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MANCHESTER

The Top Quark

= Heaviest known elementary particle:
m ~173GeV

= Standard Model:
= Single or pair production
= Electric charge +2/3 e
= Short lifetime 0.5x10**s

= Bare quark - no hadronisation
= ~100% decay into Wb

= Large coupling to SM Higgs boson
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MANCHESTER

Discovered in 1995 by CDF and D@ at Fermilab (with few events)
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MANCHESTER

...t0 Precision

Discovered in 1995 by CDF and D@ at Fermilab (with few events)

6 ] i i
17 events . Situation today:
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s o f1 LHC - top quark factory!
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MANCHESTER

Top Studies: Overview

Top mass

Top mass difference
Top charge

Lifetime

Top width

Production cross section
Production kinematics
Production via resonance
New particles

13.12.2018

W helicity

Yvonne Peters

Branching ratios
IV, |

Anomalous coupling
New/Rare decays

Spin correlation
Charge asymmetry
Color Flow

s-, t- and Wt-channel
production, properties and
searches in single top
events



MANCHESTER

Top Studies: Overview

Top mass

Top mass difference _ _

Top charge I|3\;a||1ch|ng ratios
Lifetime tb

Top width Anomalous coupling

New/Rare decays

Top-Higgs connection

Spin correlation
Charge asymmetry

_ _ Color Flow
Production cross section

Production kinematics
Production via resonance
New particles

W helicity s-, t- and Wt-channel
production, properties and
searches in single top

events
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MANCHESTER

Top Quark Pair Production

At the Tevatron:

proton

85%

i-*.l

antiproton

At LHC:
14 TeV: 10%
/7 TeV: 30%
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MANCHESTER

Top Quark Pair Production

At the Tevatron: g t
proton }M
t g f

85% + 15%
g t
t
antiproton N
At LHC: g t
14 TeV: 10% + 90% ¢
: 0 : )
7 Tev:  30% Cross Sections:  + 70%
Collider Cross section [pb] f
Tevatron (1.96 TeV) 7.35“72"”_0_27
LHC (7 TeV) 177.3701
LHC (8 TeV) 252.9'"%3
LHC (13 TeV) 831.8"07
: M. Czakon et al. arXiv:1112.5675
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MANCHESTER i} ) -
Final States In tt

tt>W*bWb : Final states are classified according to W decay

B(t>W*b)=100%

w Py i
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P
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Final States in tt

tt>W*bWb : Final states are classified according to W decay

B(t>W*b)=100%
all-hadronic:

Top Pair Branching Fractions 26 jets (2 b-jets)
- “alljets™ 46%
dilepton:
2 isolated leptons;
. . . tt+jets 15%
High missing E_
from neutrinos; «//¢ lepton+jets:
. T 0 .
2 b-jets e 2»(1,’ ws15% 1 isolated lepton;
e ‘\ . . -
Ve et 15% __.Missing E_ from neutrino;
"dileptons” "lepton+jets” T

>4 jets (2 b-jets)
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MANCHE\TER

Identification of b-Jets

= Important tool to increase tt purity
= b-hadron: travels some millimeters before it decays

= Neural Network (MV1) N
combines properties of displaced
tracks and displaced vertices

T
1

— MV1c Run- 1 3
— MV2020 Run 2

TR T-T A J

Light-flavour jet rejection

T FF A=

displaced tracks

b-hadron = \s 813TeV tt
* p >25GeV m |<25

Primary Ly

-
-

Vertex Secondary
@ " Vertex
".hh‘dﬁ in-

5 ]
|
Fa
L

g

Run-2 / Run-1
- D WM —

055 0.6 065 0.7 0.75 0.8 0.85 0.9 0.95 1
b-jet efficiency

ATLAS-PHYS-PUB-2015-022
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Top Events as a Laboratory



e Introduction to Colour Connection

and Hadronization
= Quarks carry QCD color charge

1824

= But only colour singlets can be observed

= For example W, Z, or bound states like hadrons

= Partons carrying color are color connected to partons

g

with anti-colour

Gluon: color octet

= Hadronization: Particles building up
between colour-connected partons

"'..-'.

q Quark: color triplet
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MANCHESTER

Color Flow between Jets

= Jets carry color, and are thus color connected to each other

= Pairing of connection depends on nature of decaying particles

= Particles created during hadronization should be concentrated
along angular region spanned by the color connected partons

= Transverse jet profiles should not be round
= Shape influenced by direction of color flow!

