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Top Quark Physics s FoOR

--H v .o UYL VUL VUV
Ve my, o< m? omy, In(my)
; ‘<t£x7 anXiv:1701.07240
. . o Cr T T T " g 1 [T
= Heaviest known elementary particle . 3 80,5 ATLAS e
i i S E ----- m==125;.0916.24eiv E
= Strong coupling to Higgs (EWK loops, gg — H) s045E oot .
. . 80.4:—
= Timescales — unique features, bare quark - ==
1 1 1 m 80.35[
t -
o < — < < A9 P e f 68/95% CL of Electroweak]
o Io feoo A e Fuwomaam
production lifetime hadronization Spin;flip 80.25—— 165 '1}0' ' '1}5' — '15'30' e
107275 107* s 10-24 5 107" s m(top)
_g_ 0 i s w7 : -—__;_-:,I_::'.;-'-'fr'éﬁ-'f e FJ'J E
. . - 71 [
= Precision measurements of SM parameters £ s f 2 10 [
i _— 1 ‘1(-?1]:—1 f;—;
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= Search for New Physics g pT A s
= through precision measurements of top quark properties and B S eREe / g
couplings (esp. in case new physics would couple to mass) g Stability
= top is background to many searches 180 12z 124 126 128 130 132
Higgs pole mass M, in GeV
m(H)
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http://arxiv.org/abs/1205.6497
https://arxiv.org/abs/1701.07240

Top Quark Physics in Production and Decay

W-Helicity Fractions
+ 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,
—_— — Polarisation, Vi, FCNC, W-helicity, mass
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Earlier Top-Quark Results Tevatron and LHC Run

36 events 1000s of events 100000s of events
- [ CMS Lepton+JetS 19.7 fb (8 TeV)
> 12000F TS
i 250 - CDF Il Preliminary 3 200 =g§v‘;{;§;‘ o Gindlet ]
g“ N 1 200 e Data (8.7 fb'1) 1> 10000f [ unmatched Eéfgt?nultiiet
T 1 3 /7] Signal+Bkgd B 8000k g owesn
= \\\ 8150— i Bkgd only S ter P, selection ]
A = = = 6000f
Fitted Mass  (GeV/c?) ‘%100_ Tagged g r
19‘eve;|ts[ Cl')F u>.| g 4000r
7 : 50/ ++ & soool
g 1 v'Zz;Mf /{/f{/{é///////:’/l D9 500at N o E
17 0 150 200 250 300 3B Q 5G4
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| 3 1
';wuoléoz({)o“”uom EOS\\\\L\}\\\\J\LL\/
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= Tevatron pp 1.96 TeV = LHC Run-l pp (7 and 8 TeV)
= discover = pp: complementary initial state
= scrutinise and measure = superior statistics — top factory
= establish top as SM quark >
1995 2010 2012
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Top Quark Mass

Mass of the Top Quark
July 2016 (* preliminary)
CDF-I dilepton - 167.4+11.4 (210.3+ 4.9)
DO-I dilepton - 168.4+12.8 (+123x 3.6)
CDF-Il dilepton - 1715232 (19: 25)
DOl dilepton * B | 173.50+1.56 (=1.31= 0.84)
CDF-I lepton+jets B 761e73  @s1s53)
DO-I lepton+jets '_.EH £53 (£36= 39)
CDF-Il lepton+jets i 172.8541.12 (:0522099)
DO-II lepton+jets r 174,98 20.75 (:0.41= 0.63)
CDF-| all-jets 186.0+11.5 (+100= 57)
CDF-Il all-jets T 175.07 +1.95 (+1.19 1.55)
CDF-II Lxy - 166.90 +9.43 (9.00 = 2.80)
CDF-Il MET+Jets T 17398185 (<1262 135)
Tevatron combination * [ 174.30 0.65 (+0.35+ 0.54)
(= stat = syst)
‘ ‘ ‘ ‘ ¥2/dof = 10.8/11 (46%)

Tevatronand LHCRun-l
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3 3
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150 160 170 180 190

m, (GeV/c?)

