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Results on 7,8 and Outline

13 TeV data
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(_1 jet D// l Calibration of b-tagging algorithms,
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A particle with unique characteristics

Special because of its enormous mass: heaviest known particle
— Still a point-like particle in our understanding
— The top and the Higgs are “strongly” coupled Y, ®1 m, = ytv/ﬁ

— The top mass dramatically affects the stability of the Higgs mass
* If we consider the SM valid up to a certain scale A

@ W, z%:} i p Vo s
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Mg = Mpgo

It is the only quark that does not hadronise f
o T(had)~h/Aqp~2102*s
o Iy =1.3 GeV, t(top)~h/T
o Compare with t(b)~10"s

top~> 10>'S

"
» Decays before forming a “dressed” top quarks

» No bound tq states, its spin properties are directly passed to its decay products

» QCD, Flavor and EWK physics at their best !
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Top mass M, in GeV

* The top quark also provide other direct constraints to the modef
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> The Higgs/symmetry breaking sector can be explored with

Constraining the SM

Can use the fact that m,, m,,, m,, are linked at loop level to constrain the SM

more insights coming from top physics

V@)= -120 ¢+ A (¢ + Yy vy ¢

A now known at NNLO QCD. Vacuum meta-
stability when the minimum of V(®) s just local
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> Direct access to parameters of the SM (m,, V)
» Other stringent tests of SM (QCD in do/dX, couplings, CPT invariance,...)
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Top (pair) production at the LHC

* Top pair QCD production happens 5 Tev 8 TeV 13 TeV
. . . Czakon, Fiedler, Mit
mainly via gluon fusion (iiL?:) (2':13)e2r520 . 4(;" 1720744 +47 245162 %62  832%20 4 35
q Y wrem——t 9 ! L
] . : o  TRE
t ? :9:- % all hadronic
] . ghenasemedl . g - 2 BRE
q t g t g Q@
°
=25 T tau plus jets
* Final states depend on the decay of the W bosons L dopion = lepton plus jets
- Wdecayde
e,un,T V- e w,T
7 MET ’*’
/ .. b-jet
%
et
dileptons lepton + jets all hadronic
e BR~10% e BR~44% e BR~46%

e Backgrounds coming from: W/Z+jets, single top (tW), QCD, di-boson
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Total cross section measurements

* Monitoring the total production cross section is the first fundamental step for

understanding tOp phySiCS at the LHC | Hland ZEUS HERA 11 10 parameter PDF Fit
— Test the presence of new production mechanisms ] Q=10 GeV? §
— In the frame of the SM, test QCD predictions and help os - AR z

I:I model uncert.

- parametrization uncert.

xu,

constraining the PDFs (especially gluons)
* Important for nggs production

oz(me) = / dz1dzs fi(z1) f(@2) 645(me) 0-4:*

| xg(x0.05)

0.6 N

— Indirect determmatlon of m, or aL.

0.2 -
| xS (x0.05)

— Constrain a very important background for many

searches at the LHC
* All decay modes are investigated at the LHC

HERAPDF Structure Function Working Group

107
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* The measurements are performed at different level of 2,

T 2 . NEREN
complexnty. k- 2 2 3 all hadronic

. . . Ndata - NBG' 1S c o

» Counting experiment in acceptance o = e; [Ldt > K

. . . tt 3 T e

» Fit to data in several portions of phase 3

= tau plus jets

space with in situ constraining of various backgrounds

ev/uv Tv

dilepton %‘5 lepton plus jets

» Multivariate analyses

» Selections defined for inclusive cross sections are in general W decay mode
september2017 Used for the rest of the measurements in that final state).ier cuevas. oco@LHc 2017 6



CMS + ATLAS inc

usive cross sections

ATLAS+CMS Preliminary LHCIOPWG

NNLO+NNLL PRL 110 (2013) 252004

" My = 172.5 GeV, o (M) = 0.11820.001

scale uncertainty
scale ® PDF & ag uncertainty

ATLAS, lepton+jets
PRD 91 (2015) 112013, L, =20.31b"

CMS, lepton+jets ot 2285+3.8+13.7+6.0pb
EPJC 77 (2017) 15,L;,, = 19.6 1o’ :
CMS, lepton+, ——fo—| 257+3+24+7pb

PLB 739 (2014) 23, L, =19.6fb"
ATLAS, dilepton ep

EPJ C74 (2014) 3109, EPJ C76 (2016) 642,
Ly =2021b"

CMS, dilepton (ee, uu, ep)
JHEP 02 (2014) 024, L, =5.3f0"
LHC combined ep (Sep 2014)
ATLAS-CONF-2014-053, CMS-PAS TOP-14-0186,
L, =53-203f"

nt —

CMS, dilepton en
JHEP 08 (2016) 029, L, =19.7 6"

CMS, all jets I

—#— 260+ 1.5 +8pb

o . summary, ¥s = 8 TeV May 2017

et

total stat
G + (stat) £ (syst) £ (lumi)

2429+1.7+£55+51pb

239.0+21+11.3+6.2pb

2415 £+1.4 +57 +6.2pb

6.3

2449 +1.4752+6.4pb

EPJ C76 (2016) 128, L, =18.4fb"

lal 1

' 275616.1+37.8+7.2pb
NNPDF3.0 JHEP 04 (2015) 040
MMHT14 EpJc75 (2015)5
CT14 PRD 93 (2016) 033006

ABM12 PRD 89 (2015) 054028
[u;(MZ) =0.1 13]

ATLAS+CMS Preliminary LHCtopWG G; summary, Vs=7TeV May 2017
NNLO+NNLL PRL 110 (2013) 252004
"""" m,, = 172.5 GeV, a,(MZ) =0.118+0.001
scale uncertaint: ———
scale @ PDF EDyuS uncertainty fotal sta
o+ (stat) * (syst) + (lumi)
ATLAS, l+jets =t 179+4+9=+7pb L,=0.7fb
ATLAS, dilepton () i 17367} Ipb L=0.7 b
ATLAS, all jets (*) F : 1 167 + 18+ 78 £ 6 pb L,=1.0fb
ATLAS combined i 177 372+ 7pb L0710
CMS, I+jets (*) —tot—E 16443+ 12+7pb L,=081.1
GMS, dilepton () e 1704216 +8pb L=t 1o
CMS, 1 4+h () ——— 149 + 24 + 26 + 9 pb Letdfo
CMS, all jets (*) i t t i 136+ 20+ 40+ 8 pb Ly=1.1 b
CMS combined ——i 166 £ 2 +11£8pb Ly=0.8-11To
LHC combined (Sep 2012) I—M-—I 173+ 2+ 8+6pb L,=0.7-1.1 fo"
ATLAS, I+jets, b—sXpv —r—H 165+2+17 +3pb L7
ATLAS, dileplon ey, b-tag EaH 1829+31+4.2+36pb L 460
ATLAS, dilepton ep, Nim-E;“‘“ [ 1812428757 +33pb L -46m
ATLAS, t,+els + 194+ 18+ 46 pb Lo=1.710
ATLAS, all jets 168122+ 7pb L=47tb
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CMS, l+jets I—H—H 161.7 6.0+ 120+ 3.6pb L =501
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CMS, 1, +l ———t i 14314 +2243pb L.=22f
CMS, 1, +jels —t——— 152+ 12432+ 3pb L=39f
CMS, all jets —t——t— 139+ 10+ 26+ 3pb L,=3.5fb
(*) Superseded by results shown below the line ;
5 NNPDF3.0 JHEP 04 (2015) 040
MMHT14 EPJ C75 (2015) 5
CT14 PRD 93 (2016) 033006
: ABM12 PRD 89 (2015) 054028
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eu channels provide the best sensitivity. Main systematic uncertainties,
modelling, lepton/trigger eff., luminosity, not so easy to improve.

Javier Cuevas, QCD@LHC 2017
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Events/ 20 GeV

CMS and ATLAS new results on tt production at 5and 8 TeV

* Measurement at 5 TeVin tt—f+jets, ep * New measurement in tt—¢+jets at 8
and pp. Short 5.02 TeV pp run (HI ref.) TeV. ATLAS-CONF-2017-054

CMS-TOP-16-023.

— Dilepton (ey, up) and single-lepton
channels combined. Single-lepton in

b-jet categories.

— W -> jj obtained from AR(jj’")

27.4 pb™ (5.02 TeV)

* 3signal regions (n jets, n tags)

* NN with kinematical variables
likelihood fit
largest uncertainties: modeling, JES,
lepton ID, trigger,

* Becoming competitive with ep.

27.4 pb” (5.02 TeV)

22 8
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4 25
Number of jets

0,,=69.5%6.1(stat.)+5.6(syst.)+1.6(lumi.) pb
A moderate decrease of the uncertainty in the gluon
distribution is observed at high fractions of the
proton momentum carried by the gluon

Data
Pred.

September 2017 Javier Cuevas, QCD@LHC 2017

0,,=248.310.7(stat.)+13.4(syst.)*4.7(lumi.) pb |3




tt inclusive cross section

o)
ATLAS+CMS Preliminary LHCIOPWG o summary,¥s=13TeV  May 2017 Q
NNLO+NNLL PRL 110 (2013) 252004 c
" My = 172.5 GeV, o, (M,) = 0.118:0.001 o
scale uncertainty total stat ‘ "6 1
scale ® PDF & o uncertainty o (stat) £ (syst) £ (lumi) @
. : w
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| ; S
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)
ATLAS, I+jets * . ——m—— 817:13x103x88pb | L 4
ATLAS-CONF-2015-049, L = 85 po’ =
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CMS-PAS TOP-16-013, L, =253 1b
i NNPDF3.0 JHEP 04 (2015) 040
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CT14 PRD 93 (2016) 033006
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Tevatron combined 1.96 TeV (L < 8.8 fb’™) . ]
CMS dilepton/+jets* 5.02 TeV (L = 27.4pb") ATLAS+CMS Preliminary May 2017 |

ATLAS ep 7 TeV (L = 4.6 fo”

CMS ey 7 TeV (L( 51 ) ) LHCIopWG
ATLAS en 8 TeV (L =202 fb™)
CMSen8TeV (L=19.7fb"
LHC combined ep 8 TeV (L = 53 203f"Yy
ATLAS ep 13 TeV (L =3.2 fb”)
CMSeu13TeV (L=2.21b")
ATLAS ee/up* 13 TeV (L = 85 pb: )
ATLAS |+jets* 13 TeV (L = 85 Pb
CMS l+jets 13 TeV (L =2.3fb")
CMS all-jets* 13 TeV (L = 2.53 fb "

* Preliminary

oOopOram<«omoOEOd

900F :

800 .

