Top quark physics results

Maria Aldaya (DESY)
for the ATLAS, LHCb, and CMS collaborations

SATHRS WSS

28th Rencontres de Blois on Particle Physics and Cosmology

29 May — 3 June 2016
ﬁ HELMHOLTZ
| GEMEINSCHAFT




Why is the top quark still interesting?

LEPTONS
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m, =4.5

» Only quark that decays before

hadronizing:

t(had) ~ 1/Aqep~ 2% 1024 s
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 gluon PDF

T T T T T I e

. t  9woer ¢
JQ.U.ELQEQ< i O(tt) (PhysRevLett.110.252004)
o & i ovwooo——f | 832 +- 40 pb
R ~90% p 252 +- 12 pb
q ¢ 178 +- 10 pb
g ~10% : t
* In SM, t 2> Wb (~100%) = W decay defines final states
Ty MET SHT v jet jet

( MET

b-jet < ¥ ' b-jet . b-jet
// bt g i

BR(u,e)~6% . v BR(n,e)~34% i it BR~46% | . ot
Low bg: d"lm ¢ Moderate bg: J _J Huge bg: |’ )
Z+jets lieptons W+jets lepton + jets acp | all hadronic
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Single top

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

q' q b W
w+ q t
Vi w t W+
t —d V,,~1 b
b g t q'

t
b g d
t-channel tW-channel s-channel
63.912.7 pb 15.7+1.2 pb 4.2910.18 pb
85.212.2 pbh® 22.411.5 pb 5.2410.21 pb
(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: STy STy, eH,T .
" MET \ o MET { MET
jet b _jet/, bije b-jet
b-je e,u,T

= Large backgrounds: W/Z+jets, tt, QCD
M. Aldaya 4
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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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"Top quark production
(differential) cross sections

e First step in understanding top physics

e Test of theoretical calculations and search for new physics

> More i kallke bj A. Sidoki



Run-l inclusive tt cross section

All channels measured at 7 & 8 TeV
to look for the unexpected

» Good agreement with NNLO+NNLL

» Some tension with ABM12 due to the
different gluon density of this set

= Highest precision: dilepton channels
~4%, similar to theory prediction

 High purity (~90%)

e Large acceptance (loose selections)

New =CMS, dilepton eu

* Also used to set limits to stop quark
production

New =

ATLAS+CMS Preliminary LHCIOPWG o .summary, Vs=8TeV May 2016

NNLO+NNLL PRL 110 (2013) 252004
M, =172.5 GeV, o, (M,) =0.118:0.001

1 l v
) 10t5| sta{
SCES ENCeI Aty 8 Tev o, = (stat) = (syst) = (lumi)

scale @ PDF @ «. uncertainty
F—#— 260+ 1'% +8pb

|
|

ATLAS, lepton+jets
PRD 81 (2015) 112013, L, =203 10"

CMS, lepton+jets
arXiv:1602.09024, L, =186~

—e— 228.5+ 3.8+ 13.7 6.0 pb

CMS, lepton+t, ——#—— 257+3x24=7pb

PLB 739 (2014) 23, L, =1961f"

ATLAS, dilepton en g 2424 +1.7+55+7.5pb
EPJC74 (2014) 3109, L, =2031b

CMS, dilepton (ee, u, ey) o 239.0+ 2.1+ 11.3+ 6.2 pb

JHEP 02 (2014) 024, L, =531

LHC combined eu (Sep 2014)
ATLAS-CONF-2014-053, CMS-PAS TOP-14-018,
Liy=53-2031"

2415 +1.4 5.7 + 6.2 pb

+6.3

Ced 2449:+1.4'..+6.4pb

arXiv:1603.02303, L, =18.7 b”

— CMS, all jets
EPJ C76 (2016) 128, L,, =184 fo"

!
I

ol
L

]
275.6 + 6.1+ 37.8 + 7.2 pb

NNPDF3.0 JHEP 04 (2015) 040

MMHT14 EPJC75 (2015)5

CT14 PRD 93 (2016) 033006
Effect of LHC beam

energy uncertainty: 4.2 pb
(not included in the figure)

ABM12 PRD 89 (2015) 054028
[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 b (8 TeV)

Last word from Run-I in dileptons at CMS 2 . Data
S !
Selection: opp.-sign isolated eu pair, jets, b-tags o 60 ijets =RN/{W
by
» Multiple (b-)jet distributions used in template fit with 40 CJwv
uncertainties treated as nuisance parameters E’:‘t(\)ln e
— Signal/background discrimination, modelling sensitivity =~ 2° MC syst+stat

— Constraints on backgrounds and main systematic

uncertainties (fiducial phase space) = LI
=T 00D S . .
— L (@] = 1 = AN hd L BRI
——— Q— —
—— 0_5—0— 1 | Il 1 1 1 | 1 1 1 L | 1 1 A
- 0 1 2

Number of b—ta&g_ed jets

2 b-tagged jets 19.7 fb”' (8 TeV)

>3 add jet cmS

10

Events/GeV

L | 1111
\\\\\\\ SO \\\\‘\\\\\\\\\\\X\ *\\3\\%\\*\\\ \\\\\\\\\\\\i\}\\\\\\\\\\\ \\\& \\\\\\

| I

o|T 128
EEE - AR N 2 IR SN \\\\\\\\\
40 60 80 100 120 140 50 100 150 200 250 40 60 80 100 120 140 160 180 200
P, [GeV] P, [GeV] T[ eV]
Ao = +4.5 ;
7TeV:|og = 173.6 £2.1(stat)" | (syst) = 3.8 (lumi) pb 3.79%) Main syst luminosity, trigger
8TeV:|oy = 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 !

