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Introduction

Top quarks are special Understanding the origin of mass is
e Top quark mass a major open problem

e The heaviest known
particle: mass : M., =
173.21 £ 0.51£ 0.71 GeV

e Pointlike particle with
mass of gold atom,
35xheavier than bottom

N
S
S

Mass in GeV/c?
o
S

-
i=3
S

50
quark —why? otz o Bam
e Being heavier than a W O own:  Charm: | Top:
boson, it is the only 0005 125 173.1£1.3
quark that decays e Top quark lifetime:
semi-weakly, i.e., into a TA5-107% s
real W boson and a b o I' = 141f8:}gGeV
quark e compare with hadronization
e It is the only quark whose scale Agep ~ 250 MeV

e a very short lifetime and
decays before
hadronization can oceur

Yukawa coupling to the
Higgs boson ~ 1
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Reasons to study

e Important consequence of top: top
decay before hadronization

o Top is the only free quark =-no .
bound states(e.g. toponium, - ®
top mesons/baryons) oo oy

e The only place where to study

property of bare quark st
e Spin/polarization passed on to - “*.ﬂm“

decay productions without

dilution/direct access to quark

properties

e An accurate knowledge of
o Particularly if new particle its properties(mass, cou-
couples to mass plings, production cross sec-

o First place a new particle could be tion, decay branching ratios,
observed etc.) can bring key infor-
mation on fundamental

e Top is background of many
interactions and beyond.

searches
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History of top discov

e 1976: Discovery of Upsilon
(Fermilab)

e Contains a 5th quark -
the b-quark

e From family structure of
SM

o Expect a 6th quark -
race to find it

(1) (9 0)
e v om0 () (%)

olet + e — pp)

R =
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Electroweak precision data

o Analysis of radiative
corrections within the
framework of the SM using
precision electroweak
measurements (68%C.L.)

Direct and indirect determina-
tions of the mass of the top
quark, my, as a function of time.

shaded area. o00d ]
Apy = m3 } $
P 8722 ¢ { XY — ]
) S 1501 :
o Direct measurements of m; 8 $ Tevatron
at Tevatron(CDF DO) = " o constraint |
(error bars 68%C.L.) = 0] ]
e From precision Z osservable
_ +13
my = 173*10 GeV Direct search lower limit (95% CL)

1 50 T T T T
@ From Direct measurement 1990 1995 2000 2005

my = 174.34 + 0.64 GeV Year
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Top discovery

e 1995 discovery at Tevatron /s = 1.8 TeV. CDF and D0 experiments

‘ 4.8 sigma 4.6 sigma

-
Top Mass (GeV/c'

Aln(likelihood)

Events / 20 GeV/c”

Events/(10 GeV/c)

- bkg

Fitted Mass (GeV/c?)

mxmlwlmlmlﬂozwunzw:n
Reconstructed Mass (GeV/c’)

Miop = 199737 (stat) £ 22(sys) GeV /c?
oy = 6.4+22pb
1 Miop = 176 £ 8(stat) £ 10(sys) GeV/c2
ow = 6.875% pb

!CDF: Phys. Rev. Lett. 74,2626 (1995),
DO:Phys. Rev. Lett. 74,2632 (1995)
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Top overview

BR(t—Wb)/BR(t—Wq)
W helicity
mass, charge new decays +
lifetime, width L

polarisation

spin correlations
charge asymmetry

prod. cross-section
prod. kinematics
resonances
new particles
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© Top production & decay
@ Dilepton decays
@ Lepton plus jets decays
o All hadronic decays
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Top production

q

q

t

t

> 0

TeVatron | LHC 7 TeV | LHC 8 TeV | LHC 14 TeV
99 15.4% 84.8% 86.2% 90.2%
q9+4qg | -1.7% -1.6% -1.1% 0.5%
qq 86.3% 16.8% 14.9% 9.3%

QLO with MSTW2008NNLO Tevatron gg ~ 15% and qq ~ 85%
LHC(14 TeV ) gg-~ 90%qq-~ 186%)

S. Gentile (Sapienza)
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tt cross section

NNLO theoretical predictions:?