700 .

Z=— NNLO+NNLL (pp) - -

s NNLO+NNLL (o) S
Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 13 Vs [TeV]
NNPDF3.0, m__ = 1725 GeV, at,(M,) = 0.118 £ 0.001

All channels already considered at 13
TeV. Not all luminosity collected at
this energy used. Systematics limited
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Rapid rise: reflecting the gluon density
Measurements at different centre of mass
energies and in many channels, provide
consistent results, and good agreement
with full NNLO+NNLL calculations.

Experimental sensitivity: 3.5-4%




Top pair differential cross sections

* Test top physics in different portions of the phase space 1do* 1 Np,, — Nig

— Test of perturbative QCD, constrain of different generators, 0 dX o tetL
theory uncertainties, systematic effects. Window to new physics

— Use unfolding techniques on background-subtracted reconstructed distributions for
a direct comparison to theory predictions

— Propagation of the systematic errors (only shape errors important)

* Most relevant coming from lepton/trigger ID, background knowledge, MC
modelling

* Lookatlepton, jets, and to more complex variables in top quark final states
— Compare to reference generators and predictions on differential distribution from theory

* Defined with respect to tt signal:

— Parton level (full phase space)
» After QCD radiation and before decay.
* Trying to mimic definition of bare quark used often in theory calculations of fixed order.
* Used to extract SM parameters.
— Particle level (fiducial phase space)
* Based on stable particles after hadronization
* Fiducial phase space defined according to detector level cuts
» Effects from extrapolation are reduced

¢ Used to tune MC and test of BSM models

September 201 10
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CMS o/1 lepton differential distributions  pacrson

* Global event variables. S 359107 (13TeV) . 391" (13TeV)

T: 0.005 - CcMS 'e, I,u +jets combined 5 .52:: cms e i+ jel\ls combined
N d t t t th tt & - Preliminary 1 -5 04 Preliminary
— Lo [ ) = - 1
O nee O recons ruc e f!% 0.004j - t Unfolded data 1 g - L ggw::ia;’avwms
[ — P +P 8 N
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. ’ | —+= POWHEG + HERWIG++ S R I MG5 aMC@NLO (LO) + PYTHIAS
_ PartICIe Ievel. oo _ oo MG5 aMC@NLO (MLM) + PYTHIA8 | 02l | |
* Normalized differential G, ook 1 ol e :
— Compared to MC predictions . .. Y —
T T
1.2
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. . ° 0.8 == ‘ 0 Stat ||:| Stat. @ Syst. ‘ gg |:|| Stat. lIII Stat. & Syst. | | |
data/predictions 08 g0 o0 isp N R A R
Hr (GeV) Niets

Phys. Rev. D 95, 092001 (2017) CMS-TOP-PAS-16-018, All-jets, high-p;
*  Dominant uncertainties regime, new, 8 TeV. Corrected to parton

— MdCmodelling and hadronization at parton level level. Good agreement with NLO

— JES and PS scale at particle level 197107 (8 Tev)

1 = Frro T L L T
) re o calculations. s [cus AP ]
* Ingeneral, compatible within uncertainties 9 F prefiminary 5. By Rev, D 93072002 3
o = Eangane Lol Madgraph+Pythiaé
— Measured p(t) softer than Bredlctlons ) & [T — = MC@NLOvHerwig ]
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CMS-TOP-PAS-16-007

CMS dilepton differential distributions =

e Normalized differential Oyt 120 CMS Preliminary 226" (13 TeV) CMS Preliminary 2.21b" (13 TeV)

? Dilepton POWHEG v2+PYTHIAB —’g O’mj Dilepton POWHEG v2+PYTHIAS
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- aS a functlon Of the % * MGS?aMCgNLmPYTHIAB{FXF):] % 0008—— MGS?aMC@NLO+FYTHIA8:FXF>1]
5 S e —— POWHEG v2+HERWIG++ E [ SE— POWHEG v2+HERWIG++
kinematic properties of the ©° e L mmammmee
. = o0 — o.oosp— —— ’
leptons, b jets, top quarks, g § I
. =] O 70.004 s
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particle level e —_—
e Py PR RSN AU s, o ,.h - 1 .‘.M
— VlSlbIe phase Space 3 sy 13F s e F—
— Compared to MC prediction 5 e i o
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| t
* Overall good agreement Pr(GeV] iy
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CMS Preliminary 22" (13 TeV) CMS Preliminary 2217 (13 TeV) . . .
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g I ——e—— Data with stat+sys uncertainty E Data with stat+sys uncertainty Scales
102?’“"‘“‘ 0 statistical uncertainty E-:!:!""""'I [ statistical uncertainty ‘
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S . L .
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ol E within uncertainties.
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tt cross section at large n/p;

* Unique measurement from LHCb in the
forward region 2.2 < n < 4.2 Performed

with 2.0 fb" at 8 TeV: PLB 767, 110 (2017)
* 0+ 2 heavy flavor jets

* First observation of W+cc

tt signal observed with 4.9 &, 40% precision

LHCb, Vs=8 TeV e MCFM CT10 [ Data
DData tot
* 4-dimensional fit to mjj to:
»  tf, W+cC, W+bb and bkg. it
diStribUtionS‘ = IO.:)Z. ’ .0.:)4. I IO.:)()I - IO.:)XI : lOI.]. . .(J.IIZI IO.l]4. ’ l()AII()l ’ .O.IIX. [I b]
- (8]
* both e/mu+ bb used. P
o(W'+cT) PN
O(W) 1 1 R .
* This continues the LHCb programme from % = ® s 5 [pb]
the first measurement (that had signal over _ .
5 sigma): PHYS. REV. LETT. 115, 112001 (2015) L. . !
0.02 0.04 0.06 0.08 0.1 o [pb]

Large Transverse Momentumj

CMS-TOP-PAS-16-013 | = = oo o - ,
= CMS L B B S = 'ej g E ;i:s:jd“"-”"" ....... Eﬁiiiﬁéﬂ:gg:?am E ATLAS: GT'XIV.'1708.00727
%} Preliminary DETBCE)OFt\EEJel | d) ] Er 10 E_ Fiducial phase-space Emg:g:z:::‘:?gifm qi
O o2 ey 4 Sk e
s 10 —.— o Data (boosted) 3 68 EMe, e aMC@NLO+Hvs p Of the tOp quarkS tend tO be
= -_-"—:]-_El: —— Powheg 3 ® oL asz?@nri}ofpvs T
g - v B y softer than NLO MC generator
s v ' =] S g, o3 predictions, while NNLO
- o el QI 2 calculations improve the
w-..w--é EE 21 — s dZFE€EMENt.
B S e St D & - Some differences between
0 200 400 600 800 1000 1200 §§ 1.-_‘-‘ |
Leadingtopp_ (GeV) 2 ATLAS and CMS measurements.
400 600 800 1000 1200 1400
Py [Gev]
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http://dx.doi.org/10.1103/PhysRevLett.115.112001

ATLAS tt differential distributions in lepton+jets at 13 TeV arXiv:1708.00727

thad
dog/ de [pbiGeV]

Data

Data

Prediction Prediction Prediction
Data

Differential cross-sections of top-quark pair _

production in fiducial phase-spaces as a function higher pseudo-top pr

of top-quark and tt system kinematic

observables. «resolved” “boosted”

Resolved and boosted top reconstruction

Large-R jet JES uncertainty becomes dominant
at high-p;

In general, the Monte Carlo predictions agree : .
with data in a wide kinematic region well-separated one antiie

: . R=1.0 jet
— The shape of the transverse momentum distributiof"t* A=0-4 Jets l
of hadronically decaying top quarks is poorly
modelled by all NLO + PS predictions, where the
disagreement is largest at high transverse

momentum.
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In the resolved topology, the precision of the measurement of the transverse momentum of the tt
system makes it possible to distinguish between different settings in the NLO+PS calculations.
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ATLAS lepton differential distributions ATLASCONF-2017-044

Use ep events for background rejection

90% purity, tW main bkg.
Largest uncertainties from MC modelling, lepton
ID, trigger.
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ATLAS: tE+JetS in eM at 13 Tev ATLAS: EPJ C 77 (2017) 20

o3 | ‘ | E= Stat. uncertainty gf’ﬁa§2 i
. . - Z qL ATLAS 1 - — Stat.+Syst. uncertainty add. jet P, > 25 GeV
* Measurement of QCD radiation TE e B S s mdenom -
produced with top quark pair ok —— ]
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— Improve modelling of parton shower 102 = s avceniosHervis- 1 & = I s
and hadronization and overall top E L v 1 o MGS_aMO@NLO+Horwig? k
kinematics description 100L == Satesyst B ; : o
.. . . E ) N +I9[" —— Powheg+Pythia8 ! 7]
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* Good agreement with MC g 1 0.5 - Ponegeterigr ]
predictions. Sensitive to PS models 23 e o 1 2 3 =>4
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Generally in good agreement
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Single top quark production

The production cross section gives °
direct access to the CKM matrix

element |V|,,

— May also test the presence of a
possible 4t generation quark,

charged W’, H*
— Check for presence of FCNC

t-channel

— Important background for, among
others, Higgs searches in associated

production W/ZH—qqgbb

Investigate t-channel and tW production
» s-channel still out of range for an observation

Top quarks produced singly via
electroweak interaction

tW: Kidonakis NNLO arxiv 1311.0283

t-chan. 843 pb  217%2 pb (213.755pb)  NLO (NNLO)

tW-chan. 22+ pb 71%4 pb aNNLO
s-chan. 5.2332Z pb 10*% pb NLO

» t-channel: 1isolated e or y, one b-tagged jet, one forward jet, missing E;

