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Introduction



MANCHESTER The Top Qual‘k

- Heaviest known elementary particle:
m~173GeV

- Standard Model:
- Single or pair production
- Electric charge +2/3 e
- Short lifetime 0.5x10-24s
- Bare quark - no hadronization
- ~100% decay into Wb
- Large coupling to SM Higgs boson
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MANCHESTER

1824 Top: From Discovery-u

- Discovered in 1995 by CDF and D@ at Fermilab (with few events)
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MANCHESTER
1824

- Discovered in 1995 by CDF and D@ at Fermilab (with few events)
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...£t0 Precision

Situation today:
LHC > top quark factory!
Many precision measurements possible!
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Top Studies: Overview

Top mass

Top mass difference
Top charge

Lifetime

Top width

Production cross section
Production kinematics
Production via resonance
New particles

03.04.2019

W helicity
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Branching ratios
Vil

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 i _
Top charge I|3\|;ar|1c ing ratios
Lifetime o
Top width Anomalous coupling
New/Rare decays
t
Top-Higgs connection
f Spin correlation
Charge asymmetry
_ Color Flow
Production cross section
Production kinematics o
W helicity s-, t- and Wt-channel

Production via resonance

New particles production, properties and

searches in single top
events
03.04.2019 Yvonne Peters 8



MANCHESTER Top Quark Pair Production

At the Tevatron:

proton

85%

NI

antiproton

At LHC:
14 TeV: 10%
/7 TeV: 30%
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Top Quark Pair Production

At the Tevatron: 92 : t
proton
t g f

85% + 15%
g t
t ‘
antiproton =
At LHC: g t
14 TeV: 10% + 90% o p
7 TeV: 30% Cross Sections: + 70%
Collider Cross section [pb] g t
%
LHC (7 TeV) 177.3%101 158
LHC (8 TEV) 252.9+13'3_14.5
LHC (13 TeV) 831.8+403

M. Czakon et al. arXiv:1112.5675
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—— Final States in tt

tt>W+bW-b : Final states are classified according to W decay

B(t>W*b)=100%
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Final States in tt

tt>W+bW-b : 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;
High missing E;

tHets 15%

from_ neutrinos; %% lepton+jets:
- W S0l .
2 b-jets 1\::“2\/%0[ s 15% 1 1solated lepton;
xe “A% . . .
Ve T ets 15% ~Missing E; from neutrino;
"dileptons™ "lepton+jets”

>4 jets (2 b-jets)
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NG Ideontification of b-Jets

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

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

T T T

— MV1c Run-i. 3
— Mv2c20 Run 2

EES PO PRI A R A SO R B ”“1..

Light-flavour jet rejection

102 %_ .......................................... ........................................... _;

displaced tracks | :

o Qr'\"s""é"{é”%;&f{{ ...... e N .

Lo s S M -]

Primary bbb oo bbb e

Run-2 / Run-1

Vertex y
@ Vertex

55 0.6 065 0.7 075 0.8 085 0.9 095 1
b-jet efficiency

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



Introduction to Colour Connection

and Hadronization

Quarks carry QCD color charge
But only colour singlets can be observed

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

Partons carrying color are color connected to partons
with anti-colour

g

Hadronization: Particles building up Gluon: color octet

between colour-connected partons

W

q Quark: color triplet

03.04.2019 Yvonne Peters 15



NS Color Flow between Jets

Jets carry color, and are thus color connected to each other
Pairing of connection depends on nature of decaying particles

Singlet

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!

03.04.2019 Yvonne Peters
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Color Flow between Jets

- Jets carry color, and are thus color connected to each other
Pairing of connection depends on nature of decaying particles

Singlet
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!

