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MANCHESTER Top Properties

= Charge

= Mass

= Spin correlation
= W helicity

= Colour Flow

= Asymmetry
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ATLAS+CMS
LHCtopWG

tt asymmetry

ATLAS, l+jets
EJC 76 (2016) 87

\'s =8 TeV

total stat

LHCtopWG

CMS, Il+jets (unfolding) +—e—
PLB 757 (2016) 154

ATLAS, dilepton A"
PRD 94 (2016) 032006

CMS, dilepton A

PLB 760 (201 6) 365

ATLAS I+ Aets boosted

(IAlyll <2an m_>0.75TeV)
PLB 756 (2016) 52
QCD NLO (+ EW NLO)
JHEP 01 (20 3

CMS, l+jets (template)  HeH
PRD 93 (2016) 034014
ATLAS+CMS, l+jets HvH

h—a—

A (stat) =(syst)

0.0090 = 0.0044 + 0.0025
0.0033 + 0.0026 + 0.0033
0.0055 + 0.0023 + 0.0025
0.0010 = 0.0068 + 0.0037
0.021+0.011+0.012
0011+0011+0007

0.042 + 0.019 = 0.026
0.0160 =

dilepton asymmetry

PRD 94 (2016) 032006

ATLAS, dilepton A\ H—tm—

0.008 = 0.005 + 0.003

CMS, dilepton A’ H—o—t+ 0.003 = 0.006 = 0.003

PLB 760 (2016) 365 c

QCD NLO NLO) 0.0064 + 0.0003
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Asymmetries

and many many more...
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults
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Top Properties:
A Plethora of Precision Results

Top Mass

(see Teresa's talk tomorrow)

ATLAS+CMS Preliminary
LHClopWG

stat
total uncertainty
ATLAS, l+jets (*)
ATLAS, dilepton (*)
CMS, l+jets
CMS, dilepton
CMS, all jets

LHC comb. (Sep 2013) LHctopwa

World comb. (Mar 2014)

World Comb. Mar 2014, [7]

My, SUMMary, fs=7-13TeV

total stat

myop + total (stat + syst)
172.31+1.55 (0.75 + 1.35)
173.09 + 1.63 (0.64 = 1.50)
173.49 + 1.06 (0.43 £ 0.97)
172.50 +1.52 (0.43 = 1.46)
173.49 +1.41 (0.69 £ 1.23)
173.29 + 0.95 (0.35 + 0.88)
173.34 +0.76 (0.36 * 0.67)

ATLAS+CMS Preliminary

LHCtopWG

B Theory (NNLO QCD)

PRD 81 (2010) 111503 (R)

~e-— Data (F JF /F)

November 2017

ATLAS 2010 single lepton, {s=7 TeV, L_=35pb'
ATLAS-CONF-2011-037 int

ATLAS 2011 single lepton and dilepton, {s=7 TeV, L =1.04 fb!
JHEP 1206 (2012) 088

CMS 2011 single lepton, Vs=7 TeV, L_=2.21b™"*
CMS-PAS-TOP-11-020

LHC combination, s=7 TeV
LHCIopWG

ATLAS-CONF-2013-033, CMS-PAS-TOP-12-025

ATLAS 2012 single lepton, Ys=8 TeV, L,_=20.21b"
EPJC 77 (2017) 264

CMS 2011 single lepton, Ys=7 TeV, L _=5.0 fo™
JHEP 10 (2013) 167

CMS 2012 single top, {s=8 TeV, L _=19.7 b
JHEP 01 (2015) 053

CMS 2012 single lepton, Ys=8 TeV, L, =19.8 fb”
PLB 762 (2016) 512

CMS 2012 dilepton, {s=8 TeV, L_=19. 7"
CMS-PAS-TOP-14-017

* superseded by published result

H—e
H

b

=1

-
]

total stat

F Fo

T
I

ATLAS, l+jets
ATLAS, dilepton
ATLAS, all jets
ATLAS, single top I

ATLAS, dilepton

ATLAS, all jets

ATLAS, l+jets

ATLAS comb. (ijgt:";l’l)
CMS, l+jets

CMS, dilepton

CMS, all jets

CMS, single top

CMS comb. (Sep 2015)
CMS, l+jets

(*) Superseded by results
shown below the line
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5] Eur.Phys. J.C74 (2014) 2758
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172.33 £1.27 (0.75 £ 1.02)
173.79 +1.41 (0.54 + 1.30)