» tW channel: 2 isolated charged leptons (e, ), one b-tagged jet, missing E;
Main backgrounds from top-pair production (both semileptonic and di-
leptonic topologies), Z(I)/W(lv)+jets, Multijet QCD (reduced to extreme
kinematic regions by selection cuts)

» Use data whenever possible to constrain the backgrounds

September 2017
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ATLAS Single top t-channel at 8 TeV 0 6000 ams | wsvovmen]
o [ *SR ¢ Data |
~ i y B fq

arXiv:1702.02859v2, Eur. Phys. J. C 77 (2017) 531 £ 4000k miws
0>> [ Z, VWV +jets
° ° ° . Il Multijet
* Fiducial cross section, and extrapolation to full phase - [ V) Posti e
space. Neural network to enhance S/B 2000y
— Separate cross section determined for I+ and |- events 0
— Binned maximum likelihood fit to extract cross section g3 ‘%Pﬁ___,__ﬁ
. g . . . Qo 0.8 : . : .
* Uncertainties: systematically dominated: jet energy 002 04 06 08
. . . NN
scale, NLO matching choice and lepton reconstruction vVl = fféiiﬂ“? 09 0,048
'." S pred.
N, 3y <+— Measured number — — ﬂ}ﬁosss-semon: f5-8 TeV, 20.2 b
Ohd = hd Y of signal events JtOt j‘\, eid ﬁd ; Pl()WHEG—BOX+PYTH\A6 R
Nt _Lin

ofd.(tq) = 9.78 £ 0.57 pb o‘?ot = 50. 7+ ph 1G5 anCoNLO e —
3 a +HERWIG I scale unc.
ofd.(tq) = 5.77 £ 0.45 pb 5 omaseon e o
. tUt ‘32 g"‘ )b POWHEGBOX+PYTHA8 NG
t q — 1 5 MG5_aMC@NLO+HeRwIGT i
- [ scale & POF @ o, unc.
50 55 60 65 70 o (1) Pb]
* Differential measurements, O,>0.8 to enhance signal 1p atLas BTev.202007 7

>

[} )

(O] tq particle-level e Dala
o = POWHEG-BOX+PYTHIAG
Q E

purity.

« Unfolded distributions: S g
— P(t) and y(t) for top and anti-top at parton level

—  Py(t), [y(®)|, P(j), |y(j)| for top and anti-top at particle level

Good agreement with NLO predictions.

°
MC/Data

0.5F-- POWHEG-BOXHERWIG --~MG57al\.!C@NL0+HEHW|G-E
0 100 200 300
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https://link.springer.com/article/10.1140/epjc/s10052-017-5061-9

CMS top polarization in t-channel at 8 TeV

1
o dcos 6% — 2

_1 _ N —-N{)
= g RS N N

(1+ Pt(g)txx cosfy) = (% + Ax cos 93‘()

Measurement of the differential cross
section as a function of cos@* (lepton
in top rest frame and recoiling jet).

* Sensitive to the top-quark polarisation.

Events / bin

A,(SM)=0.44

Data/MC

* Event selection and signal extraction:

similar to the t-channel inclusive cross

section measurement.

e Differential cross section unfolded at
parton level. Top quark spin

asymmetries :

1/ 6 x do / d(cose})

Ay(t) = 0.29 + 0.03 (stat) = 0.10 (syst) = 0.29 £ 0.11,
Ay (t) = 0.21 £ 0.05 (stat) & 0.13 (syst) = 0.21 £ 0.14,
Ay (t+1t) = 0.26 4 0.03 (stat) & 0.10 (syst) = 0.26 £ 0.11,

20 deviation w.r.t. SM
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Single top t-channel at 13 TeV

ATLAS: arXiv:1609.03920 JHEP04(2017)086 , CMS: arXiv:1610.00678, acc. PLB

Similar strategy wrt 8 TeV analysis.

Total uncertainty 18%(I*) ,20%(I) Leading

systematics: PS (14%) b-tagging efficiency (7%)

S 10000 WS e ieaan : ,

> ' mg 0tq = 156 £ 5(stat.) £ 27(syst) £ 3(lumi) pb
= -rr,+rf‘ras w+

s £ 2 et oy = 91 % 4(stat.) £ 18(syst) = 2(lumi) pb

-Mullue_t b i

5000 77/, Postfit unc. 7 5-flavour scheme

Ry =1.724 0.09(stat.) £ 0.18(syst) | . ¢

Frv V| = 1.07 £ 0.09 v

221" (13 TeV)
HL I R I

Events /0.2

¢ Data

b-quark in the proton (5-Flavour Scheme, 5FS)?

4-flavour scheme

Or should be produced dynamically from gluons (4FS)?
Need to factorise the two diagrams properly

TTT T T

B B R R B R B
\s=13 TeV, 3.2 fo!

W channel
O, tw
Bwziets
[Jacp

th
ojt-ch.,H—f

=238 + 13 (stat) £ 12 (exp) £ 26 (theo) & 5 (lumi) pb
=238 £ 32 pb.

Measurement result
| stat, ® syst. stat.

ABM (5 flav.)
ATLAS epWZ12

Post-fit unc. |

-08-06-04-02 0 02 0.4 06 08 |
MVA output

B tbeeempa

September 2017

fryVip| = 1.05 £ 0.07 (exp) % 0.02 (theo)

Rien, =1.81 % 0.18 (stat) & 0.15 (syst).
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http://link.springer.com/article/10.1007/JHEP04(2017)086

Single top t-channel, differential cross-section at 13 TeV

CMS: TOP-16-004

e Event Selection : similar to inclusive cross-
section measurement (arXiv:1610.00678)

* Top quarkreconstructed from the muon, the
b-jet and the MET + W mass constrain.

* Signal extraction also similar to inclusive cross-

261 CMS Prelrmmary 2 3fb (13 TeV)
> 24F 2jets 1b-tag e Data 3
L 22F E
0] SoE ™ (W) >50GeV & BDT> 0.6 W ¢-channel
- 5 Htiw E
T BW/Z+jets 3
2 [IMultiet -
E Total syst. 3

section measurement O EARABERE T Pt
. . o = + —;
— Choice of BDT variables : avoid bias in the g -
measurement’ D 0 6E 1 ? | N TN N N N I | N T TN Y [ [ | | | N T N T N [ | l_:-
. . 0 100 200 300
— in the 21T, fit of a BDT for m{(W)>50 GeV, top quark pr (GeV)
use m(W) distribution otherwise.
" CMS Prei.rmmary 2 3fb ' (13 TeV) 1o CMS Prel:mmary 2.3fb" (13 TeV)
"2|§ 11: . Data E IE 1. 1:_ | . Data ]
—~ F — aMC@NLO (4FS) = "t =— aMC@NLO (4FS) 1
= 10} : P)ﬁhiaa . 3 %“ 1E : P){]thia(84 . 3
. . = : — Pownheg 3 — Powheg
Differential = 9 + Pythia8 ° 0.9¢ + Pythia8
g g/ e aMg@th_BO (5FS) 1):(: 08 aMéJ@%]NLSO (5FS) -
. thi ] F thi 1
measurements’ B 7g .- a+Mg@NaLo 4Fs) {1 b 0'7_' .- ;MCV@NaLO (4FS) 1
unfolded to parton M + Herwig 1 = 06k + Herwig ;
o 5 E 0.5F 1 E
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Single top tW channel

8 TeV: CMS: PRL 112, 231802 (2014 ), ATLAS: JHEP01(2016)064, 13 TeV: ATLAS: arXiv:1612.07231
Oyw(th) = 22.2 * 0.6(scale) +1.4(PDF) pb

tW production observed at LHC

— Only leptonic (e, p) decays of W considered

— Inthe dilepton topology: two isolated leptons,
MET and one b-jet, main backgrounds: Top pairs

and Z+jets

— Signal and control regions defined according to
the number of jets and number of b-jets.

BDT used to enhance S/B

— Main syst. uncertainties: tt normalization,

Jet Energy Scale (JES), ISR/FSR

ATLAS 13 TeV similar to the 8 TeV analysis
2 separate BDTs trained in two signal

regions (1j1b and 2j1b)

Profile binned likelihood fit used to extract

the cross section

Main systematic uncertainties:

— JES

— NLO matrix element

September 2017
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BDT Response

o = 20.0 &= 1.3(stat. ]

|Vis| = 1.01 £0.10

(bybt ) + 1.1(lumi.)pb

Observed (expected) significance 7.70 (6.90)

CMS \s= 8TeV L 122fb 1j1t
700E * Data

600[ i
Wl 7y sjets
- Other f

7] Uncertainty |

500f

400[
300}

200}

100f

Loy s o

BDT d|scr|m|nant

Observed/Expected significance
6.10/5.40.
Cross-section: oww = 23.4 £5.4 pb

CR

—e— Data 2015
. Wt
i
Z+jets
I Fakes
Diboson

0
. 1.2F [
8 %%/ Total unc.
% WWW*A"M?M%%’W/W WW;)&#{/W/A&VIW/A’A%*/ % % i
0IH-OTG 0I8I 1 I1I 14 0.5 — ;
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. 25 .
orw = 94 & 10(stat.) 755 (syst.) & 2(lumi.)pb

significance = 4.5(3.9)o, observed (expected)
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Inclusive cross-section [pb]

Summary of single top quark production inclusive cross-
sections, and extractions of the CKM matrix element V,;, at LHC