Collider beam /s oot rate
TeV  pb  at 103*cm™2s7!
Tevatron  pp 1.96 7.009

LHC pp T 1670 ~ 2 Mz
LHC pp 8 2390 ~ 2 Hz
LHC p 14 933.0 ~ 9 Hz
== Top Factory! O 1000000
oy
100,000 fb &
10,000 fb
, it
s
1,000 fb ttw tzZ
100 fb B “ A
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o Top decays before can
hadronize

e Top decay via the 04— e‘-o
electroweak interactions
@ Governed by CKM matrix, ‘// l
Br(t — Wb) ~ 1 O 06 O
o Final state characterized by
the decays of the W boson:
W — Lv, ThaqV Or
W — qq— different w
sensitivity and challenges t
in each channel
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Top decays

Final state characterized by the decays of the W boson:
Br(W — fv = 10.86%), Br(W — 7v = 11.38%),
Br(W — hadrons = 67.41%):

Ts
1, tt decay modes
14% &
w
t v, cs
P
1 ':,—’ all hadronic
b 8
w ud
Top pair events classification ac- H_{—
cording W decays: el
et pt ot ud / jet
. + je
e dileptons i S
p dilepton (e/w)| 34%
e lepton + jets 6%

e all hadronic

S. Gentile (Sapienza)
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Top decays

all hadronic
b . o dileptons:Br ~ 6%.
v Background:
Few (mainly Z + jets)
e lepton-+jets: Br ~ 35%
Background:
w a' Few (mainly W + jets)
e all hadronic: Br ~ 46%
lepton-+jets Background:
Huge (mainly QCD)
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Top decays-dileptons

tt — WHbW=b — eTvebu~v,b
\\" e IS
o —— R

btag l T

/ ‘

\ CATLAS

EXPERIMENT
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Top decay-dileptons

tt — WHbW=b — eTvebu~v,b

umber: 160958, Event Number: 9038972
Date: 2010-08-08 12:01:12 CEST

CATLAS

A EXPERIMENT
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b-tag

@ B-hadron lifetime 7 ~ 1 ps

e B hadron trave L;, ~ 3mm
before decay

/|

Secondary vtx

displaced track

S. Gentile (Sapienza) ELEMENTARY PARTICLE PHYSIC! November 17, 2017



di-lepton channel

/ ‘ 0
_ b
dileptons N 9 -
Selection criteria for Z +jets
Signal
Background
@ 2 leptons
. o 7 + jets
e Missing transverse energy -
o > 2 jets e Single top
@ Dibosons

e from b-hadrons

QCD multi-jets fakes
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di-lepton signatures

T T T T T
ATLAS ® Data 2012

\s=8TeV,20.31b" [ tf Powheg+PY
- W

Bl Zijets
) Diboson
. Mis-ID lepton

— Powheg+PY
" MC@NLO+HW
Alpgen+HW

MC/Dat

ai
Go
° I




di-lepton signatures

T T T

IRARRNEE 4

T

ATLAS ® Data 2012

\s=8TeV,203fb" [ !t Powheg+PY
-|W

. Zijets

[ Diboson

. Mis-ID lepton

— Powhegs+PY
== MC@NLO+HW
Alpgen+HW

T

e

11| FEEEE FETTE FYETE P PR FETE FAT

disploced track

very
powerful!
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di-lepton signatures

T
la 2012
'owheg+PY

ATLAS
\s=8TeV, 203"

Events
T
k -

ﬂ |
+ >ZT VD ZONZSZ0
1] FEETE FRRR FRERE FRUTY FURRE FRETY FUT)
£
3
y 4

ets
poson
-ID lepton

P B0EE0 .