03.04.2019 Yvonne Peters
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AR I Color Flow Observable

- Construct a local observable, constructed from particles within a
chosen jet cone: Jet pull Ap=¢— o,
AN

= Pick a pair of jets in the event

= Build vectorial sum of jet
components:
N Legend
_ . i . =9 Pull Vector P;
1; . position of jet component e
i relative to center of jet o|/° |
_ ; ° o Qonst}tuent of J;
E,': transverse energy of ' (size weighted by pr) ,
component i °"e
P _ ® Ay=y—y,
E’°t: transverse energy of jet i

Gallicchio, Schwartz,
PRL 105, 022001 (2010)
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AR I Color Flow Observable

- Construct a local observable, constructed from particles within a
chosen jet cone: Jet pull
oo " A=y,
A

= Pick a pair of jets in the event

= Build vectorial sum of jet
components:

Jo

Legend

=, - . »$ Pull Vector Py B
Tl . pOs.ltlon of Jet CompOnent S =) Jet Connection Vector C (Jy,J3)
i relative to center of jet A K 9p Pull Angle (J; w.r.t. Jo)
. Constituent of .J
p{': transverse momentum of * (size weighted by pr)
component i o >
o Ay =y -y,

pt’et: transverse momentum of jet

Gallicchio, Schwartz,
PRL 105, 022001 (2010)
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MANCHESTER

Colour Flow In 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
03.04.2019 Yvonne Peters 20



Colour Flow in 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

03.04.2019 Yvonne Peters 21



MANCHEGIER Analysis

- Correct distributions for detector effects
- 13 TeV analysis: use only track-jets

Have shown to have better resolution than calorimeter jets in 8 TeV analysis
PLB 750, 475-493 (2015)
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https://link.springer.com/article/10.1140/epjc/s10052-018-5877-y

Results for W Daughters

- Correction to stable particle-level (iterative Bayesian unfolding)
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- Colour-flipped model disfavoured by the data
(for this distribution y2/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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https://link.springer.com/article/10.1140/epjc/s10052-018-5877-y

MANCHESTER
1824

Theory

- Recent theory paper on theory prediction for Pull Angle
Inspired by our analyses

Pull Angle ]
8 TeV LHC ]
W boson from pp — tf |
+ Pythia parton level

X Pythia hadron level

— Theory parton level ]
Theory hadron level |

°6

R

1.6 T T T T T T T T T T T T T
i Pull Angle
i 8 TeV LHC
14 i . W boson from pp - tf ]
[ ¢ Theory :
Jl2p x Pythia hadron level -
S = ' * e ATLAS data :
=% jof -
. 1
L X -
08} .
L <
0. [ L i L 1 " " i L i 1 i i 1
?).0 0.2 04 0.6 0.8
p
T

- First theoretical predictions of pull

03.04.2019
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arXiv:1903.02275
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https://arxiv.org/abs/1903.02275

Angular Distributions



Spin Correlations

- Top quarks: decay before fragmentation
Spin information preserved in decay products
Hadron colliders: top quarks produced unpolarized, but

New physics could induce polarization

- For example: new physics can cause forward-backward asymmetry
— more left-handed top quarks

Correlation between top and antitop quark can be measured

03.04.2019 Yvonne Peters 26



Spin Corrleations

Measured spin correlation can change
Due to different decay

Left-handed +
coupling +<C> /  q H+ -
t W

O o

g ¢ g t
?
é —
g t . L
Spin correlation: test full chain from production to decay

03.04.2019 Yvonne Peters 27
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Analysis Strategy

- Highest spin analyzing power: leptons form top decay
Use dileptonic tt events

A >—<'1'(')::]|'"'|'"'I""I""I""I""I """""""

) S gf eDaa . ATLAS E

Very clean samples 5 O Rbepmet T e

S 30F mm E%Z?ee?oﬂ ke Inclusive selection ~ —

w - mmmFakelepton e B

250 Dibokon’ s

L ]

20; Stat. @ syst. error -

- Use Agp between both leptons o E
No kinematic event reconstruction required 10; =

5 =

g ¥

g — — O s :

s : _ ® 0 0102 03 04 05 06 07 08 09 1

- Full tt event reconstruction for my : AT

For example neutrino weighting in ATLAS

- Uses known top and W boson mass as constraints to explore missing neutrino
information
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Unfolded differential measurements:
Parton-level Particle level

03.04.2019 Yvonne Peters
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MANCHII -1§ IlE[{

- Both ATLAS & CMS: fitted spin correlation higher than expected

Measured Distributions

ATLAS: 3.20 from SM prediction of Powheg MC

CMS Preliminary 35.9fb" (13 TeV)