" ATLAS+CMS Preliminary LHCIOpWG

- Single top-quark production
I May 2017

B ATLAS t-channel
PRD 90 (2014) 112006, arXiv:1702.02859,
JHEP04 (2017) 086

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

O ATLAS Wt
PLB 716(2012) 142, JHEP01(2016) 084,
arXiv:1612.07231

ATLAS+CMS Preliminary

(o}
"vatb‘ = O'mEas
theo
o, NLO+NNLL MSTW2008nnlo

theo

PRD 83 (2011) 091503, PRD 82 (2010) 054018,

PRD 81 (2010) 054028
Ao, scale ® PDF
My, = 172.5 GeV

LHCtopWG May 2017

from single top quark production

—t—+—
total theo

O CMS Wt [fy V| + (meas) * (theo)
t-channel PRL110(2013)022003, PRL 112 (2014) 231802
1 02 — * LHC combination, Wt —] t-channel:
~ . g ATLAS-CONF-2016-023, CMS-PAS-TOP-15-019 - -
r ""'"i"!"""' __________ . ATLAS 7 TeV' . e 1.02 + 0.06 + 0.02
- fmmmEme A ATASschamel ] PRD 90 (2014) 112006 (4.591b™')
- BB Tsp(a0toyess . ATLAS 8 TeV ) [T 1.028 + 0.042 + 0.024
i v OMS s-channel ] arXiv:1702.02859 (20.2fb™")
JHEP09 (2016) 027 95%CL CMS 7 TeV e 1.020 £ 0.046 + 0.017
- Wit X 7+8 TeV combined fit 5% CL 1 JHEP 12 (2012) 035 (1.17-1.56 fb ')
R CMS 8 TeV o 0.979 + 0.045 + 0.016
- —%—E === NNLO PLB736(2014)58 s JHEP 06 (2014) 090 (19.7 fb™)
- - scale uncertainty CMS combined 7+8 TeV e 0.998 + 0.038 + 0.016
1T NLO +NNLL PRD83(2011)091503 JHEP 06 (2014) 090 i
== + 3 H
10 — PRD&2 (2010)054018, PRD81(2010) 054028 ] CMS 13 TeV* 5 e+ 1.03+0.07 £0.02
- Wi: T contribution removed - arXiv:1610.00678 (2.3fb™) H
= s-channel scale @ PDF @ o uncertainty ] ATLAS 13 TeV?® H—t— 1.07 £ 0.09 £ 0.02
= S 1 JHEP 04 (2017) 086 (3.21b™")
[ iamaa -t} —— NLO NPPS205(2010) 10, CPC191(2015) 74 7
i EEI:SFT mh;gTWZUOB lo, NNPDF2.3nl: ] wt: 0.15
nio, nlo, .3nlo H + 0.
L i - i 4 ATLAS 7 TeV e 1.03 +0.03
Wl veto for *e;"n‘c’ji:gggg PLB716 (2012) 142 (2.05f") -0.18
L - scale uncertainty . CMS 7 TeV —t—i———] 101" 0.16 +0.03
. o PRL 110 (2013) 022003 (4.9 ") 013 -004
scale ® PDF @ o, uncertainty 2 1 :
M= 172.5GeV 5 ATLAS 8 TeV " ~ ] 1.01£0.10 £ 0.03
top® 1
| . . g JHEP 01 (2016) 064 (20.3fb")
1 7 8 13 CMS 8 TeV' 4 —te—— 1.03£0.12 £ 0.04
s [TeV] PRL 112 (2014) 231802 (12.2fb ")
s LHC combined 8 TeV —H—t— 1.02 + 0.08 +0.04
ATLAS-CONF-2016-023,
CMS-PAS-TOP-15-019
A'I);LAS11 3 TeVz( ) ! : } ; | 1.14+0.24 +0.04
. . o o ° ° arXiv:1612.07231 (3.2fb™ H
* No longer statistically limited for inclusive | chane:
. ATLAS 8 TeV o ——l i 0.93 7010 +0.04
cross-section measurements. 756 (2016) 226 (203107
! including top-quark mass uncertainty
H G0 NLO PDFALHC11
* t-channel can be measured without MVA CEEb0n 010 1. cpbr (2018) 74
including beam energy uncertainty
andthrObablyaSWe” R T N T N T R R | /RS N R M TN NN SR ST TN NN SN N N N T
0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
[fv Vil
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top quark in association with aZ boson: tzq z

Y N
ATLAS 13 TeV, ATLAS-CONF-2017-052 mﬁm | <
Electroweak process not yet observed, 0.8 pb at 13 TeV. 2 o ey _qu =
Sensitive to tZ and WWZ coupling, and first step onthewayto & . *™"

tH measurement.

Trilepton channel is most promising for first observation despite

0
5

Small BR (2.2%) %: 0F:0+ 0.: : :.5 ‘.2 + ‘2.5‘ : :5 +4+ 4.5
e n ()]
Main backgrounds: tt+tW, Z+jets, Diboson and tt+V/H. i Tt |
Neural network used to enhance S/B g T =
— 10 variables used as input: n(j), P(j), m(t), Py (V) (well modelled in the signal
and validation regions) |
Full NN distribution is used in the fit R S L S
£ e
The observed (expected) S|gn|ﬁcance is 4.20 (5.40)
E o %E?;Zr\i";néﬂa% ;%EC‘{:V _i Gzq = 620 + 17o(stat.) FCNC upper limiE tZ final state
& 40 7 g?gets _f + 160(Syst.)fb, gr(tt_) ;U) < 0-0225;’ % CL
mm ivsiewz 1 | 800 fb expected (1= Zc) < 0.049% 95%
30 777 Uncertainty  —
20 4 CMS performed a search at 8 TeV
10 //////)W/// arXiv:1702.01404, acc. by JHEP
L | o Signal extracted using a BDT (2J1T), non-prompt
< 1#«/////”(///,7;(//%,%///%,}% “““ W/%%W leptons constrained.
8 B T Observed significance = 2.4 (1.8 exp.)
0 01 02 03 04 05 06 07 08 09 1
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Associated production of top and W/Z at 13 TeV

* Measure couplings to bosons (top and 2)

CMS-PAS-TOP-17-005, ATLAS: EPJ C77 (2017) 40

* Important background for tt+H and for BSM searches (SUSY, VLQ)

* Results start to be interpreted in the framework of Effective field theories (EFT).
— They provide a framework to interpret results in a model independent way if there is new physics at high

energy.

— Top quark pair production with an additional vector gauge boson is sensitive to most of the leading EFT
operators that preserve charge-parity and flavor in neutral-currents.

* Analyses are performed in bins of the number of selected leptons (2,3,4) with same (SS)
or opposie charge (0S), and split in categories depending on jet multiplicity, number of b-
tagged jets and ETmiss, optimised individually to increase sensitivity. C&C and BDTs used.

4 D

d g {
ttW — (bjj)(b55)(57)
/ t W — (bjj)(bi)(lv)
‘ ttW — (blv)(bjj)(lv)
= o | ttW — (blv)(blv)(lv)
\ " Y,

* Main backgrounds, from data and MC:

— Non-prompt leptons for SS and 3 lepton categories.

Lots of studies, instrumental, b-hadron fakes.

— WZ diboson for 3 leptons (CR with 3 leptons and
no b-jets)

— ZZ diboson for 4 leptons.

N
(JJ)
(1)
(i)
(i)

2 — (b)) (bj3)
Z ttZ — (bji)(bij)
ttZ — (blv)(bjj)
ttZ — (blv)(blv)

;

JHEP 06, 184 (2015), JHEP 07, 079 (2014)

NLO QCD cross section predictions:

ttW: 601128(scale)*22 (pdf)*22(a,) fb

ttZ(y*): 839789 (scale)*d (pdf)*1i(a,) fb
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tt W/Z: background estimate and systematic uncertainties

CMS Preliminary
TR

——
¢ data'nonprompt  Jttw

ttw ss 2

36 fb" (13 TeV)
()X

CMS Preliminary 36 fb" (13 TeV)
©0400 T T T = w
© y, o Data =

> . - ZZ =
w . ] >
ttz 4 [ rare ] 5N

I ()X =

10§

2 3 4 5 6
Njets
Source Uncertainty range | Impact on ttW cross-section | Impact on ttZ cross-section
Luminosity 2.5% 4% 3%
Jet Energy Scale/Resolution 2-5% 3% 3%
Trigger 2-4% 4-5% 5%
B tagging 1-5% 2-5% 4-5%
PU modeling 1% 1% 1%
Lepton ID, efficiency 2-7% 3% 6-7%
iR/ pr scale choice 1% <1% 1%
PDF choice 1% <1% 1%
Nonprompt background 30% 4% < 2%
WZ cross section 10-20% <1% 2%
Z7 cross section 20% - 1%
Charge misidentification 20% 3% -
Rare SM background 50% 2% 2%
ttX background 10-15% 4% 3%
Stat. unc. for nonprompt 5-50% 4% 2%
Stat. unc. rare SM processes 20-100% 1% < 1%
| Total systematic - 14% 12%

September 2017

CMS Preliminary 36 b (13 TeV)
e e

——r—r—r
¢ data EWZ Ptit)X il
[lrare ttZ [ nonprompt

aRTm|

ttZ: 3¢

R

bl

* Lepton, b tagging and
trigger efficiency have the
largest effect on the ttW
and ttz

* The uncertainty on non-
prompt background gives a
significant contribution to
the systematic uncertainty
of the ttW cross section
measurement.
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CMS _Preliminary 36 b (13 TeV)
T

N £ " pdaa | otiz mmX i
tt W Z [ J I t 2 10* ;s:z‘a -:tare " nonprompt E
/ ° re S u S H Nyoo=0 | Nppe=1 | Ny 22 ]
10° i : 5
CMS Preliminary 36 b’ (13 TeV) E
@0 r—T 7T T T 71T 71 T T T T T T T T T T T _T T o N
S [ ¢ data B ttw I nonprompt ()X
D = Wz [ rare I charge mis-ID 10 ‘
40 [— I : I : I ' ‘ N,

~ BDT [0 - 0.6] BDT > 0.6 + BDT[0-0.6] BDT > 0.6 z g

20 g&nm;m —E

%4 1W theory

2 3jibj Sj22bj >4jibj >4j22b] 2  3jibj 322b] >4j1bj >4j22bj 2]  3jibj 322bj >41b 24>2bj 2]  3j1bj Gj=2bj >41bj >4j>2bj

2 | ! ]
c0 02 04 06 08 1 12 14 16 18

Gy 0]
Channel ) Expected significance | Observed significance
20ss analysis (W 24 23 > 50 for both processes simultaneously at 13 TeV
ss analysis . .
20ss analysis (ttW) 46 5.5 T _ +0.12 +0.13
3T analysis (€2) — - o (ttW) = 0.80%5 71 (stat. )T5715 (syst.) pb
4/ analysis (ttZ) 4.8 4.6 7\ _ +0.09 +0.12
37 and 47 combined (Z) 95 9.9 o (ttZ) = 1.00Zg g (stat. )Zg75 (syst.) pb
£ o T T T T T I | —_ O
5 10°= ATLAS e Daazots [z g e ‘ T f ‘ ! A
= =13 Tev, 321" Wiw Wwz 5 - ATLAS - :::::2:::::_ 1
Post-Fit Wz ,omer . g 25[-\s=13Tev, 3217 ATLAS 86% CL - _
e — ;| s vy o (ttW) = 0.9+ 0.3 pb
S - 44 UW theory uncertainty | —_
B DT ] = +
] o (ttZ)=1.5+ 0.8 pb

7 ATLAS results based on

=
B
=

0.5

- ——— 2015 dataset.
0 [ B N ERTE FET N N . . .
' B T T e s Analysis ongoing with
GL‘WZggZaCA‘_SS 12254}; ?"'W,{‘- ‘Zgbgf*noz_gb-Sp - ?EL‘SF'QZLDP' ;_:LDF 2p W cross section [pb] y

2015+2016 data (36fb™)
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1 . ATLAS: 1706.03046, sub. to JHEP
ttY CrO S S S e Ctl O n at 8 Tev CcMS: 17076.08128?sub. to JHEP
* Strength of the electromagnetic coupling of top quark and y can be

probed.

