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Top-quark production and decay

2  Inclusive cross sections
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lepton+jets

Differential cross sections
dilepton
lepton+jets
boosted top-quarks

Top-quark production in association with jets

inclusive
differential
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Top-quark position in SM

The heaviest SM particle: m;=172.33 + 0.49 GeV (CMS combination)
arXiv:1509.04044

Life time (10-2°s) shorter than hadronisation time scale (10-24s)
bare quark properties accessible: mass, |Vw|, spin, charge,...

Top-quark mass - important Standard Model parameter
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Important background in many BSM searches
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http://link.springer.com/article/10.1140/epjc/s10052-014-3046-5
http://arxiv.org/abs/1509.04044
http://arxiv.org/abs/1509.04044

Top-quark production

LHC - top-quark factory Run | Run i

: arXiv:1112.5675
N[N MNINNRCC I |\ /s=7 TeV /s=8TeV +/s=13TeV +/s=14 TeV
177 + 7% 253 + 6% 832 + 5% 985 + 5%

Top-quark pairs: via QCD interactions [elelallaElpitEiiEs(@
g t 9 W{ q t

gg fusion qq annihilation

Single top quarks: via EWK interactions RERE e ESIoIN=T- :dViliie
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http://arxiv.org/pdf/1112.5675v4.pdf
https://indico.desy.de/contributionDisplay.py?contribId=88&confId=12482

Top-quark decay

Almost exclusively decays: t—bW

W decay defines the tt final state 0 20 40 60 80 100
W _ jet jet
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INCLUSIVE CROSS SECTIONS

- testing perturbative QCD predictions
- related to fundamental SM parameters: m;, &

- searches for new physics
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Cross-sections overview: ATLAS+CMS Runl
7 TeV: 173 pb + 6% 8 TeV: 241.5pb £ 3.5%