—= S T T 1 T T T 1 T T —
DS_ 0-5_ oUnfoIdedData ----NLO,SM 'E _IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_
OIS - — POWHEGV2 + PYTHIA8 ~ -- NLO, uncorrelated - © 16~ ATLAS Inclusive _
- [ -- MG5_aMC@NLO + PYTHIAB [FxFx] -~~~ g “F S=13TeV 3641 b ]
0.4r T - o o =
[ T 14 ¢ -125:008 [
= e [ ;
L miszsgmgacaz © \51-2__ A
0.3+ - Tt — g L _
S e - = h
_____________ N = :
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0.6 ¢ Data .
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40 10203040506 070809 1

CMS-PAS-TOP-18-006

03.04.2019

Yvonne Peters

Parton level Ao(I*,I')/x [rad/x]
arxiv:1903.07570
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Mo Template Fit

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

s B = T

£ s B £ [ ]
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L of fou=1.1220.14 E E14 ( =1.18=0.18

=k - = I ]

w11 -------- = W1 2 S aha—

g ) E § r = ]

o b [ e E AT SR ]

0.9 = [ ]

08 . (X:| O 1

E —— Powheg (SM spin) 1 F — Powheg (SM spin)

0.7 —— Powheg (No spin) r —— Powheg (No spin) 1

F | 0.6 -

0.6E ¢ Data E or ¢+ Data 1

F ---- Fit result E r ---- Fit result ]

[{=EEEI SN FEREE FERTE FNNTE FERNl SRl SR FEET N NI FEETE FENEE FNETE FRETE SERRl SRR FERE FRT RN

"0 0.1020.3 040506 070809 1 0'40 0.1 02 03 04 05 06 0.7 0.8 09 1

Parton level Ap(I*,I)/x [rad/n] Parton level Ap(I*,I)/x [rad/n]

O T SAaka adad At Rk Aadad AR MM LAl AAAR! aiaAn = 2 4prrrrrrrr T T ey

T [ ATLAS 550 < m; <800 GeV | T 22F ATLAS m, = 800 GeV E

< 1.6 s=13TeV, 36.1 fb" — S 2 (s=13TeV,36.1 fb" =

Te r + Te18F =

=4[ fou=1.65=0.50 E = F fgu=22=21 i

c+:~1'4— M ] °+:~1.6; M E

SF L ! 1 CIF1.4- E

S12f 1 : g4 5

o | o e E

ks ] ] i3 g

: ] 0.8 - g

0.8 — E k|

r —— Powheg (SM spin) ] 0-65 —— Powheg (SM spin) -

. —— Powheg (No spin) £ —— Powheg (No spin)

0.4} 1

0.6~ ¢ Data 7] F ¢ Data 1

: ---- Fit result ] 0.2F ---- Fit result E

047\lxlxlulxu‘huxhnl\lllﬂluxlxxxxhxullll7 oL | T ST ST FEET SR SRR ST AR

‘0 010203040506 070809 1 0 010203040506 070809 1

Parton level Ap(I*,I')/x [rad/n] Parton level Ap(I*,I)/x [rad/n]

03.04.2019 Yvonne Peters



More measured distributions

- Result caused interest in field - new theory predictions

- NLO+EW agrees better with measurement, NNLO (but no EW
corrections) worse again
NLO+EW: large scale uncertainties

% 1'08_””1'”'“”'l””I'”'I””I””l'”'l”"l””_

: : ’ : I £ _ - Inclusive ATLAS E

Still open riddle what's exactly going on! 03;106; S 13TeV, 36117
Need more calculations/measurements? §"°“i+ B

] ) & 102 .—.»—}:FH»— ey 3

- Interpretations done in terms of EFT s B e L
and SuSy models T o P
140_“"I""l""l"“I""l""l""l""I""_ - :'_'PP ;