13.12.2018 Yvonne Peters
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MANCHESTER

Color Flow between Jets

= Jets carry color, and are thus color connected to each other

= Pairing of connection depends on nature of decaying particles

Octet =
Example: ttg

"a
'
",

Example: ttH

= Particles created during hadronization should be concentrated
along angular region spanned by the color connected partons

= Transverse jet profiles should not be round
= Shape influenced by direction of color flow!
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MANCHESTER

Color Flow Observable

Construct a local observable, constructed from particles within a

chosen jet cone: Jet pull Ad=d— ¢,
1
: : : : A
= Pick a pair of jets in the event
= Build vectorial sum of jet
components:
) Legend
5 =% Pull Vector P,
L ;7’1 position of jet component o ' Constituent of I
i I"e|atlve tO Center Of Jet . (size weighted bypT)l
. ) —)
i [ ]
= E: transverse energy of ® Ay=y—y,,
component i Jq

Jet. :
E_": transverse energy of jet Gallicchio, Schwartz,

PRL 105, 022001 (2010)
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MANCHESTER

Color Flow Observable

Construct a local observable, constructed from particles within a
chosen jet cone: Jet pull

A()b — ¢) T ¢J1
= Pick a pair of jets in the event 1 Jo
= Build vectorial sum of jet
components:
Legend
=3 Pull Vector P, B
- . : . b =) Jet Connection Vector C (Jy, J3)
= 7,: position of jet component Ar 0p Pull Angle (Jy wrt. Jo)
e Constituent of J;

i relative to center of jet

(size weighted by pr)
o

m i: transverse momentum of
P; Ay=1y—y,,

component i

Jet. .
p. " transverse momentum of jet Gallicchio, Schwartz,

PRL 105, 022001 (2010)
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MANCHESTER

Colour Flow Iin Top

= Top events as laboratory to test new tools

= Jets carry color, and are thus color connected to each other

= Pairing of connection depends on nature of decaying particles

Gallichio, Schwartz, ( —\;
PRL 105, 022001 (2010)

Colour Singlet Colour Octet

Jet pull: vectorial sum of
components within each jet @

— jet pull angle: angle wrt. @

connection line of pair of
jets
13.12.2018 Yvonne Peters 20



MANCHESTER

Colour Flow Iin Top

= Consider 4 variables in semileptonic tt events (>1 b-tagged jet)

= Two non-b-tagged jets:
= Relative jet pull angles
= Jet pull magnitude

= Two b-tagged jets

= Relative jet pull angle

YAV Y VA Yvonne Peters
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MANCHESTER

1824

Analysis

m Correct distributions for detector effects

= 13 TeV analysis: use only track-jets

= Have shown to have better resolution than calorimeter jets in 8 TeV
PLB 750, 475-493 (2015)

analysis

13.12.2018

Events /0.2

Data / MC

400
350
300
250
200
150
100

50

0
1.1

1
0.9

x108
N RN R [ I RO R UL R
" ATLAS $ CAa E
- _ 1 |:, tt _
EVs=13TeV, 361107 o Single-top, t+ V/H ]
- V+jets, Diboson ]
= Il NP/Fake leptons 3
E Syst. Unc. ]
SR E
: . Y Y
m BESSSRSsSS
. % ° [ ] o

0 01 02 03 04 05 06 07 0.8 09 1
Charged particle 0p (j}V, j3V) [rad]/=

Yvonne Peters

Eur. Phys. J. C 78 (2018) 847
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MANCHESTER

Results for W daughters

= Correction to stable particle-level (iterative Bayesian unfolding)

N - ATLAS o Data . N - ATLAS « Data -
E=_ 1.3 -V/s5=13TeV, 36.1fb"" -Sré?;'lsﬂcr’]%l Unc. - Es. 1.3 [/s=13TeV, 36.11b" ?é?;ilsﬂtr?]%' Unc. -
o= L - . _ ~— B . n

s C —+ Powheg+Pythia8 ] °le B —+ Powheg+Pythia8 ]