* Deviations from SM expectation could indicate new physics, anomalous
top quark dipole moment.

* Measurement performed in the 1lepton +jets final state

* Combined fit to signal and background templates to extract the
number of tty events. Good agreement with NLO prediction.

. . . - ——— T T T — N
Particle level differential = &wranas soma - | ATLAS NOprdiionbasedon | & ATLAS ]
> . W E PRD 83 (2011) 074013 b E 1
R 5 1s=8TeV,20.2fb o ) Fakes ' o \s=8TeV,20.2fb"
cross-sections wrt @ Single lepton channel = PTOT“PW Bkg stat total o Single lepton channel E
10° Hadronic Fakes - : é‘ﬁ
photon pT and |n| also 77 Uncertainty i 8 E=NLO Pred.
1| s=8Tev 2021 # Data (Stat.)

et # Data (Stat.+Syst) |

measured by ATLAS. " - 1] mswon

Vs=7TeV 4591’

g 1,'2; ................................... PRD 91 (2015) 072007 '_'_'_'_' s
10° 19.7 o7 (8 TeV) %; 0_91 4///” /’*/////////////////////W % ]
£ 3 + Data ‘:’0-50'2'4"s|3”z|3"10 Tt e ol L & 2000
i e e il RS rtons, ool
g N =hitae
0.8 f— \'I\X'fﬁﬂetts [‘ld
g . ity Category R Tty (fb) Tti+y B (tb)
- R et+jets (5.7 +1.8) x 107% 138 +45 582 + 187
o 02- j+jets (4.7 £1.3) x 1074 115432 453 + 124
E . . —4
o 1.1 Combination (5.2+1.1) x 10 127 £ 27 515 4+ 108
. "KX\\\\\\\\\\\\\\ ) 592 + 71 (scales) & 30 (PDFs)
[m]

Theory —

020 40 60 80 100 120 140 160 180 200
Photon P, (GeV)
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ttbb, ttjj, and search for tttt at 13 TeV b

1702.06164, sub. to PLB

* Essential to understand the tt bb and 1704.07323, sub. to EPJC
tt jj processes for the study of the

hd i i TR N AR "TTEI T | CMS Unpublished
ttH(bb) production mode of the Higgs. {5 = 13TeV, 23 1"
— ttbbis the mainirreducible background “E b ¢
for ttH searches in the H-> bb mode, tt jj is Full phass epaco
the reducible background faking b-jets. . i - o . S
* Eventselection: exactly 2 OS leptons, at o .- . B s [
least 4 jets (at least 2 b jet) P
* Main uncertainties: JES & JER, b - N - - B A wos_sucgmo e P
tagging, the choice of MC generator ¥ 105 v o
and scale in parton shower. Jr—
11-l.i.|-l 1 .EI . 21 |§. [ MGS_sMCE@NLO Hes EESC
e tttt Measure the cross-section, SM expectation: Oy, [PD] O [P] O Oy [%]
9.2'>9_,  fb 2.6 b (13 TeV)
 BSM models leads to enhanced four top production CMS SRMINC I
cross-section Unpublished xpocted £ 10
expected + 2 ¢
— Selection: 1 or 2 isolated leptons, large jet and b-jet "
multiplicity and hadronic energy. Use a BDT to rank | = 65 Dilepton
reconstructed tops built from tri-jet candidates '* ) (EPJC 76 (2016) 439)
— Main background, tt +jets {» ' O Dilepton
— Largest systematic uncertainty: variation of QCD scale * Single Lepton
ChOice at ME (this analysis)
. 4. . Combined
— No deviation from background-only is expected and { L e
observed the limits on cross-section are set 0 10 20 30 40 50 60 70 80 90 100

95 % CL limiton p = cobS/ ey
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http://arxiv.org/abs/1705.10141

tOp width (decay to unknows?) ATLAS-CONF-2017-056, CMS-PAS-TOP-16-019

* Less teSted Of the top quark > o12r CMS simulation preliminary r=I'y, . 2 = CMS Prelimi -1
, g " rowsar i & ool OMS Prfminy somTiae
propertles’ 2 P, (lepton jet)2 100 GeV, = 1b-tags %ﬂﬂiig +%%ee\</ T | E;b—rag ® Data v WiV
. . - 5000 DI\_Aultiboson Aw [Joy
* SM prediction: 1.322 GeV for172.5 3, O Bech
GeV top mass. o

 CMS: Dilepton channel

e Reconstructed mass of the
decay products (I and b) used

to probe variations in T, R ‘ Rt
- 50 100 15; 200 250 30( g N R
° Observable Compared to the Mass(lepton,jet) (Inclusive) [GeV] 100MaSS(|195}D)10n jeff(lncluy\?e) [GeV]
simulated expectations for Observed limit: 0.6 < I, < 2.5 GeV,
different I',,, scenarios Expected limit: 0.6 < I, < 2.4 GeV at 95% CL
* MCmodelling main systematic . | | |
= | ATLAS Preliminary Postfit, fn| <1 + Data [ fisignal ]
L% 1000__\s=BTeV,20.2fb" I Background ’/////,Uncertalnty_
H F Fras ':*ﬁ&m ?Jit—«hi
* ATLAS: lepton+jets oo +ﬁ‘L f LH £ A "
« measured using a template fit T e S e T Bhe
el s . . _ e el o
to distributions of kinematic L 0h i Wi mwglw A M i
observables associated with 3 '830 105 180]30 105 180]30 105 T80[30 105 1 [GeV]
the hadronically and
semileptonically decaying to +0.79
) p y yIng top Mop=1.76 £ 0.33(stat. ) Tgég (syst.) GeV
quarks compatible with SM prediction
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SM completion with the top mass

* The top mass, the W mass and the Higgs

mass depend on each other
* Direct mass measurement at Tevatron
* m(top) =174.3 = 0.65 GeV

* Not an observable, i.e. scheme-
dependent

* Pole-mass: viewing top quark as a
free parton

* inclusive/differential cross
section (NNLO) dependent on
top-quark pole mass

ATLAS o

Preliminary == Stat. Uncertainty
— Full Uncertainty

DO inclusive o(tt) ° 172.8 + 3.3 GeV

ATLAS inclusive a(it) o 172.9 £ 2.6 GeV

CMS inclusive ofif) ° 173.8 + 1.8 GeV

DO differential p‘T‘ m Py 169.1+ 2.5 GeV

ATLAS differential o(tt+1j) ° 173.7 £ 2.2 GeV

ATLAS leptonic (8 dist.) P 173.2 £ 1.6 GeV

170 175 180
mP°® [GeV]

* MS scheme (“running mass”):

¢ “MCmass”: (N)LO+PS yet

different from pole or MS mass
September 2017

 Direct reconstruction methods

» Full reconstruction by resolving the
pairing ambiguities (all channels
studied)

» Use kinematic constrained fitting to
improve the mass resolution

o Constrain the light jet energy scale in situ
by using the W mass constraint

» Fit the mass with MC template fits or
event by event likelihood fits

o Methods very sensitive to the description
of radiation and JES uncertainties

Indirect methods

* Use the dependence on the top
mass on other variables
o Top pair cross section
o Lepton p;and end-point methods

o Invariant mass of the system J/W+lepton
from W

o Decay length of the b hadron

> Main issue: need of a lot of statistics
Javier Cuevas, QCD@LHC 2017 31



CMS top mass with lepton+jets events at 13TeV MsToP16-02

Follows the 8 TeV measurement
using p+jet events

» Not yet as precise as Run |

measurement
> New generators used in Run Il still
being tuned.
> Invery good agreement with other
measurements
CDF, lepton+jets 1.10
PRL 109‘()2012)]1 52003, 8.7 fb”! —— 172.85 7177 4 10 GeV
D0 matrix element, lepton+jets +0.76
PRD 91 (2015) 112003, reie —@— 174.98 0.76 GV
ATLAS 2011, lepton+jets +1.27
EPJC 75 (2015) 33%, 26 b —— 172.33 -1.27 GeV
CMS 2011, lepton+jets +1.07
JHEP 12 (201 2)‘1 05, it —@— 17349 -1.07 GeV
CMS 2012, lepton+jets 0.51
PRD 93 (2016) 5)720041, 19.7 b & 172.35 7257 9,51 GeV
CMS 2015 prel., lepton+jets 0.80
TOP-16-22 (2‘?}17),2.5&;'1 l L& 172.62 7% g go GeV
CMS Run 1 combination 0.49
PRD 93 (2016) 072004 & 17244 757 g 49 GeV
World binati
ATLAS, GDF, NS, DO —o— 173347070 ;1 Gev
arXiv:1403.4427 (2014)
‘ 1 | 1 | | | 1 1 | 1 | 1 1 | | 1 1 | 1
160 165 170 175 180
m, [GeV]
September 2017 Javier Cuevas, QCD@LHC 2017

Data/MC Permutations /5 GeV

JSF

CMS Preliminary

221" (13 TeV)

2400? itt'co‘rre'ct‘ - isinéle't' E
22005_ [ tt wrong [ W+jets ;
2000 [ Jttunmatched [l Z+jets E
1800F « Data [ ] QCD multijet
1600 y
1400%
1200F
1000f
800°
600¢
400¢
200¢
1.57
‘I i
0.50——Le Lo YT '
100 200 300 400
mit [GeV]
CMS Preliminary 2.2 (13 TeV)

1.008
1.006
1.004
1.002

. -2A log(L) = 1
- -2A log(L) = 4
D -2A log(L) =9

0.998
0.996
0.994
0.992

0.99
0.988

172

173 174

m, [GeV]
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ATLAS top mass

All-jets channel from 8 TeV data
arXiv:1702.07546

— The number of b-tagged jets amongst the six
leading jets and <A(D§b, W)> in the signal and
three control regions are used to determine
the shape of the background distributions from
data.