)

+

= Forward region: enhanced sensitivity to BSM, &
can constrain gluon PDF at larger x Z

LHCb e Data

= Combined measurement of tt (75%) and 100
single top (25%) in u+b final state
- 1w pr>25GeV,nin (2.0, 4.5)
- > 1 jet: pyin (50, 100) GeV, n in (2.2, 4.2)
- 1 b-tag 0 . . : /7

20 45 70 95 %0
= Extract top content from likelihood fit to charge P (u+d) [GeV]

asymmetry A(u+b) and event yields N(u+b) A(Wq) = o((t\/viqglaéw:qg
o q)+o q

o(top)[7TeV] = 239 + 53 (stat) + 33 (syst) & 24 (theory) fb
o(top)[8 TeV] = 289 4 43 (stat) =+ 40 (syst) & 29 (theory) fb

Charge Asymmetry

= WWb-only hypothesis excluded at 5.40

* Data
. . T -0.2p- LHCb n
= Consistent with SM prediction (MCFM NLO) W Wh+top
0.4} Bws -
Main syst: b-tagging, theory 0 4‘5 7‘0 4 // .

95
p. (u+b) [GeV]
Blois, 31.05.16
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tt cross section in ep at 13 TeV

CMS eﬁp‘I I ° Data

Pre/iminary

>  tt
B Non W/Z
VV + itV
m W
- Z/Y* — etu:

Njet 1=~

3 >
Number of jets

» ATLAS: already constraining some
systematic uncertainties with data !

» Simultaneous fit to o, & b-tag efficiency

Ny = chﬁee,,2eb(1 — Cpep) + kag

N> = Lozeey, Cpe2 + Ngkg

= CMS: focus on counting high-purity eu events

Selection: eu pair, = 2 jets, 21 b-tag

(~6%)

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

Main syst: luminosity, trigger

Events

ATLAS CONF-2016 005 im
LB LR 3
LAS Prellmlnary ® Data 20

20000 — A
18000 (s =13 TeV, 3.2 o’ E VVtP owheg+PY
16000 E Sfti)ets
= : iboson
14000 — ijet Em Mis-ID lepton
a — Powheg+PY
12000 = ---- aMC@NLO+HW++
e U Powheg+HW++
10000 -+ Powheg+PY radHi
8000 — -—__Powheg+PY radlLo
- N 7
1 )

6000
4000
2000
— . :
| Trmrmrmwmwmrmrmyy

% 1.5: =3
Oy = 803 + 7 (stat) + 27 (syst) £ 45 (lumi) pb | (~7%) § ik
0.5E )
Main syst: luminosity, tt modelling 0 1 N
b-tag
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tt cross section measured at all energies
Re-established tt production at 13 TeV with very early data (< 50 pb-T)

E I I 1 1 I I 1 1 I 1 1 I I 1 I I I 1 I 1 I I 1 1
e 7 g;{:;g’gmzceg‘ iseTf‘f,V)‘L‘""") ATLAS+CMS Preliminary May 2016 -
c MSew7 TeV (L=51b")
O .n3_ . ATLASueuaTeV (L=2031b") LHCtopWG
= 10°F o CMSeusTev(L=197")
O C v LHC combined ey 8 TeV (L = 5.3-20.3 fb")
@ ~ w ATLASen13TeV (L=32f")
n ~ e CMSeu13TeV (L=43pb’, 50 ns)
8 ~ v CMSeu13TeV(L=221",25ns)
— ATLAS ee/up 13 TeV (L= 85 pb ) P :
o O ATLAS I+jets 13 TeV (L = 85 pb) i Limited by systematic
(&) ~ o CMSl+jets 13 TeV (L=42pb") I 1 71 uncertainties
s 900¢ 1 | > Starting to use data
Q 10°F ; 13  to constrain them
K7 - 800r 1 Z
= n i 1 -
O ~ [ 1 7
= T 700f ] -
s g NNLO+NNLL (pp) i { 4
&= NNLO+NNLL (pp) E
10 Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 13 Vs[TeV] —
= NNPDF3.0,m__ =172.5 GeV, a,(M,) = 0.118 = 0.001 -
[ | 1 1 | I 1 | 1 I 1 | 1 I | 1 1 I 1 1 1 ]
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 all channels as a function of many kinematic observables