H—e—— 17512 1.8(1.4%1.2)

1722421 (0.7+2.0)
172.99 +0.85 (0.41% 0.74)
173.72+1.15 (0.55 + 1.01)
172.08 +0.91 (0.38 + 0.82)
172.51 + 0.50 (0.27 + 0.42)
172.35 £0.51 (0.16 + 0.48)
172.82+1.23 (0.19 +1.22)
172.32 +0.64 (0.25 + 0.59)
172.95 +1.22 (0.77 + 0.95)
172.44 + 0.48 (0.13 + 0.47)
172.25 +0.63 (0.08 + 0.62)
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] Good agreement
with SM...so far
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MANCHESTER

Colour Flow In Top

= Top events as laboratory to test colour-flow tool

= 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

06.07.2018 Yvonne Peters

Jet pull: vectorial sum of
components within each jet
— jet pull angle: angle wrt.
connection line of pair of
jets



MANCHESTER

84 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
- iy i o o =) Jet Connection Vector C (Jy, J3)
= r,: position of jet component ol: §p Pull Angle (J; wr.t. J5)
; e Constituent of J;

i relative to center of jet

(size weighted by pr)

—_—

m . *
p.: transverse momentum of o Ay=y—1y,

component | I

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

PRL 105, 022001 (2010)
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. Colour Flow in Top

= | atest ATLAS analysis: )
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

= Results corrected back to particle level v 1805.02035

06.07.2018 Yvonne Peters


https://arxiv.org/abs/1805.02935

SR 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= - - . | — B . .

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

- 12 . -=— Powheg+Pythia8 ] ° 1oL -« Powheg+Pythiab 7
-| & - (Colour-Flipped) . -|g T —— = MG5_aMC+Pythia8

T e - R — —— Powheg+Herwig7 ]
11 £ . 110 -+ Sherpa ]
S S . ] -
- (I —— B ]
0.9 - o 09— :%
AT [ PRI AT I [ AT I B T T T T T T N P T
- e ey B — B T A ]
% § 1.05 =reeegpenmeaneas . . ég _gz
82 [ : . i L e
o B T L st s 25 I G— % o
0.9 o . ol
0 0.1 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 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

arXiv:1805.02935

06.07.2018 Yvonne Peters


https://arxiv.org/abs/1805.02935
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= Asymmetry

= Bonus: 4top
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T 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

06.07.2018 Yvonne Peters
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T 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!

06.07.2018 Yvonne Peters



MANCHESTER

Analysis Strategy

X
= Highest spin analysing power: leptons from top decay e
= BOF e e e A SN
— use dileptonic tt events (eu) S b e —Eimeans
= Very clean samples ot s,

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

Pred. / Data
T

» Unfolded differential measurements:
= Parton-level © o102 Olget?agto? ?evoeflsAq?(T I())/fc [l?a?:i/n;
. . . A, | ;’.\i T .
« Inclusive and in bins of m; s .ﬁftrﬁ ,3%)
. "u%;\\\“q - L= /ﬁ;_’.:';....)
= Particle level ey
== o
= Inclusive and in bins of m.. e = e %
tt = ,‘:"E. y K 'l .E
= Full tt event reconstruction / =
for m.. T DAS
tt ATLAS-CONF-2018-027 Parton Particle 4

06.07.2018 Yvonne Peters 13



MANCHEER Unfolded distributions

= Unfolded distributions compared to different MC predictions
Parton  —@- Particle  “BC

= A B 1 = Tl AG Dl s
¥ - ATLAS Preliminary ; £ | ATLAS Preliminary
8 1.3F,/5=13TeV, 36.1 o - 8 1.4-V5=13TeV, 36.1fb"
= [ ¢ Data ___ = ¢ Data
B | o[ — Powheg Pythia8 S - £ | —— Powheg Pythia8
1 [ === Powheg Herwigz7 [ ‘ ] N 1ok = Powheg Herwig7 -
8l< L -—- aMC@NLO Pythias A 1 S|4 L ——- aMC@NLO Pythia8
g 1 1 >_ ........ Sherpa _, E Foonnmnnns Sherpa
IS Lo Powheg Pythia6 e ‘<o] == Powheg Pythia6
-6 Lol PowPy8 rad. down i e 1.0 B PowPy8 rad. down ]
0.9f - 0.8 ]
W i e A T B Wi o ]
1.05
E‘ © >
25 100 1
= e cla
095 TZITTT i | | I - . EEiEte :
0.2 0.4 0.6 o8 LD o] | 1 I
0.2 0.4 0.6 0.8