Tevatron Run-l and Run-Il Combination

mtop - 17430 + 0.658yst GeV

Andreas B. Meyer

SIT 3%

200

CMS Run-I Combination

LHCtopWG
ATLAS+CMS Preliminary LHCIOPWG  my,, summary, Vs = 7-8 TeV May 2017
"""" World Comb. Mar 2014, [7]
stat
total uncertainty total stat
My, = 173.34 = 0.76 (0.36 = 0.67) GeV My, = total (stat = syst) s Ret.
ATLAS, l+jets (¥) 172.31+ 1.55 (0.75 = 1.35) 7 TeV [1]
ATLAS, dilepton (*) 173.09 = 1.63 (0.64 = 1.50) 7TeV [2]
CMS, l+jets 173.49 = 1.06 (0.43 = 0.97) 7 TeV [3]
CMS, dilepton 172.50 = 1.52 (0.43 = 1.46) 7TeV [4]
CMS, all jets 173.49 = 1.41 (0.69 = 1.23) 7TeV [5]
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 172.33 £ 1.27 (0.75 = 1.02) 7 TeV [8]
ATLAS, dilepton 173.79 = 1.41 (0.54 = 1.30) 7 TeV [8]
ATLAS, all jets 1751+1.8 (1.4 £1.2) 7 TeV [9]
ATLAS, single top 172.2 + 2.1 (0.7 = 2.0) 8 TeV [10]
ATLAS, dilepton 172.99 + 0.85 (0.41+ 0.74) 8 TeV [11]
ATLAS, all jets 173.72 £ 1.15 (0.55 = 1.01) 8 TeV [12]
ATLAS comb. (IJ;]!;; fg;f 172.84 + 0.70 (0.34 = 0.61)  7:8TeV [11]
CMS, l+jets HeH 172.35 = 0.51 (0.16 = 0.48) 8 TeV [13]
CMS, dilepton 172.82 + 1.23 (0.19 = 1.22) 8 TeV [13]
CMS, all jets 172.32 + 0.64 (0.25 = 0.59) 8 TeV [13]
CMS, single top 172.95 + 1.22 (0.77 = 0.95) 8 TeV [14]
CMS comb. (Sep 2015) 172.44 = 0.48 (0.13 = 0.47) 7+8 TeV [13]
1] ATLAS-CONF-2013.046 (6] ATLAS-CONF-2013-102 [11] Phys LettB761 (2016) 350
(*) Superseded by results RN FEptuipur ST A p—
shown below the ine S P e A
| | | | | | | | | | | | | | | | | | | | |
165 170 175 180 185
My, [GEV]

ATLAS Combination (8 TeV to come)

mtop = 17244 + O.48syst GeV

mtop - 17284 + O.7OSySt GeV

Top Quark Physics
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCTopWG

TO p QU d rk P o pe rt| esS Tevatron and LHC Run-|

W Polarisation Charge and FB Asymmetry More Mass Measurements tt
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= Tevatron and LHC Run-I| Legacies: ooV
Detailed measurements of top quark properties and cross sections

>
2012 2017
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/CMS/index.html
https://arxiv.org/abs/1612.02577
https://arxiv.org/abs/1702.07546
https://arxiv.org/abs/1703.02530
https://arxiv.org/abs/1612.07004
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/CONFnotes

The Present: LHC Run-II

A

120 Top-Quark Physics Frontiers:

= Ultimate precision
= Differential distributions
= Production in association
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Standard Model Total Production Cross Section Measurements staius: July 2017
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LHC Run- (.1-0.2:2) ggf&*"«""‘

“Peak msf luminosity: _DM“ cm?s’
00 top quark pairs per hour(8 TeV,

"-a

5.5 000 000 top each CMS anglL
s = . \ A -
- LHC Run I (18- 2 00 fb‘1 (13 TeV_l
— i’m ‘ _yross section increase beactor ~3
> Peak inst. luminosity: 1.7 x 10% cms™!

Expected: 80,000,000 tt and 80,000 ttZ
About 50% of Run-ll already on tape


https://arxiv.org/abs/1610.08142
https://arxiv.org/abs/1506.00903

tt Event Signatures

W+

Jet b-jet

all-hadronic;

p P
%) b-jet 3
S AR 24 BR~45%
5|8 N
c +9 q ot
olc|E Je
SO0 s .
8 S| ® Jet
S |o E
"o S tau+jets I v
: b-jet
£ Q\'Ok muon+jets | \/ /e
: Nl ' : lepton+ets:
® electron+jets o
t
_ _ p
\‘\\Qo’g\ e’|lu(t| ud cS
&
BR~30%