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

e Use final-state products to reconstruct top quark candidates
do;  unfold(s] — bf)

dX  AX-[Ldt

 Correct for detector effects & acceptance - unfolding

« to parton level: allows comparison with fixed-order calculations

'w = bin width for variable X

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

-1
- e 8lTeV e 13 TeV 2.3 (13 TeV) 11(’;;I'eV CMS Preliminary ~ 2.21b" (13 TeV)
iduci . 1 % - CMS  I+jets particle —*— daa ol > Vf
T L et o I I et U B3 asef Disen Parton level
2 s=8TeV, 20. + Das : g 2 mtt) MG5_aMC@NLO P8 [FxFx] 03k
i 1 t —— CT14nlo ] a [ ¥ ] - I\PA(?V\?h_:MF(’:S@NLO P8 [MLM] ' y(top)
=~ IY( 0p)| CJ12mid ] - 5= g 0.25F
- Siline — - Powheg H 25f
o= 08 MMHT2014nlos8c | 10 = == M%SZQMC%NLOPB F
© . ---NNPDF3ONLO — 3 E == ---- MGS_ 0.2k
e hemazono. 1 92 E . VG5 aMCONLQ He+ i s o
2 .-~ METAVIOLHC N - == i
- 0.6 -] o | ew . Powheg v2+Pythia8
g::::g;sl unc. ] 10° = % 0.1 ®  Approx. NNLO arxiv-1406.0386
1 E . Zmssssszexss =mssssssesss g 4 Approx. N°LO arxiv:1411.2533
04 . ] B PartICIe Ievel T 0'05:— + NNLO 2016 prelim., arXiv:1511.00549 E
Particle level ] 108 & ST I I U TS IS PN FUUN PUU PUTTE
0.2 — S T P PN PPN AR RIS RPN R 12 [ Stat. i
] g‘ g4 e s >l Stat. ® Syst. 1
4 0812 e e 8@ .
-ém 1.4 3 0 e =)
=T 1 = 08 £ . . . . . . . . .
O s 400 600 800 1000 1200 1400 1600 1800 2000 e
al o8 . 25 -2 15 -1 -05 0 05 1 1.5 2 25
0 0.5 1 1.5 2 25 M(t) [GeV] y
Iy CMS-PAS TOP-16-008 CMS-PAS TOP-16-011 t

ATLAS, arXiv:1511.04716
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= ATLAS,L=20.31fb"
arXiv:1511.04716

® CMS,L=19.7fb"

arXiv:1505.04480

——— NNLO (MSTW2008 PDF)
arXiv:1511.00549
approx. NNNLO (MSTw2008 PDF)
PRD 90 (2014) 014006

-~ DiffTop approx. NNLO (CT10 PDF)
JHEP 01 (2015) 082

Parton level
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CMS stat. @ sys

S_. 5] ATLAS stat: @ SYSt - UNG. oo _:
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Data or theory
NNLO

P [GeV]

The p+(top) distribution

Run-l: p; spectrum softer in data than in matrix
element + parton shower simulations

(observed in all decay channels by CMS)

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: p; spectrum softer in data than in matrix
element + parton shower simulations

(observed in all decay channels by CMS)

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[:—| AL L (L L L R L AL B LI LA N NI BNL BN AL BN L ’é r:| 10'1 ; LANLINL L LB B B LA B I B LB BN BN LA I T 0:5
% F Dilepton e Data 3 % F Dilepton * Detn ]
[ —— Powheg v2+Pythia8 [ —— Powheg v2+PythiaB
I(_DJ 10-2 i Parton Ievel - PWheg ‘e+Hem'g++ i l.(_DJ 10'2 i Parton Ievel n Appmx. N1NLO arXiv:1406.0386 i $ o
B~ 3 o8 (FxF 3 Bl=~— 3 4 Approx. N"LO arxivi1411 2833 i@ =
o % ...-J'-‘L_,____ MGS5_aMC@NLO+Pythiag [FxFx] 4 S % ¥ NLO+NNLL' aXiv 160107020 1o ‘.”
: -« MGS5_aMC@NLO+Pythiad [MLM)] : : +  NNLO 2016 pealim., arXiv:1511 00540 : »n O
Amle) ~—|D o >
10° - 10°} {2%
] i joo
. " - i . 5P
0%k Comparison J 10 Comparison {Z23
i + S E i i E i
with NLO+PS e : with NNLO e 3 S
i e e e lllll_u‘_—\
14 Fwm Stat. IR 5 - W Stat. t 1=
12 Stat.@ Syst. e T 1.5 | Stat. @ Syst. —1 o
>le 12 Satesyst 2| s
g5 g5 e
= 0.8 - 1
0'6 A A A A A N 1 A i A 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”