Parton-level Ad(I*, I7)/m[rad/n]
L Particle-level Ad(/*, 7)/m[rad/m]

= Data shows shallower slope than prediction
ATLAS-CONEF-2018-027
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VAN Template fit

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

_\\Illlll\‘III\‘\III‘\III'II\\'II\\‘Ill\lllllll\\l_ C II\\lll\\lIIIIIIIIIIIJII‘\\II‘\\II‘\\II‘\IIIIIIII
O £ 1 O o il
S 1.4 ATLAS Preliminary m; <450 GeV 4 B 16[ ATLAS Preliminary 450 <m; <550 GeV]
® 13b (5=13TeV,36.1 " R s =13 TeV, 36.1 fb” ]
[%)] F . [} B ]
7] F 1 @ 1.4f
5 9 18 T v A ]
o F 4 O L
Bl B B 3 127 - =
2 1o [ # SN = ]
5 1t 15 ): v ]
F | [ . Sy— ]
E oo 4 € 1 ]
z E 4 =z r 1
0'8; — Powheg ] 0.8psoscgoscas — Powheg ]
0.7t — Powheg (C = 04 N — Powheg (C =0) ]
E ¢ Data ] 0.6~ ¢ Data 7
06 ---- Fit result E . ---- Fit result ]
B b b b b b b levn i e o _II\\lllHlIIIIIIIIIII\II‘\\II‘HII‘HII‘\III'IIII_
O'50 0.1 02 03 04 05 0.6 07 0.8 09 1 0'40 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9 1
Parton level A¢(I*,I)/x [rad/r] Parton level A¢(I",)/r [rad/x]
g 1.8;"'|‘"'|""|'”‘|""|H"\‘"'|""|"H|""7 g 2.4:\||||||\\||III|HII|IIH|IIII‘HIIlIIHlII\IlI\II
5 [ ATLAS Preliminary 550 <m, < 800 GeV ] H 22 ATLAS Preliminary m;> 800 GeV
()] r R F
® 1.6 Vs=13TeV,36.1 b 48 2F \5=13Tev,36.1 1" éz
2 I 1 2 18F E
O 1.4f 18 16F =
S C 156 1.6 E
o C 1o E 3
8 12 N 19 1;'5 E
© r 1® '“fF E
E 1 1€ 1 3
2 I = 12 o8k 3
0.8 — Powheg - O. ob — Powheg ]
L " — Powheg (C = 0) 0'45 — Powheg (C = 0) ]
0.6F ¢ Data — E ¢ Data E
L ---- Fit result ] 0.2 ---- Fit result =
Ol bbb b o b Lo Lo o o) SEEEE FUUTN YL FNTY FREN PUTEN R P FET N
0 010203040506 070809 1 0 010203040506 070809 1
Parton level A¢(I*,I)/x [rad/r] Parton level Ao(I",1)/x [rad/x]
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MANCHIGIE Template fit