= 12 . —=- Powheg+Pythia8 ] ° 1o, -+ Powheg+Pythia6 ]
“| S - (Colour-Flipped) ] *| T -5 MG5_aMC+Pythia8 -
T e - R — —— Powheg+Herwig7 ]
11 & ] 110 -+ Sherpa i
SR . ] :
1 L 0 _‘ s —— B
N H —0—
0.9 - N 0.9 e
AT [ PRI AT I RIS T R E T P I T P T Lttty
- e ey B — B T A ]
% § 1.05 =reeegpenmeaneas . . ég _gz
82 [ - *> B §§ e —_Eo—_= ——o——
o B T L st s 25 I G— % o
0.9 o . \ \ ) . , . . *
0 0.1 02 03 04 05 06 0.7 08 09 1 0 01 02 0.3 04 05 0.6 0.7 0.8 0.9 1
Charged particle 6p (j{¥, V) [rad]/= Charged particle 6p (j}", j¥) [rad]/=

= Colour-flipped model disfavoured by the data
(for this distribution x?/NDF: 45.3/3; SM Powheg+Pythia8: 17.1/3)

= MC modeling has room for improvement

Eur. Phys. J. C 78 (2018) 847
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Angular Distributions



MANCHESTER

Spin Correlations

= Top quarks decay before fragmentation
= Spin information is preserved
= Hadron colliders: top quarks produced un-polarized, but

= New physics (NP) could induce polarization

= e. g. NP causing forward-backward tt asymmetry - more left-handed tops

= Correlation between top and antitop spin can be extracted

g t t

2

t

13.12.2018 Yvonne Peters

25



MANCHESTER

Spin Correlations

= Measured spin correlation can change

= Due to different decay {D
Left-handed {C} l+ l+’ q
coupling \ N 4 C]_ H* v (—7:

¢ W o
(52
O & b O 0
= Due to different g ¢
) g t
production
?
q — <
g 1 g t

= Spin correlation: test the full chain form production to decay!

13.12.2018 Yvonne Peters



MANCHE\TER

Analysis Strategy

= Highest spin analysing power: leptons from top decay

B0 .
— use dileptonic tt events (eu) S L ATLaS pramnary T ot o,
I S o s
Lﬁ L mmm Single top
- e o
= Very clean samples o =EEn
— gg{ grs(;lrst. err

30—

20f

= Use A¢p between both leptons
— no kinematic event reconstruction required

-
o

Pred. / Data
o —_
© . L
T T 11 T T

O 0.1 02 03 04 05 06 07 08 09 1
Detector-level Ap(I*,I)/x [rad/n]

= Full tt event reconstruction for m
— use of neutrino weighting for full reconstruction

= Uses known top and W boson mass as constraints to explore
missing neutrino information

ATLAS-CONF-2018-027
13.12.2018 Yvonne Peters 27



MANCHESTER

» Unfolded differential measurements:

= Parton-level

« Inclusive and in bins of m,;

ATLAS-CONF-2018-027
13.12.2018 Yvonne Peters

Analysis Strategy

Particle level

Inclusive and in bins of m,

o
o Fy 7
R,

A=
T —
s e g
o e —— e S
oy ey ™ e
'é. i Y .35
l-:y J_;f—-?:

28



RN Unfolded distributions

= Unfolded distributions compared to different MC predictions
Parton Particle

T ATLAS Prellmlnary 1 _%3 ATLAS Prellmlnary ........... F==5
8 13F/5-13TeV, 36110 . € 14} Vs=13TeV, 36110
= 4D e = | ¢ Dau
£ {.of- — Powheg Pythia8 S £ | —— Powheg Pythia8
0 [ Powheg Herwig7 N ] L 1ok = Powheg Herwig7 —
S &  —-- aMC@NLO Pythia8 FA—— S |s - ——-= aMC@NLO Pythia8
T tafee Sherpa - = e Sherpa
g — Powheg Pythia6 ~ passasa g — Powheg Pythia6
-le sof PowPy8 rad. down E e 1.0 B PowPy8 rad. down
0.9} : 0.8 ]
0.8 e o ]
1.05
i © >
Slws 1.00 5|8
g8 3|
0.95F== ==

| |
0.2 0.4 0.6 0.8
Particle-level Ad(/*, 7)/m[rad/m]

Parton-level Ad(l*, I7)/mt[rad/n]

= Data shows shallower slope than prediction
ATLAS-CONEF-2018-027
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MANCHESTER