Jet multiplicity 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 tt+H

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

ATLAS-CONF-2015-065
ekl

CMS-PAS TOP-16-008 2317 (13 TeV)
g [TTTTTT e e v N I - : 1o —+— data
SZ 1 dilepton ATLAS Preliminary g | SMS, et partice 1 6o g ﬁl}g\':z
ev, - ] [ stat.
-0 | —_— add jetp, 2 25 GeV © 50 C . |+jetS —_— MGS_aMC@NLO P8 [FXFX]
------ R S MG5_aMC@NLO P8 [MLM]
0 i N — [
: ’ R — - — - Powheg H++
{ - - ---- MG5_aMC@NLO P
_ AN =l 30 ——— MG5_aMC@NLO H++
2 eu-channel ‘\\ —_— C == =
10°: — zg::gg’zgr’;?; ------------------- 0 b Particle level
-~ aMCAINLO+Herwig++ - e m———
-. Powheg+Pythia8 ; - --""";—'*""‘: g ‘~~~\
pry _a- Data Particle level 10 & S N
; C l e T'"' 1
14‘8!! """""" F——————— A | ! .I\\.\‘.;I....I....I.... — __;"
§ 12 SSSatem Sle 2F R
S o I — S -(]C) _‘g 1.5 = _ —
= 0.8- : = 1 :_.___..___.='-'-=-=' ——y
0.6-_ | = E ) ) [ mmmmemmaaa
0 1 2 3 4 0 1 2 5 >4
Number of additional jets additional jets
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ATLAS-CONF-2016-003

Very rare processes in SM
= Measure couplings to bosons, important background for BSM and tt+H

= Established at 8 TeV (also ft+y), first results at 13 TeV |, gMSreimnay 2707013 TeV)
= {t+Z (ATLAS & CMS): :;’ :gf— 3 leptons E:{ZZ
3-4_Ieptons, >_2 jets in different 60 B _
(b) jet categ_orles 50 = E
o Extract tt+Z from likelihood fit 40 .datad"_ven—g
ATLAS: o(tt+Z) = 0.9 + 0.3 pb Theory (aMC@NLO) :g 4Data
CMS: o(f+Z) = 1.1 £0.4pb | 70+ 008pb 10

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

= tt+W (ATLAS):

ATLAS PrelirAinary l 4-Data l Wiz

(s=13TeVv,3.2f0" Ww mwz
Post-Fit zz [ |74
tWZ [ EG

W Other Fake leptons

Events

10°

L neerany d g t  2-3 leptons (one same-sign pair) and
, > 2 jets in different categories
. d « Extract ft+W from likelihood fit
— w

' 1:—_ 1 ] ! _—= G(tf+W) = 1.4 + 0.8 pb

os | Theory (aMC@NLO) = 0.57 + 0.06 pb
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w+ q t
Vi w ¢ w+
t b t
b t q' b
b

t-channel tW-channel s-channel

Single top quark

* 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

* Need multivariate techniques using full event properties to maximize sensitivity

> More i kallke bj J. Andrea



Single top s-channel at 8 TeV

ATLAS, PLB 756 (2016) 228 _ _
ATLAS "~ bam 1 = ATLAS: First evidence of s-channel at LHC !

5=8TeV,20310" g ionommel

Signal region —1 Selection: 1 lepton and 2 b-tagged jets
1000 =:rtl+1em —

] » Use matrix element approach to discriminate signal

* Profile likelihood fit including systematics

oy = 4.8+0.8(stat.) | §(syst.) pb| (34%)

.o , , , — 3.20 obs (3.90 exp)
? 1 ¢ 3
S oAt oA A L
° gfx;_oz 00018 0058  0.102 0.187 +f:1 2000 Muon, 19.7 fb” (8 TeV), 2-jets 2-tags
o
P(SIX) 2 1800 « Data
= CMS: s-channel at 7+8 TeV 8 1600 CMS , [Js channel
. ) 2 Bt channel

Selection: 1 lepton, 2-3 jets, 1-2 b-tags E, 1400 Signal region Ctw

« Use MVA approach to discriminate signal 1(2)3 ' =tZ{+jets

» No profiling of systematics 800 @W-jets

B Diboson
[[]Multijet
[ ]Syst. unc.

8 TeV:|oy = 13.4 4= 7.3 (stat + syst) pb|(54%) zg
2.30 obs (0.80 exp)

200

——— I

7 TeVigy = 7.1 £ 8.1 (stat + syst) pb | (114%) 835 03 -0.25 02 -0.15 -0.1 005 0 0.05
0.90 obs (0.50 exp) CMS, arXiv:1603.02555 DT 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: % 2 jets, 1b-tag Egvvlvtfgzb
CMS: g(t-|-'t) =228 £33 pb (15%) signal model, JES 1 = it

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.pAsmp-m-m

First single top differential cross sections at 13 TeV !
1 isolated w/e,1 b-tag jet, 1 forward light jet, E{™iss

= Maximum likelihood fit to m(W) and BDT discriminant

* BDT discriminant with variables like n(jet) or m(W)

CMS Preliminary 23" (13TeV)

o 2jets 1b-ta e Data d
P Wt-channel -
S 5000 Wirw

> BW/Z+jets

W 4000 [CIMultijet

| |Total syst.

