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Why is the top quark still interesting?

LEPTONS
Elec. Neutrina | Muon Meutrine | Tau Meutrino
mv_~ 0 mv,~ 0 mv,~ 0
: e | @
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m,=0511x10° | m, =0.106 | m=1.78 ‘
QUARKS
- : Top
° - m, =173 GeV
Up Charm
m, = 2.4 x 10 m, = 1.27
- -
Down Strange Bottom
my=48x1021 m,=0.104 m, =4.5

= Only quark that decays before
hadronizing:
t(had) ~ 1/Aqep~ 2% 102 s
7(top) ~ 5% 102° s << 1/Aqep

- 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 (tt) production: sensitive to as and gluon PDF
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(PhysRevLett.110.252004)

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

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

q' q
W+
th W
t Vi, ~1 b t
b g 5
t-channel

63.9:2.7 pb
85.212.2 pb®

217.0:8.4 pb

(1) LHCTopWG: calculations with HATOR, see also  hitps:/fiwiki.cern.ch/twikifbin/view/LHCPhysics/SingleTopRefXsec
All with top mass = 172.5 GeV

(3): M. Burcherseifer, F.Caola, K. Melnikov: arxiv:1404.7116

= Final states: eHT

{ MET
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= Large backgrounds: W/Z+jets, ft, QCD
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22.411.5 pb 5.2410.21 pb

71.7+3.8 pb 10.32+0.38pb

[2): N. Kidonakis Phys. arXiv:1205.3453
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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 | X,
Today’s talk
Selection of:
‘\:\ q Latest Run-l results
h
( jet L Mmass, width, 13 TeV results

charge, lifetime

q .
b jet\‘\\iA : :
single top production,

(_ljet 41 V,,,, couplings, PDFs
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(dlfferentlal) cross sections

* First step in understanding top physics

e Test of theoretical calculations and search for new physics

> More in alk bj A, Sido L



Run-l inclusive tt cross section

All channels measured at 7 & 8 TeV ATLAS+CMS Preliminary LHCIOPWG o _summary, is = 8 TeV May 2016
to look for the unexpected |- ey 21725 GeV, o (M ) = 0118+0.001 ]
zg:z u@nclfl:l;tlfgtis uncertainty 8 Tev o+ (stat] = {syst) = {lumi)
= Good agreement with NNLO+NNLL _ _.
ATLAS, lepton+jets . —#— 26012 +8pb
« Some tension with ABM12 due to the ;T; l{z‘”f‘“‘?‘m' b 2030
. . . , t :
different gluon density of this set vsomoome L eroen o 2285238213.7260pb
CMS, lepton+t, | 257+3:24=7pb
PLB 738 (2014) 23, L, =196M"
» Highest precision: dilepton channels ATLAS, dilepton ey | 242.4:17+55+7.5pb

EPJ C74 (2014) 3108, L =2031"

~4%, similar to theory prediction
 High purity (~90%)

CMS, dilepton (ee, uu, ep) | 238.0+2.1+11.3+6.2pb
JHEP 02 (2014) 024, L =531 :

LHC combined eu (Sep 2014) [ : 2415 +1.4 = 5.7 + 6.2 pb
ATLAS-COMNF-2014-053, CMS-PAS TOP-14-018,

Liy=53-203f"

 Large acceptance (loose selections)

o =LMS, dilepton ey ) . 2449 +1.4° ;. +6.4pb
* Also used to set limits to stop quark arXv:1603.02303, L, =18.7 1
roduction %:GMS- all jets | e |
p EPJ C76 (2016) 128, L, =184 : 2756 +61+£378+7.2pb

i NNPDF3.0 JHEP 04 (2015) 040
I I MMHT14 EPJC7s (20155

CT14 PAD 93 (2016) 033006
Effect of LHC beam - !
energy uncertainty: 4.2 ph : ABM12 PRD &8 (2015) 054028
{nat included in the figure) ' [ua{h-'l?] =01 13]
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o, Ipb]
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tt cross section in ep at 7 & 8 TeV cus, arXiv:1603.02303

Last word from Run-I in dileptons at CMS 2
()

Selection: opp.-sign isolated eu pair, jets, b-tags o 60

» Multiple (b-)jet distributions used in template fit with 40

uncertainties treated as nuisance parameters
— Signal/background discrimination, modelling sensitivity 20

— Constraints on backgrounds and main systematic

x10° 19.7 fb™ (8 TeV)
e Data
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p, [GeV] p, [GeV] p, [GeV]
Ao = +4.5 .
7TeV:|og = 173.6+2.1(stat) 4o (syst) £38(lumi)pbl ' wain syst: uminosity, trigger,
8TeV:|oy = 2449414 (Stat)fg:g (syst) + 6.4 (lumi) pb lepton selection
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Top production in forward rapidities

First observation of top quarks at LHCb !
» Forward region: enhanced sensitivity to BSM,

can constrain gluon PDF at larger x

= Combined measurement of tt (75%) and

single top (25%) in u+b final state
-1 up;>25GeV,nin (2.0, 4.5)

- 2 1jet: p;in (50, 100) GeV, 1 in (2.2, 4.2)

- 1 b-tag

= Extract top content from likelihood fit to charge
asymmetry A(u+b) and event yields N(u+b)

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

= Wb-only hypothesis excluded at 5.40

= Consistent with SM prediction (MCFM NLO)

Main syst: b-tagging, theory

LHCb, PRL 115 (2015) 112001
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tt cross section in ep at 13 TeV

