5fb") LHCIopWG
— 3 m ATLAS eu8TeV (L=202fp )
O 10°E o CMSeusTev(L=19.710") -
O ~ v LHC combined eu 8 TeV (L = 5.3-20.3 fb' ) -
n ~ m ATLASep13TeV (L=32f") -
7)) ~— v CMSeu13TeV(L=221fb") m
7)) [ Ao ATLAS ee/un* 13 TeV (L=85 pb ) T T T T T N
O — 0O ATLAS l+jets* 13 TeV (L =85 pb —
o | A CMSl+jets 13 TeV (L=2.31b") - 1
e O CMS all-jets* 13 TeV (L = 2.53 fb Y 900F .
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> 1 0 =5 : + """" . [j"Z}SHO =
%) — 800 1 =
3 — i u—
O B - 4 1
£ - 700r 1 -
| NNLO+NNLL (pp) i 1 _
NNLO+NNLL (pp) T R N T T .
. . 13 Vs [TeV]
1 O | Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 |
— NNPDF3.0, m = 172.5 GeV, c (M) = 0.118 = 0.001 -
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Experiments and theory calculations compete in precision {5 [TeV]
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ot (Tevatron, Run-l and Run-Il)

Inclusive tt cross section [pb]
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Tevatron combined 1.96 TeV (L < 8.8 fb™)
CMS dilepton,l+jets* 5.02 TeV (L=27.4pb™)
ATLAS en 7 TeV (L =4. 6 fb™)
CMSeu7TeV(L=5fb")

ATLAS en 8 TeV (L=20.2 fb Y

CMS eu8TeV (L=19.7 fb)

LHC combined eu 8 TeV (L = 5 3-20.3 fb’)
ATLAS en 13 TeV (L=3.2 fb Y

CMS eu 13 TeV (L=2.2fb")

ATLAS ee/up* 13 TeV (L=85 pb )

ATLAS l+jets* 13 TeV (L =85 Pb
CMS l+jets 13 TeV (L=2.31b")
CMS all-jets* 13 TeV (L = 2.53 fb Y

* Preliminary

I
ObOram<«domOnm Ol

/

ATLAS+CMS Preliminary ~May 2017
LHCtop WG

900 .

e

20Nk

Recent ne\yfesults:
ATLAS 8 TeV: K-
ATLAS-CONF-2017-054

248 3 + 0.7stat + 13.4systi 4.7|umi pb (57%)

| CMS52TeV: 68.9+6.5sa+6.1syst £ 1.6umipb  (13%)
- CMS-PAS-TOP-16-023
/| el D0: 1.96 TeV: 7.26 + 0.13sta 0.575ystpb (7.6%)
2 4 arXiv:1605.06168
Experiments and theory calculations compete in precision {5 [TeV]
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Inclusive tt Production W o).

% 107 CMS ¢ Data [ Jif [ Single top
o WG [Muttiets  [JWe+jets
- CMS: 10° ) . [Oby  [@Dibosons Q_‘>><
. T . 10° = o . =
= in-situ determination of systematics through — =
nuisance parameter fits %
= Dominant systematics: -2
= Background, lepton-ID, b-identification,
Luminosity §Ee w e e e et e e o
u ATLAS 09 _1j,0b 1j,1b 2j,0b 2j,1b 2j,2b 3j,0b 3j,1b 3j,2b 4j,0b 4j,1b 4j,2b |
in-situ determination of b-tagging vent calegony
® IN-SIU -
. . . o Ott = 888 + 2stat +26-28syst £ 20umi pb ] 39%
= tt/Z cross section ratio: alternative luminosity [ g P
measure and sensitivity to PDF
% 20000; A'l"LAS | ‘O Eiatal‘ 2015 | é
arXiv: 1612.03636 o 18000 {s =13 TeV, 3.2 ' E {,t\,tPOWhng'PY =
T T T T | T T T T | T T T T T T T T T T T T | T T T T | T T T 16000 f— ; S‘I'-tj)gtsson é
ATLAS 14000 ; Hl Mis-ID lepton é o)
1o TeV, 321" o000 e s | B
| w1 | T Emei B
T ga:a: t?tatll uncel‘)rtamty tainty goooi --- Powheg+PY radLo_] 8
ata = statl. = exp. uncertain - e 1 o
| data = stat. uncertainty 6000 — §
A ABM12 — A 4000 4 ko
AL 5 ¥ y 2000 =
[ ] NNPDF3.0 ———— 0 Py =
® MMHT14 T &—— % 1'5; | | | [ Stat. Uncért. E
O  ATLAS-epWzi2 —_—O—— 8 £
0 HERAPDF2.0 —_— = OSEM .
(NNLO QCD, inner uncert.: PDF only) T 1 2 -3
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0.7 0.8 0.9 1 1.1 1.2
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Ofi5Tev) / ol laTev) Ot = 818 + Bstat syst Qum pb 41 %
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tt differential distributions: pr(top)