8]
=
= Data described by predictions within large uncertainties g 1
o 08 3
065 Ho0 10 200
m(W) (GeV)
1:.)CMSPrelimina 2.3fb' (13 TeV) 3 2CMSPreIiminary 23" (13 TeV)
ol 12prrrrrr— e mpempeyyypy—p S ——— L o 12prrrrere . : —
9'8 11 e Data { * 11 e Data i
~ we— aMC@NLO (4FS) | = "% w— aMC@NLO (4FS) -
o 10} + Pythia8 i 2 ¢ + Pythia8 i
:.t_" 9 uuunuu! N POWheg (4FS) -S 0 gg _ Powheg (4Fs)
b g + Pythia8 3 "~ + Pythia8 i
% 8" won aMC@NLO (5FS) B .8 08. """ aMC@NLO (5FS) <
< 7 + Pythia8 10X g7 + Pythia8 i
o ; - aMC@NLO (4FS) 1 © '} -« aMC@NLO (4FS)
't):(: 6 + Herwig 1 > 06; _ *+Herwig :
- 4 - !llll' -T-
© 5: T S S ‘\
S 4F e 0.4 |
3§ - 0_3; nnunuo-onnnuuulnli
2] 0.2 T
1 x 3 0.1,
0’ " ol FE— Fa— i 3 o: ...............................................
0 100 200 300 0 0.5 1 1.5 2
pr (t+) (GeV) lyl(t+1) (GeV)
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Single top production: the big picture

All single top processes
studied in Run-|

= Final ATLAS & CMS

combination of Wt at 8 TeV:

Inclusive cross-section [pb

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

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

= First t-channel results at 13 TeV
by ATLAS and CMS

10

ATLAS+CMS PreliminaryLHCtOpWG

Single top-quark production
March 2016

t-channel

s-channel

B ATLAS t-channel

PRDY0(2014) 112008, ATLAS-CONF-2014-007,
ATLAS-CONF-2015-079

CMS t-channel
JHEP12(2012) 035, JHEPOE (2014) 090,
CMS-PAS-TOP-15-004

TLAS Wt
PLBT716(2012) 142, JHEPO1(2016) 064

CMS Wt
PRL110(2013)022003, PAL112(2014) 231802

LHC combination, Wt

ATLAS-CONF-2014-052, CMS-PAS-TOP-14-008 =

ATLAS s-channel
ATLAS-CONF-2011-11895% C.L..
arXiv:1511.05580

CMS s-channel
arXiv:1 80302555 95% C.L.

<« NNLO PLB736(2014) 58
m, = 172.5GaV, MSTW2008nnio
scale uncartanty

== NLO+NNLL PRO83(2011) 091503,
PRDB82(2010) 054018, PRDB1(2010) 054028
m..= 1725GeV, MSTW2008nnio
Wit: i contributicn removed
scale @ POF @ u, uncertanty

NLO NPPS205(2010) 10, CPC191(2015) 74

M= 17256V, k= 1 =My,

CT10nlo, MSTW2008nio, NNPDF2.3nlo (PDF4LHC)
Wt: p_ veto for tt removal=60GeV

and u =85 GeV
- scale uncertanty

scale @ POF @ o, uncertainty

All exp. results arew.rtm = 172.5GeV

|

1 1.1

L1 L 1L 11l

L1 L L 1Ll

|
7 8 13
NB: Not including latest Wt combination or
CMS t-channel result at 13 TeV

\s [TeV]

Ramping up towards new era of high-precision in single top

M. Aldaya
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Top quark mass: overview

ATLAS+CMS Preliminary LHCIOpWG  m,, 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 M otal (tatt syst) 5 Ref
ATLAS, l+jets (*) |—|—-—|-—| 172.31+1.55 (0.75¢ 1.35) 77TeV [1]
ATLAS, dilepton (*) I—l—li-l—l 173.09+ 1.63 (0.64+ 1.50) 7TeV [2]
CMS, l+jets —i— 173.49+ 1.06 (0.43t 0.97) 7TeV 8]
CMS, dilepton —— 172.50+ 1.52 (0.43+ 1.46) 776V [4]
CMS, all jets R 173.49%1.41 (0.69t 1.23) 7TeV 5]
LHC comb. (Sep 2013) ] 173.29+ 0.95 (0.35t 0.88) 77TeV [6]
World comb. (Mar 2014) e 173.34£0.76 (0.36£0.67) 1967 TeV [1]
ATLAS, l+jets H—e—td 172.33£1.27 (0.75:1.02)  77ev [g
ATLAS, dilepton o 173.7941.41 (0.54£1.30)  77eV [8)
ATLAS, all jets —s—H 175.141.8 (1.4 1.2) 77TeV [9]
ATLAS, singletop ~ F——t—s—tmt—| 172.242.1 (0.7 2.0) 8TeV [10]
ATLAS °°mb-(:\ffé§?lﬁ. H—HH 172.99+0.91 (0.48+0.78) 7TeV [g]
CMS, I+jets Het- 5 172.3510.51 (0.16+0.48) 8 TeV [11]
CMS, dilepton F—totH— 172.82+1.23 (0.19+1.22) 8TeV [11]
CMS, all jets HeH 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]

