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Why is the top quark still interesting?
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» Only quark that decays before
hadronizing:
t(had) ~ 1/Aqep~ 2% 1024 5
t(top) ~ 5% 102° s < 1/Agep

- No bound states, spin information
propagated to decay products

= Heaviest elementary particle known
* top: largest Yukawa coupling to Higgs

= Several open questions:

* |s the top mass generated by the
Higgs mechanism?

* Role in EW symmetry breaking?

* Role in beyond SM (BSM) physics?

» Main background for Higgs and many
searches for BSM physics

Precise understanding of top quark
production and properties is crucial
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Top quark pairs

= Strong top pair (it) production: sensitive to as and PDFs

__________________________________________
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o(tt) at NNLO+NNLL: [PRL 110 (2013) 252004 ]

All with top mass = 172.5 GeV
https: //twiki.cern.ch/twiki/bin/view/LHCPhysics/TtbarNNLO

* In SM, t 2> Wb (~100%) = W decay defines final states

BR(u,e)~6%
Low bg:
Z+tjets

87 \
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BR(n,e)~34%
Moderate bg:
W+jets
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Single top

» Electroweak single top production: tWb vertex in production, sensitive to Vtb

q' q i W
w+ q t
Vi w , w+
. Vip~1 D t B )
b g 5 g t q b
t-channel tW-channel s-channel

_ 63.9+2.7 pb 15.7+1.2 pb 4.29:0.18 pb

85.2+2.2 pb® 22.4:1.5 pb 5.24:0.21 pb

217.018.4 pb 71.7+3.8 pb 10.32+0.38pb
(NLO) (Approx. NNLO) (NLO)
(1): LHCTopWG: calculations with HATOR, see also https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SingleTopRefXsec (2): N. Kidonakis Phys. arXiv:1205.3453
(3): M. Burcherseifer, F.Caola, K. Melnikov: arXiv:1404.7116 All with top mass = 172.5 GeV
= Final states: et ., et ., en,T .
7~ MET
MET MET
Jet b -je% be b-jet
» Large backgrounds: /
[l - \,
WiZ+jets, tt, QCD ¢ onT
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Top quark properties in production and decay

cross sections, b jet‘Tf
kinematics, tt+X,

new particles,
asymmetries, spin

correlations, QCD b
parameters

couplings, FCNC,
branching ratios, rare

decays, W-helicity,
-~ new particles

X;P I x,P*
Today’s talk
Selection of:
"\:\ q Latest Run-l results
h
( jet hp  mass, width, 13 TeV results

charge, lifetime

q b jet\\\A‘

. / single top production,
g jet V,,, couplings, PDFs
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13 TeV candidate:
eu + 2 b-tags |l

Top quark production
(differential) cross sections

* First step in understanding top physics

 Test of QCD calculations and search for new physics

> More in kalk bj A. Sidoki



Run-l inclusive tt cross section

ATLAS+CMS Preliminary LHCIOpWG 0,; summary, Vs=8TeV May 2016
All channels measured at 7 & 8 TeV | ... NNLO#NNLL PRL 110 (2013) 252004 . :
M., =172.5 GeV, o, (M ) = 0.118+0.001 total stal 1
to lOOk for the unexpeCted 22:2 u@ng%'t:gtis uncertainty 8 Tev o, + (stat) = (syst) = (lumi)
ATLAS, lepton+jets I—ﬂ——l 260+ 12 +8pb
= Good agreement with NNLO+NNLL PRD1(2015) 112013, Ly, =203
CMS, lepton+jets e 228.5+3.8+13.7 6.0 pb
arXiv:1602.09024, L., =1861
CMS, lepton+, 8 257+3+24=7pb
PLB 739 (2014) 23, L, =1961f"
» Highest precision: dilepton channels ATLAS, dilepton ey o b 242.4+1.7+55+75pb
~4%, similar to theory prediction e, LRah
0, ryp CMS, dilepton (ee, uy, ew) —oei i 239.0+2.1+ 113+ 6.2pb
] . o JHEP 02 (2014) 024, L, =53
* ngh purlty (~90 A)) LHC combined eu (Sep 2014) [ 2415 +1.4 =57 +6.2pb
ATLAS-CONF-2014-053, CMS-PAS TOP-14-018,
* Also used to set limits to Liy=53-203 10"
' CMS, dilepton ey 2449:+1.4':2+6.4pb
stop quark production W arXiv:1603.02303, L, =19.7 fb” H Tl ss=DAP
(for stop mass ~ top mass) CMS, all jets } ot '.
EPJ C76 (2016) 128, L, = 184" 2756 +6.1+37.8+7.2pb

NNPDF3.0 JHEP 04 (2015) 040

I MMHT14 EPJC75 (2015)5
CT14 PRD 93 (2016) 033006

Effect of LHC beam - ’
energy uncertainty: 4.2 pb ABM12 PRD 89 (2015) 054028

(not included in the figure) [uB(M7] =0.1 13]
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tt cross section in ep at 7 & 8 TeV ous arXiv:1603.023o3

%x10° 19.7 fo (8 TeV)
Last word from Run-I in dileptons at CMS 2 * Data
= 60 Npjets —L
Selection: opp.-sign isolated eu pair, jets, b-tags L J Eml(/tw
= Template fit in different Nbjets and additional 40 Exxn Wiz
Njets categories v
. C 20 MC syst+stat
* Fit to p; of softest jet in each category
» Constrain backgrounds and main systematic . E
i DAtk y @S 155 / ¢
uncertainties Q0 e . o Al
Q_ E ANNNNNNNNNNANN
- I
2 b-tags NumE)er of b-tagged jets
S 2 b-tagged jets 19.7 fb" (8 TeV)
§ 23addjet '
% 10 \
> L
w L
1
) 8 1‘%%‘\\\\\\\\i\\\\\\\\\\\é\\\\\\\c\\\\\&\\\\\\\k\ #\\\%\\k\\*\\ NN \\\ \\“\\\\\\\ “
CERE SR 2 DN \\*\\\\\\\\\\\\\\\\\ \\\\\\\
40 60 80 900 120 140 _ 50 100 950 200 250" 40 60 80 100120 140 160 180 200
p, [GeV] p, [GeV] p, [GeV]

\l
o
<
=

I

1736 £ 2.1 (Stat)i—ig (SySt) =+ 3.8 (lumi) pb 3.7%) Main syst: luminosity, trigger,
8TeV:|ow = 244.9+1.4(stat)™ 23 (syst) £ 6.4 (lumi) pb lepton selection
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Top production in forward rapidities w+cb pr 115 2015) 112001

First observation of top quarks at LHCDb !

200

» Forward region: enhanced sensitivity to BSM, =
can constrain gluon PDF at larger x g N(W-+b) LHCb e Data
> " Wh+top
= Combined measurement of {t (75%) and =

single top (25%) in events with
1 top 2> Wb -2 uvb:

-Tw pr>25GeV,nin (2.0, 4.5)
- 21 jet: p;in (50, 100) GeV, n in (2.2, 4.2)
- Jet must be b-tagged

o : 20 45 70 95 00
= Extract top content from likelihood fit: p.(u+b) [GeV]

o(top)[7TeV] = 239 + 53 (stat) £ 33 (syst) £ 24 (theory) fb
o(top)[8 TeV] = 289 =+ 43 (stat) = 40 (syst) =+ 29 (theory) fb

NLO using MCFM predicts

_ +51
= Consistent with SM prediction, significance of o (top)[7TeV] = 18014
5.4 standard deviations o(top)[8TeV] = 312153

Main syst: b-tagging, theory

M. Aldaya 9 Blois, 31.05.16



tt cross section in ep at 13 TeV

Number of events
3
o
o

CMS-PAS TOP-16-005 2.2 5" (13 Te W
CMS 61M: I . Data

Preliminary

- i
Njet l > B Non W/Z
VV + itV
m tW
m Zi* — eu’