— Choosing the R,, distribution stabilises my,,
against a globafJES uncertainty.
* My, =173.72 £ 0.55 (stat.) £1.01(syst.) GeV

— Most important systematic uncertainties: JES
0.60 GeV) bJES (0.34 GeV) and hadronisation
0.64 GeV).

— 40%improvement compared to the 7 TeV
analysis.

* Three-dimensional lepton + jets analysis
from 7 TeV data. Template-based approach
with observabes: m,,,*°, m,,"*®and R,
(ratio of p;PMdand p,P'eP over p Wiett+2)

— In-situ calibration of JES (m,,*°) and bJES
(Rbq), relative to udsg.

m, = 172.33 £ 0.75 (stat+JSF+bJSF)

+ 1.02 (syst) GeV
JSF =1.019 + 0.003 (stat) £ 0.027 (syst)
bJSF = 1.003 + 0.008 (stat) = 0.023 (syst)

Eur. Phys. J. C(2015) 75:330
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k\|\||‘|\|‘|||\|\T||‘|\|1||f|\|\||||‘|
ATLAS —4 Data 's=8TeV

1000 I Ldt=20.2 fo" — Signal Fit
= —— Background Fit

—— Total Fit

Entries / 0.04

800

IIIII

600~ ¥3/ndf = 72.3/48 = 1.51

400

200

- Lol | | [ \

0\ 111 | - 11 11| 111 | 11 11 L -~
16 18 2 22 24 26 28 3 32 34

Phys. Lett. B761(2016) 350 Ry = my/m
dilepton channel at 8 GeV

my,, =172.99 * 0.41 (stat) + 0.74 (syst) GeV
Largest exp. unc. from JES, modelling unc.

from hadronisation, ISR/FSR.

> L N ]

8 500 * Data ATLAS I . 0084 Gev

« [ = 1% background 's=8TeV,20.2fo" 1 .

2 [ ==Bestfit 1 unc. in total
o 4001~ | Uncertainty =

2 r ]

_ Most precise
1 ATLAS
1 measurement

F PR | o PRI T JON TR W ) i
40 60 80 100 120 140 160

meee [GeV] 33


http://dx.doi.org/10.1016/j.physletb.2016.08.042

CMS + ATLAS m

top

(MQ)

LHCTOPWG

ATLAS+CMS Preliminary LHCIOPWG  my,, summary, ¥s = 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 M, +total (stat + syst) G Rel
ATLAS, l+jets (*) ———t 172.31+ 1.55 (0.75 + 1.35) 7TeV [1]
ATLAS, dilepton (*) ] 173.09 £ 1.63 (0.64 £ 1.50) 7TeV 2]
CMS, I+jets e+ 173.49 £ 1.06 (0.43 + 0.97) 7TeV [3]
CMS, dilepton | o | 172.50 £ 1.52 (0.43 + 1.46) 7TeV [4]
CMS, all jets ——io—— 173.49 £ 1.41 (0.69 + 1.23) 7TeV [5]
LHC comb. (Sep 2013) | e 2 | 173.29 + 0.95 (0.35 + 0.88) 7TeV [6]
World comb. (Mar 2014) H+H 173.34 + 0.76 (0.36 = 0.67) 1.96-7 TeV [7]
ATLAS, l+jets ——e—+ 172.33 £1.27 (0.75 + 1.02) 7TeV [8]
ATLAS, dilepton = 173.79 £ 1.41 (0.54 + 1.30) 7TeV [8]
ATLAS, all jets F—e— 17511218 (1.4£1.2) 7TeV [9]
ATLAS, single top st 1722121 (0.7 £ 2.0) 8TeV [10]
ATLAS, dilepton == 172.99 £ 0.85 (0.41+ 0.74) 8TeV [11]
ATLAS, all jets = 173.72 £ 1.15 (0.55 £ 1.01) 8 TeV [12]
ATLAS comb. (IJ:]{:; Zgl‘lﬁ H 172.84 +0.70 (0.34 £ 0.61)  7:87TeV [11]
CMS, |+jets HeH 172.35 £ 0.51 (0.16 £ 0.48) 8 TeV [13]
CMS, dilepton ot 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]
CMS, single top H——— 172.95 £ 1.22 (0.77 + 0.95) 8TeV [14]
CMS comb. (Sep 2015) HH 172.44 + 0.48 (0.13 = 0.47) 7+8 TeV [13]
(*) Superseded by results
shown below the line

1 | L1 1 1 | | I I -

* Analysis reaching a precision close to
0.5 GeV (<0.3%)

* Precision limited by understanding
modeling of hadronization
* Different ways to improve

* Use cleaner observables

* Avoid jets

* Use theoretically calculable

observables sensitive to the mass
o(tt), m(Ib)

165 170 175 180
mtop [GeV]

CMS combination Myop = 172.44 + 0.48 GeV

ATLAS combination Myop =172.84 £ 0.70 GeV

Tevatron combination Myop, = 174.30 % 0.65 GeV

September 2017

ATLAS and CMS in good agreement,
Some tension with Tevatron average

Best measurements from 8 TeV
(mature data), being published (2016-
2017)
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m,,, from lepton diff. cross section

* Measure a number of lepton differential
distributions in tt — ey + X events, correct to
particle level, subtract background and convert into
normalised diff. cross-sections

* Sensitivity to m,,, for:

£ EH e e, " Ee
P, Py, meH, pS+py, EC+EH

* The lepton differential cross-sections can be used to

determine m,, or mP.
top top
= 185 | . — . . ]
& — ATLAS Preliminary MCFM NLO fixed-order, p=m /2 .
o 180 Vs=8TeV,20.21b" _
i N
170}{“{%- Hﬁ ] —
- « CT14 ]
- = MMHT 3
1651 + NNPDF3.0 2
| total uncertainty v HERAPDF 2.0
160 |— 1 statistical uncertainty °© ABM11 7
~ world-average direct reconstruction NNPDF nojet
| ] ] 1 ]
Lepton p_ Dilepton p®*  Dilepton m™  Dilepton p°+p* Dilepton E°+E" Comb. (8 dist)
T T T
m:::;:e = 173.2 £ 0.9 (stat.) 4= 0.8 (syst.) &= 1.2 (theo.) GeV = 173.2 £+ 1.6 GeV

* Theth. uncertaintites are 0.3 GeV from PDFs and 1.1
GeV from scale variations (dominant source of unc.)

September 2017

Javier Cuevas, QCD@LHC 2017

/ cjr(—zf

=
o
[

Normalised (-

ATLAS-CONF-2017-044
CMS-PAS-TOP-16-002

L LA S I

C T 1 7T [ L I L I T T |
0.2 ATLAS simulation Preliminary B
0.15 - ref. fit Powheg+PY6 m=172.5 GeV
E o alt. fit Powheg+PY6 mt=165 GeV ]
0'1;_ data stat. error E
0.059 & E
O == 3
0:.-—.—=.————.=.’=.=—.--—"—- ---------------------------------- E
-0.15; é
025
0 50 100 150 200 250 300

Dilepton p:“ [GeV]

e = 1717 + 1.1 (stat.) £0.5 (exp.) *2 (th.)

08 (pr (1) Ge

1/o dafd(p_(I))

Data/MC

o o2

19.7 fb" (8 TeV)
—

<
N
N

=T T
® Daia

—— Madgraph+Pythiaé m‘=166.5 GeV

Madgraph+Pythiaé m=172.5 GeV

..... Madgraph+Pythiaé m‘:1?8.5 GeV

Preliminary

0.18
0.16
0.14
0.12

0.1

0.08 5=
0.06

0.04 'y -

20 0 60 80 100 120
p,(IT) [GeV]

Based on LO Madgraph (Run | M()
Expected to improve using NLO+PS
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JHEP12(2016)123

CMS top mass with lepton+J/y events\

* Well-defined leptonic observable

B /BY, /

b baryon y

* Momentun of the J/y is used to represent the b- j/e-—] W
jet

il
‘U
® SySt. unc. 0.9 GeV CMS 19.7 b (8 TeV)
_ T T T T I T T T T | T T T T | T T T T | T T T T
; = 100\ =
— top p; modelling (0.64 GeV) C | m,=(1735£3.0)GeV ¢
-
. o L |
— b-fragmentation (0.37 GeV) - [ E
- - I
CMS Preliminary May 2017 g 80
b hadron lifetime ED. o B
Oz 080 (20131 e @—— 173.50 = 1.50 + 2.91 GeV Lﬁ \
Ki tic endpoint +0.80* — R
E;ﬁg“;g('z'g 193'; 25;";" s re@e—  173.90 = 0.90 *170 , 0 GeV 60 \
b-jet energy peak . . - E B E
el phraprd o e 172.29 = 1.17 + 2.66 GeV
B ¢ Data .
Lepton+J/¥ 40 — —— Fit result —
—@——— 173.50 = 3.00 = 0.90 GeV E :
JHEP 12 (2016) 123 - % : E [ Statistical uncertainty
Lepton+SecVix 68020158 Gev B B SR U gamma component |
PRD 93 (2016) 092006 T@— 173682020 0.7 %€ = "-"a’. wo Gaussian component -
. . " 20 — s FN —
Dilepton kinematics 268 G D
Topﬁs-ooz 2016) ———— 171.70 = 1.10 *<55 5 oo GeV B + o : ™ + |
Single top enriched . 0.97 i ‘ ‘ ]
arXi\?:WOS.gZSSD (2017) - 17260 = 0.77 0% g g GeV - + A
0 ST T TN T N N T U 99V 000 OO0 OO TS WOOY O . 2
CMS tt+] shape,8TeV g .| 169.90 = 1.10 +4.38 _ o Gev 0 50 100 150 200 250
TOP-13-006 (2016) ' m,. . (GeV)
Jhy+
o(tt) 7+8 TeV +1.70
JHEP 08 (2016) 029 ® a8 -1.80 GeV
CMS 748 TeV (2015) N 17544 - 0.1 + 047 GoV * Direct mass measurements
PRD 93 072004 (2016) o
World combination cross-checked by alternative methods
ATLAS CDF CMS. DO R 173.34 = 0.27 + 0.71 GeV
e ‘ * Consistent within large errors
L1 [ I [ B | L
160 170 180 190
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Charge asymmetry: L