Wheg+PY
E@NLO+HW
lgen+HW

disploced track

oo
___,_,_———-EV ‘2— ver
g ; Y
: N = powerful!
0 1 2 23 I /¢
< » Nblmz L

ELEMENTAR ARTICLE PHYSICi



Top decay- lepton plus jets

CMS Experiment at LHC, CERN

Data recorded: Thu Jul 9 01:29:29 2015 CEST
Run/Event: 251252 185041479

Lumi section!

Orbit/Ce@8sing: 36595725/2078

CMS Experiment at LHC, CERN
Dete recondect Thu i §0128:29 2015 GEST

512621 85041470
\

g Sesas725 12078

L.

Event display of a top-quark pair candidate.This event has one isolated
muon,transverse missing energy of 34 GeV, and

of the jets pass the tight threshold on the b-tagging discriminant
and are interpreted as originating from the from top quark
decay. of the others form an invariant mass of 72 GeV and are interpreted
as coming from a hadromcally decaylng



https://cds.cern.ch/record/2037376?ln=it

Top decay- lepton plus jets

CMgEXpeliment at LHC, CERN . —y—
C ala recorded: Thu Jul 9 01:29:29 2015 CEST - oM C.CERN |
RUAEvent: 251252 / 85041479 £ 512 ofs cest
~ {Cumi section: 140 ssouta7o |
\ [@rbit/Crossing: 36595725 / 2078 36505725 / 2078 m\;on
muon jetfrom W - | \ bet

jet from W

- 7/

] 00 NN\
extra jet Py S e —\—wov'l\v

MET blet
extra.jet

4

Event display of a top-quark pair candidate.This event has one isolated
muon,transverse missing energy of 34 GeV, and

of the jets pass the tight threshold on the b-tagging discriminant
and are interpreted as originating from the from top quark
decay. of the others form an invariant mass of 72 GeV and are interpreted
as coming from a hadronically-decaying
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lepton plus jets channel

q q q w v
v S
lepton + jet jet
Selection criteria for W ets
lepton-tjets Background
o 1 leptons o W 1+ jets
o Missing transverse energy e Single top
° >4 jets @ Dibosons
e 2 from b-hadrons .
® 7 +jets

o QCD multi-jets fakes
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All hadronic decays

jet
jet
all jets QCD jets

Selection criteria Background
Signal e QCD multi-jets

o 0 leptons

o NO Missing transverse

energy
o > 6 jets

e 2 from b-hadrons
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Relative Merits

e Dileptons:Br ~ 6%

o lowest branching ratio
o Highest Signal/Background
e 2 neutrinos = harder reconstruct tt system

e lepton-jets: Br ~ 35%
e Reasonable branching ratio

o Reasonable Signal/Background
o Only 1 neutrino = so can fully reconstruct ¢t system
e all hadronic: Br ~ 46%
Highest branching ratio
Lowest Signal/Background
Hard determine background from QCD
Reconstructing ¢t system system: combinatorial complexity
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Distributions

dileptons:

5.0 (7 Tev)

Events

1 Z B
Number of b-tagged jets

Number of b-tagged jets after the
eu selection at /s= 7 TeV.
https://arxiv.org/abs/1603.02303

lepton—+jets
19.6 fb™ (8TeV)
> T T T T T T
[
O 2500 « Data il
% . tt
g 20001 . Background
i Fit X?/ndf =0.92  §

15001~

1000|

500

50 100 150 200 250 300 350 400 450 5(
M,, (GeV)

0

Distributions of the lepton-jet mass
in the muon+jets
https://arxiv.org/abs,/1602.09024

 PARTICLE PHYS
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https://arxiv.org/abs/1603.02303
https://arxiv.org/abs/1602.09024

Distributions

all hadronic

CMS 18.4 fb™ (8 Tev)
— T T T
[ ‘ eData ]
250j [Signal
r 0QCcD
200: Nmc unc.{

Events / 2 GeV

150F

100F

50F

P T A A
150 200 250 300
mee (GeV)