CMS, 19.7 b at {s=8 TeV

x10™

= 8:_""I""|'"'|'"'|'"'|'"'I""I""I""I""_: %0'008:_ ATLAS+CMS Preliminary LHCIOPWG -8 TeV, Nov2ois | o
> - e/u + Jets e Data o] = ; =
RS MadGraph+Pythia6 ] = 0007 L " S, 12
= B ---MC@NLO+Herwig6 1 Q B || e CMS,L=19.7fb" q =2
- 6 --- Powheg+Pythia6 3 m 2 0008 EPIC 75 2015) 542 15
Q. E — - Powheg+Herwigb = o} C | . —— NNLO (cT14 PDF) 1 =
O © 5 | ==K ApprOX. NNLO 7 g © 0.005— | -‘r“-! == m./2, M, = 173.3 GeV ™ C:llb:
i k- (Phys.Part.Nucl. 45 (2014) 714) 3 [ L = | | arXiv:1606.03350 1=
4E 1 e — 0.004 _—_+'_| ! approx. NNNLO (MSTwz008 PDF)  —] g
r kN @) - | Mo =Bo=Mg,m =1733 GeV 7 -
3 e e 1[5 0.003F- | PRD 90 (2014) 014006 = %
F 3 S ’ - I—’—l-l -.=-. DiffTop approx. NNLO (CT10PDF) ] :
2: 1< C | Mo =W =M, m=1733GeV J |
1: & 0.002— | JHEP 01 (2015) 082 1 e
- = i | el <
0:||||!||||!||||!||||!||||!||||I I....i...i N> 0001__ | ] 8
167 mm stat. ] = Loy 12
2w 1.4 £ Stat. ® Syst. - - I W WU WU NS FUNTE WU S . o
8 5 125 e ::"'-"-':'-"-':% 5 14: CMS stat. ® syst. unc. ' ' {2
218 E | — — _i-:-:-:-:- O E ATLAS stat. ®-syst..unc. -
......... 8|12 :
= 1 [ e i nﬁ ----- . 11 :._._._._.J =
0.8 C . B % 1:
) C I I I I I I I I I 7 -‘(E O 8_ i
0O 50 100 150 200 250 300 350 400 450 500 o T
PSRN a 0 100 200 300 400 500

pttop) [GeV] pt(top) [GeV]

Results in dilepton, [+jets and all-jet final states

NLO calculations do not describe pt(top) - Since 2013: NNLO calculation ava!lable:
all other distributions ok CMS and ATLAS data well described
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tt differential distributions: pr(top) womor

‘resolved” 3 jets kr=0.4 “boosted”: 1 (top-tagged) jet kr=1.0

———————
ATLAS\V e Data

9
ATLAS ] Data
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= PWGH+H7 h,,,.=1.5m, I N S PWG+H7 hy,, =1.5m, =
o S T T PWG+H++ h, =m, = N : T T T PWG+H++ hy,  =m, ]
E= o e, aaaa aMC @NLO+H++ - =10 e Ok 000 mimemem aMC @NLO+H++ —

° 4o aMC@NLO+PY8 B aMC@NLO+PY8 =
© Stat. unc. E Stat. unc. 7
Stat.+Syst. unc. ] 1072 Stat.+Syst. unc. —
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<k E =
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M tresults fom ATLAS and CMS e
any recent results rrom an . . '
arXiv1610.04191, arXiv:1708.07638 CMS-PAS-TOP-16.013, _ Same findings at13 TeV as for 8 TeV,
ATLAS-CONF-2016-100, arXiv-1607.07281, arXiv:1612.05220 also with new MC generators aMC@NLO and POWHEG v2
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tt differential distributions: pr(top) womor

“boosted” 1 (top-tagged) jet k=1.0

% 102 §:'_ >- | T T T | T T T T T T T T T T T I\ul T T T | T T T T ] ’_'_:
O] C — — =
S 10 % Q-l_ 1.8 ATLAS ® Resolved = -
E £ 8o C {5=13TeV, 3.2fb" Stat. unc. 4 3
s = < 16— Stat.+Syst. unc. — -
O'z y ; D_ : : _E
© 1072 1.4 — v Boosted — -
10°2 - - Stat. unc. 1 =

= 1.2 pee Stat.+Syst. unc. -

10 = 1_ ] F._E

g 12 3 ] =3
g8 1= 0.8 — — b=
al 0.8/ — 0 —=
§ 12— 0.6 — v o [
sl os= 0.4 — - _ 3
-és 1'2;_ ----- O 2 : ] ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] ] | ] : --_;
g6 B 0 200 400 600 800 1000 1200 1400 T4
o O.SO:-_- p’fl,_had [GeV] w_—

Many recent results from ATLAS and CMS: ]
arXiv:1610.04191, arXiv:1708.07638, CMS-PAS-TOP-16-013, Same ﬁndlngs at13 TeVas for 8 TeV,

ATLAS-CONF-2016-100, arXiv-1607.07281, arXiv:1612.05220 also with new MC generators aMC@NLO and POWHEG v2
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arXiv:1704.03366 [//1\\\
IAy| <1.0;2 b tag 2.6 (13 TeV) D
BOOSted Top Quarks % ,“““““““““““““““““““‘,
r Data 1 %
(g i CMS ¢ l:thM ! | ==
o E ot 1
: ------ Z' 2.0 TeV, 1% width E
=  Top-quarks as a search tool g
>
= High mass particles decaying to high -
momentum top quarks
= Example: Z’ — tt resonance z : 1
= (Good understanding of myrequired MAANS 2 45 | + T ;
m : f . 1
; 1 * ”””””””””””” +{+ ”””””” e *
8 os- LT 3
- 500 1000 1500 2000 2500
8105g|||||||||||||||| IIIIIIIIIIIIIIIII g it
= = CMS — Observed ] ATLAS-CONF-2016-014
}F1O4E€ -------- Expected E roRU L AL A AR RS AR AR R RRRRR RARAY
% 103; P -1 s.4d. exp. ; %10 %ATLAS Preliminary —_ Observed 95% CL limit E
X ? 554 ? I? B ¥s=13TeV,3.2fb" -rm-am Expected 95% CL limit N
B 102 E =< 5.0. exp. E _10° = [ Exp. 1 o uncertainty 3
10 F N o Z' 1% width (NLO) 7 % E . Exp. 2 ¢ uncertainty E
EE EE m 10 "‘," ------- Z'15,(T/M=1.2%) (LO x 1.3) _|
16 - X_N E - 7', (T/M=3%) (LO x 1.3) 3
= 3 o] - ]
10_1 ;5 ?; 1 g_ —§
10—2 é_ _é' 1 B _
- ] 107 &
10_3 EE EE E ., ‘~, T
10—4:|||||||||||||||||||||I|IIII|IIII|IIII|||: 10—2_||||||||||||||||||||||||||||||.|..|.’h||l~|,~|,’|||||||||||_
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T 3