= CMS: focus on counting high-purity eu events

Selection: eu pair, 2 2 jets, 21 b-tag (~6%)

oy = 793 £ 8 (stat) £ 38 (syst) £ 21 (lumi) pb

Main syst: luminosity, trigger

0
O1.4
E o et ecaanntiaannantiannnnstecannnstiannnasiasnnnentisansrttosentestostnettiiannattiatanastecaansstiaanntetiesnasetiisansitiesentettostntestidantastaannanss.
E ) | T— @ - g esssossasnssssnasssstusass @
8 o 6_ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, e T ,,,,,,,,,,,,,, A TLAS CONF-2016 005 W
’ 1 ° 3Numberzof jets g 2oooo§— A LAS Prellmlnary ® Data 20
_ L. D 4g000F Vs =13 TeV, 3.2 o E VWP owheg+PY
» ATLAS: already constraining some 16000 B Z+jets
. T . - . Dib:
systematic uncertainties with data ! uoof-  Nbjet mm VisJD 16pton
- — Powheg+PY
» Simultaneous fit to o, & efficiency to select, 12222@ ________ gggggfmzvf
reconstruct and b-tag a jet ao00 |- . PownegsPY radlo
- @
bkg 6000 fg N, )
NPV :—
N
— 2 bkg 2000 2
s F E
, Q 3 ]
Oy = 803 £ 7 (stat) £ 27 (syst) £ 45 (lumi) pb | (~7%) & 'Fr—d S S——
0.5 I__ ) . ) AL '.":';“'.'“';%'; -
Main syst: luminosity, tt modelling ° 1 Ny 10
M. Aldaya Blois, 31.05.16



tt cross section measured at all energies
Re-established {t production at 13 TeV with very early data (< 100 pb)

E I I I 1 I I I | I 1 1 I I 1 | I I | I 1 I I I 1
2 7 g;{:;g’gmzceg‘ iseTf‘f,V)‘L‘""") ATLAS+CMS Preliminary May 2016
c MSeu7 TeV (L=5fb")
O.n3_ . ATLASueuaTeV (L=2031b") LHCtopWG
= 10" F o CMSeusTev(L=19.71")
O C v LHC combined ey 8 TeV (L = 5.3-20.3 fb")
O ~ m ATLASeu13TeV(L=321b")
n ~ e CMSeu13TeV (L=43pb’, 50 ns)
8 ~ v CMSeu13TeV(L=221",25ns)
— ATLAS ee/un 13 TeV (L= 85 pb) .
o O ATLAS l+jets 13 TeV (L 85 pb) 13 TeV.re.suIts.
(&) ~ o CMSl+ets 13 TeV (L=42pb’) [ y> Already limited by
= 5 900r ] syst. uncertainties
) — [ 1=
210 = 800k 13 - Starting to use
‘g u i 1 - data to constrain
© - [ 1 - them
= T 700f ] -
- g NNLO+NNLL (pp) ; ] _
&=== NNLO+NNLL (pp) S S —
10 = Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 13 Vs[TeV] —
- NNPDF3.0, m _ =1725 GeV, a,(M,) =0.118 = 0.001 -
[ | 1 1 | I 1 | 1 I 1 | 1 I | 1 1 I 1 1 1 B
2 4 6 8 10 12 14
= Dependence as a function of Vs well understood Vs [TeV]
= ATLAS: {t/Z ratio (13 TeV): 0.445 + 0.039 - test gg/qq ratio, cancel some syst. (lumi) ATLAS-CONF

-2015-049
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tt differential cross sections

Scrutinize tt production in many channels as a function of many kinematic observables

- Precision tests of pQCD in different regions of phase space, window to BSM physics

» Use final-state products to reconstruct top quark candidates

 Correct for detector effects & acceptance - unfolding

 Parton level: allows comparison
with fixed-order calculations

* Particle level: mimic detector-level selections
and reconstruction algorithms (closer to what
is measured in the detector)

. 23" (13 TeV)
® a = T L : : data
15} - ATLAS 8 TeV Full phase-space ] CMS l+jets particle —*—
< L B 1 ] % . Preliminary s p ] sys ®stat 13 TeV
= [ Vs=8TeV,203f" , paa . E ] stat.
T 10 —— PWG+PY6 h,,, =m, _ (g E o mgmmgg“tg ES [K/IXLFI\;]
=~ E oty - arXiv:1511.00549 = r . 5 8
= F 0 M) 1> 8w M) o e o
"?‘: - Stat.+Syst. unc. ] g o |@ o' = = — I\PA%A{;',heang-é%NLO - cg)
L Ll Jo o= F - MG5_aMC@NLOH+ | @
- e o [ Becpecy 'g
T_’_L._l_._ Parton level 1 102 & »
i 1= g —
10-3:_ — -— : . :'_";"_‘_"""_";"; O
S ‘ 19 - Particle level T o
C 1= - =
L 4 g 10 E. 1 ! ! ! ! g
104 | 1 1 T 3 1 - s
5| 12f e T o ] EREY B
Bl T b £° &5 = _ .
?g | S ; . - 08 & ———
£ - : . . . . , . . .
08— 5000850 — 50010901700 400 600 800 1000 1200 1400 1600 1_800 2000
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" 0.008— —
% [C  ATLAS+CMS Preliminary LHCIOPWG Vs=8TeV,Nov2015 ]
S, 0.007 = ATLAS, L =20.3fb" —]
o E ;44-: arXiv:1511.04716 1 =
- . ® CMS,L=19.71fb -
A 0.006— ! E arXiv:1505.04480 —
5 B | i —— NNLO (MSTW2008 PDF) 3
© 0.005( ! '-‘;--*1 arXiv:1511.00549 o
o) - | ! approx. NNNLO (MSTW2008 PDF) ]
- 0.004E= 4 | PRD 90 (2014) 014006 =
: S — { -~ DiffTop approx. NNLO (CT10 PDF)
- | JHEP 01 (2015) 082 -
0.003— | =
f L_.._.' - Z
fe 1 |
0.002F -
- | .
0.001— Parton level T -
- S e & .
— | | | | | LT
L LU LU DL LIS R UL AU A S UL AU DU (U U L AU L L AU AU S UL AL AU DU U AL §
g 1 '4: CMS stat. ® syst. unc. ' ' ' 3
g 01 .2__ oo ] ATLAS stat: @ SYst UNG. oo ]
=3
52 1
£170.8
©
o
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P [GeV]

The p+(top) distribution

Run-l ‘discovery’: top-p; spectrum not well
described by (most) matrix element + parton
shower simulations

Fair agreement between ATLAS and CMS data at
8 TeV, better described by NNLO QCD calculations

M. Aldaya
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The p+(top) distribution

Run-l ‘discovery’: top-p; spectrum not well
described by (most) matrix element + parton
shower simulations

Fair agreement between ATLAS and CMS data at
8 TeV, better described by NNLO QCD calculations

First results at 13 TeV

CMS Preliminary 220" (13 TeV) CMS Preliminary 2217 (13 TeV)
'v——| 10'1(:- Ty vy v [T TV [y yr vy vy JrrrrJrvvy l T ’é r:| 10'1 ; LANLINL L LB B B LA B I B LB BN BN LA ' T l:a
% F Dilepton e Data 3 % F Dilepton e Daa ]
I —— Powheg v2+Pythias | [ —— Powheg v2+Pythia8
(O] o2k Parton level  pohen etomiges ) (o) o2k Parton level . , . NnLO oow1e06 036 1 o
o] R - E . 3 o) — 3 A Approx. N°LO arivi1411 2533 - =
S= MGS_aMC@NLO+Pythiad [FxFx] 3 ‘o| g | v NLOWNLL sxwesmorze ] O
[ ----- MGS_aMC@NLO+Pythia8 [MLM] ] [ + NNLO 2016 proli., aXivi1511 00540 | O
Al e) Amlle} >
10°F - 10°F {4 @
; 3 ; i -
[ . S i [ . ] 7T
0%k Comparison 4 1oL  Comparison 1 2
; i + TP 3 i i i
S e RO -
- W Stat, t :
> Stat. @ Syst. >l 1.5 Stat. @ Syst. -
8 = 8|z
- N -
[ P 1
0 100 200 300 400 500 0 100 200 300 400 500
p‘T [GeV] p’T [GeV]
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High p; tops: entering boosted regime in Run-l