Data/(S+B)-1

Distribution of the reconstructed top quark mass after the kinematic fit.The
normalizations of the ## signal and the QCD multijet background are taken
from the template fit to the data.

https / /arxiv.org/abs/1509.06076
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Measuring the tf inclusive cross section

o, is determined by counting the

tt — euvbb o
numbers of opposite-sign ey events
5 é:\AEl;AliTev, 321t E.g:;‘iﬁg*w E with exaCtly one (N 1) .and fexactly
e =, 4 two (Ng) b-tagged jets, ignoring any
= = Mis-Dlepton A )
oo —e— - Weskithwg Jets that are not b-tagged which may
10000 = Powheg+HW++ o
sovof- U pemetveatd  be present:
5000: —i bkg
ADDDF Nl N2 = Nl - ﬁa—ﬁe'u?eb(l - CbEb) + Nbl
2000 —
E— € _ 2 bkg
F [ Stat. Uncert.  J N2 - Eo_eeueb beb + Nb2

MC/Data

L = integrated luminosity

€y — efficiency for £ to be in the
Figure : Distribution of the detector and reconstructed

number of b-tagged jets in €, = efficiency for b-jets from top to
preselected opposite-sign ey events e iy the detector and reconstructed
ATLAS https://arxiv.org/abs/ C, = term to account the correla-
1606.02699 tions between the two b-jets.
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Measuring the tf inclusive cross section

Ny = Loeg26,(1 — Cpep) + Ny
Ny = Eoeeuengeb + Npo
& Measure Njand No = extract ¢, and o;solved by minimising a

likelihood function.

o Analysis designed to be as sensitive as possible to large detector

uncertainties
e Takes as much information as possible from the detector

Observed numbers of opposite-sign

Event counts Ny ey events with one and two b-
Data 11958 tagged jets (N7 and Ns), together
Single top 1140 + 100 with the estimates of non-tf back-
Diboson 34 +£11 . .

. grounds and associated systematic
Z(— 1T — eu)+jets 37 £ 18 L o
Misidentified leptons | 164 + 65 uncertainties. Uncertainties quoted
Total background 1370 = 120 as 0 are < 0.5.
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Measuring the tf inclusive cross section:

Systematics

Uncertainty (inclusive o7) | Aeyle %] ACH/Cy %]  Acila|%)

Data statistics | 09

1 NLO modelling 07 0.1 08 —

f hadronisation -24 04 28

Initial- and final-state radiation -03 01 04

1 heavy-flavour production R 04 04 1 .

Parton distribution functions 05 - 05 results:

Single-top modelling - - 03

Single-top/¢F interference - - 06

Single-top W cross-section - - 05

Diboson modelling - - 0.1 - 8 8 8 7
Diboson cross-sections - - 00 O—tt 1 :l: S t at :l: 2 S y S t
Z+jets extrapolation - - 02

Electron energy scale/resolution 02 00 02 .

Fleoton ibetihontion 03 00 03 +19(lumi) £ 12(beam)pb
Electron isolation 04 - 04

Muon momentum scale/resolution -00 00 00

Muon identification 04 00 04

Muon isolation 02 - 03

Lepton trigger 01 00 02

Jet energy scale 03 0.1 03

Jet energy resolution 0.1 00 02

b-tagging - 01 03

Misidentified leptons - 06

Analysis systematics | 27 06 33

Integrated luminosity | - 23 <Z

LHC beam energy | - 15

“Total uncertainty | 27 06 44 P —

Novem)



tt cross section

NNLO theoretical predictions:?