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

ﬂ("' Andreas B. Meyer Top Quark Physics Physics in Collision, Prague, 5 Sept2017 10



Experimental Ingredients

CMS DP-2012/012 CMS JME-13-001

19.7 o™ (8 TeV)

%25;*H\HH\HH\HH\HH|HH\~H'H'f ‘UE) BV AL AR AS A R
R A octe 1 I Ty
w’ 20~ 1 tcf; (Data) — @ Z+c
i T [ —tcy e Z+
u Jet (and ETmISS) g B —¢—tpf%|£T ((I\E/;z?t)a) = ] 2000 Z+b =O-:hers
. . £ 45 — pf#; (MC) . mt
= Event-by-event pile-up subtraction ¢ I ]
based on charged component 1ol 7
= Resolution and scale mostly from y-jet i 1
and Z-jet balance. b \s=7Tev E
. . . r CMS preliminary 2010 B
= b-jet energy scale directly accessible T T A/ T
0 50 100 150 200 250 300 350 400
through Z+b Calibrated pfsE, (=\ 0
relative bjet com: 0.998 +0.005 Ruwpr
= |solated Leptons (e, u or 1) _ e
) ) . . Displaced | - T \ Data 2|01 5
= Calibrations and efficiencies from o, 100 eV se o b et ey
dilepton resonances (Z, Y, Jiy) Secondary 2 - ’ N c jet g
Vertex ) B Light-flavour jet | 3
b] 1 03 L g ] %
, y =, tT—oeut2 jets 3
= p-tagging ~- / i z
) . ) Primary ‘*qg./." 1 02 = Qé_
= Combination of several techniques N SR =
(vertex, impact parameter, tracks/ 102 %
leptons within jets) et = N
u >
-1 MV2c20 output 20 +1

Top quark physics: require high-precision leptons, jets and b-tagging
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsJME13001

Top-Quark Pair Production

LHC (13 Tev) Tevatron
t 9T —>— ¢
g 99/99 ~90% ~15%
A
t 9 D00\ —a—1 qq ~10% ~85%
g —p—1 g t H1 and ZEUS HERA I+II PDF Fit
1 -
g w0 xg (x 0.05) Q*= 10000 GeV?| S
4 * g
~ , — HERAPDFL1.5 NNLO (prel.) §
g < t_ g t 08 ! - exp. uncert.
: |:| model uncert.
| xS (x 0.05) \ - parametrization uncert.
06 \
o(7 TeV) 177 pb £ 7% : \ / O\

04 - \ \
o(8 TeV) = 253 pb £+ 6% : \

o(13 TeV) = 832 pb + 5% 2 o\
R13/8 = 3.28 = — ™

HERAPDF Structure Function Working Group

Top quark pair production at LHC predominantly from gluons
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Top-Quark Pair Production

Czakon, Fiedler, Mitov PRL 110 (2013) 252004
. LHC (13 Tev) Tevatron

350
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\ / 04 \ \ 2
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[ <
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10* 1

Full NNLO available since early 2013 - scale and pdf uncertainties 2-3%
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http://arxiv.org/abs/1303.6254
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Experiments and theory calculations compete in precision
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCTopWG
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCTopWG

Inclusive tt Production
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https://arxiv.org/abs/1606.02699
https://arxiv.org/abs/1701.06228
https://arxiv.org/abs/1612.03636

tt differential distributions: pt(top)

10° CMS, 19.7 fo' at (s = 8 TeV LHCtopWG
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Results in dilepton, I+jets and all-jet final states
NLO calculations do not describe pt(top) -
all other distributions ok

Since 2013: NNLO calculation available:
CMS and ATLAS data well described
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https://arxiv.org/abs/1505.04480
https://arxiv.org/abs/1511.00549

tt differential distributions: pr(top) et

“resolved”. 3 jets kr=0.4 “boosted”: 1 (top-tagged) jet kr=1.0
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Many recent results from ATLAS and CMS: i
arXiv:1610.04191, arXiv:1708.07638, CMS-PAS-TOP-16-013, Same ﬁndmgs at13 TeV as for § 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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https://arxiv.org/abs/1708.00727

tt differential distributions: pr(top) et

“boosted”: 1 (top-tagged) jet kr=1.0
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Many recent results from ATLAS and CMS: i
arXiv:1610.04191, arXiv:1708.07638, CMS-PAS-TOP-16-013, Same ﬁndmgs at13 TeV as for § 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
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IAy| < 1.0; 2 b tag 26" (13 TeV)
oosted Top Quarks . P AR
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: I Z'2.0TeV, 1% width ]
. ]
= Top-quarks as a search tool 2 **s
, . . . > 10F =
= High mass particles decaying to high Yo + -
momentum top quarks L' [
= Example: Z’ — tt resonance 7 ' 1|
. . 1o
= Good understanding of my required AN o s T T
om P ]
v
a 0-5‘1,,‘
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Lower limits: m(Z'(FM =1%)) > 2.5 TeV
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oi. Mass from Cross Sections
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180

mP* [GeV]