I+jets channel

Measure top quarks at high p; using A:p;>300 GeV

optimized event selection & A: p;-dependent C: pp>400 GeV
reconstruction up to TeV range ! isolation cone
C: Non-isolated Hadronic
» Parton and particle level lepton e top
= Slightly softer p; spectrum in data Leﬁé‘;“'c
for both ATLAS & CMS
| b-tagged | Large-R jet, top-tagged |
o TLAS, PRD 93 (2016) 032009 CMS, arXiv:1605.00116 19.7 fb (8 TeV)
%‘ ;_-.‘_ T T T T .l. T T T 3 S\105""l""l“"l""l“"l""l"“""
1o = Fiducial phase-space 3 8 = CMS ¢ Batah i %
8 N v = | Fo---- —— Powheg+Pythia
% = . v POWHEG:PYTHIA e A - - - - MadGraph+Pythia6
g F Cn im0 S [ By Tielhes
8:: E v : ggﬁég::gsmg E é:' E -_'+': Stat. @ syst. uncertainties E
10" — =t Particle level — © - _-;*-_-_- Particle level _
- ATLAS = 107 _|
[ V5=8TeV,203 10" . . i - |
g 2-:‘ ~~~~~~~~~ | P PR PR AT ! TN P PR N ‘~-l‘ ~~~~~~~~~~~~~~ ;l ~~~~~~~~~ LR | EFLACR TR PN l~-’~.< ---------- ! N PR PR LEEE TR 7~--'~nl~:-' -'(E 15_— — '-I-‘-‘-:-'_L_I_I_I_'-l-l-l-LJ. — T — v — T — I—_
8 15} . .- 'O . .‘ v . " (DU :_'_I_ll_l_l_l_l_l.l.l_l_l_l_l_l.l.l.l_l_l_l_l_l.:
~ 1'_."" Nyg W nt . ; 1: ___L__r——IL ________ :
g LT OO OO —— g E E
300 400 500 600 700 800 600 1000 1100 1200 < 0200500 800700 800 900 1000 1100 1200

Particle top-jet candidate p_ [GeV] Particle-level t jet p_(GeV)
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tt production + “friends”



tt+jets associated production at 13 TeV

Large fraction of tt events have extra hard jets from initial or final state radiation

» Sensitive to matching of matrix element to parton shower

» Reveal presence of new physics in ft+jets final states, bg for ft+H

= High jet multiplicity dominated by parton shower, further tuning
ongoing to improve description of data (CMS, see backup)

ATLAS CONF-2015 065 CMS-PAS TOP-16-008 230" (13 TeV)
B, © —+— data
°1z% 4L dilepton ATLAS Prellmmary—: ot FCMS  lijets particle ) (1% g New
Ol 'E 13 TeV, 3.2 b = U_g 50 - reliminary iots & o
—lo ] - +jets —— MG5 aMC@NLO P8 [FxFx]
B 290 Jelpy 225 GeV 2 . MGS alICONLO PS LI
-1 - 40 F — - Powheg P8
1071 ~ E n — - Powheg H++
- I e ] - -~ MG5_aMC@NLO P8
- \ E——— 30 ————— MG5_aMC@NLO He++
| eu-channel \\ '—a"""""':':- - e =
1072 — Powheg+Pythiab~~<__________-=" = - Particle level
- — - Powheg+Herwig++ 7777 3 20 —
O —ee aMCAtNLO+Herwig++ ] C = ———
J[ gy gc;\tr;hegwythias Particle level . 10 ""7_+_5:;" s "‘\\
103 E : { ey ‘
1 4i ! ! ! ! '_E :||||| | | ..I\\.s‘.;I....r._.-.-.l ._.-.-.- =r=r= ==r= ’l
% 1-2§_ —ggg +Syst _§ gg 2 _ IR Ry
o = i O@15F T e
5 E T ee—_ I I R £ © E P e ——— IR BRmem B R = = = == = = = =
E 0.8:— ............ 7 - 1 ;_——-ﬂ-———-= ===
0_6:— = = X y e
' : : ' 0 1 2 3 >=4
0 1 2 3 4 . .
" . itional
Number of additional jets additional jets
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1

part
gap

tt with veto on extra jets: “gap fraction” 255k

f

Quantify additional jet activity from
quark and gluon radiation with a jet veto os

ATLAS Preliminary
Vs=8 TeV, 20.3 fb

' to region: lyl < 2.1
= Use dilepton eu events 08 veto region: Iyl <

® 2012 Data
— Powheg+PY6 hdamp=«
Powheg+PY6 hdamp:mt

eu pair, 2 2 b-tags
0.7
- Powheg+PY8 hdamp=mt
-------- MC@NLO+HW

= = = Powheg+HW hdamp=x
[_] Total uncertainty

» Fraction of events with no extra jet
above a given p; (Q,) for |y| < 2.1 e

—> sensitive to leading-p; add. jet
050= .+ 1l v v v v by v v v b v vy by vy Ly

K Powheg+PY6 hdamp=......... MC@NLO+HW
Fa- Powheg+PY6 hdamp=m. . - .. Powheg+PY8 hdamp=m
bug = Powheg+HW hdamp=c'

= Comparison to different (N)LO + PS T Powheg+PY8 Compare to
MC generators, also with varied | RSy NLO+PS
PS radiation “855—-“
©1.06F ' '
g |, Madgraph+PY6 Compare to LO
Overall good agreement = A —— multileg+PS
between data and predictions =0
0.95[=1- Alpgen+HW  ===: Alpgen+PY MadGraph+PY
§1 :)51_ QC%f&”CﬂIﬁ’YP%agJQ T Alpgen+PY RadHi | Compare to LO
- .05 z—==MadGraph+ own . .
= Can help constraining R T T Ty PITTI multileg+PS with

varied PS radiation

QCD radiation uncertainty 0.95 Alpgen+PY6 RadLo

AcerMC+PY Radlo ====- Alpgen+PY RadlLo
0.9F... MadGraph+PY ¢ up
50 100 150 200 250 300
Q, [GeV]
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ATLAS-CONF-2016-003

Very rare processes in SM
= Measure coupling of top to Z boson, important backgrounds for BSM and ft+H

= Established at 8 TeV (also ft+y), first results at 13 TeV/ !