CMS-PAS TOP-16-005

220" (13 Te

%oooo-,?“ﬂs. SO | - Data
relimina . . .
= 7 Njet 17~ = Non Wiz = CMS: focus on counting high-purity ep events
; - :\’Rl/ + ttV Selection: eu pair, = 2 jets, =1 b-tag (~6%)
0
£ 5000 m Zi* - etu’ .
2 oy = 793 = 8 (stat) £ 38 (syst) £ 21 (lumi) pb
Main syst: luminosity, trigger
o019
S
e ATLAS-CONF-2016-005 w
0.6 ' ' : . 2] L L L L y
0 1 2 8 24 § 2000 ATLAS Preliminary ® Daia 20
Number of jets G iooof- {s=13TeV, 3210 o WFoWoa+PY
= ATLAS: already constraining some 0\ bjet = %fé%? t
. . . . — [ ] 15- epton
systematic uncertainties with data ! HOE @ = PounegPY
120002— aMC@NLO+HW++
« Simultaneous fit to o, & b-tag efficiency 10000 = S PounegPY rad
8000 — - Powheg+PY radlLo
bk - N ¢
M - 32225—1 |
— _ 2 bkg 2000 N2
T F E
Oy = 803 + 7 (stat) + 27 (syst) + 45 (lumi) pb | (~7%) 3 F .
05 3 , ‘ ' -
Main syst: luminosity, tt modelling 0 1 2 =3
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™)

l I I | | I 1 | I I 1 I I 1 | I I | I
Tevatron combined 1.96 Tt-:*‘\uIr (Ls88f"

CMSeu7 TeV (L=5fb")
ATLAS ey 8 TeV (L =203 fb") LHCIOpWG
CMSeu8TeV(L=19.710)

LHC combined eu 8 TeV (L = 5.3-20.3 fb’ "

ATLAS ey 13 TeV (L=3.2fb")
CMS ey 13 TeV (L = 43 pb”!, 50 ns)
CMS eu 13 TeV (L=221", 25 ns)

ATLAS ee/ppn 13 TeV (L= 85 pb)
ATLAS |+jets 13 TeV (L=85pb )
CMS l+jets 13 TeV (L=42pb™)
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Czakon, Fiedler, Mitov, PRL 110 (2013) 252004
NNPDF3.0, Moo = 172.5 GeV, us[l'\.l"lz} =0.118 = 0.001

13

II’TS ['II'eV]-

ATLAS eu 7 TeV (L=4.6 fb") ATLAS+CMS Preliminary May 2016 7
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| Limited by systematic

uncertainties
- Starting to use data
to constrain them

2 4 6 8 10

= Dependence as a function of Vs well understood

]

2

o IIII|

s [TeV]
* ATLAS: {/Z ratio (13 TeV): 0.445 + 0.039 - test gg/qq ratio, cancel some syst. (lumi) 5r-25-=ONF

4

-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

» Use final-state products to reconstruct top quark candidates

do;  unfold(s] — bf)
dX  AX. [ Ldt

Al = bin width for variable X

 Correct for detector effects & acceptance - unfolding

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

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

-1
_ — 8|TeV - 13 TeV 230" (13 TeV) 135;I'e CMS Preliminary ~ 2.215" (13 TeV)
K - . . ' ] < _CMS leiets article_’_data ol 0 ””,“I”l””llHlllulll”lll”ll”“lHlllllll
E 1I2_?_TLA5 . Fiducial phase-space % 1 L Preliminay Jets p [ sys @ stat -5‘-5 0351 Dilepton Parton level
= [ 's=8TeV. 2031 ¢ Dam 1 0 E o005 avcanors g P
= B —— CT10nlo 1 o r Y 0.3F
= —— CTiono 1 2 C m(tt) MGSHaMgs@NLO P8 [MLM] y(top) New
2 i ly(top)| CJ12mid 1 TanE = il e 0.25F
o= : MMHT2014nlo68c | g0 == .. I\P/I%a“éheng-(l)%NLo P8 .
- 08 -==NNPDF3ONLO — ©|S F == MGS_SMC@NLO Het 0.2F 3
= — HERA 2.0 NLO ] o] r s - s Data
2 - METAVIOLHC - 1 i o N 0.15F —— Powhog v2+PythiaB
0.6 Stat. unc. = 102 & ew
Stat.+Syst. une. ] E 0.1F—== ® Approx. MMLO arxiv-1406.0386
1 C . et e ARl & Approx. NPLO ariv:1411 2633 ]
0.4 ] 7 “Particle level T 0.05F #+  MNLO 2016 preiim,, arv:1511.00549 E
ParthIEIEVEI : 10‘3:_ T FETTI FEE T AN Tl AR ANl AN TRl AT PN Tl FRNRE
— Ev b b e e e e - Stat. ]
0.2 4 > =YY 12 Stat. ® Syst. ]
4 B E 1.4 = P P [ LT
c 1 0812 Emmme - oo E3 1 e e
2« VE 4 €° g =T . = ; :
%E 1 = 08 E_ ‘ . . ‘ . 08 |- -
& ] O S 400 600 800 1000 1200 1400 1600 1800 2000 2E _'2 _1' 3 _'1 —DI 3 U' 0'5 T '5 2 55
0 05 1 15 2 25 M(t) [GeV] .CMS FI’AS TO'P 16 0'11 ' y
R t.had, - - - - - - t
ATLAS, arXiv:1511.04716 %™ CMS-PAS TOP-16-005
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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