Z' mass [TeV]

Lower limits: m{(Z'(FM =1%)) > 2.5 TeV
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oi. Mass from Cross Sections

185

[GeV]

180

pole
t

m

175

170

165

160

Use inclusive and differential cross section
measurements to constrain pole mass

= theoretically well defined
= current analyses: fixed as and PDF

Latest results:

= DO: Fit to mt and pt(top) spectra

= ATLAS: Fit of mass to eight lepton distributions

ATLAS-CONF-2017-044

I I
ATLAS Preliminary
Is=8TeV,20.21b"

}%%‘ }*}i%'

| total uncertainty
1 statistical uncertainty

ITlIIIIlIIIIII1_IIIIII]IIII

- I T T
: |MCFM NLO fixed-order, p=m /2

L

I

1

world-average direct reconstruction
| | |

i

O <« » m e

lIlIIIIlIIII

Hitj

CT14

MMHT

NNPDF 3.0

HERAPDF 2.0 7

ABM 11 _

NNPDF nojet
|

lllllll'l

Leptonp_ Dilepton p*

Dilepton m*

&(“’ CEQ Andreas B. Meyer

Dilepton p°+p* Dilepton E°+E" Comb. (8 dist)

Top Quark Physics

Ratio to data

D0 6473

3_ (b) DO Preliminary, 9.7fb™
NNLO, m?**=155 GeV
NNLO, nf“t1ﬁseev

— NNLO, mp°’e_173 3 GeV|

-= NNLO, m""’e_wu GeV

20 — NNLO, m""’e_wu GeV

n_uuuuluuuul|||I||||I||||

p.(VT) [GeV]
T
T T
ATLAS o m™
Preliminar) =1 Stat. Uncertainty
— Full Uncertainty
DO inclusive ofit) . ® 172.8 £ 3.3 GeV
ATLAS inclusive o(tt) ° 172.9 =+ 2.6 GeV
CMS inclusive ofit) ® 173.8 =+ 1.8 GeV
DO differential r)t_, mtf ® 169.1+ 2.5 GeV
ATLAS differential o(tt+1j) ® 173.7 = 2.2 GeV
ATLAS leptonic (8 dist.) ® 173.2+ 1.6 GeV
1 1 1
170 175 180

mP®*° [GeV]
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ot ds or PDF S ——

= ;_ CMS incl. jets : ag(M,) = 0.1185" " _;
= 022 = A CMS R,, 7
C . CMS ti cross section ]
0.2F . CMS inclusive jets - |m
0.18 E v CMS 3-Jet masj,s tt E g
= Alternatively determine as or PDF F . 1B
016 4 B
L — (e
0.14F 4 =
' ' C _ N
= Double-differential tt measurements 0.121- =4 I8
provide improved sensitivity for PDF 0.1F '+ Doinclusivejets E
C o DO angular correlation n
008 o =
C ¢ ZEUS .
0.06 ? L1 11 1 1 1 1 1111 | 1 1 1 1 111 | 1 ?
10 10° 10°
Q (GeV)
_ CMS. | | . . . 197fb (8 TeV) CMS
E 102 ;_34D<M(tf)<4DDGeV_;_ 400<M(Itf)<500G|eV 1 500<M(Itf)<650G|eV 1 isg::\g(tf)dsooeev ] (2:9-:’0.4 -_xgl(x)l IMfIZ I=I .?;6000- G(Ia\llzl Ir\ill_l(l) ]
- g [eo g foe - o % [ [ ]HERA + CMS W* 8 TeV
2T T e ed T TS X o[ ErvmeTey :
E S o] S F ]+ Ivith), M) 8 Tev S
| =104k € 1 [* ... . | 5: 3 i
i g OFE §
10 5_ 4 4+ L Fewm ? ........ 4 %
I S — . 0.2f S
1.2}
§ iii i # ............ $ L
s [ e A o L o et i o] 0.4}
é 08 b 1 1 I $ --------- I & q L I o I o I ok
3 1 2 1 2 1 2 10° 102 10" 1
|§l’f?\| X
Run-ll: Aim to constrain as, m(top) and PDF simultaneously
\‘(lT (3%7) Andréas B. Meyer Top Quark Physics Physics in Collsion, Prague, 5 Sept 2017~ 22
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= ft+j is dominant background in many search analyses