ATLAS+CMS Preliminary  LHCtOpWG o, summary, s =7 TeV Mar 2016 ATLAS+CMS Preliminary LHClOpWG o, summary, /s =8TeV Mar 2016
NNLO+NNLL PRL 110 (2013) 252004, PDF4LHC
------- My, = 1725 GeV A voee NNLO+NNLL PRL 110 (2013) 252004, PDF4LHC : I |
I scale uncertainty total stat Myop = 172.5 GeV total stat
i le uncertainty
scale ® PDF @ ag uncertainty . . (lumi sca o  +(stat) =(svst) =(lumi
s ) O x(stat) =(syst) =(lumi) scale ® PDF @ o uncertainty i (stan =(syst) =(lumi)
ATLAS, I+jets i 179+ 4+ 9+ 7 pb L,=0.7 fo"
ATLAS, dilepton (%) I—i-H—i 1732614 *2pb 0.7 1o ATLAS, lepton+jets . |_._”_| 260+ 12+ 8pb
ATLAS, all jets (*) | ——— 1 167+ 1878 =6 pb L=1.01b" PRD 91 (2015) 112013, L;,=20.3fb
ATLAS combined e 17732+ 7pb L0710 ,
, 7 CMS, lepton-+jets o] 228.5+ 3.8+ 13.7+ 6.0 pb
CMS, l+jets (*) I—H—i 164+ 3+12+ 7 pb Liy=0.8-1.1 fb arXiv:1602.00024, L, ,=19.6 !
CMS, dilepton (*) —te+—i 170+ 4+ 16+ 8 pb Ly=1.1 0" CMS. | :
CMS, Ty #1t () e+ 1492242650pb Lot , lepton+, F——det—— 257324+ 7pb
. . R n PLB 739 (2014) 23, L,,=19.6fb™ i
CMS, all jets (*) I T ® T = 136+ 20+ 40= 8 pb Li=1.1 0" :
CMS combined |—|'|—| 166+ 2+ 11+ 8 pb L,,=0.8-1.1fb" ATLAS, dilepton eu I_H 242.4+17+55+7.5 pb
LHC combined (Sep 2012) e 173+ 2= 8=6pb L,=0.7-1.1 fo" EPJ C74 (2014) 3109, L,,=20.3fb" i
ATLAS, I+jets, b—Xuv —— 165+ 2+ 17 = 3 pb =7 fo CMS, dilepton (ee, uu, ew) —o—t 239.0+ 2.1+ 11.3x6.2pb
: = -1 :
ATLAS, dilepton ey, b-tag FraH 182.9+3.1£42+36pb L,-46M" JHEP 02 (2014) 024, L,,=5.3fb
ATLAS, dilepton ey, Njels-ETSS I—H—| 1812+ 28757+33pb  L,=461" LHC combined eu (Sep 2014) I | 2415+ 1.4= 5.7+ 6.2 pb
ATLAS, 1, _+ets : - 1 194+18=46pb Ly=17 1o ATLAS-CONF-2014-054, CMS-PAS TOP-14-016, ~ :
ATLAS, all jets : +—a— : 168+ 12750+ 7 pb L=4.7 0" L,,=5.3-20.3 fb"!
ATLAS, T, +l e 183+ 9+23=3pb L=4.6 fb . :
had P CMS, dllepton eu 2449+ 1.4 +63 6.4 pb
CMS, I+jets e+ 161.7+ 6.0+ 12.0+ 3.6 pb L ,=50M" ) 4 : M= T 55— ¥
arXiv:1603.02303, L,,=19.7 fo -
CMS, dilepton eu Hetd 173.6+217350+38pb  L,=501"
CMS, T, +l ——e—— : 143+ 14+ 22+ 3 pb L,=2.2 fb" CMS, all jets : : | o |
CMS, 7, Hets b —o— i 152+ 12+ 32+ 3 pb L =39 " arXiv:1509.06076, L;,=18.4 o™ 275.6+ 6.1+ 37.8+ 7.2 pb
CMS, all jets —t——— 139+ 10+ 26+ 3 pb L,=3.5 b :
: . Effect of LHC beam energy uncertainty: 4.2 pb
H Effect of LHC b tainty: 3.3 pb X . .
(*) Superseded by results shown below the line (no??n(cz)luded iniﬁ:f?gr:‘ergy uncertainty P : (not included in the figure)
ol b b b b b b VNI ANV IRV NEEEE AR A
50 100 150 200 250 300 350 100 150 200 250 300 350 400
o.. [pb
o, [pb] « [PP]

No tension with SM. Precision driven by dilepton analyses.
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Multidimensional fit to:

Inclusive cross-section: e + u

pt of the softest non-b-tagged jet

Categorised by N b-tagged jets vs N add. jets: 12 categories in total
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b o also used to constrain top-squark

production cross section
arXiv:1603.02303

m: =173.8 GeV * 1%
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more on m; in talk by Simon Spannagel
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https://indico.desy.de/contributionDisplay.py?sessionId=4&contribId=87&confId=12482
http://arxiv.org/abs/1603.02303
http://arxiv.org/abs/1603.02303

Cross-sections overview: ATLAS+CMS Runli

13 TeV: £ 6.6% Mar. 2016

— I T T T I T T T I T T T I T T T I T T T I T T T
ATLAS+CMS Preliminary LHCtOpWG o, summary, Vs =13 TeV Mar 2016 Q ; _ -1
o — V Tevatron combined 1.96 TeV (L =8.8 fb') St Mar 2016
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....... + : ———] ® CMSeu7TeV(L=5fb") LHCIODWG
it S 10° 3 et i
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7)) — B ATLASeu13TeV (L=3.2fb)
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ATLAS, dilepton ey B 8037+ 27x 45 pb o O ATLAS I+jets 13 TeV (L = 85 pb) [
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The most recent CMS result not included: covered in the following
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Inclusive cross-section: e + u