(*) Superseded by results
shown below the line

R

[1] ATLAS-CONF-2013-046
[2] ATLAS-CONF-2013-077

[3] JHEP 12 (2012) 105

[4] Eur.Phys.J.C72 (2012) 2202
[5] Eur.Phys.J.C74 (2014) 2758

[7] arXiv:1403.4427

[8] Eur.Phys.J.C (2015) 75:330
[9] Eur.Phys.J.C75 (2015) 158
[10] ATLAS-CONF-2014-055
[11] CMS PAS TOP-14-022

165 170

17

) 180

m,, [GeV]

185

Fundamental parameter in SM, not
an observable - scheme-dependent

* Pole mass, running mass, different from
mass defined in MC

Top mass (m,,,(MC)) 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

= Continuous efforts to:

* Improve current techniques
* Develop new methods

e Combine results

-> More it kalle bj J. Pledra

M. Aldaya
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Pole mass and other alternative methods

CMS Preliminary May 2016
. [11 b}
= Exploit other (“cleaner”) observables b hadron lifetime 7550 - 1 50 2 201 GeV
TOP-12-030 (2013) T
» Extract pole mass from cross sections Kinematic endpoi
points . +1.70
‘b EPJC 73 (2013) 2494 T O-— 17390:0.90 2.10 GeV
Top-quark pole mass measurements May 2016 b-jot anergy peak
. - e 172.29 = 1.17 = 2.66 GeV
DO oftt), 1.96 TeV 169,10 +5.90 GeV TOP-15-002 (2015) ¢
PRD 80 (2009) 071102 L4 : 5.10
MSTWO8 approx. NNLO Nev’v,:gl_epton T 50 - 5,00 - 090 e
DO oftt), 1.96 TeV TOP-15-014 (2016) ® R
(tt), 167.50 ¥*20 , . GeV
PLB 703 (2011) 422 ® : 470
MSTWO08 approx. NNLO Lepton+SecVix ® 173.68 = 0.20 +1.58 GeV
DO o(tt), 1.96 TeV 1330 arXiv:1603.06536 (2016) -0.87
D Note 6453.CONF (2015) ——— 169507549 GeV oo Kinemat
nnio liepton Kinematics > +2.68
ATLAS ofti), 7+8 TeV 250 W ToPi6002 (2016) @ 70110 09 GV
—— 17290 *2 GeV
EPJC 74 (2014) 3109 2607 Single top enriched +0.97
i TOP-15-001 (2016) n-...-c 172.60 = 0.77 *¥ .0.93 GeV
ATLAS tt+j shape, 7 TeV +2.28
JHEP 10 (2015) 121 @ 173707 511 GeV Sai
CMS tt+jshape,8TeV g = . 169.90-1.10+438 , , GeV
zc: 5 o) TOP-13-006 (2016) -3.49
NeW’: ?CM oftt y 7+8 TeV 173.80 +1.70 GeV
arXiv:1603.02303 (2016) ¢ ' 1.80 oftt) 7+8 TeV o 173.80 170 . GeV
) arXiv:1603.02303 (2016) -1.80
*j@(z MS tt+j shape, 8 TeV PY meoMe ., _avl|l | —m—m—m—m——m———————— N
TOP-13-006 (2016) ' 2667 CMS 748 TeV (2015) PS 172.44 = 0.13 = 0.47 GeV
arXiv:1509.04044 N
World combination
ATLAS, CDF, CMS, DO g 17334 076 -0.76 GeV World combination 173.34 = 0.27 = 0.71 GeV
arXiv:1403.4427, standard measurements M;(L'A1S218:5[1354207N:§61D4c; Sl oo T
araw: X
l I I | I I I l L1 1 1 | I I i I i i I i I i i I ; | A { A A
150 160 170 180 GeV 160 170 180 190
Reaching < 2 GeV precision m, [GeV] m, [GeV]

M. Aldaya 26 Blois, 31.05.16



tt charge asymmetry

LHC A top
: : : C anti-top
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) n

» 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)], p,(tt) )

Ac

0.15¢

0.12}

0.09}

0.06}

0.03L

0.01

-0.03¢

-0.06

ATLAS, EPJC 76 (2016) 87

+

SM

Light color octet
Heavy color octet
Data

ATLAS

Vs =8TeV, 20.3 o |

250

500

750

1000
mg [GeV]

0.2

0.1

-0.1

_ N(A[[>0)-N(A]yi<0)
“ N(A]Y>0)+N(Aly<0)

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

0.3 ATLAS, PLB 756 (2016) 52 New
o U. I

3 data
— NLO

H—e—H

I

[
ATLAS 8TeVv, 20.3fb"

>0.75

0.75-09 09-1.3 >1.3
m_ interval [TeV]