Template fit

= Fitting spin and no-spin hypotheses to parton-level distributions

c 1.5 e g c RS RRRRN R LR AR R R RN RRR RN RRRRY
o E E 0o L . ]
% 145 ATLAS Preliminary m, <450 GeV 3 g 16F ATLAS Preliminary 450 <m, <550 GeV]
® 13- (5=13TeV,36.1 10" E o V5=13TeV, 361" ]
173 g 3 ® 1.4F
© 1.2 3 g r ]
(&) F = L _
o 1At - 8 1.2 T
& ; o [ = 1
= 1= = T 3 7
[0} r ]
E 3 1~ . -
cg) 0.9C — % roo gt ]
E ] Z [ b
< 0'8§ — Powheg E 0.8fessasgpensas — Powheg ]
0.7 — Powheg (C = 04 06l —gorlheg (C=0)]
g ¢ Data 3 6 ¢ Data .
0-65_ ---- Fit result E r ---- Fit result ]
oo b b b B B b e bvwn i v o I SN SEEE FEET FEET ARET AR N NN FN AR NN
0% 010203 04 050607 0809 1 09010203 040506070809 1
Parton level A¢(I*,I)/r [rad/r] Parton level A¢(*,I)/r [rad/n]
g 1.8_\\II|\III|II\\lll\IIIIII‘\\II‘\IIIIII\\'II\\'IIII_ g 2_4:II\\llllll\\Illlll\lll\lll\ll‘\\Illll\\lllll‘\\ll:
= [ ATLAS Preliminary 550 <m._ <800 GeV ] = 2.2F ATLAS Preliminary m_> 800 GeV =
8 N id ] 8 F i3 E
¢ 1.6 s=13TeV,36.11b" = 8 2F \s=13TeV,36.1 1" ——
@ I g g 1.8 3
5 14r E 5 1.6F =
k] [ ] o F 3
. 1 1.4F E
s | ] T 12 E
E T . ] E E
2 | == ] Z 08 . ]
0.8~ — Powheg - 0.6 = — Powheg E
L " — Powheg (C =0) | E — Powheg (C = 0) 7
0.6F ¢ Data ° ] 04F ¢ Data E
T ---- Fit result ] 0.2F ---- Fit result 3
0_4_\u.l\|||I||\\I..\.I....\\\..\\...I..\\I..Hl...._ O_II\\||||||\\||||||\|||\|||\||‘H|||||H|||||‘H||_
0 010203040506 070809 1 0 010203040506 070809 1
Parton level A¢(I*,)/x [rad/n] Parton level Ao(I",)/= [rad/x]

ATLAS-CONF-2018-027
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MANCHESTER

i Template fit

= Fitting spin and no-spin hypotheses to parton-level distributions
S AR AR RN LA ARl AR AR RARR RARRE AR
B 1.6 ATLAS Preliminary Inclusive n
& [ (5=13TeV,36.1 1"
@ 1.4F [
o C ]
Region fsm Significance (incl. theory uncertainties) E 1.2:— =‘=|:;-_|:
my; < 450 GeV 1.11 £ 0.04 +0.13 0.85 (0.84) g fI:IE ]
450 < myp < 550 GeV 117 +0.09 £ 0.14 1.00 (0.91) S OSW ]
Rel — Powh 7]
550 < my; < 800 GeV  1.60 % 0.24 £ 0.35 1.43 (1.37) - Thowheac=0)
— ---MCFM (nlo) .
my; > 800 GeV 22418423 0.41 (0.40) 0.6]- +Daia .
r Itresu b
inclusive 1.250 £ 0.026 £+ 0.063 3.70 (3.20) 0. o' IR '(')'é' NS '1

Parton level A¢(I",/r [rad/x]

= Spin correlations higher than SM prediction by 3.7¢
(3.20 including theory uncertainty)

ATLAS-CONF-2018-027
13.12.2018 Yvonne Peters 31



S Spin: Quo Vadis?

= Many developments goingon . —.