= fi+Z (ATLAS & CMS):

3-4 leptons, > 2 jets in different
(b) jet categories

e Extract tt+Z from likelihood fit

CMS Preliminary 2.7 b (13 TeV)
90 T | T T T T

3 leptons

.data-driven

-+- Data

CMS: o(ft+Z) = 1.1+ 0.4 pb =0.76+0.08 pb

T T T N
ATLAS Preliminary 4-Data Wiz

(s=13TeV,3.21fb" Waw mwz

Post-Fit zz Wz
74 [ EG

B Other Fake leptons
Uncertainty

Events

2j(=0b) 2j(=1b) 3(=0b) 3j(=1b) 3j(=2b) 4i(=0b) 4](=1b) 4i(=2b)

10°

= fl+W (ATLAS):

2-3 leptons (one same-sign pair) and
t > 2 jets in different categories

” e Extract ft+W from likelihood fit

2l 227

)

10

w
PLE ' ' ' E o(tt+W) = 1.4 £ 0.8 pb
E 5 3: ------- 5555555545555 553555555 sss05557544% &4 :
° Ty = E— T Theory (aMC@NLO) = 0.57 = 0.06 pb
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erument st LHC
wded

= . CMS Exp CERN

(MS PData rece Tue Jul 14 11:47:11 2015 CEST
- ~ RurvEvent: 251721 J 22303466

| L section: 21

‘ d |
13 TeV |
single top candidate e LT
untagged jet - ':-—

b-tagged jet
muon

e =

-
>

Single top quark

e Probe CKM matrix element |V, |, EWK coupling structure
* Probe alternative production mechanisms (e.g heavy bosons, FCNC)

» Sensitive to b-PDF and u/d-PDFs

> More in kalle bj J. Andrea



Single top s-channel at 8 TeV >wv<

ATLAS, PLB 756 (2016) 228

0

oo Tov 200y g sohume | = ATLAS: First evidence of s-channel at LHC !
Signal region Eg‘ . : Selection: 1 lepton and 2 b-tagged jets
-z-:ieefs,dlboson ]

I Multi-jet

AAAAA ] » Use matrix element approach to discriminate signal

* Profile likelihood fit including systematics

oy = 4.8+0.8(stat.)* ] 3(syst.) pb| (34%)

R 3 ' S ' 3 3.20 obs (3.90 exp)
% 1.05;-¢‘§-¢~+~+~#-¢-*~+-~~+~~+~+—+‘§J.ii.+-‘*-‘E
8 09F ) 1 . ) :
° 00002 00018 0058 0102 0.187 1 © 2000 Muon, 19.7 fb”" (8 TeV), 2-jets 2-tags
P(SIX) ® e Data
3 1800 CMS , [ ]s channel
= CMS: s-channel at 7+8 TeV y.» 1600 Bt channel
=
lection: 1 | 2.3 iets. 1-2 b- ¢ 1400 Signal region Ctw
Selection: 1 lepton, 2-3 jets, b-tags D oo . ot
» Use MVA approach to discriminate signal 1000 WZ+jets
B W+jets
8 TeV: [0, = 13.4 + 7.3 (stat + syst) pb)(54%) eo, MDiboson
eV:|o, = 13. 3 (stat + syst) pb|(54%) 44 [Multijet
2.30 obs (0.80 exp) 400 []Syst. unc.
200 sl [\ Rate syst
7 TeVigy = 7.1 8.1 (stat + syst) pb | (114%) g e e
-0.35 -0.3 -0.25 -0.2 -0.15 -0.1 -0.05 O 0.05
0.90 obs (0.50 exp) CMS, arXiv:1603.02555  BDT Discriminant
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Single top t-channel at 13 TeV

out of acceptance

q : q F light forward jet (j) g s000- CMS Preliminary (o
7 Selection: 503) 2 jets, 1b-tag Egﬁ%‘%ﬁ | =

v - 1 lepton (CMS: u; ATLAS: w/e) @ sPostiitunc. | 9

b -2 or 3 jets, 34

g 5 - 1 or 2 b-tags 12
13

19

&

= Control regions for main backgrounds

-1 -08-06-04-02 0 02 04 06 08

1

= Extract signal from fit to MVA discriminator optimized MVA output
to maximize background rejection gl e —————————————
* Most relevant variables: n(j), m;, my;,, M, my(W) 0 e
. Cross sections. e [adeemd T wetien
~ 4000 B fq.fq N
ATLAS: o(t+t) = 229 £ 48 pb | (21%) Main syst for both: % L 2 jets, 1b-tag =gvt++v’§£.boson
CMS: O'(t—i—f) =228 £33 pb (15%) signal model, JES 1 =Mdmje’t

7/// Post-fit uncertainty

2000 .

= CKM matrix element [Vib| = V(oo /gthee,)

6.0-G102-dNOD-SV1LV

ATLAS: |Vib| =1.03 £0.11
CMS: [Vtb| =1.02 £ 0.07

(for [Vigl » Vgl << [Vgl)

Data / Pred.

0 02 04 06 08 1
NN output
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t-channel differential at 13 TeV CMS-PASTOP-16-004

CMS Preliminary 23" (13TeV)

First single top differential cross sections at 13 TeV ! £ e biag ;béié
P t-channel -
. . _ < thw
1 isolated u, 2 or 3 jets, 1 or 2 b-tags g 5000 =WINets
W 4000 [CIMultijet

= Maximum likelihood fit to m(W) (for m(W) < 50 GeV) and

MVA discriminant (for m-(W) > 50 GeV)

| |Total syst.

* Observables in the discriminant selected to have minimum o
correlation with top prand y =
©
[\ [
= Data described by predictions within large uncertainties e oje,& g s
m(W) (GeV)
1 CMS Prelimina 2.3fb' (13 TeV) 12CMSPreIiminary 23" (13 TeV)
. L A Lo | = 12prrrrerrrernrenoreren reeve)
9'8 11 e Data | &£ 14 e Data !
ey — aMC@NLO (4F5) | = 1 —— aMC@NLO (4FS) |
o= 10 + Pythia8 1 2 ¢ + Pythia8 1
.:.'., 9 — Powheg (4FS) © —— Powheg (4FS)
-~ + Pythia8 1 & 9 + Pythia8 ;
% ] iasaas oo [ aMC@NLO (5FS) - 38 o o aMC@NLO (5FS) -
~ 7t + Pythia8 i X ; + Pythia8 3
o ; -- aMC@NLO (4FS) | b '} .-« aMC@NLO (4FS)
2 6F + Herwig = > 06; \ + Herwig ]
| - i —_— 1
o 5 - 5! t i
= 4 e 4! | :
3; T . oooooooooooooooooooooooooooo l.
2 2! I3 5
1t Rl
0' " P Fa— Fa— TR 3 o: ..............................................
0 100 200 300 0 0.5 1 15 2
pr (t+f) (GeV) lyl(t+f) (GeV)
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Single top production: the big picture

All single top processes

studied in Run-| & E Singie tob-quérk broddctio'n | annel (pf ]
° [ Inclusive cross sections # N
10% - . tW (pp or pp)
= Final ATLAS & CMS g N

R

combination of Wt at 8 TeV: s-channel (pp)

10
s-channel (pp)

o(Wt) =23.1 + 1.1 (stat) = 3.3 (syst)
+ 0.8 (lumi) pb

[ IIIIII|
1 1 lllllll

—

|

(15.6%) 1
ATLAS-CONF-2016-023 / CMS-PAS TOP-15-019

g NLO+NNLL, PRD 82, 054018 (2010)

NLO+NNLL, PRD 83, 091503 (2011) éL"é‘\sF;:t? 121 % 212':)2022021021)3
v Tevatron, arXiv:1503.05027 [hep-ex]  * ’ : (2013)
ATLAS, PRD 90, 112006 (2014) O ATLAS, JHEP 01, 064 (2016)

+ CMS, JHEP 12, 035 (2012) = CMS, PRL 112, 231802 (2014)
. ATLAS, CONF-2014-007 (prel.) NLO+NNLL, PRD 81, 054028 (2010)

s Ei _ . CMS, JHEP 06, 090 (2014) Tevatron, PRL 112, 231803 (2014)
First t-channel results at 13 TeV TR CONE 2012 058 (el ATLAS, PLB 756, 528 (2016)

by ATLAS and CMS I o CMS, TOP-16-003 prel) I OMS, arXiv:1603.02555 nop-ex]
10—2 | |

2 3 4 5 6 7 8 10 11 12 13 14
, , o Vs [TeV]
NB: Not including latest Wt combination

R

I

107"

L LI

OlLm 0 «

Ramping up towards new era of high-precision in single top
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“Standard” top quark mass