= New era of MC generators for Run-ll (NLO ME+PS):
= Powheg v2, aMC@NLO, Sherpa, ...
= PYTHIA8 and HERWIG++/7

arXiv:1610.09978 W
o I I I
o MECR
Z 1= ATLAS - CMS-PAS-TOP-16-014
ofg 1 13 TeV, 3.2 10" - i ‘ ‘ ‘ | ooh9 fk‘ﬁ (13 TeV) new tune
S ° add. jetp, =25 GeV - S 2§ CMS e, i + jets combined p— -
101 m—a— _ B Preliminary
i P ¢  Unfolded data
5 | —— Powheg+Pythia8 | —— POWHEG + PYTHIAS
107° & ---- MG5_aMC@NLO+Herwig++ E 03 T ——- MG5_aMC@NLO (NLO) + PYTHIA8
S Sherpa v2.2 ] = —--- POWHEG + HERWIG++
3™ psdomimated | | |
1 0—3 - —— Stat.+Syst. < >:
4: | | | | | = 0.2~ S B
1.4 = .
L — = PS dominated
5 . | AR EAAER A R R DT S = 0.1+~ € -
(2) 08% ....... .7; ————]
0.6— ; ; ; ; R |
© 1.45. Powheg+Pythiaé (RadLo) Powheg+Pythia6 (RadHii 0.0 | | : : ' =
g 1.2_ = ‘ | \ [ PU e "
Q 1: - [ |'.=.'.'.'..—..'.'.'.'.[ !
% 0 8; | -g)_ g 1 0 Bzszzzzeszzzad r----“_"---m"—————l\— ________________
0.6 - — Powheg+Pythia6 e 0.8 T smt O smosyst | ‘ ]
e : ‘ ‘ T 0.6
0 1 2 3 =4 4 5 6 7 8 9 10
NJets

Number of additional jets

Substantial tuning efforts to achieve optimal description of the data by MC
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tt+bb

= {t+b is dominant background esp. to ttH with H — bb
= Precise calculations are a challenge for theory

J

arXiv:1705.10141
= Analysis: W g CMS . 2317 (13TeY)
F i i : - : K T EpEf miibb @HLF  [@Singlet 3
= 3 or4 b-jets, fit to b-tag discriminator in categories of jets and b-jets 3 Fl OJttbj [tt others WZ+jets |
= CMS (13 TeV): (10 3 mttcc mtv tData
= 20, pt(jet)>20 GeV - low, but currently also used for ttH analysis 107k -
= ATLAS (8 TeV): -
= 10and 24, pt(iet)>25 GeV ]
10&
arXiv:1508.06868 E
ttbb dilepton ttb dilepton ttb lepton-plus-jets ATLAS 1 I
- N - WEme g i —
E stat. @ syst. | | stat. LLJ 1 * L / % 1A
j @ aMC@NLO+Pythias (BDDP) n
. 8 06
'_.-_| B aMC@NLO+Pythias (H/4) O 0 1 2 3 2_4
I-A—i'l A Pownel+Pythias (H,/2) Number Of b'tagged jetS
: V  MadGraph+Pythia
E * * * Pythia8 (wgtq3) \ _
: B ey o CMS: Gt/ = 0.02240.0035t5t£0.006syst
i ‘ Pythia8 (wgtq6, sgtq=0.25)
A: A Powheg+Pythia6 (inclusive tf) { POWheg: O-ttbb/O-th - 0.01210.0013tat
|
5 10 15 20 25 30 35 7 20 40 60 80 o 500 1000 1500
Gggb dilepton [fb] Gpl(tj) dilepton [fb] Ggg lepton-plus-jets [fb]
Data becoming more precise than current predictions
T CE‘Q Andreas B. Meyer 55 Qliak PhySicS ———pHyRIE8n Colision, Prague, 5 Sept 2017
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TR TN SRS A

= {ttt cross section very small (SM: ~9 fb)
= Expect enhancement from new physics, e.g.:

= Signature: many €, many jets
(including 4 b-jets), Hr, missing Et

= Several analyses: Fit in categories, in-situ
constraint of dominant bg (e.g. tt+W or Z)

Limits from 4-top searches at 13 TeV:

ATLAS-CONF-2016-032 . .
: Limit (95 CL
10° g T T T T T T 3 Dataset Analysis ( ) Reference
= ATLAS Preliminary \s=13 TeV, 3.2 fb™ - ga;a/ilms = obs (exp.)
I SS dilepton / trilepton + b-jets % cz;g::;i:fﬁ)mp .
10° = [ ttwW/zw*w’ = A 1{ ATLAS-
- Covorors 5 92007 g i 801X 0w conpantgom
L [ Other bkg _
10 s —romwasms  gopd LE@AMESE) ) ea ATLAS-
= = Stat. Unc. s - fitin categories B(3)xosm  conrzote0m
10 I R Total Unc. ]
= S S = 1420 comb CMS arXiv:
- e e = -1 ' -
- g 2610 BDT 8B)xosm 170006164
]
Y 2 CMS arXiv.

1 fitin categories
107

Upper limits approaching SM cross section expectation
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Events