= Higher-Order calculations?
(figure from Rene Poncelet's
talk at TopLHCWG meeting 21.11.)

o ldo /d(Ap/T)
o do/d(A¢/m)

= New Physics?

m Both communities working on understanding effect
— need to measure more variables (e.qg. full spin density matrix)

d2
1 o _l(li(ap)lCosgli(ap)zcosez—(]cos@lc0892)

o dcos0,dcos 0, 4

= P: polarization

« : spin analyzing power of decay product i; . _
| = (: spin correlation

0.1 direction of daughter wrt. chosen axis
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The Top and The Higgs



MANCHESTER

The Top and The Higgs

= Top and Higgs: Heaviest known elementary fermion and boson!

= Top-Higgs Yukawa coupling: 180F =
predicted to be ~1 in the SM S el

. _ 178} | Instability ]
— special role of top quark in o I © Metastability

electroweak symmetry breaking? o | — + o
. . ) 10
— window to new physics? S imp | gt
— metastable universe? S o
"= Measuring top-Higgs Yukawa 165 ‘ N Stability
coupling directly: important! 5o - . |
115 120 125 130 135

(indirectly: in H—yy and gg—H)

My (GeV)

= Main channel: ttH
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MANCHESTER

The Top and The Higgs

= This year: First observation of ttH!
(first by CMS, then ATLAS; similar strategies, concentrating on ATLAS here)

= Combination of multiple channels:
= Higgs decay to bb, WW*, t*t", yy, ZZ*
= Hadronic and/or leptonic top decays used

YAV Y VA Yvonne Peters
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MANCHESTER

Diphoton Channel

= Define two regions: hadronic top decays or events with at least
one charged lepton

= M : has to be between 105 and 160GeV

Yy
. . -.(B 1_IIIIIIIII| IIIIIIIIIIIIIIII ||||||IIII|IIII|IIII_
" c C . .
= For each region: train BDTs s [ A7as —— Data Sideband
L - (s=13TeV,79.8fb"  c.;Non-ttH Higgs
S _ Had region )t
.5 e
"g -
> 1 T I T T T T | T T T T T T T T I T T T T s — L -
2 35 4 Dpata ATLAS weo
o) L Continuum Background Vs = 13 TeV, 79.8 fb™ 10 o =
o 30— - :_._
- - - Total Background m, = 125.09 GeV . L v
_.\cg o5 — Signal + Background All categories . i -
< - . ] LI -
o C In(1+S/B) weighted sum B i S
S o0 E e LR ST
= - .
e 15- = R T T PR PR T SO PRI nr SRR
2 = 00102030405060708091
108 i E BDT Output
5 f . .
- vy F—E
L 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 ]
110 120 130 140 150 160
m,, [GeV]
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MANCHESTER ZZ Channel

= Use events with at least 4 isolated charged leptons

= Two regions: hadronic (both tops decay hadronically) and leptonic
(at least one top decays leptonically)

. BDT used On hadronic region > 8_| | T T T T | T T T T T T T T | T T | T | T T T T |
& _FATLAS — ]
w TFHoS 7z 4 o oo E
; 6 13 TeV, 79.8 fb’ xaF E
E | ttH-had category | Z_Z* ]
) N tt+V, VVV 7
> 5 B Z+jets, tt —
L - 2z Uncertainty .

4+ -
3H -
2 f— ® ® ® —f
1 Eo (3 ® —:
1 p 1
ﬂéﬁ#ﬁ |  —— - | | | | | | l | | | | |
100 150 200 250 300 350

m,, [GeV]

13.12.2018 Yvonne Peters 37



MAN CHll_;}_:.; ] ER

Events / bin

—_ -t
S o

Data - Bkgd.
[6)]

Bkgd. Unc.

Multilepton Channel

= Includes H-WW (&ZZ) and H—11 decays

= Many channels considered

Some use BDTs

L B ]
- ATLAS ¢ Data ]
| Vs=13TeV, 36.1 fb" =:m Eumj;-s) ]
_—POSt_FIt |:|Baclilground —
- . ./ Bkgd. Unc. 3
R PO — Bkgd. (u=0) A
B ----Pre-Fit Bkgd. |

S I N I A
—tiH (u_=1.6) + E
ftH (ue1) ]

[«}%)
T

o
T

log, (S/B)

13.12.2018

Number of Thad
N

38+ 1Thaa

4
Number of light leptons

Yvonne Peters
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MANCHESTER H - bE Channel