M. Aldaya
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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 Preliminary LHClOpWG Is=7TeV Sept 2015
= Plethora of results from ATLAS and CMS P
tt asymmetry Ac *(stat) +(syst)
. - N ATLAS l+jet (- 0.006 +0.010 + 0.005
= No significant deviation from SM e sz ot
CMS l+jets H—e—fH 0.004 +0.010 £ 0.011
PLB 717 (2012) 129
ATLAS+CMS l+jets H——H 0.005 + 0.007 * 0.006
= Several BSM models can be excluded i o s oo
JHEP 05 (20153?6? on ’ - -
0.8 TV T T T CMS dilepton h—e—H -0.010 + 0.017 + 0.008
- J heavy ax[g|ug n JHEP 1404 (2014) 191
ATLAS W' boson | Theory (NLO+EW) 0.0123 +0.0005
. PRD 86, 034026 (2012)
L W’ & .
0.06 - . golour-sextet,scalar | _ lepton asymmetry
. \\\ ATLAS dilepton H—H 0.024 +0.015 + 0.009
I~ \\\ 4 : JHEP 05 (2015) 061
N - CMS dilepton H—e—H 0.009 +0.010 + 0.006
cO | 0 '-H"“~ H ) [ et so JHEP 1404 (2014) 191
0.04 ' h Theory (NLO+EW) 0.0070 + 0.0003
- PRD 86, 034026 (2012)
: _ | | ! |
scalar isodoublet -0.1 0 As 0.1
O
<L ) J_>| ATLAS+CMS Preliminary LHCIOpWG \s=8TeV Sept 2015 Z
0.02 ATLAS - iy
O e e - > tt asymmetry g
(2] Q
| ‘ | s
L e e p—— = m ATLAS l+jets H—=— 0.009 *+ 0.004 + 0.005 S
0 L I | 2 arXiv:1509.02358 «Q
™ ‘ CMS 1 o CMS l+jets template HeH 0.003 +0.003 £ 0.003 L
- ‘ . ; arXiv:1508.03862 8
\ Models from — . =
B L . 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 ; bt e 8
~ ATLAS l+jets boosted 0.043 +0.019 £ 0.026 'S
0 01 02 A 03 04 05 ATAS s bocmed | o0 3
ATLAS-CONF-2015-048 ~
FB Theory (NLO+EW) 0.0160 + 0.0004 o
JHEP 1201 (2012) 063 §
. i i @
> More n talk bj 1. Brock L L =
AC
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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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W helicity in top decays in Run-l cus .0

0'8 ~— |eft-handed
Anomalous contributions to the tWb vertex change AU e P i
the probabilities of the W helicity states Ke* '
b — + ....... > 04l FO '
» [n SM: 3 possible W helicity states (Fg+F +F,=1): v,/W ank Fr
| dl 3 3 , 8 . o et T
— = —(1 +cos#” )ﬂ —(1 = cos#* )ﬂ — sin” H"H -1 -05 0 0.5 1
["dcoso* 8 ' 8 4 cos 9*
SM: ~0% ~30% ~70% Sensitive variable: cos(6)
= Helicity fractions extracted from maximum likelihood fit to F, and F:
) 19.8 fb' (8TeV) 010 19.8 fb™' (8TeV)
w038 0 e+jets _
F o o m»;::s Foosf- CMS PWese: cL
0.36 - ® lsjets combined Exclusion limits 0081~ V=1, V=0 [ Jos% cL
03l N SM on anomalous *%E combined w+jets and e+jets * SM
N N tWb couplings 0.02
I~ 0.00
0.32_— ) 00
0.30:— -0.04
F e Most precise Fyand .
0.28— FL results so far ! -0.08
060 ‘o.lszl ' 01[54 ' oi;e ' 'o.z;sl ‘ 'o.|7o‘ l 'o.lnl ' 'o.lu' o6 (< 50/0) % I-ol.zl - '.o|.1' - 'o!o' . 1031' . 'o.lzl B
Fo Re(g,)

F,= 0.681 +0.012 (stat) = 0.023 (syst) 0 in the SM
Fo= 0323+0.008 (stat) £ 0.014 (sys) | . s _ 9 5[ p @fz iauuqf@:%au
= - = + tw,
Fp =—0.004 + 0.005 (stat) = 0.014 (syst) | "° ~"* 2 (ViPe+ ey + mw L )W,
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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
* Access to new physics in the top environment

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

CMS: https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP
M. Aldaya 32 Blois, 31.05.16
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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

|

A ABM12LHC B

¥ CT10nnlo =

E NNPDF3.0 ——

® MMHT14nnlo68CL +—@——

(NNLO QCD |nner uncer} PDF only) N e
O 15 0 2 O 25 0.3 0 35 0.4 045 0.5

tot / ~tot
o /GZ

» General good agreement between
data and different PDF

e ABM12LHC uses smaller gluon density

Run-Il: potential to explore different
ratios, also at different energies, to
constrain further PDFs

M. Aldaya 34
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t'i:+b(b) production at 8 TeV ATLAS, arXiv:1508.06868

Irreducible, non-resonant . ‘ 2 yEYS T e

in - b 3 4 Ys=8 TeV, 20.3 fb™ (o [z+iets

background for tt+H(bb) wavgbo~<5 i 10 i e Cowesn

B Bttt WINP & fakes]

g “TTTTTTTTTT" t 10° 23j,22b

= tt+bb in dileptons (ee, uu, ew) e et -
tt+b in |+jets and in eu channels 102

= Signal extraction by fit to MVA b-tag discriminator (tt+b, tt+bb) 10
and cut-based (tt+bb)