{t+Z and tt+W t
Z H RepuBliC:
30 or4e 28 (same-sign)
¢t b-jets + bets
CMS-PAS-TOP-17-005
CM|S Proliminary : : : 36 qu“slTeV) g0 CMS Preiminary 36 fb” (13 TeV)
ol + data iz EEUHX d LT T e | mmW | fmnonprompt | x|
S Wz rare nonprompt 1 5 mwz rare [l charge mis-ID
- Ny jets =0 i Ny jers = 1 i Ny jots = 2 . B i i o
10° | ! E 0= T | I | rr rr
- “ L 3 ~ BDT[O - 0.6] ﬁ BDT>06 ' BDT[O - 0.6] BDT > 0.6
107 e L. .. ] b o o - i
0k i Y g M =
el -
1 2' ?l’ 2|4 2' Cl% >4 > 3 -4 2i  3jibj 3j=2bj =4jibj =4j=2bj 2]  Sjibj 3j=2bj =24jibj 24j=2bj 2]  3jibj Zj=2bj 24{1bj 24j=2bj 2j  3jibj 3j=2bj =4j1bj 24j=2bj
Njets — o5 CMS pPreiiminary - 3|6 b I(13|TIeV)
:é_ . :_' o | % | g 2- DI best fit | ]
= CMS (full 2016, 36 fb*"): N % dopiosbn .
= Leptons and b-ets, overlap with ttH (H— multi-£) & % —iDirete -
= Fit to jet and b-jet categories (Z), BDT (ttW) 1 5: % Stzeoy ]
= Significance obs(exp.): tW: 4.60(5.50), ttZ: 9.50(9.90) " / 771t theory .
); =
S N
= ATLAS (2015,3.2fb"):  axiv1609.01599 B 3
= Significance obs(exp.): tW: 2.20(1.00), ttZ: 3.90(3.40) 0.5} —
ﬂjOining preCiSion regime O: 11 1 | I | L1 L1 L1 1 | 11 1 | 11 1 | 11 1 | 11 1 :
0 02 04 06 08 1 12 14 16 18
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Effective Field Theory Interpretation

1 1
[:eff = [:SM + K ZCZ'OZ' + ﬁ ZC]O] + .- 1600 CMS preliminary 3“6 fb~! (13 TeV)
= EFT Lagrangian: 1400 /
= Expansion by inverse energy scale 1/A 1200 %
= 59 (B and L-conserving) dim-6 operators 1000 % 1’
= Model-independent search for new phenomena Q %\\
= First approach: o |
= Only consider those operators with impact on ttW, ttZ and ttH, © 600 + CMSData
not those for tt, WW, ZZ, WZ 200 ’:’Z EE‘Q’;“:::YV
= One coefficient ¢jata tme 1 - lo CL
.......... 20 CL
= Determine best ¢jfrom simultaneous fit to signal strengths for 200 , bestft
ttZ and ttW, i.e. possible effects on acceptance/kinematics are 0 | | | il
not corrected for 0 200 400 600 800 1000 1200 1400
t Otew [fb]
t
; p Wilson coefficient Best fit [TeV 2] 1¢ CL [TeV 7]
t ! cup/ A2 1.6 [0.0,2.3]
; o |eu/A%+109 Tev 2| 111 [2.7,15.6]
‘ t Caw /A2 1.8 [-2.4,-0.8] and [0.7, 2.4]
Criu/ N> 9.4 [-10.3,-8.1]and [0.1,2.1]
; : g P observed values are very similar to SM-expected

A\‘(IT %:Sg/\ Andreas B. Meyer Top Quark Physics Physics in Colision, Prague, 5 Sept 2017 27



S | N g | e-TO p P rOd U Ct| on DOand CDF combined ~ arXiv:1503.05027

E Single top quark, Tevatron Run I, Lim =97t >

Events

SM s-channel

C [
10 ?i E)E(l;tnicted background SM t.channel | G 6001~
[ Background uncertainty | YEV/ZJfX 9 500
. . 1P Multijets ok
= Test of EW interactions : £ 400
102 ; L%)

= Sensitivity to b-PDF and u/d-PDF

= Vi / 4th generation / FONC " TZZ Yo
complex multivariate analysis simple kinematic analysis
q' q b W g t
w +
w t
b t
. i . t q b
o(7 TeV) = 64 pb + 4.5% o(7 TeV) = 15.7 pb + 7.6% o(7 TeV) = 4.3 pb + 4.4%
o(8 TeV) = 85 pb + 4.4% o(8 TeV) = 22.4 pb + 6.8% o(8 TeV) = 5.2 pb + 4.2%
0(13 TeV) =217 pb+4.1%  o(13 TeV) =71.7 pb £ 5.3%  0(13 TeV) = 10.3 pb + 3.9%
Ri3/s = 2.6 Ri3/s = 3.2 Rizs =1.9
Single-top cross sections at Run-ll are as large as the tt cross section at Run-l
AKIT ANGrEas B Vieyer Top Quark Physics "~ Bhyscs n Coleion, Prague, 5 Sept 2017 28



Single-Top Quark Cross Sections

t-channel

«
T

tW-channel

s-channel

W+

Inclusive cross-section [pb]

—h

o

N
'.F

10

LHCtopWG

%
%,

NS =

" May 2017

I

" ATLAS+CMS Preliminary LHCIOpWG
~ Single top-quark production

ATLAS t-channel
PRD 90 (2014) 112008, arXiv:1702.02859,
JHEP 04 (2017)086

CMS t-channel
JHEP 12 (2012)035, JHEP 06 (2014) 090,
arXiv:1610.00678

ATLAS Wt
PLB 716(2012) 142, JHEP01(2016) 064,
arXiv:1612.07231

CMS Wt

PRL 110 (2013) 022003, PRL 112(2014) 231802

LHC combination, Wt

ATLAS-CONF-2016-023, CMS-PAS-TOP-15-019

ATLAS s-channel
ATLAS-CONF-2011-118 95% CL,
PLB 756(2016)228

CMS s-channel
JHEP 09 (2016)027 95% CL

7+8 TeV combined fit 95% CL

NNLO PLB 736 (2014) 58

scale uncertainty

NLO +NNLL PRD 83 (2011)091503,

PRD 82 (2010) 054018, PRD 81(2010) 054028
Wt: tT contribution removed

scale ® PDF ® o uncertainty

NLO NPPS205(2010) 10, CPC191(2015) 74
n=u= Migps
CT10nlo, MSTW2008nlo, NNPDF2.3nlo
Wi: p: veto for tf removal=60 GeV
and uF:GS GeV
scale uncertainty

scale ® PDF & o, uncertainty
My,,=172.5GeV

8

13

Vs [TeV]