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

1 CMS Preliminary 221" (13 TeV) 1 CMS Freliminary 2.2 b7 (13 TeV)
— 107 3 LI [N L N L B L L L L L L B L L LB I 1§ — 107 E_I LI L L [ B B B L L [ B B IO '?
'E F Dilepton « Data 'E F Dilepton s Dam
[ : i —— Powheg v2+Pythiss
O] Parton leve| —— Fowheg v2+Pythias Parton level e 1
= _ 102 3 ----- Powhag v2+Herwig++ E E‘ - 102 3 : :EEEi :?ﬁ:f::ﬁiﬁ? § 2
_E|‘fg. ____r‘_“[___m MES_aMCENLO+Pythiad [FxFx] _g ‘:E_ F i —— ML ML a0t 07050 {00
-5 -0 --- MGS_aMCENLO+Pythiad [MLM] ] - +  NMLO 2018 aealim,, ardivii511 00548 | 8 ;
107} - E 10°F 3 2 c_’:
i New i | KX
. - . 107
oL Comparison | 1ok  Comparison 1z
with NLO+PS s 3 with NNLO '3}"‘ :
I L ] —_— e '.---!-'%:‘
14 Fwm Stat. e Sl E Stat, t 1
g 12F Stat.@S8yst. [T eemmmas = > 1.5 |- Stat. @ Syst. 1o
g8 f 1 2z 18
= 0.8 3 = 1 ] o
l:IE i i L i i _: C i M i L i ]
0 100 200 300 400 500 0 100 200 300 400 500
;:n‘T [GeV] p‘T [GeV]
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Measure top quarks at high p; using
optimized event selection &
reconstruction up to TeV range !

» Parton and particle level

High p; tops: entering boosted regime in Run-l

A: pr-dependent
isolation cone

C: Non-isolated

= Slightly softer p; spectrum in data
for both ATLAS & CMS

! [fb/GeV]

do,/dp

Pred. / Data

10

102

ATLAS, PRD 93 (2016) 032009
SRR LA UL L L L L B LA LR L L
e o 3
E Fiducial phase-space .
B u Data _
| ™ r POWHEG+PYTHIA |

1§ v « ALPGEN+HERWIG 3
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» . _
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| VE=8Tov, 20310 , . i
= Fy
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0.5- ................................................................................................................................................ -

I+jets channel
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A: pr>300 GeV
C: pp > 400 GeV

A

enton o Hadronic
p ¢ — top
Leptonic
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b
b-tagged | Large-R jet, top-tagged |
CMS, arXiv:1605.00116 19.7 o™ (8 TeV)
S\10:||||||
[ = CM ¢ Data
O) SR —— Powheg+Pythiaé
O N - - -« MadGraph+Pythia6
= 5 — - MC@NLO+Herwigé
o 1 Stat. uncertainty —
O £ jm===s Stat. @ syst. uncertainties J
B C —— ]
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¥
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> i SRR
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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 ft+H

= High jet multiplicity dominated by parton shower, further tuning

needed to improve description of data (CMS)

ATLAS -CONF-2015-065

CMS-PAS TOP-16-008

230" (13 TeV)
§ [T = : . S
5 z 1| dilepton ATLAS Preliminary g f %,“g}fn,,,a,y'ﬂets Particle —— ¢ys o sta %
e C ) ] stat.
ML Besuguavs add > 2 o 0 C I+jets —— MG5_aMC@NLO P8 [FxFx]
d. jel p 5 GeV Ca—= X s
=" e m—— N MG5_aMC@NLO P8 [MLM]
10" /==l="—"" S~ . 40 = —_- Eowﬂeg Es
: / il C — - Powheg H++
{ —_— 3 - --- MG5_aMC@NLO P8
\ s ——d 30 — ——— MG5_aMC@NLO H++
eu-channel ‘\ _ C — =
10 2 — Powheg+Pythia6 ~~=ae____________o=="" C Particle level
— - Powheg+Herwig++ T 20 —
== AMCAINLO+Herwig++ = ' e ———
- Powheg+Pythia8 ; B =T -
. Data Particle level 10 —— \\‘
; - { e i
14I-J-SI-EI ------------------ -_ :||||| | | ||‘\|\‘|;|| i TR AT = .__’-',
i) 1 '2- : Siat. +S'5|'51. h © 2 E P -
S il - O |+ E e
C 1= 0815 E _ N
&) - c|O E e T T
E _8. + 1 ;_I-——-l————=_"= ===z
6 - —
0 1 2 3 4 0 1 2 3 >=4
Number of additional jets additional jets
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ATLAS-CONF-2016-003

tt+Z and tt+W at 13 TeV  cys.oas rop16.00

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 Te\/ 1 (SMSPrelmnay _ 27®7(13TeV)
- [= )
= tt+Z (ATLAS & CMS): L;:!-j 7 3 leptons Enz
W2
3-4 leptons, > 2 jets in different _ ;
(b) jet categories lix E
« Extract ft+Z from likelihood fit M- B
.data-dnvan ]
ATLAS: 0(tT+Z) =09+0.3 pb Theory (aMC@NLO) -+—Data ;
CMS: o(f+Z) = 1.1 £0.4pb | 70+ 008pb

21(=00) 2i(=1b) 3j(=0b) Jji=1D) 3j{=2D) 4){=00) 4j{=1b) 4j(=2b)

T T ! .
ATLAS  Preliminary - Data Wiz
Vs=13TeV,3.21" Wiw Bwz
Post-Fit 7z ez

= tt+W (ATLAS):

WZ WiH
W Other
. - tneenamy d g t  2-3 leptons (one same-sign pair) and
, > 2 jets in different categories
¢ « Extract ft+W from likelihood fit

w

o(tT+W) = 1.4 = 0.8 pb

Ef/— e e

1.

5]

PR |

Data / Pred.