ATLAS+CMS Preliminary LHCIOpWG  my, summary,/s = 7-8 TeV Sep 2015
"""" World Comb. Mar 2014, [7]

stat

total uncertainty fotal stat

My = 173.34:£0.76 (0.36£ 0.67) GeV Moyt (tat sy 5 Ret
ATLAS, I+jets () I—l—'—-l-—l 172.31£1.55 (0.75£1.35) 7TeV [1]
ATLAS, dilepton (*) I—l—l-l——l 173.09+ 1.63 (0.64+ 1.50) 7TeV [2]
CMS, l+jets o 173.49+1.06 (0.430.97) 7TeV 3]
CMS, dilepton F—t-o—-i 172,50+ 1.52 (0.43t 1.46) 77Tev [4]
CMS, all jets o 173.49+1.41 (0.69t 1.23) 7TeV 5]
LHC comb. (Sep 2013) = 173.29+0.95 (0.35+ 0.88) 7TeV (6]
World comb. (Mar 2014) HH 173.34+0.76 (0.36:0.67) 1967 TeV [7]
ATLAS, l+jets H—a—td 172334127 (0.75£1.02)  77ev [8]
ATLAS, dilepton —f—t—] 173,79t 1.41 (0.54:1.30)  77ev [g
ATLAS, all jets F—s——H 175,14 1.8 (1412 776V 9]
ATLAS, single top ~ F——t—s—t=— 172.2+2.1 (0.7+2.0) 8TeV [10]
ATLAS comb.(:‘f;:ti";ﬁ_ = 172.99+0.91 (0.48+0.78) 7TeV [8]
CMS, I+jets Het- it 172.35£0.51 (0.16£0.48) 8 TeV [11]
CMS, dilepton F—foti— 172.82+1.23 (0.19+1.22) 8 TeV [11]
CMS, all jets = E 172.3210.64 (0.25+0.59) 8 TeV [11]
CMS comb. (Sep 2015)  HH 172.44+0.48 (0.13£ 0.47) 748 TeV [11]

[1] ATLAS-CONF-2013-046 [7] arXiv:1403.4427

[2] ATLAS-CONF-2013-077 [8] Eur.Phys.J.C (2015) 75:330

[3] JHEP 12 (2012) 105 [9] Eur.Phys.J.C75 (2015) 158
(*) Superseded by results

shown below the line

[4] Eur.Phys.J.C72 (2012) 2202 [10] ATLAS-CONF-2014-055

[5] Eur.Phys.J.C74 (2014) 2758 [11] CMS PAS TOP-14-022

165 170 175 180 185
m,,, [GeV]

= | atest result from ATLAS: New

* Likelihood fit to mib distribution in
dilepton events

2 leptons, = 2 jets, b-tagged jets, cut on p;
of the lepton-b-jet systems (pIb)

> L L L L I L ISR BRI B
B - e Data ATLAS Preliminary -
O 500 -1 ]
N [t 1% background  Vs=8 TeV, 20.2 fb" J_>|
2] 4 I — Best fit 1 r-
S 400 i -
3 . Uncertainty ] (17)
S 1 %
3001 . g_
L ] @
200F 4 2
a 1 ©
C 1 ex
1001 4 ©°
C > . ;
0b Aol oo flonon oo oo TS w
40 60 80 100 120 140 160
Mo [GeV10.49%)

m,,,=172.99+0.41(stat.) £0.74 (syst.) GeV
Main syst: (b)JES, hadronization, ISR/FSR

= Combine with best ATLAS result:

mr°=172.84+0.34(stat.) +0.61 (syst.) GeV
(0.40%)
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“Standard” top

quark mass

Top mass results using standard
(i.e, most sensitive) methods
are reaching a precision of
order 500 MeV (< 0.3%)

= Dominant uncertainties:
 Jet energy response calibration

» Hadronization modelling

ATLAS+CMS Preliminary LHCIOpWG  my, summary,/s = 7-8 TeV Sep 2015
"""" World Comb. Mar 2014, [7]

stat

total uncertainty fotal stat

My = 173.34:£0.76 (0.36£ 0.67) GeV Moyt (tat sy 5 Ret
ATLAS, I+jets () I—l—'—-l-—l 172.31£1.55 (0.75£1.35) 7TeV [1]
ATLAS, dilepton (*) I—l—l-l——l 173.09+ 1.63 (0.64+ 1.50) 7TeV [2]
CMS, l+jets o 173.49+1.06 (0.430.97) 7TeV 3]
CMS, dilepton F—t-o—-i 172,50+ 1.52 (0.43t 1.46) 77Tev [4]
CMS, all jets o 173.49+1.41 (0.69t 1.23) 7TeV 5]
LHC comb. (Sep 2013) = 173.29+0.95 (0.35+ 0.88) 7TeV (6]
World comb. (Mar 2014) HH 173.34+0.76 (0.36:0.67) 1967 TeV [7]
ATLAS, l+jets H—a—td 172334127 (0.75£1.02)  77ev [8]
ATLAS, dilepton —f—t—] 173,79t 1.41 (0.54:1.30)  77ev [g
ATLAS, all jets F—s——H 175,14 1.8 (1412 776V 9]
ATLAS, single top ~ F——t—s—t=— 172.2+2.1 (0.7+2.0) 8TeV [10]
ATLAS comb.(:‘f;:ti";ﬁ_ - 172.99+0.91 (0.48+0.78) 7TeV [8]
CMS, I+jets Hei- 5% 172.3540.51 (0.16+0.48) 8 TeV [11]
CMS, dilepton F—foti— 172.82+1.23 (0.19+1.22) 8 TeV [11]
CMS, all jets HeH 172.3210.64 (0.25+0.59) 8 TeV [11]

[ CMScomb. (Sep2015)  HH i 17244:0.48(0.13:0.47)  7es7ev (1] |

[1] ATLAS-CONF-2013-046 [7] arXiv:1403.4427

[2] ATLAS-CONF-2013-077 [8] Eur.Phys.J.C (2015) 75:330

[3] JHEP 12 (2012) 105 [9] Eur.Phys.J.C75 (2015) 158

(*) Superseded by results
shown below the line

[4] Eur.Phys.J.C72 (2012) 2202 [10] ATLAS-CONF-2014-055

[5] Eur.Phys.J.C74 (2014) 2758 [11] CMS PAS TOP-14-022

» Continuous efforts to:
e Improve current techniques
* Develop new methods

e Combine results

b (<0.3%)

165 170 175 180 185

m,, [GeV]

> More i kalle bj J. Pledra
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Pole mass and other alternative methods

CMS Preliminary May 2016
H 113 bl
= Exploit other (“cleaner”) observables b hadron lifetime 850 - 150 + 261 GV
TOP-12-030 (2013) —Te—
» Extract pole mass from cross sections Kinematic endpoints .
\b EPJC 73 (2013) 25’94 r—af@e— 173.90 = 0.90 2.10GeV
Top-quark pole mass measurements May 2016 b-jot anergy peak
MSTWOS approxercl‘o Nevka-ggf:’;m 016) e @———e 173.50 = 3.00 = 0.90 GeV
288%2)52:)'191? 4232 ¢ 167.60 920, 7, GeV
MSTWOS approx. NNLO Ia'&??gés :sg;xtzow) e 17368 =020 1159 97 GeV
%ﬁg&%ﬁgﬁg(zm 5 O 1895090 54 Gev ) -t .k. ;
nnio liepton Kinematics + +2.68
ATLAS ofti), 7+8 TeV 1250 W ToPi6002 (2016) @ 70110 09 GV
EPJC 74 (2014) 3109 —@— 17290 7.5 g0 GeV _ .
Single top enriched el 172.60 = 0.7 *097 | .. GeV
X TOP-15-001 (2016) 0.
ATLAS tt+j shape, 7 TeV 0— 173701228, Gev
JHEP 10 (2015) 121 2 ?OMPSSBE) shape, 8 TeV _¢ 169.80 = 110 *438  ,_ GeV
(Z7ZCMS ofth), 7+8 Tev \ 41,70
ﬁ: arX|v1603(;2303 (201 6) 17380 -1.80 GeV U(ti) 7+8 TeV 173.80 *1 .70 GeV
) arXiv:1603.02303 (2016) ® 480
*j@(z MS tt+j shape, 8 TeV PY 160901482 _ _@ev | | oo G e e e
TOP-13-006 (2016) 36670 Cys 17;33 &%‘14(2015) ® 172.44 = 0.13 = 0.47 GeV
arAaw: d
World combination 40.76
173.34 *0. GeV inati
ATLAS, CDF, CMS, DO @ -0.76 World combination . .
arXiv:1403.4427, standard measurements ATLAS, CDF, CMS, DO Sl 1783420272071 GeV
arXiv:1403.4427 (2014)
l T TN SR T AN TN SO SO SN NN S | I N i I i I | I I i | | | | | { { {
150 160 170 180 GeV 160 170 180 190
Pole mass reaching < 2 GeV precision M [GeV] m, [GeV]