175
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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 my and pt(top) spectra
= ATLAS: Fit of mass to eight lepton distributions

ATLAS-CONF-2017-044

I T N T T T
ATLAS Preliminary MCFM NLO fixed-order, p=m /2
Is=8TeV,20.2fb"

il

{f bii)
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| | L 1
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Ratio to data
N

(b) DO Preliminary, 9.7fb
NNLO, m}{”*=155 GeV
NNLO, m™*“=165 GeV
— NNLO, m?°“=173.3 GeV|
-- NNLO, m"**=180 GeV
— NNLO, m?*“=190 GeV
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Preliminary == Stat. Uncertainty
— Full Uncertainty
DO inclusive o(tt) . ° 172.8 = 3.3 GeV
ATLAS inclusive o(tt) ° 172.9 = 2.6 GeV
CMS inclusive oftt) ° 173.8 + 1.8 GeV
i alo' ° 169.1x 2.5 GeV
DO differeritie D, m. 69 5 Ge
ATLAS differential o(tt+1)) ® 173.7 + 2.2 GeV
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Ott. As O

PDF

= Alternatively determine as or PDF

= Double-differential tt measurements
provide improved sensitivity for PDF
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Run-ll: Aim to constrain as, m(top) and PDF simultaneously
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https://arxiv.org/abs/1703.01630
https://arxiv.org/abs/1410.6765

tt+j is dominant background in many search analyses

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

arXiv:1610.09978 W
O ‘i T T T T T
Z 1 ATLAS - CMS-PAS-TOP-16-014
© E -1 = - ___ -1
o2k 13 TeV, 3.2 1 - . | ‘ ‘ 9 f? (13 TeV) new tune
- . add. jetp, =25 GeV | S CMS e, i + jets combined g
10-1L m——— _ s Preliminary
- s 3 0.4 _
- A N ¢ Unfolded data
| —— Powheg+Pythia8 ] —— POWHEG + PYTHIA8
1072 ---. MG5_aMC@NLO+Herwig++ E 0.3 ——- MG5 aMC@NLO (NLO) + PYTHIAS
- + nggpga"é-Z ] = —-+- POWHEG + HERWIG++ N
| St PS dominated [ I B TELLY MG5 aMC@NLO (LO) + PYTHIA8
1 0—3 - —— Stat.+Syst. < >:
= | l l | = 0.2~ s |
E 1 g;: ____________ E < PS dominated
8 P 0.1} -
08¢ e =TT
06:_ } " ' ; ' = - )
© 1 4;_ ----- Powheg+Pythia6 (RadLo) Powheg+Pythia6 (RadHi)_; 0.0 ‘ ‘ ‘ ‘ ‘ -
.ES- 1 -2:_ ] I I I I .......-.Lu..uI ............. T—=
Q 1: IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII « 1.2 - I——'[ N
(EJ osg 0t 8% 1.0 e R
0.65——| Powheg+P¥thia6 . . : 0 2 *:‘1 Stat. ‘E Stat. e‘B Syst. | | | | N
0 1 2 3 4 5 6 7 8 9 10
Number of additional jets Nets
Substantial tuning efforts to achieve optimal description of the data by MC
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/CMS/index.html
https://arxiv.org/abs/1610.09978