Using all 13TeV data recorded by CMS: £"t=2.2 fb"
Counting high-purity ey events: rejecting Drell-Yan m,, > 20 GeV

CMS-PAS-TOP-16-005 2.2 fo! (13 TeV)

- 2 isolated leptons: e*u™ 2 [CMS ew+=2jets . Data
q>) 15001 Preliminary ] tt
. o
.+ 22jets (21b-tagged) 5 iR
& 1000  tW
. S
Main backgrounds: 3
500
- single top quark: tW (from MC)
0
» Drell-Yan, fake e/u (from Data) EH{T .....
§ i ;jiiéié'}{"}{i{'*{.{'{%}Lé
Dominant systematics: R P vuonp (Gev)'

- trigger/lepton efficiencies, JES, b-tagging

On=793 £ 8stat+ 38 systx 21lumiph | 56%™R ¢ most precise yet
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https://cds.cern.ch/record/2141738
https://cds.cern.ch/record/2141738

DIFFERENTIAL CROSS SECTIONS

additional constraints on SM parameters, new physics
top quarks need to be reconstructed

correction for detector + parton-shower effects
needed for comparison to theory predictions

closer-to-experiment definitions can be used: pseudotop

Nazar Bartosik | Top-quark cross-section measurements with CMS |
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Differential cross-section: dilepton  Runll

Normalised Ot vs Njets, Mg, pr, Yy [+ CMS-PAS-TOP-16-011

Corrected for detector effects: regularised unfolding

CMS Preliminary 221" (13 TeV) CMS Preliminary 2.2 (13 TeV) CMS Preliminary 2.2 (13 TeV)
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In general good description by all considered NLO predictions
Niets > 4 not well described by predictions: parton-shower dominated

Top-quark pt better described by Powheg v2 + Herwig++ asin Run |
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https://cds.cern.ch/record/2141738
https://cds.cern.ch/record/2140061

Differential cross-section: lepton+jets Runli

Absolute 0 vs Nadd.jetss, Mu, p1, Y |0H CMS-PAS-TOP-16-008
Measured with parton-level and particle-level definitions
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https://cds.cern.ch/record/2141738
https://cds.cern.ch/record/2141097

Differential cross-section: boosted top Runl

Probing top quarks in the boosted regime: pr>400 GeV
Decay products merged into jets: lepton+jets -« o ¢ 70p 14010

1 t-tag + 1 b-tag
e+Jets
Post-fit yields
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Measured with parton-level and particle-level definitions
Similar top-quark pr trend as in non-boosted analyses

Inclusive O underestimated in POWHEG by 14%, but consistent

Ox=1.28 £ 0.09statsyst+ 0,10 PPF + 0.0992+ 0.03vmi pb ¢ particle
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https://cds.cern.ch/record/2045404
https://cds.cern.ch/record/2141097

tt + (b) jets CROSS SECTIONS

- dominant background to the ttH(H— bb) production
. ttbb - irreducible '

b-jet pairs

- background to various
BSM signatures

0 m, m,; [GeV]
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Run |

Inclusive cross-sections: tt + (b) jets

Absolute Ojj, O, Onbs/Owji: additional (b) jet pr > 40 GeV, |n|<2.5

Dileptonic r15 746 (2015) 132

19.6 b (8 TeV)
mfiLF : Data 7 FCMS
W ttcc @ Z4* — Il
] ttbj [ Singlet -

19.6 b (8 TeV)

M tiLF + Data -
Fourth jet W ttcc W Z~4* — 1l ]
[] ttbj [ Singlet -

5

units

S
O]
=
S
'E

3 oL Third jet

0

< 10° W ttbb @ tt other W ttbb @ tt other |
_.(L) = =
3102 3
10
]
O, 2F ElN3 E
='5 SEPUEUENES | S S
Sosg M N P rH
‘DU 00 01 0203040506070809 10 010203040506070809 1

b jet discriminator b jet discriminator

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

CMS-PAS-TOP-13-016 Semileptonic
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CMS Preliminary 19.6" fb (8 TeV) CMS Preliminary 19.6" fb (8 TeV)
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3rd leading CSV value inside tt CSV sum of jets in addition to tt