Theory (aMC@NLO) =0.57 + 0.06 pb

frid
oom oo

3,
L. W‘?'CR q‘i’z-cg SL_’?OZ.‘?& e'{"'SS
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w+ q t
th "% ¢ w+
t b t
b - _
g 5 g t q 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 in allke bj J. Andrea



Single top s-channel at 8 TeV

ATLAS, PLB 756 (2016) 228

£ O arias . ome 1 = ATLAS: First evidence of s-channel at LHC !
i [§=8TeV,20310" g oo 1 . )
— 1 i Selection: 1 lepton and 2 b-tagged jets

Signal region —

[ Wiets
[ Z+jets, diboson

I Multi-jet
77777 Post-fit uncertainty

» Use matrix element approach to discriminate signal

* Profile likelihood fit including systematics

o, = 4.8+0.8(stat.)*]5(syst.) pb| (3a%)
.0 , — 1 _ 3.20 obs (3.90 exp)
B 1iE E
% 1.02—;-¢—;—¢-+~+~+-+-*-+—-—+~§-+—+-+*--+.i.+.i.+.§
T 09F , , , . :
° 0.0002 00018 0058  0.102 0.187 1 o 2000 Muon, 19.7 fb”' (8 TeV), 2-jets 2-tags
P(SIX) S 1800 - o Data
= CMS: s-channel at 7+8 TeV o c CMS - [Js channel
. : @ 1600 Bt channel
Selection: 1 lepton, 2-3 jets, 1-2 b-tags § 1400  Signal region Chtw
 Use MVA approach to discriminate signal 1200 £ Egﬂ.ets
1000 £~ - ;
» No profiling of systematics g0  =s =H;f;2n
N P o/ 600E [Multijet
8 TeV:|oy = 13.4 4+ 7.3 (stat + syst) pb|(54%) jont ] CSyst unc.
2.30 obs (0.80 exp) 200; NRate syst.
7TeV:|oy, = 7.1 +8.1(stat + syst) pb | (114%) 835 0.3 -0.25 -02 -0.15 -0.1 005 0 0.5
CMS, arXiv:1603.02555  DD1 Discriminant
0.90 obs (0.50 exp) ’ ' '
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Single top t-channel at 13 TeV

4 q \(— light forward jet (j)

CMS Preliminary

out of acceptance

g 1O

'} Selection: g 2 Jets, 1b-lag 3

! -1 lepton (CMS: u; ATLAS: u/e) & d

b -2 or 3 jets, c_”,

g 5 -1 or 2 b-tags E
z

&

= Control regions for main backgrounds

. . C . 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

* Most relevant variables: n(j), m,, m,,,, m;,, m(W)

. = [ ATLAS Prelminary (=13 TeV, 321" |
= Cross sections: S " SRt o Data -
ATLAS: o(t1) = 229 + 48 pb | (21% g % yjets, tbtag i
- o(tH) = pb | (21%) Main syst for both:  § e g O 7% e diboson
CMS: o(t+1) = 228 + 33 pb |(15%,) signal model, JES T - Mulijet

////. Post-fit uncertainty |

* CKM matrix element [Vib| = V(g2 [gtheo) :

6.0-9102-dNOD-SV1LV

ATLAS: |Vitb| =1.03 £ 0.11
CMS: |Vtb| =1.02 £ 0.07

(for Vil » [Vigl << [Vyl)

Data / Pred.

0 02 04 08 08 1
NN output
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t-channel differential at 13 TeV cussms ronio00 SE

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

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

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

» Data described by predictions within large uncertainties

1/6 xdo/dpy(t+) 1 25

.
o oM

- M W B o~ WD

=

2.3fb1 (13 TeV)

e Data ]
— alMCENLD (4FS) -
+ Pythia8 :

— Powheg (4FS)
+ Pythia 8 5
LI EMCNLG {EFS}
+ Pythia8 3
=== aMC@NLO (4FS) -
i + Herwig E

= e

200
pr (t+f) (GeV)

1/ 6 x do / d|y| (t+f)

CMS Preliminary 23 (13TeV)
e 7000 e R TR -
2jets 1b-tag e Data ]
- 6000 Bi-channel -
S 5000 Wi
> PwWZ+jets
L 4000 CIMuttijet

| |Total syst.

o O
s 12
S :
[ [
= , - TR
D'Eﬂ 50 100 150 200
m(W) (GeV)
1 ECMS Preliminary 2.3 (13TeV)
1‘ ‘1 « Data
x = aMC@NLO (4FS) -
1 + Pythia 8 ]
09 —— Powheg (4FS)
T + Pythia8 i
BE . un aMC@NLO (5FS) -
: + Pythia 8 :
1 === aMC@NLO (4FS) 1
6 = 1 +Herwig ]
. (LR I“lillll. .
2 K3
R 05 1 15 2
Iyl (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

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

10

ATLAS+CMS PreliminaryLHCIOpWG =
Single top-quark production
March 2016 *

t-channel

|
‘ ‘

LI B
i
[}
1
f
|:.
o
LR
=
4]
0

ATLAS t-channel

FROBO(2014) 112008, ATLAS-CONF-2014-007,

ATLAS-COMF-2015-078

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

ATLAS Wt
PLAT16(2012) 142, JHEFO1(2016) 064

CMS Wt

FRL110(2013) 022003, PALT1Z(2014) 231802

LHC combiration, Wt

ATLAS-COMF-2014-052, CMS-PAS-TOR-14-00% =]

ATLAS g-channel
ATLAS-COMF-2011-118 95% C. L.,
arXiv:1511 05880

CME s-channel
arxiv:1 60302555 95% C.L.