tt+bb

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

arXiv:1705.10141
= Analysis: W _cms 2.3 b (13 TeV)
_'(210 ""I_""I""I""I_':'I"_"I""I""I""I""
- _ iICrimi i i i i C = Hitbb WtiLF BlSingle t
= 3 or4 b-jets, fit to b-tag discriminator in categories of jets and b-jets q>,104 T Citioj @t others @Z+iets
= CMS (13 TeV): L [ticc @ttv + Data
= 24, pt(jet)>20 GeV - low, but currently also used for ttH analysis 10°
= ATLAS (8 TeV): -
= 1fand 2, pt(jet)>25 GeV
]
arXiv:1508.06868 0
ttbb dilepton ttb dilepton ttb lepton-plus-jets ATLAS 1
- W - Koot IESE :
i stat. ® syst. [ stat. LI\J % L% #: 7
) @ aMC@NLO+Pythia8 (BDDP) é 0.6C 5 : 5 3 -
il B aMC@NLO+Pythia8 (H /4) .
Iﬁ—é'l A Powhel+Pythias (H2) Number Of b-tagged jetS
: V' MadGraph+Pythia
E * * K Pythia8 (wgtq3)
+ & s [ CMS: Giton/Ottj = 0.022i0.003statio.006syst]
E @ Pythias (wgtgs, sgtq=0.25)
Ag /\  Powheg+Pythia6 (inclusive ff) [ POWheg O-ﬁbblo-ttjj - 001 24—-0001313'2 ]
Hmmnm [N { N
5101520253035 ~~ 20 40 60 80 500 1000 1500
Gg(tj)b dilepton [fb] Gfltg dilepton [fb] o-?tg lepton-plus-jets [fb]
7 Data becoming more precise than current predictions
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https://arxiv.org/abs/1508.06868

= {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 Er

= Several analyses: Fit in categories, in-situ
constraint of dominant bg (e.g. tt+W or 2)

Limits from 4-top searches at 13 TeV:

ATLAS-CONF-2016-032 . .
4 : Limit (95 CL)
10" g . . . . . . 5 Dataset  Analysis Reference
= ATLAS Preliminary Vs=13 TeV, 3.2 fb”' -~ Ea;ae'/":"s = obs (eXp)
C SS dilepton / trilepton + b-jets ] Coemon it
10° = [ ttwzw'w’ = 3 2 fb_1 12 6 5(9 1) X0 ATLAS-
= [ Dibosons 3 ' fitin Categories - - SM CONF-2016-020
L (] Other bkg ]
102 — f#ECI(10010) | 0 (same §i
= . —— TT 0.75TeV (295 fb) = 1 gn) ATLAS-
= . ot tme 32907 fiincategories 463X O conrantenn:
10 __—l— 3 Total Umf' __
= > — 4 = 1+2£ comb. CMS arXiv:
= ' = 261" 8(8) x osm
BDT 1702.06164
1 R
g A x CMS arXiv:
1 36 fo fitin cate g ories 4.6(2.9) osm 1704.07323
10°

Upper limits approaching SM cross section expectation
&‘(lT @E:@ Andreas B. Meyer Top Quark Physics Physics in Collision, Prague, 5 Sept 2017 25



https://twiki.cern.ch/twiki/bin/view/AtlasPublic/CONFnotes
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https://arxiv.org/abs/1609.01599

Effective Field Theory Interpretation  assswena

1 1
Eeff — ESM _|_ X ZCiOi ‘|‘ F ZC]O] —|— t e 1600CMS Preliminary 36 fb_l (13 TeV)
= EFT Lagrangian: 1400
= Expansion by inverse energy scale 1//\ 1200
= 59 (B and L-conserving) dim-6 operators 1000
= Model-independent search for new phenomena Q
= First approach: N 5%
= Only consider those operators with impact on ttW, ttZ and ttH, ° 600 + CMSData
not those for tt, WW, ZZ, WZ 200 7 /\//: :gvt;heeo"rfyy
= One coefficient ¢atatme | Tz loCL
---------- 20 CL
= Determine best ¢;jfrom simultaneous fit to signal strengths for 200 7 best fit
ttZ and ttW, i.e. possible effects on acceptance/kinematics are o Z Cuwl\°
not corrected for 0O 200 400 600 800 1000 1200 1400

Oriw [fb]

Wilson coefficient Best fit [TeV ?] 10 CL [TeV ]

|Cup/ A?| 1.6 [0.0,2.3]
4/ A% +10.9 TeV 2| 111 [2.7,15.6]
Cuw / N2 1.8 [-2.4,-0.8] and [0.7, 2.4]
Crru/ N> 9.4 [-10.3,-8.1]and [0.1, 2.1]

0" . g observed values are very similar to SM-expected
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Single-Top Production