Single-top cross sections at Run-ll are as large as the tt cross section at Run-l

Andreas B. Meyer

Top Quark Physics
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Single- top quark (t-channel)

o 3000 o ‘ 22fb KU
2 CMS ¢ Data
2 25001 + W chan
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MVA output
4 ™
Otcms, 13Tev) = 238 £ 13stat £ 29syst £ Sumi P
J/
4 A
OYATLAS, 13 Tev) = 247 £ Ostat £ 45syst £ Siumi b
\_ J
4 ™
Ot(NNLO) = =217 + 6.6-4.6scale £ 6.2PDF+aS pb
N\ J
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Andreas B. Meyer

Top Quark Physics

oMs arXiv:1610.00678 2.2 6 (13 ToV)
‘CM‘S‘ T T L B T B e
1.81= 0.18 (stat) = 0.15 (syst)
cT14 —
ABMT1 ]
ABM12 ._._.i
MMHT14 ——
HERAPDF 2.0 —e—i
NNPDF 3.0 ——
IS v e v F
[ Ri=1.81+0.18s £ 0.153@
arXiv:1609.03920
arLas 0 (=13 TeV, 321"
Measurement result i '

stat. @ syst. stat.

ABM (5 flav.) | e

ATLAS epWZz12 —e—i
cT14 |—.-q
HERAPDF 2.0 l—o-l
JR14 (VF) Fei g
MMHT2014 e
NNPDF 3.0 —e—i
PR S RN I M T T T - A I

12 1.3 14 15 1.6 1.7 1.8 1.9 2
Rf

[ Ri=1.72 £ 0.094tat + O.18syst j

Cross section ratio R:: sensitivity to u/d
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Single-Top Quark Differential Cross Sections "}

= Full Run-I statistics (20fb™") were already large enough for b t
precise differential measurements g :

= Results available at parton-level and particle-level
(minimal theoretical assumptions)

arXiv:1702.02859 CMS-PAS-TOP-16-003
CMS Pl‘ellmmcuy 2.3fb" (13 TeV)
"T_l —r r .| r r r 1 | 1 1 11 © > 12 e ]
2 ATLAS s=8 TeV, 20.2 fb” A6 14 . Data 3
O] 1} fq parton-level ® Data =~ : = aMC@NLO (4FS) g
Q — POWHEG-BOX+PYTHIAG F 10 g o F;Fof/)v)ggéaa FS)
= E O + Pythia8 E
s i“ 10" 8 8g ...... a+MF(>:yEc@hil:L80 (5FS)
°© PN aMC@NLO (4FS) ]
-2 -3 6 + Herwig g
1 O I R T TR N T TR SR T B T ! L1 o)} 5; _;
S 4 5F - =~ 4 ! :
S _ Run- Legacy 3b 4 : | Rundl: Early Analysis
O | = T e -*'-""-_ - 2F ! 1 "
i - - i E
g, 0.5 :—- -NLO (MSTW2OIO8) - NLO+NNLL . 1 g IIIIIIIII o -------I-------------_
- : : . OO 100 200 300
ol 1.5 :‘ Frmmmnmmmnmm 7 Pt (t+f) (GeV)
éU N S — e E
O - ] .
= 0.5 - POWHEG-BOX+HERWIG - MG5_aMC@NLO+HERWIG ] Results with more Run-ll data expected soon
0 100 200 300 TOP2017 in 2 weeks from now

p_(t) [GeV] —
i Y Yo . vy Top Quark Physics Physics in Collision, Prague, 5 Sept 2017~ 31



Single-Top Quark Polarization

= V-A: expect top quarks to be highly polarised: P= 1

1()/ P_a N(cos8 > 0) — N(cos 8 < 0)
>l = A =

2 N(cos8 > 0) + N(cos 8 < 0)
CMS JHEP 04 (2016) 073 5 ¢t (g Tov)
:‘\ :\ T ‘ T T ‘ T T ‘ T \.‘ T \-\ ‘ T T ‘ T T ‘ 1T ‘ 1T ‘ T \:
Gub,i ~ — POWHEG (5FS) + Pythia 6 E
8 09 - aMC@NLO (4FS) + Pythia8 =
S 0.8 - —— CompHEP + Pythia6 E
E £ e Unfolded data IO
s 07— T stat. | Total T
X E 1
o 0.6? $ #: E
= 05- =
NN: # + E
03— =
02— =
015 =
0:\ L | ‘ L1 ‘ L1 ‘ L1 ‘ L1 ‘ L1 ‘ L1 ‘ L1 ‘ L1 ‘ L1 \:
1 -08 -06 -04 02 0 02 04 06 08 1

Unfolded cosoj;

[AFB =0.26 + 0.03stat £ 0.103yst]

ATLAS:

arXiv:1702.08309

Events / 0.06

Data/Pred.

b t
g b
arXiv:1707.05393
17 (L L L I L LA LA L L L B
E ATLAS ¢ Data
700 {5 =8 TeV, 20.2 fo~ t-channel
— Signal region I {7, Wi, s-channel
600 W+heavy-jets
B Wlight-jets