%‘ — N e ATLAS ] ogeilNLg) sgg&l:sp\;\?z:’m:np N

% 1205Tn---omwed“mlt(ﬂa""") L™ =36.11", {5=13TeV —: T NLO QCD+EW scale up/down 3

OL?'- 100;_ ...... Expected limit (+16,,,) Emnfi:%%cL E 09452:‘:3:3 _E

E Am(Tv—x?):m‘ t‘ﬁ 11 E 09 :ll||ll'q|'lill-|0|lslclallleltl‘l)lﬂolmlllllllIIIIlIIIIIIIIlll-

80 - % 01020304 0506070809 1
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40 |

20 F

11 l 111 1 | 111 l—
240 250 260
m(f) [GeV]

_1||||||111||||||||||||il|:{‘|-||| |
970 180 190 200 210 220 230
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MANCHESTER
1824

Double differential cross section:

. More “direct” spin correlation measurement: 78

1 d?c 1

o dcosB,dcosB, 4

Other Measurements

normal to production plane t

=—(1+ (aP),cosB; + (aP),cosB, — CcosbH,cosH,)

a: spin analyzing power of decay product

0: direction of daughter particle
wrt. chosen quantization axis

P: polarization and C: spin correlations

Spin density matrix elements

Challenge: requires full event reconstruction

ATLAS &CMS:

Unfolded distributions extracted

03.04.2019
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MANCHESTER

1824

- All spin-density matrix elements measured

Other Spin Measurements

More to do to improve sensitivity

ATLAS

Spin correlations

C(k.k)

C(n,n)

#JHEP 12 (2015) 026 result = (stat+del) = (mod)

c(r,r) ——o——

{s=8TeV-20.2fb"’

0.296 + (0.072) + (0.057)

0.304 + (0.038) + (0.047)

0.086 + (0.075) + (0.122)

1 l 1 1

L 1 1 1
0.2

1 1 1
04

1 l 1
0.6 0.8
Spin correlation

—e— Data

CMS Preliminary

—=— NLO calculation

—+— POWHEGV2 + PYTHIA8
—*— MG5_aMC@NLO + PYTHIAS8 [FxFXx]

35.9fb" (13 TeV)

result = (stat) = (syst)

C N 0.299 + 0.022 = 0.031
kk v
Cor o —+ 0.080 = 0.023 + 0.023
Con ht%—+  0329x0.012+0.017
-D R 0.237 = 0.007 = 0.009
AZP . 0.167 + 0.003 = 0.011
CcoSsQ v . = U. = U.
A g Hor L, 0.103 = 0.003 = 0.008
| | | | I 1 | | I | | | I | | | I | 1 | 1
0 0.1 0.2 0.3 0.4 0.5

Spin correlation

. Still more to do to understand the riddle of tt spin correlations!

03.04.2019
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The Top and The Higgs



The Top and The Higgs

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

Top-Higgs Yukawa coupling:
predicted to be ~1 in the SM ‘
— special role of top quark in 180F T et
electroweak symmetry breaking? 178} | Instability | B |
— window to new physics? ~ Metastability |
— metastable universe? T

- Measuring top-Higgs Yukawa
coupling directly: important!
(indirectly: in H—>yy and gg—H)

Main channel: ttH

Stability

115 120 125 130 135
MH (GGV)

03.04.2019 Yvonne Peters 36



The Top and The Higgs

- Last 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 "¢, yy, ZZ*
Hadronic and/or leptonic top decays used

Phys. Lett. B 784 (2018) 173

03.04.2019 Yvonne Peters
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https://doi.org/10.1016/j.physletb.2018.07.035