Collider |otot [pb]|scales [pb] | pdf [pb]
Tevatron | 7.009 | o | oot 1
LHC 7 TeV | 167.0 | *000% | T e sn)
LHC 8 TeV | 239.1 | *0E00%0 | *0 G en)
LHC 14 TeV| 9330 | "3155%) | D176

It has been calculate( a2 ~ 0.1 the series should be converge) :

o Leading order term (LO o o?)
o Next-to-Leading order term (NLO oc a3)

o Next-to-next-to-leading order term (NNLO o o)

3M. Czakon, P. Fiedler, A. Mitov, Phys. Rev. Lett. 110 (2013)
252004, https://arxiv.org/pdf/1303.6254v1.pdf

S. Gentile (Sapienza)
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tt experimental cross section

ATLAS+CMS Preliminary LHCIOPWG o summary, 5=8TeV  May 2016 ATLAS+CMS Preliminary LHCLOPWG o, summary, (5=13TeV  Aug2016
NNLO+NNLL PRL 110 (2013) 252004 NNLO*NNLL PRL 110 (2013) 252004
M = 1725 GeV, a,(M ) = 0.118:0.001 odi m, = 1725 GeV, a,(M,) = 0.11820.001 .
scale uncertain s e e ey otal sia
scale (1 PDF () 0, uncertainty Oy (5120 £ (50  (um) # scale 0 PDF ) a, uncerlainty 0, (sta0) £ (5y50)  (umi)
:;;.:15, leplonsiets . ¥ 260+1°Z+8pb ATLAS. dleponen [ 81848427 +19pb
(@015) 112013, L, =203 arKiv1606.02699,L = 32
CMS, lepton+jets [ 228.5+3.8+13.7+6.0pb
an “16m? F38EIST 0 ATLAS, diepton ee/ i * ———t 749+ 57 £ 79+ 74 pb
ABOZ002A, L 219610 ATLAS.CONF-2015.049, L, =85 pb* 1 P
CMS, lepton+,, F——fet—— 257+£3+24 +7pb
PLB 730 (2014) 23, ATLAS, biets * —m——— 817+13+103+88pb
ATLAS, dilepton ey " 2024417455575 pb ATLAS CONF-2015.049,L,, = 85 pb*
EPOC74 (2014)3109, L, =2
s, dlepton e 746+ 58 + 53+ 36 pb
CMS, dilepton (ee, up, ej) e 239.0£21+113+6.2pb PRL 116 (2016) 052002, L _ = 43 pb™ 50 ns P
JHEP 02 (2010) 024, L, 25310 W
LHC combined ep (Sep 2014) |y 2415+14+57 +62pb CMS, dilepton et * i 793+ 8+38+21pb
ATLAS-CONF:2014:053, CMS-PAS TOP-14-016 CMSPASTOP-16.005, L, =2215", 26 ns
Ly=53-203m
CMs, dilepton 14703 oms, iets 835+ 3423+ 23pb
3o 197w HH 2449+ 1475, £64pb CMS PAS TOP-16.008 L, =23 " P
CMS, all jets ——tt—— CMS, alljets *
EPICT6 (2016) 128, L, = 184107 2756+ 6.1+37.8+7.2pb e oA ToP16.015, L m2swt F—te&t— 834:25:118:23pb
NNPDF3.0 +EP 04 (2015) 040 NNPDFS.0' P 04 (2015) 140
MMHT14 €p3c75 (2015)5 MMHT14 €PJCT75(2015) 5
*relminary
CT14 PRD 93 (2016) 033006 CT14 PRD 93 (2016) 033006
Effectof LHC beam . Effectof LHC beam :
‘energy uncertainty: 4.2 pb H ABM12 PRD 89 (2015) 054028 ‘energy uncertainty: 12 pb i ABM12 PRD 89 (2015) 054028
(notincuded in the figure) o.M, =0113] (vt incuded inthe figure) o) = 0.113)
\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\ \‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘
100 150 200 250 300 350 400 200 400 600 800 1000 1200 1400
0y [pb] 0 [pb]

Precision of measurement comparable to theory precision LHC and
Tevatron results consistent and in agreement with NNLO




tt experimental inclusivecross section

o)
=
c
i)
=
©
fa}
»
[}
[%2]
o
1<
o
=
o
=
(2]
=
(8]
£

10°

10?