Z+jets, diboson
500 I Multijet
400 ? W MC stat. + multijet unc
“/// #. L / /‘/// }
’4‘//* 7 ////#//7/
500 s ”/”/m//m/
200 &

100

[EIII\|IIII|IIII|IIII|IIII|IIII|

j%WW’/ //f//‘ﬂwyfhf/gyé//////y/fw?///?///w///gf///mﬂ(//ﬂﬁ#?m%/%”m

08
Ll =

1 0.8 -0.6 0.4 0.2 0 0.2 0.4 0.6 0.8 1
cos(0%)

Simultaneous determination of all anomalous
Wi couplings and top polarisation

[AFB=o.49io.o3statio.05systj [AFBSM=0.45] [ P>0.72(95%CL)]
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Single-top tW-channel b, t§f )

= Same final state as tt: Interference
= Experimentally: 2nd b is soft — only 1b in detector

= Cross section from fit to BDT discriminants in 1j1b,
2/1b and 2j2b categories

arXiv:1612.07231 LHCtopWG
@ F [ [ [ [ ] ATLAS+CMS Preliminary LHClopWG May 2016
%12000_— ATLAS ¢+ Data 2015 ] Data 2012, {s = 8 TeV, m = 172.5 GeV
> [ -1 Wi ]
— [ ] total stat
L 1 0000 - IS = 13 TeV, 3.2 fb - it 1 i NLO+NNLL (PRD82 (2010) 054018) o e
[ ) ] MSTW2008,,,,
| Z+JetS 4 I scale uncertainty
8000 B Others ] scale ® PDF uncertainty
[ ] Oy, x(stat) =(syst) =(lumi)
6000}
[ ATLAS, L =2031" 93,0213 235211 ob
4000 arXivii51003752 g U T mEEEom P
2000 CMS, L =1221b"
int 234+20+46+0.7pb
PRL 112 (2014) 231802
|
3 ] 2 3 Total syst I 3
et . vz lOtal sys - LHC combined (May 2016)
23.1+1.1+3.3 0.8 pb
& 1 '2 ATLAS-CONF-2016-023, P
E 1 / CMS-PAS-TOP-15-019 Effect of LHC beam energy uncertainty:
m 0 . 8 / 0.38 pb {not included in the figure)
D 0'6 E I T = | L1 1 | | L1 1 | | L1 | | 11 11 | 11 11 | 11
1j1b 2j1b 2j2b 1j0b 2]0b 0 10 20 30 40 50

Oy, [PO]

[O'tw = 94 1 10statt28-22syst = 2iumi pb J [ Otheory = 71.7 £ 1.8scale +3.4PDF pb J

. MC to simulate b@vbeyv final state conS|stentIy for tt and tW productlon now available
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Vio

= Vyenters in production
and decay — 0 < [fiv Vio|?

b w

W+

ST 62

Andreas B. Meyer

LHCtopWG

ATLAS+CMS Preliminary

[
If V |: Omeas
theo
: NLO+NNLL MSTW2008nnlo
PRD 83 (2011) 091503, PRD 82 (2010) 054018,
PRD 81 (2010) 054028
Ao, _:scale ® PDF

theo

Myep = 172.5 GeV

LHCtOpWG

from single top quark production

th

May 2017

—t+——
total theo

If Vgl = (meas) = (theo)

S
QK- LEp,
/go’o’—\
e 4
¥
5

G

)
%Q
QLT

IU'J a1 IyOIW

(] IyQIW AR | rague, 5 Sept 201 7

t-channel:
ATLAS 7 TeV' 1 - 1.02 = 0.06 = 0.02
PRD 90 (2014) 112006 (459 ™)
ATLAS 8 TeV " [T 1.028 = 0.042 = 0.024
arXiv:1702.02859 (20.2fo™') :
CMS 7 TeV e 1.020 = 0.046 = 0.017
JHEP 12 (2012) 035 (1.17-1.56 fb™')
?Hl\ég oe-|(-20\1/4) 090 (19.71b7") Ha 0979 =0.045-0016 R I: &V 40/
un-i: =&
CMS combined 748 TeV =4 0.998 + 0.038 = 0.016 th
JHEP 06 (2014) 090 i —
C)I\(/IS 13 TeV® 0o ) f—é-o— 1.03 = 0.07 = 0.02
arXiv:1610.00678 (2.3 fo i
; . ~ 70
ATLAS 13 TeV* H— 1.07 = 0.09 = 0.02 Run-ll; 8V, = 7%
JHEP 04 (2017) 086 (3.20™") :
Wit:
ATLAS 7 TeV | - | 1.03701° 003
PLB 716 (2012) 142 (2.05b™") :
CMS 7 TeV I o I 4.01%016 +003
PRL 110 (2013) 022003 (4.970™") 018 -0.04
ATLAS 8 TeV "’ —t—— 1.01+0.10 = 0.03
JHEP 01 (2016) 064 (20.3 ")
CMS 8 TeV' —fet— 1.03=0.12 =0.04
PRL 112 (2014) 231802 (122fb Y
LHC combined 8 TeV"”’ —H—— 1.02 = 0.08 = 0.04
ATLAS-CONF-2016-023,
CMS-PAS-TOP-15-019
ATLAS 13 TeV?® , I : | 1.14+0.24 +0.04
arXiv:1612.07231 (3.21™")
s-channel: :
ATLAS 8 TeV* : . 0.93*07%+0.04
PLB 756 (2016) 228 (20.3fb™") !
! including top-quark mass uncertainty
Opes: NLO PDFALHC11
NPPS205 (2010) 10, CPC191 (2015) 74
including beam energy uncertainty
| | | | | | | | | | | | | | | 1 | | | | | | | | | | | | |
04 0.6 0.8 1 1.2 14 1.6 1.8
IfLVthI
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Flavour Changing Neutral Currents