Diphoton Channel

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

m,,: has to be between 105 and 160GeV
For each region: train BDTs

[
ﬂ 1:llll|IIII| IIIIIIIIIIIIIIII |IIIIIIIII|IIII|IIII_
o - ATLAS - Data Sideband [ -
LU - Vs=13TeV, 79.8 fb’ « . » Non-ttH Higgs i
© . Had region CJtH i
s [
"g - -
> L L L L L B L L AL 4 o L -
2 35 4 Dpata ATLAS ] wo [
0 303_ ------------- Continuum Background Vs =13 TeV, 79.8 fb™ E 10 - H__l
N - - Total Background m,, = 125.09 GeV ] : i
E o5 — Signal + Background All categories - i b
_'5, E In(1+S/B) weighted sum . | -- d::’::-f—._f_' -
2 20- = ]
e 155 = T P T P T PR PR SR s SO O
a - ] 00102030405060708091
10E + * | l _E BDT Output
5t - ]
- UL A O &
_I 1 I 1 1 1 1 I 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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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 —
& _[ATLAS — :
';(_) 7 :_H — 27" — 4] ;2F+be _:
> 6f_13Tev, 79.8 fo! xEF _f
E | ttH-had category . Z_Z* ]
b n tt+V, VVV ]
> 5 B Z-+jets, tt —
L - 2, Uncertainty .

4+ -
3 H =
2 f— ® ® ® —f
1 go °. ° —f
O ﬂ“*ﬁ | | —— - | 1 l l | 1 1 l 1 | 1 |
100 150 200 250 300 350
m,, [GeV]
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MANCHESTER

Multilepton Channel

- Includes H-WW (&ZZ) and H—17t decays

- Many channels considered

Some use BDTs

£ O T
~ -~ ATLAS ¢ Data i
£ | Vs=13TeV, 36.1 fb" MtH (o =1.6) |
2 Post-Fit CtH (u=1)
o 10° [JBackground —|
- 7/,Bkgd. Unc. 3
u . Bkgd. (u=0) -
i ---- Pre-Fit Bkgd. |
102 E
10
Ve T AN BRI U A B
B|€ 15 —ttH (u, =1.6) ]
QP 4ok - tiH (u=1)
© | 101 M -
<[ s - Bkgd. (u=0)
o] ol S,
25 2

log, (S/B)

Number of Thad

N

34+1Thad

1 2 3 4
Number of light leptons
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H — bb Channel

- Semileptonic and dileptonic channels considered

(1%, Z“d) jet Single Lepton, 5 j

Separation in many g taging
different control and 6.3
signal regions w3
- Very challenging analysis 9
Modeling of background ttbb o Rew | Ram / N\
(5. 4) \\
(5.5) | SRy SR, T~ —L

(5,5) (5,4) (5.3)(5,2) (4,4) (4.3) (42 (3.3) (3.2) (2,2) (5,1) (4 1) (3, 1) (2,1) (1, 1) (3"“, 4“‘) jet
b-tagging
discriminant

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

(3,3) CRis>1c

(4.3)

(5.3) /

(4, 4) \ CRi71light

(5, 4) SR,

(5, 5) SRy SR3
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b-tagging
discriminant
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Semileptonic

- BDTs used enhancing Significance arLas ()t + ight [Jti+ >t [t + 1
s=13TeV Ot+v  [INon
Reconstruction of event done ] ] ]

with “reconstruction BDT”
— access to variables using full events @ ®
- Fits including control regions

— improves control over backgrounds

SRZJ SR?j GRboosted
_E T T T T T T T LI T
5 ATLAS ¢Data  WtH % @
g G sTousarn  QUrion Qe
L% 400¢ Slngelje Lepton CINon-tt 7~ Total unc. |
3501 SR . ---ttH (norm) ] >6] >6] 2
Pre-Fit CR i CR 10 CRitb
% ]
250 e groseoseeseoseoneeaeas 1
z
50 S SR SRY) SR;®
5 0 ! | | ] ]
® 1.25F ]
. %WW S
% 0.75 3
o 05

1 08 —06 -04 -02 0 02 04 06 08 1
Classification BDT output
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Dileptonic

- Similar strategy as in

. . ATLAS [Jtt +light [Jtt+ >1c  [tf + >1b
semileptonic channel f5 - 12Ty Hiev  Onond
Reconstruction of full event CRY, g CRY,.1p

information more challenging
due to two neutrinos

< S e L L e >4 >4
2 250 AT[_IAs I | | . Qét&l_ | IItIH | CRF4igh CRif1c
£ s-13Tev,36.110" i+ gt SRS
:>j 200f D|Ie>5>jton [CNon-tt 7~ Total unc.
SRy ---ttH (norm)
Post-Fit T
150F ’
>4 >4 >4j
100 : SR3 SR3 SR;
5’.’.’.’.’.27,‘_,,5
A
< 0 P
® 125} 7 /)//
S o
© ~
g o7st
Q 05

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

1824

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

03.04.2019

A TLAS

\s =13 TeV, 36.1 fb™

—_— tot

stat.