ng spin and no-spin hypotheses to parton- IeveI distributions

0
L
—~
‘:".

TTTT TTTT TTTT TTTTITTTT[TTTT]TTTT TTTT TTTT TTTT = - S IH‘lll"lIIIIIIIIIIHII‘HII‘HII‘H”‘HHII”I
S B | ! ! ! | | | | | ] % 1.4F ATLAS Prellmlnary Mg <450 GeV _f % 1.6 ATLAS Preliminary 450 <m; <550 GeV
5 16 ATLAS Preliminary Inclusive ] o : » 1 o F 1
g 1.or y ] ® 4aF s=13TeV, 36.11b 4 © [ Vs=13TeV, 86110
o - Vs=13TeV, 36.1 b 1 3 o 13 A
0 i N = et 4 = L ]
2 14 1 L S | - —
. i & S T A A = 1
3 12 == g0 S :
) . ] E o9 £ 3 ]
s | | - S o5 N
= 1 ] 0.8 — Powheg E 0.8psoscgoscas — Powheg 1
o __:::#.F - 0.7F — Powheg (C = Or — Powheg (C = 0)
=z = ] E ¢ Data 0.6~ ¢ Data
0.8 ‘__|—|_I — Powheg ] 0.6F F|t result E - -- Fit result
£ —POWhEg(C:O) - 050‘ L1 04_|I\\lIIHIIIIIIIIIIII\II‘HII‘HII‘HII‘\III'IIII_
065 --. MCFM (nlo) ] 01 02 03 04 05 06 07 08 09 1 “0 0.1 0203 040506070809 1
oL ¢ Data i L i
- ---Fit result . Parton level A¢(I",1)/r [rad/n] Parton level A¢(I*,)/r [rad/n]
—I 111 | 11 IIIIIIIIIIIIIIIII|IIII|IIII|IIII|IIII|IIII—
040 01 02 03 04 05 06 07 08 09 1 g 1.8;"'|‘"'I""I"“l""|'"'\”"|""I"“I""7 g 2.4:\III|II\\|IIII|HII|II\\|IIII‘HII|IIH|II\|||\||
i B ATLAS Preliminary 550 <m,; <800 GeV; 5 2_2;— ATLAS Preliminary  m > 800 GeV
Parton level A¢(I",I')/r [rad/n] 3 16F (5=13Tev, 361 fi" 18  2F (s=13Tev,36.1 1" ;
7)) [ Y N C T |
%] N ] » 1.8 -
Region fsm Significance (incl. theory uncertainties) 5 1'4; 18 160 =
° C 1o = 3
my; < 450 GeV 1.11 4 0.04 4 0.13 0.85 (0.84) 8 12f * 18 E
450 < myz < 550 GeV 1.17+£0.09 £ 0.14 1.00 (0.91) £ 18 & 3
550 < my; < 800 GeV 1.60 &+ 0.24 & 0.35 1.43 (1.37 ) 2t = 12 osk . 3
0.8~ — Powheg j 0.6 E — Powheg E
myur > 800 GeV 22418423 0.41 (0.40) i . — Powheg (C = 0)- OF — Powheg (C = 0)]
- : = . 0.6F ¢ Data — 0.4F ¢ Data E
inclusive 1.250 4 0.026 &£ 0.063 3.70 (3.20) : - - Fit result 1 02k .- Fit result E
N N T PO PR I PU P I PGl oo bon b bieebin b b 3
0'40 0.1 02 03 04 05 0.6 0.7 0.8 09 1 O0 0.1 0.2 03 0.4 05 06 0.7 0.8 09 1
Parton level A¢(I*,I)/x [rad/r] Parton level Ao(I",1)/x [rad/x]
= Spin correlations higher than SM prediction by 3.7¢
(3.20 including theory uncertainty) ATLAS-CONF-2018-027
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MANCHESTER

Searches for 4top

= tttt SM cross section 9.2fb

fully hadronic
20.9 %

multi-lepton
= Can be enhanced by several new 10.3%
physics contributions )
single lepton dilepton (SS)
40.0 % 9.6 %

= New results in following final states: ditepton (05)

19.2 %

= Same-sign (SS) dilepton
= Opposite sign (OS) dilepton
= |+jets
= Interpretations in various NP models
= tt (same sign top pair)
= Vector-like quarks
= 2HDM models (Heavy Higgs)
= Extra dimensions

= EFT
06.07.2018 Yvonne Peters 18




—— Analysis strategies
& SS dilepton event categories
= Selection of events with high-p_ S EATAS Preiminay | oot
objects (leptons, b-jets, jets, MET) * =voswsoanuoe_ dilepton =
= For I+jets & OS dilepton: include % signal regionsgm®
mass-tagged reclustered large-R jets //W;i////; _____ e +E<(>)
n 2 H st/ = :

1824

- ATLAS F;relimirl1ary —e— Data =

Event Yiel

= Divide into various categories

Data / Pred.