M. Aldaya 28 Blois, 31.05.16



Ac

tt charge asymmetry

Top-pair angular production asymmetries may indicate
BSM top production interfering with SM

= NLO effect originating from interference of qq—>1t diagrams,
can be enhanced by BSM physics (e.g, W’, axigluon)

» LHC: top is more forward than antitop

» Several channels exploited in Run-I, also boosted top regime

» Investigate regions of phase space where charge asymmetry
can be enhanced ( differentially in, e.g, m(tt), p(tt), |y(tt)] )

0.15}

0.12}

0.09

0.06

0.03¢

0.0y

-0.03¢

-0.06}

ATLAS, EPJC 76 (2016) 87

SM ATLAS
— Light color octet Vs=8TeV, 203" |
— Heavy color octet
<+ Data
250 500 750 1000
my; [GeV]

(&} .

<<

LATLAS, PLB 756 (2016) 52 New

"V V]

LHC A top
anti-top

>
n

_ N(Aly|>0)-N(A[y <0)

© N(Aly|>0)+N(A]y <0)

A|y|= |ytop| - |yantitop|

T \
3 data ATLAS 8TeV, 20.3 b
— NLO
0.2 B
0.1 % % I,
o- = f - .
-0.1- B
0.2 ' -

>0.75 0.75-09 09-13 >13

m_ interval [TeV]
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ATLAS, arXiv:1604.05538

tt charge asymmetry

W CMS, arXiv:1603.06221
19.5fb™ (8 TeV)

—&— ATLAS data ; —— —— ;
ATLAS 4 0 POWHEG-hvg+PYTHIAG o 0.06- C|IV|S ._MC@NLO Data Also: Iepton asym metry
\s=8TeV, 20.3 fb O Berreuther & Si. PRD 86, 034026 Q(o et —_NLO (QCD+EW) i
Inclusive - 0.008 = 0.006 0.04} All _ N(A|n| > 0)_ N(A|r" < O)
- C -
m, S0C He— 0009 = 0.012 0.0l N(A‘TI‘ >0)+ N(A‘T[‘ <0)
500-2000 GeV —He— 0,009 0,019 i
~ 0-06 He— 0.010 = 0.010 or —
By i ] A= M| -
0.6-1.0 —— 0.004 = 0.013 i
_ 0-30 GeV ——eH— 0,002 = 0.025 0021 i\/ﬁ{tv’\’?
pl i ]
" 30-1000 GeV H—e—  0015:0018 -0.04F 7 | | | .
Y Y N B 400 600 800 1000 1200
-0.15 -0.1 -0.05 0 0.05 0.1
Al in the full phase space M; (GeV)
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tt charge asymmetry: summary

ATLAS+CMS Preliminar LHCtopWG 1s=7TeV Sept 2015
» Plethora of results from ATLAS and CMS y P
tt asymmetry Ac *(stat) +(syst)
» No significant deviation from SM IAAS et e 0.006 +0.010 £ 0.005
CMS I+jets H—e—tH 0.004 +0.010 + 0.011
PLB 717 (2012) 129
» Several BSM models can be excluded ATLAS+CMS l+jets " 0.005 +0.007 +0.006
Preliminary
ATLAS dilepton H——=——+ 0.02140.025+0.017
JHEP 05 (2015) 061
0.08 ) ELL SLN UL AL (LA B B CMS dilepton h—e— -0.010 £ 0.017 £ 0.008
L ATLAS W' b heavy aX[g|ugn JHEP 1404 (2014) 191
oson Theory (NLO+EW 0.0123 + 0.0005
™ . 7 PRD 86, ozm(ze (2012-;- )
i ' u T lepton asymmetry
- lour-sextet scalar | _
0.06 N \\\Qb v ATLAS dilepton f—a—+ 0.024 + 0.015 + 0.009
I~ \\\ 4 - JHEP 05 (2015) 061
N iy CMS dilepton H—e—H 0.009 + 0.010 + 0.006
coloys-triplet sdalar JHEP 1404 (2014) 191
0.04 ' b Theory (NLO+EW) 0.0070 + 0.0003
— PRD 86, 034026 (2012)
: | | | |
scalar isodoublet —0.1 o A 0.1
1 C
O
< 1 > ATLAS+CMS Preliminary LHCIOpWG {s=8TeV Sept2015 =
0.02 — I_—| S
_____________________________________ . > tt asymmetry 5
» Q
s S
i 2 775 7"+ NN NNNNN e e R A4 m ATLAS I+jets H—m 0.009 +0.004 + 0.005 %
0 B | 2 arXiv:1509.02358 (Q
I~ CMS 1 2 CMS l+jets template HeH 0.003 +0.003 £ 0.003 %
arXiv:1508.03862
L 4 o Q
Models from —_ . =
B (' . CMS l+jets H—e— 0.001+0.007 +0.004 D
_0 02 - () [m) PRD 84, 115013, - B arXiv:1507.03119 E
el ol O JHEP 1109, 097 = Theory (NLO+EW) 0.0111 0.0004 8
1 L L 1 l ' ' L 1 l L 1 L 1 l L 1 L L l L 1 L L ; P e o 8
~ ATLAS I+jets boosted 0.043 £ 0.019 + 0.026 'S
0 01 02 03 04 05 AUSLtboosed | 5200 3
A ATLAS-CONF-2015-048 a
FB Theory (NLO+EW) 0.0160 +0.0004 ®
JHEP 1201 (2012) 063 §
. i i 2
> More in talk bj 1. Brock L L L
AC
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W helicity in top decays in Run-l  SP050

Anomalous contributions to the tWb vertex change 0.8 S—
the probabilities of the W helicity states / . s
: - e
» In SM: 3 possible W helicity states (Fg+F +F,=1): b /W """" " 04f Fo w
V, Fr
; L 0.2f o
- —(l+cos9 )I (1 —cosé#) —sin“H"
chosH 4 4 05 o0 05 1
SM: ~0% ~30% ~70% cosb
» Measure sensitive variable cos(6¥) in events with e/u + 4 jets (2 b-tags):
198f7@8TeY) et ] 19.8 fb! (8TeV)
5000 :_CMS B ciets u"o_ga__ cMS [ e+jets °
:_ N O n+jets
E 036 ® l+jets combined
% ;_ o.34:— ..................
g ;— a 0.32:— N
:_ 0.30-—
o Most precise F, and o Toswa
s 128 N F, results so far ! 0281
S e e s e e (< 5%) 060 o6z 064 066 o6 oo om o7a o7

Leptonic cos(6*) Fo

Fo= 0.681 £0.012 (stat) = 0.023 (syst) o _
F, = 0.323 +0.008 (stat) + 0.014 (syst) Also used to place limits on anomalous couplings

Fr =—0.004 = 0.005 (stat) = 0.014 (syst)
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Summary & outlook
» Top physics: key to QCD, electroweak and New Physics

* In Run-l, the LHC became a real “top factory”

* Top quark production & properties measurements entered precision regime

« First measurements of associated tt+X production

o Started to challenge theory predictions in many respects
» First 13 TeV cross section results !
» So far, good agreement with SM predictions

* Run-ll: expect 100 fb! by end of 2018:
~80M tf, ~20M single top, ~80000 ttZ and tZ events

» Trade off statistics for systematics
e Improvements in MC models and theory calculations “\ﬁ\e
* Access to new physics in the top environment Eﬁc‘\““g

ATLAS: https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults

CMS: https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP
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Additional information



CP asymmetry in tt events at 8 TeV cwssasror1c001

Probing CP violation for the first time in tt production

= Use observables that show asymmetry in
presence of CP violation

events (O > O) events (O < 0 ’

Acp (0;) =

Nevents (O > 0) + Nevents O; < 0 ’

» Measurement in the I+jets channel
Selection: 1 e/u, = 4 jets, 2 b-tags

19.7 fb™' (8TeV)

l+jets channel

Prelimina —+- Data
18 v EmsMt
[ SM non-tt
| 1o, Stat.+Syst.