= Test of EW interactions

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

=V} /4th generation / FCNC

q' q
w

b t

I b

o(7 TeV) = 64 pb £ 4.5%
o(8 TeV) = 85 pb+4.4%
o(13 TeV) = 217 pb £ 4.1%
R13/8 = 2.0

(13 TeV) = 71.7 pb + 5.3%

DO and CDF combined ~ arXiv:1503.05027
2 E Single top quark, Tevatron Run I, L =97 o > r
S+ g SM s-channel| @
> ¢+ Data 600
" 10* = Expected background SM t-channel | O I
E - Background uncertainty W/Z+X =t
o0 oo 7.500
10 E i Multijets P L
E c
y, g40
10°
: W3
og 200
=3
i 100
S
-YA
-7 0.6

complex multivariate analysis
b w q
t
g t q'

o(7 TeV) = 15.7 pb £+ 7.6%
(8 TeV) = 22.4 pb £ 6.8%

R13/8 = 3.2

Discriminant output [(s-channel - t-channel)/background]

LHC Run-l ,

7400\

150 200 250 300 350 400

m.p (GeV)
simple kinematic analysis

W+

b

o(7 TeV) = 4.3 pb + 4.4%
(8 TeV) = 5.2 pb £ 4.2%
0(13 TeV) = 10.3 pb £ 3.9%

R13/8 =1.9

Single-top cross sections at Run-ll are as large as the tt cross section at Run-|
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https://arxiv.org/abs/1503.05027

Single-Top Quark Cross Sections (o)

LHClopWG s

%,

" ATLAS+CMS Preliminary LHCIOPWG = arias tchannel ]

i i PRD 90 (2014) 112006, arXiv:1702.02859,
~ Single top-quark production JHEP 04 (2017)086 7

B ® CMS t-channel
May 2017 JHEP 12 (2012) 035, JHEP 06 (2014) 090,

- arXiv:1610.00678 ]
‘ #— O ATLAS Wt
- PLB 716(2012) 142, JHEP01(2016) 064, -

arXiv:1612.07231

t-channel
q' q

S Wt
t-channel PRL110 (2013)022003, PRL 112 (2014) 231802

* LHC combination, Wt
ATLAS-CONF-2016-023, CMS-PAS-TOP-15-019
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—
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ATLAS s-channel
ATLAS-CONF-2011-118 95% CL,

PLB 756 (2016) 228
Y CMS s-channel

JHEP 09 (2016) 027 95% CL
- M Wit x  7+8 TeV combined fit 95% CL

, tW-channel

o
[
Inclusive cross-section [pb]

- == NNLO PLB 736(2014) 58 4

scale uncertainty
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Single-top cross sections at Run-ll are as large as the tt cross section at Run-|
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Single- top quark (t-channel)

—— 7
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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 Preliminary 2.3t (13 TeV)
l'.__| —r r r 1 r 1 1 r 1 r r 1 © > 12 T " I e e e e
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Results with more Run-ll data expected soon
TOP2017 in 2 weeks from now
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/CMS/index.html
https://arxiv.org/abs/1702.02859

Single-Top Quark Polarization N

= V-A: expect top quarks to be highly polarised: P= 1 b t
N(cos0 > 0) — N(cos b < 0) I b
%CX{P = Apg =
N(cos8 > 0) + N(cos b < 0)
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https://arxiv.org/abs/1702.08309
https://arxiv.org/abs/1707.05393
http://arxiv.org/abs/1511.02138

Flavour Changing Neutral Currents (o)
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SM:BR~10"2 10" Branching ratio

BSM:BR~10°. 107
S LHC data closing in on some BSM scenarios with enhanced FCNC
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/CONFnotes
https://arxiv.org/abs/1702.01404

Summary

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
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Expect top quark physics to play a lead role in direct and indirect searches for new phenomena
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Energy Dependence

" Campbell, Eliis, Roentsch Phys.Rev. D87 (2013) 114006
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Top pair and single top cross sections
e/ Wwith and without accompanying Z
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Cross section driven by rise of gluon density to low x: ol
— shape of bulk distributions remains similar ooosy
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http://arxiv.org/abs/1302.3856

LHC roadmap: according to MTP 2016-2020 V2 B Frysics

LS2 starting in 2019 => 24 months + 3 months BC ] :h”tdo‘”” -
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https:/lhc-commissioning.web.cem.ch/lhc-commissioning/schedule/ HC-long-term.htm
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