10

oOrOr<«m<omoemed

T
Tevatron combined 1.96 TeV (L < 8 8 fb b)
CMS ep* 5,02 TeV (L = 26 pb")
ATLAS ep 7 TeV (L=4.6 fb")
CMSepu7TeV (L=5fb"
ATLAS et 8 TeV (L =20.3 fb)
CMS epu8TeV (L=19.7 b

ATLAS ep 13 TeV (L = 3.2 fb
CMS ep* 13 TeV (L=2.21b7)
ATLAS ee/pup* 13 TeV (L = 85 pb )
ATLAS I+jets* 13 TeV (L = 85 pb™)
CMS I+jets* 13 TeV (L = 2.3 fb )
CMS all-jets* 13 TeV (L = 2.53 fbY)

* Preliminary

NNLO+NNLL (pp)
NNLO+NNLL (pp)

LHC combined ey 8 TeV (L ? .3-20.3 fb™)

ATLAS+CMS Preliminary
LHCtop WG

Aug 2016 |

900F

800

700

| Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 13 Vs [TeV] _|
E NNPDF3.0,m, = 172.5 GeV, a(M,) = 0.118 + 0.001 E
C/l | P IS S S NS SR S NN SR S S B -

2 4 6 8 10 12 14
Vs [TeV]

LHC and Tevatron results consistent and in agreement with NNLOover a

large range of centre-of-mass energies®

4ATLAS, 3.2fb-1, 13TeV, Dilept., arXiv:1606.02699, CMS, 2.3fb-1,13TeV, 1+jets
CMS-PAS-TOP-16-006, CMS, 2.53fb-1,13TeV, all jets CMS-PAS-TOP-16-013, CMS,
26pb-1,5TeV, dilept. CMS-PAS-TOP-16-015
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© Differential cross section

e Correction and Unfolding

e tt differential top cross sections




tt differential cross section

o Motivation

o detailed test of pQCD, constrain PDF and MC parameters

e background for Higgs, rare processes and many BSM searches
o General analysis strategy

o tight event selection — pure tf sample

o tt system / top quark kinematic reconstruction
e background subtraction
o

corrections: acceptance, resolution — unfolding

1 do; _ 1 unfold(s — b¥)

cdX T o AX-[Ldt

compare to theory predictions at particle or parton level
e unfold to particle level normalized: cancellations of many

systematic uncertainties

Parton level

Top quark
after radiation, but before decay

Top quark proxy °
reconstructed from
decay products after hadronisation

ELEMENT. PARTICLE PHY November 17, 2017



@ Starting with a relevant

detector distribution of a
reconstructed variable:
e.g.the pr distributions of
the leading jet.

Subtraction of the
estimated backgrounds.

Application of acceptance
correction f,.. that
accounts for events that are
generated outside the
fiducial phase-space but
pass the detector-level
selection.

S. Gentile ELEMENT.

ATLAS 16-09-2016: http://cds.
cern.ch/record /2217231

20

Events / GeV

@

5 T T
- ATLAS Preliminary O
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ATLAS 16-09-2016: http://cds.
cern.ch/record /2217231

@ Account for detector
resolution and efficiency
corrections e.sy correct
for events that are in the

C e
fiducial phase-space but are é 1?: giﬁfei\r,nu'aﬁon Preiminary
not reconstructed at the S s - ;“:::':C"yce
detector level T

@ The drop in efficiency at o8
higher top-quark candidate 0Opm
pr arises primarily from Z::
the b-tagging requirements. a3 : .