= Semileptonic and dileptonic channels considered

(1=, 2“d) jet  Single Lepton, 5 j

= Separation in many dsciminant
I 33)

different control and
(4.3)

signal regions

(5, 3) CRif+1ight

= Very challenging analysis » / N

| ) B
= Modeling of background ttbb oy [ — /o

(5.5) (5,4) (5.3)(5.2) (4.4) (43)(42)(33)(3.2)(222)(5,1) (4 1) (381 (2.1) (1. 1) (3"‘, 4“‘) jet
b-tagging
discriminant

(1%, 2") jet  Dilepton, > 4 |
b-tagging
discriminant

(3,3) CRiy 21

(4,3)

(5.3) /

(4, 4) \ CRi7+tight

(5. 4) SR,

(5,5) SR; SR;

(5,5) (5,4) (5,3) (5.2) (4. 4) (4.3) (42)(3,3)(3,2)(22) (51) (4 1) (3 1) (2,1) (1, 1) (3“‘, 4“’) jet
b-tagging
discriminant
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MANCHESTER

1824

Semileptonic

= BDTs used enhancing significance

= Reconstruction of event done

with “reconstruction BDT”

— access to variables using full events

= Fits including control regions
— improves control over backgrounds

450
400

Events / bin

350F
3000

250
200
150
100

50
0

1.25¢

Data / Pred.

0.75 F

0.5

-

ATLAS oDiia M
- (s =13 TeV, 36.1 fo' t+lig f+>1c |
- Single Lepton Wt +=1b @t +V ]

961 ° [CONon-tt 7 Total unc.

SR --- ttH (norm) ]

¢ Data mtiH

208 ~06 -04 02 0 02 04 06 08 1

Classification BDT output

ATLAS
s=13TeV
Single Lepton

5
CR {vigh

SR

.

26
CR1iigh

>

SR

[ +light []fi+>1c [l +>1b

Ott+v [ INon

5] 5j
CR t%+21c CRt#+b

SR1Sj gRboosted

CR¥

: 25
ttex1c CRitb

SR;®

SRF

v 6

13.12.2018

Yvonne Peters

40



MANCHESTER

1824

Dileptonic

= Similar strategy as in
semileptonic channel

= Reconstruction of full event
information more challenging
due to two neutrinos

E 250_"'I"'I"'I"'I"'I"'I" L L L
o ATLAS ¢ Data mttH
P _ 4 Ot +light [+ >1c
2 §|_ 13 TeV, 36.1 fb Wi+ >b sV
I 200f S'Rezgjton [JNon-tt 7~ Total unc.
1
Post-Fit

150(

100

5 0 VA
: O e e
© .
® 125} Z % ]
o] ~
£ o075} Z
o 0.5

>1 08 -06 -04 -02 0 02 04 06 08 1
Classification BDT output

ATLAS [t +light []tt + >1c [t + >1b
Is =13 TeVv [ +v  [JNon-
Dilepton
3 3j
Cl:‘tfj+ligh CR{

CRZY

tT+light

SR3Y SR3" SRy

s
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ttH, H—bb Results

= Results already dominated by systematic uncertainties

— background modeling of ttbb a main factor

Dilepton
(two-u combined fit)

Single Lepton
(two-u combined fit)

Combined

13.12.2018

ATLAS Vs =13 TeV, 36.1 fb™
U I I L N B BN BN B
ot m,, = 125 GeV
stat.

tot (stat syst)

+1.02 , +0.54 +0.87

_ 0 —i -0.24 —1.05(4).52 —0.91)

+0.65 , +0.31 +0.57

- o — 095 —0.62(—0.31 —0.54)

+0.64 , +0.29 +0.57

o — 0'84 -0.61 (—0.29 —0.54)

' | | I | NI B R A B A B R A B

-1 0 1 2 3 4 5 6

Yvonne Peters

Best fit u = ¢/l
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94 Combination

= Combination of all channels: Observation of ttH!