= Validate background modeling and \ S .
enhance signal-sensitivity SRy Hizbz, SRz, SRavzy Sy, Szng, Sy, Savg,

© T T T T T T T © 40 T T T T T ]

2 10" ATLAS Preliminary i —e— Data o = ATLAS Preliminary —e— Data =

?_', Ys=13TeV, 36.1 fo' SS d I |e pto n Fake/non—lprompg t 35 :_E —13TeV, 36.1 0" Fake/non-prompt —

& 10'-SS dilepton /il i i Charge mis-ID 5 =SS dil Charge mis-D 3

s 0 ilepton / trilepton va | I d a t| on iz = = dilepton a7 3

VLQ/4top Validation Regions . o 3 = SStt Validation/Signal Regions e i 3

X fiw i . v -

10 reg IO n S [ Dibosons E: SS d I Ie pto n Dibosons E

- P - . . I T

107 —J— tt signal regionSmmorerie =

Total bkg syst. 3 Y 7 L 1T on-shell (100fo)—]

gsyst.- 3 T, dekeesssass . ........, wsees T off-shell (100fo)

10 = P tt (100fo) =

3 Total bkg syst. -]

1 — =

5 1of | 3 . =

(3] o —e I - o 3

E 1 E 9 ‘L —— o 3

~ I I ] =~ é

% E . P * t' § E

o 05 : : : : : : aper 1 preparation ’ ' '
VR1b2l VR2b2l VR3b2l VR1b3l VR2b3l VR3b3l p prep VRtt SRitee SRiten SRitup
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R Event Categories OS dilepton &
I+jets

1824

b-tags, |+jets Single Lepton b-tags, OS dilepton Dilepton
I I 1 : ] : 1 : ] ] 1
>4b i i >4b c :
>, - 1 1 - >.‘ [ -9 1
il = f—_:: : i 4] . 0 0 = . ! | .
3b| € O pvalidation--signal--- S £ "o T1--Signak-1
O 1 1 3b ‘C © = I
J = ] I | | A (© I
O é I I | | - = '|>-<' > : ||
2b i : v o 1
1 1
0J T source source > 2b sour. SOUII’CG
1) ! : —  jets 0J ' ! >
22/ 5 6 71 8 9 >10) = o et
mass-tagged 4j 5] 6] 7] >3]
RCLR jets mass-tagged
RCLR jets
c 45¢
2 ,oF ATLAS Preliminary Dilepton ¢ Data BT (SM) [T + jets (data-driven)
2 a5 Vs =13 TeV, 36.1 fb" Post-fit [@tt+ H/V  [JNon-tt 7 Uncertainty
g S35F
i 30f 7j,3b,21J 7j,24b,>1J >8j,3b,>1J 7 z8124b,211
. \ 20 ;_/ 10 :— g 8 E—
OS dilepton: 208777 -2 30 ¢ E
15 - = =
example event- 1o :_* 20; A
. . K/ ) = Z
categories (post-fit) 5E i & F
. OF —— ;
Q125 .
I %/ / o
W / /%W///%W/// /%f//%/ .
‘g 0'5 500 1000 1500 2000 500 1000 1500 2000 500 1000 1500 2000 500 T000 1500 2000 2500
Paper in preparation HT™ [Ge V] HT™ [Ge V] HT [Ge V] H1* [GeV]
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MANCHESTER

1824

s L+jets & OS dilepton: profile likelihood fit to HThacl

Fit: 4top

(scalar sum of jet

transverse momenta) iN all 12 [+jets and 8 OS dilepton signal regions

= SS dilepton: Poisson likelihood ratio test (event counting)

= Combination: full fit to all regions; fully-correlated systematic
uncertainties (background-modeling: uncorrelated)

Single lep. / OS dilep.

SS dilep. / trilep.

06.07.2018

Combined

ATLAS Preliminary
— tot.
stat.

O e

(s=13TeV, 36.'1 IflI:>'l1
ittt (SM)
tot ( stat syst)

+1.9 +1.1 +1.6
1.7 -1.7 ( -1.0 14 )

+1.3 , +0.9 +0.9
3.1 1.2 (—0.8 -0.9 )

g8 10 12 14 16
Best-fit u = o™/ o,

Paper in preparatlon

Single lep. / OS dilep.

SS dilep. / trilep.