LHCTOPWG

ATLAS+CMS Preliminary  LHClOpWG Vs =7TeV Sept 2015
total stat
tt asymmetry A (stat) t(syst)
ATLAS l+jets f—m— 0.006 +0.010 + 0.005
JHEP 1402 (2014) 107
CMS l+jets H—e—H 0.004 +0.010 + 0.011
PLB 717 (2012) 120
ATLAS+CMS l+jets = 0.005 + 0.007 + 0.006
Preliminary
ATLAS dilepton H——s—+ 0.021+0.025+0.017
JHEP 05 (2015) 061
CMS dilepton H—e— -0.010 £ 0.017 + 0.008
JHEP 1404 (2014) 191
Theory (NLO+EW) 0.0123 +0.0005
PRD 86, 034026 (2012)
lepton asymmetry
ATLAS dilepton — 0.024 +0.015 + 0.009
JHEP 05 (2015) 061
CMS dilepton F—e—i 0.009 £ 0.010 £ 0.006
JHEP 1404 (2014) 191
Theory (NLO+EW) 0.0070 + 0.0003
PRD 86, 034026 (2012)
| | |
-0.1 0 0.1
A
ATLAS+CMS Preliminary LHCtopWG s=8Tev Sept 2016
tt asymmetry total stal Ag t(stat) +(syst)
ATLAS I+{'ets [ 0.009 + 0.004 + 0.005
PJC 76 (2016) 87
ATLAS dilepton At ——y 0.021+ 0.011+0.012
PRD 94, 032006 (2016) C
CMS \+Lets 1em£lats e— 0.003 + 0.003 + 0.003
PRD 93, 034014 (2016)
CMS |+jets Fooedl 0.001+ 0.007 + 0.004
R — 0.011+ 0.011+ 0.007
0.0111+ 0.0004
TLAS I+ets boosted b I t |
(M_>0.75TeV && JA [y|| < 2) 0.042 + 0.019 + 0.026
PLE 756 (2016) 52
Theory (NLO+EW) 0.0160 + 0.0004
JHEP 1201'(2012) 063
dilepton asymmetry
ATLAS dilepton Al b— 0.008 + 0.005 + 0.003
PRD 94, 032006 (2016) C
CMS dilepton Al H—e—t4 0.003 + 0.006 £ 0.003
PLB 760 (2016) 365 C
Theory (NLO+EW) 0.0064 + 0.0003
M.i-.m. 6 (2012) | |
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exchanged in the s
channel
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-1/2 exchanged in t
channel

the u channel

0.3

0.4

Acg (pp, 1.96 TeV)

Good agreement between
theory and experiment

Statistical and systematic
uncertainties are
comparable in size

Several differential
distributions available

+ results in high m(tt)
region where asymmetry

is enhanced
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Gu: A new color-octet
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Witb vertex structure in top decay

ATLAS+CMS Preliminary LHCIOpPWG May 2017 Kesngon!
Theory (NNLO QCD)
PRD 81 (2010) 111503 (R) FR I:L FO
—*—#—— Data (F_/F /F)
W'bOSO n ATLAS 2010 single lepton, Ys=7 TeV, L =35 pb™ H—e—H Hr&—HH—T—H
ATLAS-CONF-2011-037
: ATLAS 2011 single lepton and dilepton, Ys=7 TeV, L =1.04 fo!  HH HmH e
Coup Ings JHEP 1206 (2012) 088
CMS 2011 single lepton, {s=7 TeV, L =2.21b™"* [ e ——H
. CMS-PAS-TOP-11-020
consli Ste nt LHC combination, (s=7 TeV e (Hm Ha
ATLAS-CONF-2013-033, CMS-PAS-TOP-12-025
. ATLAS 2012 single lepton, Ys=8 TeV, L_=20.2 fo' | | [N
Wlt h EPJC 77 (2017) 264
CMS 2011 single lepton, Ys=7 TeV, L _=5.0 fo™ ] gl h-4H
( T JHEP 10 (2013) 167
V'A CMS 2012 single top, {s=8 TeV, L _=19.7 fo" b HaH H-aH
JHEP 01 (2015) 053
CMS 2012 single lepton, Ys=8 TeV, L _=19.8 fo’ - ] HH
PLB 762 (2016) 512
CMS 2012 dilepton, fs=8 TeV,L_=19. 7o Fed Hu ]
CMS-PAS-TOP-14-017
* superseded by published result | | I | | | | |
0 0.5

W boson helicity fractions
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Flavor-changing decays

No signs of
flavor
physics
associate
with top!

September 2017

t—Hc
t—Hu
t—=yc
t—=yu
t—gc
t—gu
t—Zc

t—=Zu

ATLAS+CMS Preliminary 95%CL upper limits <—@ ATLAS <—@ CMS
1] JHEP 12 (2015) 061 2] arXiv:1610.04857 subm. to JHEP
LHCtopWG R (2019) 12
[3] JHEP 04 (2016) 035 [4] EPJC 76 (2016), 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 L P e
all other processes are zero Theory predictions SM 2HDMIFY) 2HDM(FC)
from arXiv:1311.2028 MSSM RPV ERS
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Summary

* Top quark physics is a pillar of the current research program in HEP and
provide stringent tests of pQCD . Both the CMS and ATLAS collaborations cover
a wide range of top-related topics. Results in agreement with SM predictions
* Keyto QCD, electro-weak and New Physics
> ldeal probe for constraining (directly + indirectly) the symmetry breaking of the SM
o The top is way heavy — the Higgs scalar mostly couples to tops

» ldeal probe for looking for new physics beyond the model itself
o Via precision measurements
o Viadirect searches for new signals

> tt production: Precision regime: ott < 4%, m(top) < 0.5 GeV.
» Already many measurements at 13 TeV
» Single top production:

» t-channel large enough to investigate properties
» tW channel observed at LHC. s-channel lower cross-section

» Associated production, observation of tt+y, tt+W/Z, important to study top-Higgs
couplings.
* 3xlarger dataset by the end of 2018
— new processes (ttZ, tZq...) for EW and BSM couplings
— higher p; for new physics
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Top quark production at LHC coml T

Events/s Events/y I I I I T
process 8 TeV, peak 8 TeV, 25/fb = Gy t__._W
[umi UA4/5 I :
bb ~10° ~310% .- ! |
1 mb SR
W—0lv ~70 ~2.5108 1 !
Z—>00 ~6 ~25 106 B
tt ~1.5 ~6 10° B
o L
A-i g g t § Tub- o et
2 E’ >0.25 TeV
b — =
foo™ b - §
XY sowon——t 2 [ cwtv) CDF (p p)
Top pairs = .
o nb |-
! . . " UA1/2
. ¢ (P P)
= Gag‘(ma = 500 GeV)
w w+ " . =
¢ 2 >,v\»< Single top L G
. " 5 5 . ‘ ¢ M op = 175 GeV
1pb |- oy
t-channel s-channel tW-channel . m;= 100 GeV
Z+|ets Czr __
8 b i , { = m_.= 1 Tev
o] Higgs
g —  m,=500GeV
| | |
d CD b i 0.001 0.01 0.1 1.0 10 10
T
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top mass: Indirect Mea

surements

. 800_" rrrrTTT T rrrTT rTrr2
F ATLAS ata
Access to top quark pole STOE (1 me725 Gov Extract top quark
] c E o , [ Background .

mass directly 2 ook W 23 Urceriny pole mass directly

« difference between MC & a0 S . using differential tt-
pole mass O(1 GeV) (A. 300F- ’ ot "
Hoang: arXiv:1412.3649v1) 200} ” %é'_._ +ljet cross-section

o 100

¢ POIe Mass from tt+1 - let / DE' pole _ 1 do—tf+1-jet pole
events @ 7 TeV (ATLAS) 5 2 e RO pg) = e — )
JHEP 10 (2015) 121 R O b4

:é i +/ i 4 A r 2m0
* rntop from FrOdUCtlon S %07 62 03 04 05 06 07 08 08 i Ps = VSt 1-jet
Cross-Section — o 2

— Cantake advantage of \ m; = 173.7 £ 1.5 (stat.) + 1.4 (syst.) ;5 (theory) GeV.
low backgrounds of ep
channel

— Sensitivity not as stron = [T 1
as in direct & o0 amas R, 8 2% cms 5
measurements I NN — criomoweany |0 e i, 08 £

— Systematicuncertainties § - ™ S EmmERT] A e " o
typically larger S 250/ 220

— CMS: arXiv:1603.02303 200§ 0.4

—  ATLAS: Eur.Phys.J. C74 0 180 e —. B
(2014) 3109 150¢ 160 50" (7TeV)

. Measuremgnt of o, T TR T REE BT 7R T e 170 171 172 173 174 175 176 177 178 °
together with NNLO m’*® [GeV] m, [GeV]
theoretical prediction I