1
. ey B 12
= Compare to different g->bb splitting models s
© 0.8 _
o . ‘ .
1 08 07 06 05 0
21 +4j+2b 21+ 3j+2b 11+ 5]+ 2b MV1c efficiency
ttbb dilepton ttb dilepton ttb lepton-plus-jets ATLAS -
‘ out-based \s=8Tev, 203" | ttob dilepton ATLAS B
fitbased MG~ B B .. Measurement results /s=8 TeV, 20.3 fb
Ol | Measurement result
: stat. @ syst. |} stat.
@  aMC@NLO+Pythias (BDDP) stat. © syst. stat.
r-!—| B aMC@NLO+Pythias (H /4) KA V' MadGraph+Pythia
A A Powhel+Pythias (H/2)
: * X pythia8 (wotqd)
A V MadGraph+Pythia
E * * X Pythia8 (wgtqd) L *  pythias (wotas)
+ o Pythias (wgtas) R R
E €@ Pythias (watqs, sqtq=0.25) Fythiad (wotes, 94=0.29
A' /A Powheg+Pythias (inclusive ) A /A" Powheg+Pythia6 (inclusive )
/// l‘ L 1L l L 111 I 1 11 I 1111 l 1.1 11 ll
5101520253035 20 40 60 80 500 1000 1500 1 15 2 25
fid fid fid - ,
Oltob dilepton [P] Oito dilepton [1P] Olth lepton-plus-ets [1P] ofid / 0{{5 [%]
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ti"'b(b) production at 8 TeV  cus, axiv:1510.03072

» Dilepton channels:

e Differentially as a function of the kinematic properties of the additional b jets

19.7 b (8 TeV) 19.7 fb' (8 TeV)
; _II|II||||I||||J||||\|||||||||||||||_ ;‘ EIIJlIIIIlIIII||||||||||I||||||I|||II|:
@ 10-2 - CMS e Data _ ) F CMS e Data
Q 8 Madgraph+Pythia6 3 Q r ttbb PowHel+Pythia6
2 . ttb ---=. MC@NLO+Herwigs - g 108t -
T TLL E°W:eg+:ythi?66 1T o1 8 . Comparison with
o) F= T [V S owhegrrentig ER N = i NLO ttbb calculation
S - 1 Jlo _
i ' ] 107 ¢ E
10% ¢
: 107 .
Sl e v b e b by I B | _'lllll',I'III"II,IIII!IIIII!IIII!IIII:
10 - Stat. . - 3 [ Stat. b
> o |- Stat. @ Syst. R E ST ECET sy Sle °F Stat. ® Syst. ]
8 E r joimimimimimim e e _QC) CDU 2 __ —
P 1 Sl |
O =56 700 150 200 250 300 350 400 O ™50 100 150 200 250 300 350 400
Leading add. b jet p_ [GeV] m,, [GeV]
36 Blois, 31.05.16
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High precision top mass measurements

CMS Lepton+1ets 19.7 b7 (8 TeV)

= CMS: I+jets channel: 1 we, = 4 jets, 2 b-tags g 120005 mlicomect | EmSnglt T
10000 _ EI g rjv;?nna%ched E} (z;+ ‘E)tfnumjet

* 2D likelihood fit to extract m,,, and light-quark jet soool Data 1 Diboson ;

energy scale from W-mass constraint - ‘ After P, selection

* All different jet permutations are taken into account o000

4000}

miY° = 172.35 + 0.16 (stat+JSF) = 0.48 (syst) GeV| (0.29%)

2000}

vY0r0°60S L:AIXIe ‘SIND

-
—_ O
—

Main syst: bJES, b hadron decay modelling

i 1,1.‘.1111'./’
100 200 300 400
fit
"—v—'—'—'—*im . m{t [GeV]
e Data ATLAS Pre|iminaryi u ATLAS d||ept0n Channel

Data/MC Permutations /5 Ge

b
()]

E 500:
& U i 1% background  \s=8TeV, 20.2 b’ 2 leptons, = 2 jets, b-tagged jets, cut on p; of the
2 - —— Bestfit : : :
= r Only public document is talk  lepton-b-jet systems (p+lb
§ 400; Uncertainty L)I/-IF())topWG meeting ? P ey (Prie)
- - e Likelihood fit to mib distribution
300F
g m,,, =172.99+0.41(stat.) £0.74 (syst.) GeV/| (0.49%)
<0 Main syst: (b)JES, hadronization, ISR/FSR
100 : :
: = Combine with 7 TeV result (ATLAS, EPJC 75 (2015) 330):
» e Ko Wstmrmned Bt emred L riscad B Il
0%%0 60 8 100 120 140 160 m®°™=172.84+ 0.34 (stat.) +0.61 (syst.) GeV| (0.40%)
<0 [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
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Other alternative methods
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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
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*+* Consistent with SM, limited by stat. uncertainties
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