== NMNLO PLB736(2014) 5B

my,= 1T25GeV, METW2E00Bnnic
scale uncertanty

== NLO4+NNLL PRO&3(2011) 081503,
PROB2(2010) 054018, PROB1(2010) 054008

m_ =172 5GaV, MSTWa008nnia
Wt contribution rermaved
scale & FOF & i, uncertanty

NLO NPPS205(2010) 10, CRC191{2015) 74

my,= 1T25GaV, = = My,

CT10nko, METW2008ne, MMPDF2.3nlo (POF4LHC)

W p° veto for  removal = 60 Ge
and p_=£5 Gy

- scale uncarianty

scale & POF & o, uncertanty

All exp. results arewortm =173 Gev

{

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

Vs [TeV]

M. Aldaya
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[GeV]

200
150
100
50
ol= o s % b op quark properties
B O £ £ Q
" £ 235 g °
v P £ 0
-ua (&) 0 © Femilab 01-XXX
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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 total stat

My = 173.34 £0.76 (0.3 £ 0.67) GeV Sp—— 5 Rel
ATLAS, l+jets (*) |—|—-—|-—| 172,314 1.55 (0,75t 1.35) 7TeV [1]
ATLAS, dilepton (*) I—l—-—|—| 173.09£1.63 (0.64£1.50) 7TeV [2]
CMS, l+jets e 173.49+ 1.06 (0.43+0.97) 7TeV [3]
CMS, dilepton —t+otti] 172.50+ 1.52 (0.43+1.46) 7TeV 4]
CMS, all jets o 173.49+1.41 (0.69+1.23) 7TeV 5l
LHC comb. (Sep 2013) - 173.29: 0,95 (0.35: 0.88) 7TeV 6]
World comb. (Mar 2014) H*H 173.34+ 0.76 (0.3620.67) 1967 TeV [7]
ATLAS, l+jets H—a—t 172.33+1.27 (0.75¢1.02) 7TeV ]
ATLAS, dilepton —f——| 173.79t1.41 (0.541.30)  77ev [g)
ATLAS, all jets B 1751218 (142 1.2) 776V 9]
ATLAS, single top ~ ——t—s—=— 172.2+2.1 (0.7£2.0) 8TeV [10]
ATLAS comb.(:‘fja;:,";ﬁ. H-¥H 172.99+0.91 (0.48:0.78) 7TeV 8]
CMS, I+jets HetH i 172.35+0.51 (0.16+0.48) 8 TeV [11]
CMS, dilepton —fofi 172.82+1.23 (0.19£1.22) 8 TeV [11]
CMS, all jets HeH : 172.32+0.64 (0.25£0.59) 8 TeV [11]
CMS comb. (Sep 2015)  HH 172.44+ 0.48 (0.13:0.47) 7+8TeV [11]

(*) Superseded by results
shown below the line

[1] ATLAS-CONF-2013-046

[2] ATLAS-CONF-2013-077

3] JHEP 12 (2012) 105
[4] EurPhys.J.C72 (2012) 2202
5] Eur.Phys.J.C74 (2014) 2758
[ I

[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
L1111

165

170

m,

175

180
op [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:

e Improve current techniques
* Develop new methods

 Combine results

> More in allke bj J. Piedra
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Pole mass and other alternative methods

CMS Preliminary

= Exploit other (“cleaner”) observables

= Extract pole mass from cross sections

Top-quark pole mass measurements ¢

May 2016

DO oftt), 1.96 TeV

PRD 80 (2009) 071102 ' ¢
MSTWO08 approx. NNLO

DO oftt), 1.96 TeV
PLB 703 (2011) 422 ®
MSTWOB approx. NNLO

DO oftt), 1.96 TeV

D0 Note 6453-CONF (2015) ' ¢ '
MSTWO08Bnnlo

ATLAS oftt), 7+8 TeV
EPJC 74 (2014) 3109

ATLAS tt+ shape, 7 TeV
JHEP 10 (2015) 121

=7, =oMS ofth), 748 Tev
arXiv:1603.02303 (2016)

MS tt+] shape, 8 TeV o

TOP-13-006 (2016)

World combination

ATLAS, CDF, CMS, DO i
arXiv:1403.4427, standard measurements

+5.90
169.10 #590 . Gev
167.50 520 ,

169.50 ¥330 , \ GeV

—— 17200 4250 ,
—@— 17370238 , . GeV

—@— 17380 170 _ . Gev

169.90 452 , . GeV

173.34 4076 . Gev

70 GeV

GeV

180

May 2016

b hadron lifetime
TOP-12-030 (2013)

Kinematic endpoints
EPJC 73 (2013) 2424

b-jet energy peak
TOP-15-002 (2015)

ilepton kinematics
TOP-18-002 [2016)

Single top enriched
TOP-15-001 (2016)

ey 173.50 = 1.50 = 2.1 Gey

1.70
e 173.90 = 0.90 * 210 Ge\f

l—+—d

+

——

l—+—l

-

CMS tt+] shape, 8 TeV ®

TOP-13-006 (2016)

oftf) 748 TeV
arxiv:1603.02303 (2018)

CMS 748 TeV (2015)

arxn:1509.04044

World combination

ATLAS, CDF, CMS, DO
arXiv:1403.4427 (2014)

——

172.29 = 1.17 + 2.66 GeV
173.50 = 3.00 + 0.90 GeV
173.68 = 0.20 *158  _ GeV
171.70 = 1.10 4288 - GeV
172,60 = 0.77 *097 .. GeV
169.90 = 1.10 #4438 , GeV
173.80 *1.70 _ . GeV
172.44 = 0.13 = 0.47 GeV

173.34 £ 0.27 £ 0.71 GeV

150 160 170 160 170 180 190
Reaching < 2 GeV precision m, [GeV] m, [GeV]
M. Aldaya 26 Blois, 31.05.16



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-1, 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)], B, (tt) )