= Observed significance of 5.8

ATLAS - Total Stat. [] Syst. — SM
Vs=13TeV, 36.1 - 79.8 fo

c 1 s
%107; ATLAS 4 Data ; Total Stat.  Syst.
° E s=13 TeV, 36.1 - 79.8 fb’! M H (u=1.32) 3 fiH (bB) y = | T 0.79 + 823 (+ ggg ,£0.53)
Y10t e fiH(u=1) 3 a » : :
] 05: [ ]Background
3 L E fiH (multiepton) HEe=H 156+ o (£ 0% % o3 )
10°e E
e ﬁﬁ'it E ttH (vy) == 1.39% g4 (£ o3+ % o7 )
-|02Eg |_e Ez
10;; —— ] ttH (Z2) Je < 1.77 at 68% CL
1...,.|_.I€ -------------------------------------------------------------------------------------
S 4 . Combined H=s=H 132+ 0% (£0.18,+ %)
(DU 21_ o . o _ _ ° | | | | | | | | | | I | | | | | | | | | | | | | | | | |
|||_|3|||_|2|-|5|||_|2|||_|1|.|5|||_|1|||_|0|.|5|||(|)||||0!é||| _1 O 1 2 3 4
log_ (S/B) SM
’ Gy O
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Summary

= Top Quark Physics: Probing the heaviest known elementary
particle!

= Jet pull: accessing colour-flow information between jets
— information on QCD colour-nature of mother particle

= Precision measurement of spin correlations

= probing the full top production and decay chain ever more precise

= Top-Higgs: observation of ttH
— new era of exploring the connection
between heaviest elementary particles

= Everything compatible with SM so far

= Tops were, are and stay awesome
— much to learn about the SM and beyond
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MANCHESTER
FBU

m FBU principle: apply Bayes theorem and give posterior probability for different
possible spectra

m Elements needed:

m input: Aly| distribution in background subtracted data
m efficiency and response matrix taken from the signal sample (Powheg)
m output: posterior distribution for the asymmetry

m We take the mean as central value and the smallest interval covering 68% of the
integral as the uncertainty.

‘5 0.015

probability

0.010

Posterior

0.005

1
-l-l-l-l-l-l|J.I|I.I.l|l|l.l.|-l-

0.000

A(T)
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B Differential

= Define “pseudo-tops” on particle level

= In fiducial region
iducial regio Lepton

= Easy to reproduce for theorists!

S—

= Pseudo-top.
"~ dR<0.1

= Use particles with mean lifetime > 3*10!!'s

= Leptons: use “dressed lepton”:
leptons are used together with photons in their vicinity

= Jets: anti-k_with R=0.4 applied on stable particles (not leptons or
neutrinos)

= Presence of b-hadron with p_>5GeV: jet is taken as a b-jet

VY AY Y OVA Yvonne Peters &y
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= |+jets channel: selection

Differential

Exactly 1 lepton (e or u)

f*
. e: p,>25GeV, |n|<2.47 & !(1.37<|n|<1.52)
V pi p.>25GeV, In]<2.5
9\ g Missing p. for neutrino (E.): >30GeV
.. b T T
\ Q000
r - b

]

L)

9 >4 jets with p_>25GeV; [n]<2.5

>2 jets b-tagged

_____________________________________________________________________________________________________________________________________________________________________________________________________|
48
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1824

Differential

= Top reconstruction

]

13.12.2018

Leptonic pseudo-top:
- construct leptonically decaying W
from lepton and E ™

A
v

t w - b-jet with smallest AR to lepton
b

Wll'
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1824

= Top reconstruction

]

13.12.2018

Wll'

Differential

Leptonic pseudo-top:
- construct leptonically decaying W
from lepton and E ™

- b-jet with smallest AR to lepton

Hadronic pseudo-top:
- construct W from remaining two
highest-p_ jets

- use remaining b-jet

Yvonne Peters
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13.12.2018

Colour Flow: Systematics

A0p (31,35 (%]

op (31, 53)

0.0 -0.21 0.21 —0.48

0.48 - 0.78 0.78 — 1.0

Hadronisation 0.63 0.22 0.27 0.09
Generator 0.37 0.24 0.50 0.06
Colour Reconnection 0.11 0.26 0.03 0.53
b-Tagging 0.35 0.12 0.20 0.31
Non-Closure 0.25 0.07 0.08 0.30
ISR / FSR 0.32 0.12 0.15 0.01
Other 0.25 0.20 0.11 0.18
JER 0.12 0.13 0.21 0.03
JES 0.13 0.06 0.13 0.07
Tracks 0.09 0.04 0.05 0.07
Syst. 0.97 0.52 0.68 0.72
Stat. 0.22 0.18 0.17 0.26
Total 0.99 0.55 0.71 0.76

Yvonne Peters
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