ELEMENTARY PARTICLE PHYSIC!
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S. Gentile (Sapienza)

@ Unfolding step uses a

migration matrix (M)
derived from the simulated
tt events in the fiducial
phase-space that have been
matched to detector-level
jets, where the rows
represent MC events
produced within a given
bin normalized to 100, and
the columns represent the
binning of the same
detector-level variable.

ATLAS 16-09-2016: http://cds.
cern.ch/record /2217231

ATLAS Simulation Preliminary
Fiducial phase-space bin-to-bin migrations
(s =13 Tev

66 0 0 O O 4 96

T

s 0 0 O 14 84

Particle level p“l bin

40 0 13 76 11

2122 57 20 0 O

2
0
3l 0 13 62 25 0 O
0
0

75 23 1 0 O

1 2 3 4 5 6
Detector level p'T'1 bin

The probability for particle-
level events to remain in the
same bin is therefore represented
by the elements on the diago-
nal, and the off-diagonal ele-
ments describe the fraction
of particle-level events that
migrate into other bins.
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space differential  cross-
sections as a function of
transverse momentum of
the leading top-quark jet.
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Unfolding Parton vs Particle

Few unfolding can be elaborated:

e Particle level

e Closer to our reconstructed quantities

o Constraining the MC parameters (tuning)
e Parton level

o Easier to calculate

o Necessary for comparison to fixed predictions
e PDF fitting

S. Gentile (Sapienza)
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November 17, 2017



tt differential top quark pr

18.4 fo"' (8 Te\ > =
— paman T ¢ s E Pl e E| 3 'Edrias Preimiay Fieucial phase-space S
3 M Particle level 8 A CT 3 fs=13TeV, 3210" N E
8 | + pan e O A CTIO e B -
F102= 1 o © POWHEGLPYTHIA HERAPBEL
lglg 07 L - Moenio g L POWHEGHPYTHA HERARDE 1. -
e F - Powheg+Herwig I
[ =
- 0 mas =1
10° E a
- o
- o e
T aE } t m
o 5 £ <
g o é 3 é;‘s‘ e L — s
S — 3 g -
AT A N T I 3 2
£ %% 00200 300 400 s h~5b6~ 860700 o800 e ® ety
Leading top p_(GeV) Partcle top-jet candidate p, [GeV] L L o
cmis aTev -
@ i = s "B 31 3 Famas Faprasesps 3
- 3 Full phase-space 3 ~
8 16f Parton level ¢ prase-spa I E s
£ - 1l = .
£ = leptoniets = POWHEGSPYTHIA d) = i
a 14 + dilepton E3 © ALPGEN+HERWIG E| =
£k - NCENLOMHERWIG 11 s
¥ o alljots 3 { PoimEoEnwia b 2 3
£ 12 ; L ] s o
s \*\ | = linear it 1l = < o
) by [ anas L i &
° =B TeV, 203" °
< 10k El =1
2 og E | o
< E 1 o
8 ] T
g8 ; L e = 3
JYITES L < O N v
y E H N R ———
o e —
R0 oo T mol |38 :
Leading top p. (GeV) top quark p_[GeV] 00 20 30 40 " 3|
5 (Ge

Top pr modelled too hard (improves with NNLO pQCD). New Full
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ttZ and ttW

o Couplings of top quark to Z are largely unexplored

e Production sensitive to new physics
o ttZ and ttW backgrounds to new physics searches and ttH

o Four signal regions: 2¢ OS, 2¢ SS, 3¢, 4¢
OS = Opposite sign ,SS = Same sign

S. Gentile (Sapienza) ELEMENTARY PARTICLE PHYSIC! November 17, 2017



ttZ and ttV

T T T T T T T
ATLAS ® Data 2015
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Expected yields after the fit compared to data
for the fit to extract 0,7, and o,y in the signal
regions and in the control regions used to con-
strain the WZ and ZZ backgrounds SF= same
flavour DF= different flavour

Ouw
ATLAS: https://arxiv.org/pdf/1609.01599v1.pdf
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