— _0-24
— e— 0.95
o — 0-84

m, = 125 GeV
tot (stat syst)

+1.02 , +0.54 +0.87
-1.05 ( -0.52 -0.91 )

+0.65 ( +0.31 +0.57)
-0.62 \ -0.31 -0.54

+0.64 , +0.29 +0.57
-0.61 (—0.29 —0.54)

IlIlIlIlllllIll

Yvonne Peters
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Best fit u = o'™/cH



MANCHESIER Combination

- Combination of all channels: Observation of ttH!
Observed significance of 5.8¢

[ I | I l I [ [ I | [ I I | I [ [ I I I [ [ I [ I I |
ATLAS e Total Stat. [ Syst. — SM
- Is=13TeV, 36.1-79.8 b
£ LN DL UL L B DL LA B UL
§107 ATLAS } Data | Total  Stat. Syst.
3 =13 TeV, 36.1 - 79.8 fb TH (u= H (bb ~ ~
B pp TSR M fiH (o) | ——— 0.79+ 33 (* 3% ,+053)
105 [ ]Background
4 ttH (muttilepton) H=— 156+ gi (£ 0% » % o3 )
10
10° _ihl‘“li ftH (yy) —== 139+ 0% (£ 02+ %)
102 e __
10 ftH(Zz) f <1.77 at 68% CL
. A S I I T P . o
S 4 - Combined H==H 132+ 0% (£0.18,+ %)
= .
3 3r T
8 21_ o . ; - _ o _ | | | | | | | | | | | | | | | | | | | | | | | | | | |
11 I—ISI 1 I—I2 I5] 1 1_21 1 1—11 I5I 1 I_1I 1 I—Io él 1 l(l)l 11 I()!SI 111 _1 0 1 2 3
Iogm(S/B)
tti—/Gt’[H

03.04.2019 Yvonne Peters 45



MANCH%%EER S umma ry

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

— still an open riddle where the deviation from prediction comes
from

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

Everything compatible with SM so far

/ \ﬂ E
@ ® o

Tops were, are and stay awesome X
— much to learn about the SM and beyond
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MANCHESIER Boosting algorithms

Boosting algorithms important
Higher collision energy — more events can be boosted

Production of heavy particles — decay products can be boosted
— results in boosted regimes

Low top pt High top pr
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MANCHESTER

Colour Flow: Systematics

A0p (31,53 (%]

0p (31", 35")

0.0 -0.21 0.21 -048 048 -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
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sl Spin Correlations: Systematics

Table 5: Summary table of the effect of experimental systematic uncertainties on the fsy extraction. Uncertainties
which are smaller than the precision shown are included in the totals and the fsy significance calculations.

m,; range [GeV]

Systematic Inclusive m;; <450 450 < my;s <550 550 < m;7 < 800 my; > 800
Matrix element +0.006 +0.11 +0.064 +0.01 +0.3
Parton shower and hadronisation ~ +0.010 +0.02 +0.005 +0.01 +1.4
Radiation and scale settings +0.055 +0.05 +0.061 +0.23 < 0.1
PDF +0.002 < 0.01 +0.003 +0.01 <0.1
Background modelling +0.009  +0.01 o +0.01 +0.1
Lepton ID and reconstruction +0.008 +0.01 ﬁg:ggg fg:% ’_Lg:g
b-tagging fg:gg‘; +0.01 +0.025 fg:gg ’_ngé
et Dandeonsction (0014 0% <00 A
E™S reconstruction < 0.001 fg:g; fg:ggi fg:ii ig:g
Pieup effcts oo coon A
Luminosity +0.001 < 0.01 e <0.01 <0.1
MC statistical uncertainty +0.005 < 0.01 +0.007 +0.03 +0.05
Total systematics +0.061 fg:g fg:ﬁ fg:ﬂ ’_L%?]
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