Ac

0.15}

0.12¢

0.09¢

0.06

0.03L

0.0r

-0.03¢

-0.06|

ATLAS, EPJC 76 (2016) 87

+

SM

Light color octet
Heavy color octet
Data

ATLAS

Vs=8TeV,20.3 b |

250

500

750

1000

0.2

0.1

-0.1

¥ data
— NLO

0.3 ATLAS, PLB 756 (2016) 52
[&] - I I
ATLAS 8TeV, 203"

LHC A top
anti-top

>
n

_ N(A[Y[>0)-N(A]y<0)
© N(A]y|>0)+N(A]y <0)

AIYI= IYtopI - IYantitopI

New

>0.75 0.75-0.9 09-1.3

>1.3

m_ interval [TeV]
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tt charge asymmetry

ATLAS, arXiv:1604.05538 W CMS, arXiv:1603.06221
ATLAS —&— ATLAS data 1‘9"5 fb-1‘(8‘Te‘V)

L LA L B T .
O POWHEGGPYTHIAG . . 1 Also: lepton asymmet
\s =8 TeV, 20.3 fo” O Bernreuther & Si. PRD 86, 034026. 5_.}<OO.06_— CMS —hanO@("él_C(I)3+EW) Data ] P y ry
Inclusive - 0.008 = 0.006 0.04} ] All _ N(AW > 0)_ N(AM‘ < O)
i C -
n 0-500 GeV -Ho— 0.009 = 0.012 0.0zl ] N(A‘T[‘ S O)_|_ N(A‘T[‘ < O)
500-2000 GeV —Fe——  0.009 = 0.019 i
006 H-e— 0.010 = 0.010 0_ — —
! : i A= g | - I,
0.6-1.0 —p— 0.004 = 0.013 i
. 0-30 GeV —e— -0.002 = 0.025 _0'02:
pt i
T 30-1000 GeV H—e—  0.015 + 0.018 -0.04- 7 | | |
A N N S B 400 600 800 1000 1200
-0.15 -041 -0.05 0 0.05 01 0.1
AL in the full phase space M; (GeV)
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tt charge asymmetry: summary

ATLAS+CMS Prelimina LHClopWG \s=7TeV Sept 2015
= Plethora of results from ATLAS and CMS i P S
tt asymme"y Ag *(stat) £(syst)
. . T ATLAS I+jets - 0.006 + 0.010 + 0.005
» No significant deviation from SM SHEP 1482 ot 17
CMS l+jets H—e—H 0.004 +0.010 + 0.011
PLB 717 (2012) 129
ATLAS+CMS l+jets = 0.005 +0.007 + 0.006
= Several BSM models can be excluded
ATLAS dilepton H——=—— 0.02140.025 £ 0.017
JHEP 05 (2015) 061
0.08 L DL L I CMS dilepton H—e—H -0.010 £ 0.017 +0.008
L ) hE‘ﬂV}" ﬂmglu@n JHEP 1404 (2014) 191
 ATLAS W' boson | Theory (NLO+EW) 0.0123 +0.0005
K PRD 86, 034026 (2012)
- W’ ¢ -
0.06 - s @blour-sextetscalar | _| lepton asymmetry
. o ATLAS dilepton —a— 0.024 +0.015 + 0.009
"A =1 JHEP 05 (2015) 061
4 CMS dilepton H—o—H 0.009 +0.010 + 0.006
JHEP 1404 (2014) 191
1 Theory (NLO+EW) 0.0070 + 0.0003
U 04 — PRD 86, 034026 (2012)
: ] | | |
scalar isodoublet —0.1 A 0.1
O o | c
< 0.02 ] :2' ATLAS+CMS Preliminary LHCIOpWG Is=8TeV Sept 2015 Z
’ I _:Q_II:'_A_E_;_____‘ ; tt asymmetry g
» Q
< S
pERIATE 2 77"t NN NN R e A R 4 m ATLAS l+jets H— 0.009 + 0.004 + 0.005 %
0 e -1 2 arXiv:1509.02358 (Q
B CMS T o CMS l+jets template HeH 0.003 £ 0.003 + 0.003 %
- M f - 3‘, arXiv:1508.03862 ,(Q._
odels from — . =
B LL n CMS l+jets H—o— 0.001+0.007 + 0.004 D
0.02k sl tig PRD 84, 115013; _| o oo s 1
el ol O JHEP 1109, 097 > Theory (NLO+EW) 0.0111+ 0.0004 S
1 L 1 1 | 1 1 1 L I 1 1 1 1 1 1 L 1 | 1 1 1 1 ; D s s e %;
~ ATLAS l+jets boosted 0.043 +0.019 £ 0.026 S
0 0.1 0.2 0.3 0.4 0.5 M >0.75TeV && A Iy < 2) t f ’ i 3
A ATLAS-CONF-2015-048 ?D
FB Theory (NLO+EW) 0.0160 + 0.0004 (é,
JHEP 1201 (2012) 063 e——
. ) ) 23
> More n allk by 1. Bro k | | |
-0.05 0 A 0.05
C .
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CP asymmetry in tt events at 8 TeV cusasor1c001

Probing CP violation for the first time in tt production

» Use observables that show asymmetry in

presence of CP violation
events (O > D)

everzfs (O < 0)

Oy = € (P, py + Py, Pes le) Dy o (B + ) -
O3 = Q€ (Ps Py P, Pj1) BN, QP - (P

Acp (0O;) =

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

19.7 b (8TeV)

20 CMS l+jets channel
Prelimina —+— Data

18 ry o SM & _

16 [ SM non-tt

| 10, Stat.+Syst.