. pole __ +2.5 pole __ +1.7
allows for extraction of iy = 172.9%5% GeV| my = 173-8_1.3 GeV
the pole mass (m,, )
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Ch a rge/ F B a Sym m etry tree-level and box diagram: asymmetry (+)

t  ——yvevereen — [

i g
top quarks pair production at NLO give non zero >,,,,< + gt Mt
charge asymmetry from interferences between & ; )

g-—-gbar initiated diagrams, gg interaction
symmetric ISR and FSR: asymmetry (-)

q t q t
g
Measurement of Az at Tevatron and A at LHC - g
are complementary to evaluate new physics ‘ s ) . & '
t

models

— Could be enhanced if new physics present like
with W’, G, w, ¢, Q

LHC has symmetric initial state (pp):

— Quarks are mostly valence and anti--quarks are
sea quarks
Tevatron

— PDF’s are not symmetric, quarks carry more thar
momentum than anti-quarks

— Rapidity distribution of tops is broader

Evaluate asymmetry based on fully reconstructed top
quarks or leptons in dilepton channel

7 N(Ay>0-N(Ay<0) =~ _ N(Aly}>0)-N(Aly|<0)
BTN(Ay>0)+N(Ay<0) (‘_N(A|y|>0)+N(A|y|<O)
Differential distributions (m,,, Y., P +) Ay = yr — i Aly| = |yi| — |y;]
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ATLAS: Charge asymmetry in dilepton and l+jets channels
* Dileptons: Asymmetry defined with decay leptons and reconstructed tops

* Kinematic reconstruction of the top anti-top quark four momenta.
— Inclusive measurements corrected to parton level in the full phase space and fiducial regions.
— Differential measurement in m(tt), |y(tt)|, pT(tt)

* Lepton+jets: Inclusive and differential measurements unfolded at parton level, using a

selection based on: 1 high p; tight ¢, large E, ™S and m,".
— Eur.Phys.J. (76 (2016) no.2, 87, and Phys. Lett. B756 (2016) 52 in the boosted regime: m(tt) > 0.75 TeV

< sl ATLAS < o ATLAS |
o[ P T C @=8Tevs 203fb1 012} : hlgra-l\tf:c:;:rx:cet‘et ve-Bev 2031
213 E ATLAS P:r:ﬂe::f;medda\a 1 0.02= Inclusive - Parton level ’ + Data
—lo “-5:_ Is=8TeV, 20.3 fb' —— POWHEG-hvq+PYTHIAE L 0.09¢
0.5;— —; 0.01F 0.06
oaf- 3 - 0.03} 4 ——
oaf- E i 0.0 .|. -} -
N3 E Ry 003
015_ _E E e ATLAS data A Bernreuther & Si. PRD 86, 034026. -0.06 . 1 L )
T {0 ep—amase L S G S c
E J g ‘ ATLAS|2<5 | ; | heavy octet, AXIAL | - 0.3 : : !
J8 1 002 001 0 001 002 003 004 005 006 < ¥ data ATLAS 8Tev.203f0"
g A - Mo
: S ) i T3 4 5 02r |
Afn
A =[0.9 % 0.5 (stat+syst)] % o %
SM pred: (1.11 £ 0.04)%
Ac =[0.021% 0.016 (stat+syst)] A = [4.2 % 3.2 (stat+syst)] 2 o ! .
. C - . —_ . o
SI\Q pred: (0.0111 £ 0.0004) SM pred: (1.6 + 0.04)%, for 01 |
A€ =[0.008 + 0.006 (stat+syst)]
I m(tt) > 0.75 TeV
SM pred: (0.0064 + 0.0003) 02 | ‘
>075 075-09 09-13 >13
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CMS: Charge asymmetry in dilepton and l+jets channels
PLB 757 (2016) 154, PLB 760 (2016) 365, PRD 93, 034014 (2016)

* Inclusive and differential measurements unfolded at parton level.
1951 (8 TeV) —— ‘1|9.‘51F"‘(8|Te‘\.f)
E“ 05-CMS . “N"ffgﬁ:%+5w;'°a‘a E g ,0.06- CMS --MC@NLO *Data | 01 19.7 b (8 TeV)
g F o e E —NLO (QCD+EW) 1 < L C'MSI ‘ ' ‘Daia o
© 0.04 R - l+jets, full PS —— EAG (1.5 TeV)
T I EAG (2.0 TeV)
I : 0.05 ~— QCD (NLO), K&R |
_______________ 1 L —— QCD (NLO), B&S
: mgi . . . . _ B O::;;' 7
g oss ‘ +$+ | 400 600 800 1000 1200 [ [
- ! ’ B M, (GeV) 0,055l ; ‘I |
ytT
 Alternative template method using shape of A|n| distribution
-1 CMS 19.6 fb ' (8 TeV
ﬂ: ECMSI I \196 fo [(8 TeV)E Yﬂ_: :tanhA|y|&' | (I:MSr_telmpllatel I ‘ . IC<:\rnfidlent;e
-‘I:; 8001 "\ jets Observable needs to be . e
E 600F bounded. CMS, unfold | A
- . (0.10+0.68 +0.37)%
o4 T Use symmetric and
2000 asymmetric version of MC Kiihn and Rodrigo -
O . - template to fit:
D ] + _ Bernreuther and Si o
3 1 P X)=(p(X) £ p(-X))/2
B 1 which has a smaller statistical e _
00— .. | uncertainty than unfolding,
R ‘ - StDY 7 larger model dependence. cento H
-1 06 02 02 06 L. MR 5 1 |
it AY (%)
| Results in agreement with SM
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Flavor-changing neutral current

K. Agashe et al., arXiv:1311.2028

SM: no FCNC at tree level

Proce: SM 2HDM(FV) 2HDM(FC MSSM RPV RS
(GIM suppression), BR ~ : v (o) _
0(1 0_12 10_17) t—=Zu Tx 10—1r — — < 10—° < 10_8 —
t—Zc 1x1071 <1076 <1071 <1007 <1008 <10°°
— t—gu 4x10714 - - <1077 <1076 -
t—ou/c+X,X=g,y,Zand H gu N By e
t—ge 5x10 <10 <10 <107° <10 <10
BSM: 2HDM, MSSM, and t—yu  4x10716 - - <107 <107° -
others, enhanced couplings, toqe 5x107M <107 <1070 <107 <107 <107
. —17 —6 -5 -9
-5 t—hu 2x10 6 x 10 — <10 < 10 —
BR ds hlgh as 10 t—he 3x10715 2 x 1073 <10—° <107® <107° <107
FCNC: t—qg at 8TeV, Not
ibl 'qtgtb of a T taH oy, Vs=13Tey
pOSS!. €in ecause o EO.SOEATLAS \8=8 TeV, 20.3fb"é g’ | ATLAS | \s-13TeV,36.1 1" 3
multijet bkg. & | ; toenn
' — Observed
u, c U, ¢ b —-Eﬁp;,\cted B 10° ] 5%*§
t .: E ]
W Excluded region 2 |
R — 10° 3
9 4 - [ —e— Observed 3
g 0.05 il 3 [ e Expocted ]
JHEP07(2017)003 Tags [ i 1
gg — tt—tZq 0.00 : 0.06 008  10% -t : . 10
__ Ctms 19.7 16" (8 Tev) Blt-ug) arXiV:17O7'O14O4 A= ek
2 o1ef [ — Observed ”197fb :aTV: S _1eT1b! @ Tev)
3 0,162 — - Expected E ‘ I Iladrun‘lccha‘nnel i E 75 CMS ‘ I.‘eplon:c chalnnel ‘ ‘ i
I o01aF- =+ Expected 68% CL JHEP02(2017)079 <+ ! %,E'I:TL + bl background 1 o S ' gf;ﬁrL + toll background fit E
= r —~ ‘otal backgroun -~ r otal backgroun: ]
m tt_)Wb Hq’ H_)YY’ ff _% .......... Nanresonantm.ﬂbackgroundj % 55— .......... Nonresonant M, background—_
& g o4 :
B(t = Hc) < 0.40 % 95% CL ] % E
, B(t > Hu)<0.55%95%CL | ! i 2 ;
i 2r 1 1 1
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Wtb vertex structure in top decay

ATLAS:JHEP04(2017)124, arXiv:1707.05393,

CMS: JHEP02(2017)028

Most general CP-conserving lagrangian:

° [ o ° — 1(}.#1‘
*  W-helicity fractions: % YRV, P, + Vi PR)tW — %bi(mﬁ + grPRtW +h.c.
m
Furo =T ro [Tiotal TOT left- g - i e, i
handed, right-handed and L= Fhr* (P + PR _Tb o P+ FEPRIW, + hc.
Iongltudlnal W polarization h _ L.
In the SM: fv=1/%b,fv=fT=fT=0-
JH.EPO4(2_O17)124 . L. i 5.0 (7 TeV) + 19.7 fb™ (8 TeV)
Spin-density matrix for W-boson helicity <> “Fems 7 95% oL observed
. 1.3 [ 68% CL observed
components from polarised top-quark decay: 3 ot
6 Independent Spin ObservableS: 11;— .................................... — 68% CL expected
<S,,3><T,><A, ,>, <S5, ,><A, ,> proportional to P, - OQQ
<5;><T,> independent of P, related to: F  , s
0.7
LR AR AR R R R Triple-differential angular 0'65'”b-bﬁ“'ﬂtf”b-gé”'OLE"‘b-Eé"'Ll)-S
ATLAS decay rates. arXiv:1707.05393 I
\s=8TeV,202fb" <" oms
B I L I L L I I LN I UL RS 16—
o <Sp o - ATLAS » Best Fit .
e 0.06L {s=8TeV,20.2 b e SM - 145
’ 0.04 68% CL ] 120
e <S> - 95% CL 1 £ —
— — C 95% CL observed
—4-o+— <S> 0'022 ] osk [ 682% CL observed
— <A2> Oj - . E - 95% CL expected
C ] 0.6~ —_ 58/ CL expecled
¢ SM prediction — ot <Ap —0.02~ - - I E— —e o6 o8
— Stat. uncertainty C ] fF{
— Total uncertainty —0.04p B . . . . .
ol b b b b b b Iy _006:— —: SlmllarpreCISIonlnttand
06 -04 02 0 02 04 06 08 Tr .
: - ] t-channel bas nalyses
W-boson spin observable 0.05 0.1 0.15 0.2 025 0.3 095 0.4 045 05 channel based ana ys€
f
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