Events x 10°/ 0.1
~

lab -
Oy =€ (P, py+ Py e Pjt) — « (P +75) - (Pe %
O3 = Qe (Pos Py Pes Pi1) LESS QP - (P

07 =q- (ps — P3) € (P4, P 5) > o (i —

X Pt
Oy = Qe (P, py — Py, Pus Pi1) 2y o Qy (Po— ) -
P5),

)
(e x )
(Ps X B5),

No deviation from SM expectation:

3 CMS Preliminary 19.7 fb" (8 TeV)
é —4- tt events = 1o (stat.+syst.)
% 2 —$— Before background subtraction
< ~— Estimated background

12 - | }
10 0 }---+ .............. [ T ........................... .
8 N
6 -1
4 N
2 20
0 N
-1 -0.5 0 0.5 1 3t |
O, B e+ e m
O, 0O; O,
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tt cross section ratios

ATLAS-CONF-2015-049

Ratios of cross sections are expected to cancel out some of the systematic uncertainties

- Comparison to theory: potential to constrain PDFs, sensitive to BSM effects

= {t/Z ratio: testing the gg/qq ratio

* Reduces luminosity uncertainty (10% = 1%), electron ID (3.2% -2 1.3%)

R;ijz = 0.445 + 0.027 (stat) + 0.028 (syst) = 0.445 + 0.039

T I T T 1T l T 1T | T 17T | LI I |

ATLAS Preliminary
13 TeV, 78 - 85 pb™

T 17T I L I T T T I T T

|| data + total uncertainty
data * stat. uncertainty

» General good agreement between
data and different PDF

e ABM12LHC uses smaller gluon density

|
A ABM12LHC ke
v CT10nnlo I Run-Il: _ »
= NNPDE3.0 N un-1I: potentla! to explore d|. erent
ratios, also at different energies, to
® MMHT14nnlo68CL o constrain further PDFs
(NNLO QCD |nner uncert PDF only)
| 1 I 11 | I |- 1 I Ll
015 02 025 0.3 035 0.4 0.45tt O.E;t
(0] o)
o / o3
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Differential cross sections: fixed order calculations

approx. NNLO - DiffTop, S.Moch et al
the uncertainty is the full theory uncertainty, obtained by adding in quadrature PDF and Os uncertainties
scale uncertainty (simultaneous variation of ren. and fact. scales by factors 2 and 0.5; the scale is set to m:= 172.5 GeV)
variation of m, by +-1 GeV
approx. N3LO N.Kidonakis
the uncertainty is only the scale uncertainty - simultaneous variation of ren.and fact. scales by factors 2 and 0.5
the scale is set to m, = 172.5 GeV).
NLO+NNLL', B.Pecjak et al.
the uncertainty is only the scale uncert, where the factorization scale Ve is:
for pT(top): Ur = mt = sqrt(m + pr(top)?),and it is varied by factors 2 and 0.5
for m(ttbar): Us = m(ttbar)/2, and it is varied by factors 2 and 0.5
NNLO, AMitov et al.
the uncertainty is only the scale uncertainty. The scale (dynamic) is:
for pr(top): U = m7/2 (varied by factors 2 and 0.5)

for y(top), pT(ttbar), m(ttbar), y(ttbar): y = H/4
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= Discrepancies at high Njets 2 e.g.
non-optimal parton shower a..

> 3 where jets
predominantly originate from the

Use N.

jets

Shower og tuning

parton shower.

Rivet routine:

CMS_2015_11397174

— e L 4 . . 4002
1.;‘:)“0 1 : : : 0.115 Jﬂ'ﬁn‘
4V et
| | ]
| I ]
Tune 2 . o 0.104 ’I:’ll,)ll,,'
N® o -
! [ 1
- | | I
Tune 3 & ———" 0.113 Hotn
N1 +sub leading add. jet py : : : :
| | ]
| | 1
ATLAS ATTBAR-POWHEG e ! 1 "
ATL-PHYS-PUB-2015-007 (7 TeV data) oo 021
| | 1
| | ]
| | ‘
CUETPSM1 e 0.137
| ) 1
| | 1
| | ]
CTEQSM o oaer
| | ]
L 1 UL ! 1
0.050 0.100 0.150
“LSR

arXiv:1510.03072
19.7 fo' (8 TeV)
[~ T T T T T
Kol
o '°F cms ;
w L R
-20 B f
35 1F
E P, > 30 GeV
L * Data
107F -~ - Powheg+Pythiag
E - - Powheg+Herwig6
Qs Pwheg(hs_m:‘:n\hPymiaS 1
102 - — Powheg(hmn=n\)+PymaB -
; Powheg(hd_mm\)merwig» 3
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Top quark mass

Fundamental parameter in the SM, not an observable

- scheme-dependent

[arXiv:1407.3792]

C N LB L B BN BRI B rrev o+ o
§ - 68% and 95% CL contours e ey -
» Pole mass: top quark as free parton =  80.5 [— "Ml fit wio M, and m, measurements o=076GeV - —
; - fit w/o M,,, m _and M, measurements —oul?s 9080, G -
e Other schemes, e.g, running mass 80.45 - direct M, and m, measurements , e
« MC mass (mass as defined in MC) - o E
80.4 )7 = 5
= Difference between ‘direct’ MC mass 80.35 [ 1 = 0385 - 0013 Gov -
and pole mass estimated to be O(1) GeV s e :
80.3 — =]
= ‘Direct’ mass measurements: sozs - 5% °‘ } E
. C el A 1} I T T
Reconstruct m,, (rec) and extract m,,(MC) 165 s . e - -
» Experimentally most precise, limited by m, [GeV]
- flavour-dependent jet energy uncertainties mwa + (9(1 GeV)
- modelling of hadronization
» ‘Alternative’ methods:
» Use experimentally cleaner observables (i.e, no jets)
» Use theoretically calculable observables with some sensitivity to the top mass
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High precision top mass measurements

CMS Lepton+1ets 19.7 fb” (8 :I'eV)
= CMS: I+jets channel: 1 ple, = 4 jets, 2 b-tags 512000:— =g3v‘:g:;‘ = e Q
1o 10000 1t unmatched E]€+g?nultijet 5)
* 2D likelihood fit to extract m,,, and light-quark jet = 000k * Data 1 Diboson 1w
energy scale from W-mass constraint S i After Py, selection E<
: : : . % 6000[ a3
« All different jet permutations are taken into account < [ o
£ 4000} 3
— N o
miY° = 172.35 4 0.16 (stat+JSF) + 0.48 (syst) GeV| (0.29%) & 2000} 5
O [ £
Main syst: bJES, b hadron decay modelling % 1'5; T
T g5l L e
a] 100 200 300 400
#W e _ ft (GeV]
3 . Dat ATLAS Prleliminalry 1 = ATLAS: dilepton channel m
« 500 9 \s=8 TeV, 20.2fb™" : -
Ny [ :3/° ??_‘t’kgmund = y €5 1 2leptons, = 2 jets, b-tagged jets, cut on p; of the
[2) - — Best fi - -b-i
§ 400~ Uncertainty 3 lepton-b-jet systems (plb)
wr 1« Likelihood fit to mib distribution
3001 -
- . m,, =172.99+0.41(stat.) +0.74 (syst.) GeV| (0.49%)
200F 7 Main syst: (b)JES, hadronization, ISR/FSR
100F 1 = Combine with 7 TeV result (I+jets,dileptons): ';‘;'('2,31;';5'3
%% 60 80 100 120 140 160  |mir°=172.84+0.34(stat.)+0.61(syst.)GeV| (0.40%)
ATLAS, to be sub. to PLB mig [GeV]
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Top pole mass from oftt)