Events x 10°/ 0.1
>

Nevents (O > U') + Nevems (O < 0)

Os = Qee (P, po — Py P P;‘l) 25 Q,

(P —
07 =q- (py — 1) € (P,q, P 1p) = o (7 —

(Pe x P1)

X P1)

Ps) - (Pe % Pn)
P5). (Po X F3),

No deviation from SM expectation:

CMS Preliminary

19.7 fb' (8 TeV)

w

\b)

A'p [%]

-4 tt events = 1o (stat.+syst.)
—$— Before background subtraction
—— Estimated background

12 - | }
10 0 Emiees +_ R T B
8 -
6 -1t
4 -
2 -2r
0 -
-1 -0.5 0 0.5 1 3t |
(@) B e+ e n
2
0, O 0,
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W helicity in top decays in Run-l cus 1o

— |eft-handed

Anomalous contributions to the tWb vertex change AU P i
the probabilities of the W helicity states K o —=
b — ) i » 0.4
= In SM: 3 possible W helicity states (Fx+F,+F,= 1): /W B
1 dr 3 T e :
— = —(1 + cos 6" ]l —(1 =coséd" ]I—HII] H. -1 -0.5 0 0.5 1
r d COSs #* cosS 9*
SM: ~0% ~30% ~70% Sensitive variable: cos(6%)
= Helicity fractions extracted from maximum likelihood fit to F, and F:
. 19.8 ib™* (8TeV) o0 19.8 b (8TeV)
w38 oms O e+jets ~ F
L O up+jets Uﬁa-.na:— cms .68% CL
0.36|— e Isjets combined Exclusion limits 006 V =1,V =0 Dgs% cL
cm:_ L * SM on anoma!ous D'M;_ Combined p+jets and e+jets * SM
F ) tWb couplings 0.02
0.30:._ -D.ME—
P enee Most precise Fyand .ol
028 F, results so far ! .08
n.;u' ' 'n.lazl ' 'u.;-i' ' :o.:se' ' 'a.laa' ' n.lm ' n.l'."z ' :o.'Lu' o6 (< 50/0) -01%-_3I - I-ﬂl-2l - |-0|-1| B .U-lﬂl - IU!1I - IU-|2. 03
F, Re(g,)
F,= 0.681 + 0.012 (stat) + 0.023 (syst) 0 in the SM

F, = 0.323 £ 0.008 (stat) = 0.014 (syst) N f) o S
L =L —= V P p 2: )P é)P
FR =—-0.004 + 0.005 (Stat) +0.014 (SYS'[) tWb — ~twb — \/— Lt + R)’Y +
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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

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



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

= tt/Z ratio: testing the gg/qq ratio
* Reduces luminosity uncertainty (10% -2 1%), electron ID (3.2% = 1.3%)

Ryijz = 0.445 + 0.027 (stat) + 0.028 (syst) = 0.445 + 0.039

| = General good agreement between
data and different PDF

* ABM12LHC uses smaller gluon density

T T T T | T T T T | T T T T
ATLAS Preliminary
13 TeV, 78 - 85 pb™

| data + total uncertainty
data * stat. uncertainty

|

A ABM12LHC A

v crionnlo i Run-11; potential to explore different

=  NNPDE3.0 ] un-1I: potential to explore differen
ratios, also at different energies, to

® MMHT14nnlo68CL +—O—+

constrain further PDFs

(NNLO QCD, inn

er uncert.: PDF only)
1 | 1 | | | 1 1 | L | 1 1 | |
0.15

] L ! L e i i
0.25 0.3 0.35 0.4 0.45 0.5
G:TOt / ot

0.2
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t'i:+b(b) prod uction at 8 TeV ATLAS, arXiv:1508.06868

Irreducible, non-resonant SECEaEOESEEE .

M E £ TATIAS T Dita [18ingle top ]

+ »—b o . Vs=8 TeV, 20.3 fo” (o [zejets |

background for tt+H(bb) p— 210 b B Do 3
_ Bttt NP & fakes |

. . g ‘UBOUB00000" t 10° eu 21,23],22b 1

= tt+bb in dileptons (ee, uu, eu) Postft -

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
k] 1.2
= Compare to different g—>bb splitting models s
W 08
a . .
1 0.8 07 06 05 0
21 +4j+2b 21+ 3j+2b 11+ 5j+2b MVic efficiency
ttbb dilepton ttb dilepton ttb lepton-plus-jets ATLAS _
_ cut-based Vs=8 Tev,203fp"| | ttob dilepton ATLAS B
irbased NN Al B Measurement results ; Vs=8 TeV, 20.3 fb
T == ==, e, Measurement result
' stat. @ syst. tat.
1 y I sta stat. @ syst. stat.
@  aMC@NLO+Pythias (BDDP)
il B aMC@NLO+Pythias (H /4) I‘V-i V' MadGraph+Pythia
A A Powhel+Pythiad (H/2) :
] * X pythias (wgtq3)
3 V' MadGraph+Pythia .
' +* H  Pythias (wgtqd) lh *  pyinias (wotas)
o+, ok pythias (watas) R .
E #  Pythiag (wotgs, sgtq=0.25) Pythiad (wstq, sgtq=0.25)
N /A Powheg+Pythias (inclusive tf) A /N Powheg+Pythias (inclusive )
! i
// L 1110 | 1 i 11 | Ll l I I 1
5101520253035 20 40 60 80 500 1000 1500 1 15 2 25
fid fic fi : ;
Ortop gilepton [10] Olto dilepton [10] Otto lepton-plus-ets [10] ofid / Uﬂﬁ [%]
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» Dilepton channels:

tt+b(b) production at 8 TeV

CMS, arXiv:1510.03072

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

19.7 b (8 TeV)