Simultaneous template fit to extract ttbb/ttjj cross-sections ratio

2 templates: 37 + 4% jets

Nazar Bartosik |

A=21 21.0 £ 2.9%ul pb
0.23 + 0.05%t pb

Top-quark cross-section measurements with CMS |

26 templates: Nj, Nb x e +u
+ Kinematic reco. + MVA classifier

23.1 + 3.8ttal ph

0.27 = O.11%°@l ph
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http://dx.doi.org/10.1016/j.physletb.2015.04.060
http://arxiv.org/abs/1510.03072
https://cds.cern.ch/record/2038631
http://arxiv.org/abs/1510.03072
http://link.springer.com/article/10.1007%2FJHEP07%282014%29135

Differential cross-section:

Absolute Oy vs Njets, Hr m, de” PT, ||’]| |j1’ 2 arXiv:1510.03072
Kinematic reconstruction of the tt sytem: dileptonic channel

19.7 b (8 TeV)
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Predictions normalised to data: shapes reasonably described

Absolute o+ underestimated: as seen from inclusive measurements

Dominant uncertainties: JES, g, U, hadronisation model
- model dependence of the measurement needs to be reduced
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http://arxiv.org/abs/1510.03072

Differential cross-section: tt + bjets  Runl

Absolute o vs m, dR|P?, pr, [n| [P b2 arXiv:1510.03072

B-jet assignment to the tt system by a BDT: dileptonic channel
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Non-trivial signal definition: many b jets in the final state
mpb spectrum softer than mj: larger contribution from gg scattering
First comparison to NLO calculation: identical signal definitions

Statistically limited: will improve significantly with Run Il data
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http://arxiv.org/abs/1510.03072

Important physics results still being extracted from Run | data

Run Il top-quark measurements becoming competitive
with Run | in terms of statistical precision

No significant deviations from Standard Model observed so far

Exploring new kinematic regions [ efelef(=le K{o]o

Modelling uncertainties becoming increasingly important
-  NLO+PS simulations widely adopted now

- particle-level signal definitions becoming more common

Reduction of systematic uncertainties is the primary goal of
experiment- and theory-side efforts during Run Il
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Differential cross-section: lepton+jets Runli

Particle-level top-quark definition CMS-PAS-TOP-16-003

¢ 1 prompt e/ lepton corrected for final-state radiation
. clustering photons within a jet [ anti-kr, R=0.1]

I All prompt v neutrinos: origin not in a hadron decay
>4 |ets: all stable particles except prompte/u/v [ anti-kr, R=0.5]

——=o =72 b jets: ghost™ b hadron included during the jet clustering
*b-hadron momentum scaled! to a negligible value

—— Finding permutation of jets minimising the equation:

K? = [M(pNn + pe + po,) —mi* + [M(pj, + pj,) —mwl)” + [M(pj, + pj, + pr,) —Mmi)?
m:=172.5 GeV mw = 80.4 GeV
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https://cds.cern.ch/record/2141738
https://cds.cern.ch/record/2141097

Differential cross-section: boosted top Runl

Particle-level top-quark definition CMS-PAS-TOP-14-012

1 prompt e/u lepton
« pt>45GeV, |n| <21

>1jet in the same hemisphere: dR((, jet) < T1/2 [ anti-kr, R=0.5]
« p1>30GeV, |n|<2.4

>1fat jetin the opposite hemisphere: dR([, jet) > t/2 [ CA R=0.8]
« pt1>400 GeV, |n]|<2.4
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https://cds.cern.ch/record/2045404
https://cds.cern.ch/record/2141097