Mass dependence of predicted cross section allows determining m, from measured o(tt)

1T~ Use most precise theory (NNLO) and

Q' 280 = ,
=2 © measurements to extract m, (for fixed as and PDF)
=260 08 g~
™ .
o) =
§ 240F 3 Top-quark pole mass measurements May 2016
o 5_ -
g 0.6 DO oftt), 1.96 TeV 5.90
§ 220 PRD 80 (2009) 071102 ¢ 169.10 ™% g 40 GeV
- MSTWO08 approx. NNLO
s 200 0.4 DO oftt), 1.96 TeV +5.20
x i PLB 703 (2011) 422 ® 167.50 ™ 4 70 GeV
© 180 MSTWO08 approx. NNLO
) —0.2 DO oftt), 1.96 TeV +3.30
S 160 DO Note 6453-CONF (2015) @ 169507 549 GeV
PRI ERRTIEN EVRETI EPSTREIN AU BRI BRI —10 '___M_SIW_OEnEIO_ ————————————————————————————
170 171 172 173 174 175 176 177 178 : ATLAS oftt), 7+8 TeV ° 17290 250 , . Gev
m, [GeV] v ERIC T4 (2014) 3100 e e ————
—_ AN B B | LA BLELELE BLELLE BLELL DL B z
2 ‘ —_— s 0 ATLAS tt+j shape, 7 TeV +2.28
85 350N ATLAS ST 2008 NNLO uncertainty JHEP 10 (2018) 121 O 18707 514GV
55 N TIOM iy S A
~0 AN NNPDF2.3 NNLO . I CMS oftt), 7+8 TeV +.70
<o 300 g - uncertainty —| X ’ —@— 173.80 .1 a0 GeV
S5 LS o ferrsen | | aXwiessozsol T T T
~0 o \. s=8TeV, 2031 LI N
<5 i ] CMS tt+j shape, 8 TeV +4.52
zo 250 : TOP13.006 (2016) ———  169.90 366 GeV
] I~ ]
& o0k — World combination 173.34 4076 Gev
- - ATLAS, CDF, CMS, DO @ : -0.76
2 C i arXiv:1403.4427, standard measurements
|:'150; \‘“_: T TN N TN TN N SO MO TR T NN A N NN SO AN TN NN M
< :IIIIIIIIN\I~\ 150 160 170 180
164 166 168 170 172 174 176 178 180 182 Reaching < 2 GeV precision mt[GeV]
m pole [GEV]
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Asymmetry in dileptons at 8 TeV arias, arxi:1e0s0sss

H . —&— ATLAS data
Alternative approach: lepton asymmetry ATLAS .o WSSy THIAS
e o _ _ Vs =8 TeV, 20.3 fb’ O Bernreuther & Si. PRD 86, 034026,
» Sensitive to top polarization, no tt kinematic

reconstruction needed Inclusive He- 0.008 = 0.006
0-500 GeV Heo— 0.009 = 0.012

n N(AM >0)—N(A|77| <0) M
A c= 500-2000 GeV —— 0.009 = 0.019
N(A|77| >0)+ N(A|T]| <0) 006 Fe— 00100010
Al l_ I | I | & 0.6-1.0 — 0.004 = 0.013
= M M- 030 GeV ——eH—  -0.002 +0.025
pT 30-1000 GeV H—e—  0.015 = 0.018

Selection: 2 leptons, 2 2 jets & 1 1 1 1 1

=1 b-tag (ee,uu) or large H; (eu) -0.15 ~0.1 -0.05 0 0.05 0.1 0.5
Ag in the full phase space

10000 = T T

2] T T r =
1< - —4— data  — —
¢ | ATLAS Y = Diboson = < [ aATLAS
W g00f—ys =8 TeV.20.3 b @ Single top @ NP & fake leptons | 0.03~
= ! Al | ) Nonfiducial "//// Uncertainty — - Vs=8TeV, 20.3 o’
6000 [ 'rl e - 0.02} Inclusive - Parton level
4000 f— ee LAV — .01
2000 [— — o
- ° -0.01f
o 12(¢
ols = e ATLAS data A Bernreuther & Si. PRD 86, 034026.
o @ - light octet, LEFT
a] o3 -0.02- ATLAS 1o light octet, RIGHT
08 A ATLASJ 20 | | light oc}ez AXIA% |
002 :o 01 0 001 002 003 004 005 006

*+* Consistent with SM, limited by stat. uncertainties
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W helicity in top decays in Run-l  SP050

Anomalous contributions to the tWb vertex change 0.8 S—
the probabilities of the W helicity states / . s
: - AL
* [n SM: 3 p053|ble W helicity states (Fg+F +F,=1): b /w """" " o4f Fo » o
V, Fr
;e 0.2f o
—(1 +cos¥” I (1 —cos#* ﬂ—sin“ﬂ*ﬂ
F dcos o ( ) . 4 1 05 0 05 1
SM: ~0% ~30% ~70% cosb
» Measure sensitive variable cos(6¥) in events with e/u + 4 jets (2 b-tags):
198fb'(8TeV) ] ® Data | 198fb'1(8TV
5000 —_CMIS T T T T T T T Bt sets R 10 X eV)
- ofoosf CMS Wes%cL
3 Exclusion limits 006 V=1, V=0 [ Jos% cL
3 - on anomalous *%E combined u+jets and e+jets * SM
8 tWb couplings 0.02
E — 0.00
E ﬁ 0.02
:_ -0.04
n Most precise F, and 0.06
g 128 ! F, results so far ! 0.08
§ OSppnd py bl plla (< 5%) B T T R T R TR T S
Leptonic cos(6*) e(g,)
F,= 0.681 +0.012 (stat) = 0.023 (syst) 0 in the SM
F, = 0.323 +0.008 (stat) = 0.014 (syst) s _ 93 67 ioH f@;?l}u
Liws =L = V Pr+ ot
Fy =—0.004 + 0.005 (stat) = 0.014 (syst) | *° ~We~ f o 7)7
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W helicity in top decays in Run-l P05

« Measurement is affected by two aspects:

- Distortions due to detector effects: resolution, acceptance, ...

- Generalizing the generator level polarization to any scenario

- Weighting procedure is used: SaeARS e /SMF’
3 3 3 0
gFL(l —~ cos@{zen)2 + EFO sin” Ogen + gPR(l + cosﬂgm)2 Fe -
wlep/had/sing]e_t(cosBgen; ?) = 3 ; 3 5 B 7’F X !:R (l‘ewail) )
gFE’M(l = €08 blper )" + EFON SIN" g, + gPEM(l +cosbg,,)”
SM prediction used at
generator level »
« The fractions F_, F, and F_ are extracted using a binned likelihod fit to cos 8*
0 L R
Nuc(i; F) Naata(i) ' Nmc(i, F) = Naxc(i) +Ng(i; F)
L(F)=T] Nam iy P (~Nuc(i: F)) . .
bin i data(i))! Ni(i;F) = Fj Y W (cos 0g,,; F)

tt events, bin i
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