19.7 fb' (8 TeV)

;l _I T ‘ T T 1 1 | T T T 1 T 1T 11 ‘ T T 11 ‘ UL ‘ T 1 11 ‘ T 11 |_ S‘ EI [ | T T ‘ T 1T rTTT | T | [ ‘ T | T I:
@ 102L CMS e Data | ) L CMS e Data
.Q B Madgraph+Pythia6 Q i ttbb PowHel+Pythiaé
2 L ttb ---= MC@NLO+Herwigé 8 108k .
Hlal 107 T rowhegrmeiss 4 3 I g i NLO ttbb calculation
o] I - golko] _
10" E E
10 = i
- 107 | 3
10-5 [ 1 [ ! [ ! TR T [ Ll ! — TR T S S S T R ! T ! I ! 1
- Stat. - 3 [ Stat. N
2| 2 - Stat. ® Syst. R N S|s Stat. @ Syst. 7]
SIE L oo e 8z 2 | -
£° 1 e S | _
O ™50 400 150 200 250 300 350 400 O ™50 100 150 200 250 300 350 400
Leading add. b jet p_[GeV] m,, [GeV]
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High precision top mass measurements

CMS Lepton+jets 19.707" (8 TeV)

= CMS: I+jets channel: 1 we, = 4 jets, 2 b-tags 3 12000F mtcoret | EmSnglel T
10000 _ 5 g :;;na!iched 5 5+ Bi?nulliiet

* 2D likelihood fit to extract m,,, and light-quark jet [ Data [ Diboson :

energy scale from W-mass constraint 80007 P Atter P, selection

* All different jet permutations are taken into account o000

4000F

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

2000F

PP00'60G1L:AIXIE ‘SIND

Main syst: bJES, b hadron decay modelling

5700200 300 400
- _ ft [GeV]
| Dmsa *wg 3 ATLAS pr,'gnminaryi = ATLAS: dilepton channel m

o -
Ul O

Data/MC Permutations /5 Ge

E -
500 |
& “7UF i 1% background  \s=8TeV,20.2 fb’ 2 leptons, = 2 jets, b-tagged jets, cut on p; of the
®» [ = Bestfit : : :
= E Only public document is talk  lepton-b-jet systems (p+lb
§ 400; Uncertainty L)I/-IFC)JtopWG meeting ? g e (Prio)
= r » Likelihood fit to mib distribution
300F R
E m,, =172.99+0.41(stat.) £0.74 (syst.) Ge V| (0.49%)
2000 E Main syst: (b)JES, hadronization, ISR/FSR
100 : :
00; 1 = Combine with 7 TeV result (ATLAS, EPJC 75 (2015) 330):
b e e Lt e e o
O30 60 8 100 120 140 160 mT°=172.84+0.34 (stat.) + 0.61 (syst.)GeV| (0.40%)
&0 [GeV]
b
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Top pole mass from oftt)

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

CMS, arXiv:1603.02303

T 280 1~ Use most precise theory (NNLO) and
Q CMS © measurements to extract m, (for fixed as and PDF
= a t
6::260 e 0.8 E“
240 o '__j:_j_:_f_ ________________ g Top-quark pole mass measurements May 2016
""""""""""""""""""" —H0.6_F DO oftt), 1.96 TeV +5.90
220 PRD 80 (2009) 071102 ¢ ¢ 18910 5 g 4o GeV
MSTWO08 approx. NNLO
200 0.4 DO oftt), 1.96 TeV 1+5.20
. PLB 703 (2011) 422 ® 167.50 ™% 4 79 GV
18O e MSTWO8 approx. NNLO
— S 50.2 DO oftt), 1.96 TeV 4330
160 5.0 (7 Tev) DO Note 6453-CONF (2015) ~— @ 169507 549 GeV
- Jo SN L1 R\ -
170 171 172 173 174 175 176 177 178 I | ATLAS oftt), 7+8 TeV e 17290250 Gev | |
m, [GeV] Lo ERdCTAROIOS T
— LB LR B L BN BLRLEL Y BN BLNLILE IR BB .
s} N S ] ATLAS tt+j shape, 7 TeV 228
s 350 " MSTW 2008 ANLO uncertanty ] JHEP 10 (20’15} 12': —@— 17370755 11 GeV
c ——— CT10 NNLO -
2 __ ce-e- CTIONNLO uncertsinty i S 3
3] - . ——— NNPDF2.3 NNLO ] 1 a(tt), e +1.70
A TSN o Nesrrevasm s em ] I | arXiv:1603.02303 (2016) —@— R80T qgGeV | |
§ : , \\. \s=8Tev, 2031 prem, l------_ ------------------------------ =
5 - : ] CMS tt+j shape, 8 TeV
&) ] j shape, 8 Te gp +4.52
250 fe NS : TOP-13.008 (2010) ———  169.90 *452 , . GeV
o~ e : -
-~ g n World combination +0.76
200 _’2__,___\\*\“_ " - ATLAS, CDF, CMS, DO @ 1733470 76 GeV
- N e =< % o— arXiv:1403.4427, standard measurements
150+ \—. Lo oo o b b
B — 150 160 170 180

ATLAS, EPJC 74 (2014) 3109

A I IR B SAA N S RN A A A AR
164 166 168 170 172 174 176 178 180 182 Reaching < 2 GeV precision m, [GeV]
POk 1Ge

M. Aldaya : 38 Blois, 31.05.16




Other alternative methods

Top mass from single top
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Top mass from tt+1jet shape
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Asymmetry in dileptons at 8 TeV arias, arxiv:1604.05538

Alternative approach: lepton asymmetry

» Sensitive to top polarization, no tt kinematic
reconstruction needed
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