ATLAS+CMS Preliminary 95%CL upper limits <€—@ ATLAS €<—@ CMS
LHCtopWG [1] JHEP 12 (2015) 061 [2] arXiv:1610.04857 subm. to JHEP
[3] JHEP 04 (2016) 035 [4] EPJC 76 (2018), 55
November 2016 [5] arXiv:1610.03545 subm. to JHEP [6] EPJC 76 (2016), 12
[7] CMS-PAS-TOP-12-039
Each limit assumes that
all other proiséssgss are zero Theory predictions —SM 2HDM(FV)
from arXiv:1311.2028 .MSSM .RPV
t—Hc ‘ /g
t—=Hu
t—=vycC
t—vyu
t—=gc
a—
t—gu
—0 5]
T —| —e@ = ®©
t—=Zc —@ 171
«—0 (6]
t—=Zu
ACTA Phys. Pol. B 35 (2004) I (T R B IR\ L ST® 1
-16 -13 -10 _ - -
o 7 10 10 10 1077 10 107
SM:BR~ 10" .10 Branching ratio

BSM:BR~10°_. 107
LHC data closing in on some BSM scenarios with enhanced FCNC

.
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tZ0 ’

SM

b

= ATLAS (Run-ll, full 2016 data)
First evidence: 4.25(5.30) obs(exp)

[ Otgz = 600 + 1703tat + 1403yst fb ]

FCNC

= CMS (Run-l):
Significance: 1.80(0.80) obs(exp)
Limits 95% C.L. on FCNC:
BR(t—Zu) < 0.022 (0.027) obs(exp)
BR(t—Zc) < 0.049 (0.118) obs(exp)

Entries / 0.1

Data / Pred.
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10

Another milestone towards the lowest-cross-sections frontier

(20

DESY |

ey

AT

Andreas B. Meyer

Top Quark Physics

2 I
1eshssgoss /(WW .
o
0 01 02 03 0.4 0.5 06 07 08 09 1
NN
cMS arXiv:1702.01404 19.7 fb™ (8 TeV)
- :I T T | LI | T T | LI | LI | LI | LI | LI | L | LI
. C /) ¢ dat:
o 161 . 7 -tzaqa 1
n 14F 7 [ nonprompt
2 B wz ]
S 12F EWz:ht
= F zz 1
I 10 WtV -
r Y % P uncertainty 7
8- —FCNC =
6 -
4t / -
C 7
2F =
Co o K
E 0 L | T |/ /] '
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Summary

ST 5%

LHC is a top quark factory

Ultimate precision SM measurements during Run-ll (first glimpse)
= Test of calculations — NNLO has a pt-dependent k-factor

= Tuning of a new generation of MC generators

= Determination and consistency checks of SM parameters (PDF, as, mtop)

Associated top quark production becoming fully accessible
= First precise measurement of tt+Z cross section
= systematic and model-independent searches using EFT approach

Differential measurements of single-top quark production
= Electroweak production of single tops complements top quark pairs

Lots more new results expected at TOP2017 and beyond
A factor two more data until end of 2018

inclusive tt
differential tt
ftHets
tt+bb
41op

t+W
tt+Z
single top
polarisation

tw
Vi

FCNC

Expect top quark physics to play a lead role in direct and indirect searches for new phenomena
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Energy Dependence (o)
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Campbell, Ellis, Roentsch Phys.Rev. D87 (2013) 114006
et
Top pair and single top cross sections
e/ with and without accompanying Z
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Cross section driven by rise of gluon density to low x: .
—> shape of bulk distributions remains similar | pr (t) (GeV)

100 150 200 250 300 350 400 450 500
p, (Top) (GeV)
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LHC roadmap: according to MTP 2016-2020 V2

Physics
LS2 starting in 2019 => 24 months + 3 months BC | I zh“mw" o
. . eam commissionin
LS3 LHC: starting in 2024 => 30 months + 3 months BC o Sto'p oning
. . |
Injectors: in 2025 => 13 months + 3 months BC ]
2015 2016 2017 2018 2019 2020 2021
Qlla2la3ja4|a1 a2 |03 |a4]Q1 a2 ]a3|a4]|a1 @203 |04 |a1]a2 a3 |04 ]a1|Q2 [a3 |04 |a1|Q2 Q3[04
LHC
Injectors Run 2 LS 2
® PHASE 1
2022 2023 2024 2025 2026 12027 2028
Q1/Q2{Q3{Q4|Q1{Q2|Q3Q4|Q1{Q2{Q3{Q4|Q1{Q2{Q3{Q4|Q1Q2{Q3{Q4|Q1 (2|03 Q4|Q1{Q2|Q3 Q4
LHC Run 3 LS 3 = Run 4
Injectors .
® > o—— PHASE 2
____________ 2029 2030 2031 2032 2033 2034 2035
Q1102125{Q4|Q11Q21Q3{04|Q1102103104|Q11Q2{Q3{Q4|Q1{Q210:3124|Q11Q21Q3 104 |Q1 {Q21Q3 Q4
LH
i LS 4 I Run 5
Injectors
¢ >

hitps:/lhc-commissioning.web.cem.ch/lhc-commissioning/schedule/LHCHong-term.him
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