Combined

——
ATLAS Preliminary

F 13TeV 361fb‘
tTtt (SM)

== Expected £ 1o
-- Expected £ 2¢
—— Observed

Yvonne Peters

4 6 8 10

95% CL limit on = o'/ o,

Combined significance: 2.80 (“can't help myself” SS dilepton: 30)

21



New Physics interpretations

(SS dilepton only)

1400

= Plethora of = > 5 F
1 09 ATLAS Prellmlnary 1 - (3' % E ATLAS Prellmlnary :..: g)k()s:(r:\t/:éjllimitt E
SenSItlve = 13T?V’36'1 fb_ £ = - Vs=13TeV, 36.1 fb" o i
i SS dilepton / trilepton 81200 £ T 1L 2HDM type-Il H — tt Rl el
. . i . ) T E . . . 3
I Im |tS I + b-jets . T =SS dilepton / trilepton + b-jets Theory (N\NLO): =
Observed limit E 2 - o ]
. 1000 O f 1 0—1 - tanB = 1.0 —
Y SU(2) Singlet rd = E E
0 & 1 - —— =
o ~ _
[®X
. ® 102 -
700 . .
600 10 _I 1 1 L I 1 L 1 1 I 1 1 1 1 I 1 1 1 1 I 1 L 1 1 I | | 1 1 1 I 1 1 1 1 1 1 1 I_
. 0.3 04 05 0.6 0.7 08 0.9 1 1.1
0 010203 040506070809 1 > r= N o L S B S e O £
E 10 :‘—l L I TT T | LU I LI | LU I T TT | LI I LU | T TT I TT |—‘: BR(T % Wb) & B ATLAS Preliminary : (E)Xbpseeg\t/eegllilrnn]iltt
2 - ATLAS Preliminary —e— Observed limit E & 10 Vs=13TeV, 36.1 fo | tio —=
— C 4 eeees Expected limit n = E . . . +2¢ 3
E - Vs=13TeV, 36.1 o S ] o £ SSdilepton/trilepton + b-jets __ ey w0y -
1T 4L 2UED/RPP model Theoy(0) N T Allmis t95% C.L.
5 =SS dilepton / trilepton + b-jets Al limits at 95% C.L. 3 1= —
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"= Three recent top results shown — not just "the same old song”

= Jet pull to explore QCD colour flow information
= Spin correlations to test full chain from production to decay
= 4Top searches, sensitive to plethora of new physics
= Colour flow: jet pull a sensitive observable for QCD colour
— MC tuning?! @
m Spin correlations:
3.70 (3.20) deviation from SM shape for A¢

= 4top: observed value 2.8¢ @
above background-only S»

hypothesis <M
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06.07.2018

Colour Flow: Systematics

Abp (vaa ;V) [70]

op (31V,3%)

0.0 —-0.21 0.21 —0.48 048 —0.78 0.78—-1.0
Hadronisation 0.55 0.13 0.24 0.14
Generator 0.32 0.25 0.50 0.01
b-tagging 0.35 0.13 0.20 0.31
Background model 0.30 0.16 0.16 0.27
Colour reconnection 022 0.16 0.16 0.18
JER 0.11 0.12 0.23 0.02
Pile-up 0.19 0.16 0.00 0.01
Non-closure 0.14 0.07 0.07 0.18
JES 0.12 0.06 0.14 0.06
ISR / FSR 0.15 0.02 0.12 0.02
Tracks 0.05 0.04 0.03 0.06
Other 0.02 0.01 0.01 0.02
Syst. 0.88 0.44 0.71 0.51
Stat. 0.23 0.19 0.19 0.25
Total 0.91 0.48 0.73 0.57

Yvonne Peters
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MANCHEZER Spin correlations: systematics

= Parton level

® [ | L | T 11 | | | | | L | | | | | i | [ L

N - -

‘»  1.04+ ATLAS Preliminar)(1 Normalised cross-section —

2 - 15=13TeV, 36.1 fb o Stat -

'© - Stat. @ Syst. .
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Parton-level Ao(I*,I)/x [rad/x]
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824

4top: Systematics breakdown

= For |[+jets and OS dilepton

06.07.2018

Uncertainty source +Au
tt+jets modeling +1.2 -0.96
Background-model statistical uncertainty +0.91  -0.85
Jet energy scale and resolution, jet mass +0.38  -0.16
Other background modeling +0.26  -0.20
b-tagging efficiency and mis-tag rates +0.33  -0.10
JVT, pileup modeling +0.18  -0.073
tt + H/V modeling +0.053 -0.055
Luminosity +0.050 -0.026
Total systematic uncertainty +1.6 -14
Total statistical uncertainty +1.1 -1.0
Total uncertainty +1.9 -1.7

Yvonne Peters
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