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Production Decay Hadronisation
time time time
1 1 1
— < — <
m, I Agcp
~10-27 s ~10-25 s ~10-23 s

Why top quarks?

heaviest known particle, only “bare” quark

Spin-Decorr.
time

high statistics allows precision measurements and search for new physics

Copious production at the LHC (top-factory):
~150 fb' @13TeV collected in Run 2 by ATLAS...

N=%. O,
o~ 830pb, =>
Z ~15-103cm2s-!

~750 tt pairs
produced/minute
(125M @ 150fb-!)
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X=-section Mass Properties top+W/Z/y

Short Title

Search for FCNC tqgamma in single top NEW

Differential ttbar cross-sections in lepton+jets with 36 fb-1 NEwW

K_S”0 and Lambda”0 production in ttbar events at 7 TeV NEw

Measurement of the top-quark mass using ttbar+1jet events at 8 TeV

Spin correlation measurement at 13 TeV

Measurement of the jet shapes at 13 TeV

ATLAS+CMS combination of Run 1 single top measurements and extraction of Vtb

Measurement of ttV in multilepton final states using 36.5fb-1 at 13 TeV

Search for flavor-changing neutral current t to Hq with H->b-bbar and tautau at 13 TeV

Measurement of the ttbar+gamma cross section at 13 TeV

Measurement of the ttbb cross section at 13 TeV

4 top quark search with 1 or 2 leptons

Measurement of the top quark mass in the lepton+jets channel at 8 TeV

Same-sign dilepton plus b-jet search

Quantum Interference Between Single and Doubly Resonant Top Quark Production

Inclusive and lepton differential cross-sections in dilepton ttbar with 36 fb-1 NEwW
Top width measurement in dilepton ttbar NEwW
Measurement of ttbar charge asymmetry at 13 TeV in [+jets

Search for charged lepton flavour violation in top quark decays
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Date \s (TeV)
22-AUG-19 13
20-AUG-19 13
25-JUL-19 7
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18-MAR-19 13
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tt x-section

Talk: tt x-sec - Adam Bozson -
29/08 h12:10
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Talk: tt x-sec - Adam Bozson -
29/08 h12:10

Strange hadron
production
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tt x-section

Talk: tt x-sec - Adam Bozson -
29/08 h12:10

Strange hadron
production

Talk: top mass - Jiri Hejbal -
24/08 hl1:50

N. Bruscino | Top quark physics with the ATLAS detector: recent highlights

ICNFP19| 28-Aug-2019



tt x-section

Talk: tt x-sec - Adam Bozson -
29/08 h12:10

Strange hadron
production

Talk: top mass - Jiri Hejbal -
24/08 hl1:50

Properties

N. Bruscino | Top quark physics with the ATLAS detector: recent highlights

ICNFP19| 28-Aug-2019 4



Talk: top mass - Jiri Hejbal -
24/08 hl1:50

tt x-section

Talk: tt x-sec - Adam Bozson -
29/08 h12:10

Properties

Strange hadron
production

top+W/Z/y

Talk: ttV - Paul Glaysher - 28/08 h16:50
Poster: 4 tops - Thibault Chevalerias - 26/08 h20:30
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Talk: top mass - Jiri Hejbal -
24/08 hl1:50

tt x-section

Talk: tt x-sec - Adam Bozson -

29/08 hi2:10

Properties

Strange hadron
production

Searches

top+W/Z/y

Talk: ttV - Paul Glaysher - 28/08 h16:50
Conclusions Poster: 4 tops - Thibault Chevalerias - 26/08 h20:30
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Talk:“Top-quark pair production
cross-section measurements
with the ATLAS detector”

Adam Bozson
29/08 hi12:10

Top Quark Production Cross Section Measurements Status: November 2018
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tt x-sec in O+jets

Submitted to EPJC - NEW!

Differential and 2-differential in the £+jets channel, 36.1 fb-! @ [3TeV

.

Resolved regime

Single lepton with pr> 25 GeV

lepton
Requirements:

e Single lepton withp_> 25 Gev

e At least 4 jets withp_> 25 GeV

e At least 2 bjet (if > 2 selected the highest p )

-
-
-
-
-

w

Leptonic top:

® Lepton
e V:E™ (use constraint on W
mass to find p, component) light quark

® Closest b-jet to the lepton

light quark

Hadronic top:
e Use the two light jets

(invariant mass near to W
mass)
e Other b-jet

Algorithms for event reconstruction
employed (Pseudo-top and KLFitter)
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Boosted regime

pTl >| 25 GeV pr > 300 GeV
nl < 2.5

= 1 lepton

> 1 R=1.0 jet, > 1 top tag, > 1 R=0.4 jet, > 1 b-jet

ERis 4+ ml > 60 GeV
EFs > 20 GeV

Overlap with resolved events removed

Unfolded to parton and particle level
with Iterative D’Agostini method
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https://arxiv.org/abs/1908.07305

BBy

Submitted to EPJC - NEW!

ATLAS

Resolved

Vs =13 TeV, 36.1 '

Full phase-space
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>60 spectra in total, compared with MC generators and NNLO predictions
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ATLAS

Vs =13 TeV, 36.1 ft'
Resolved

Full phase-space

tt x-sec in O+jets

E
Resolved regime
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https://arxiv.org/abs/1908.07305

tt x-sec in dilepton

ATLAS-CONF-2019-041 - NEW
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https://cds.cern.ch/record/2686255

Ks? & A% production

Submitted to EPJC - NEW! L

Measurements of neutral strange particle production interesting

to test theoretical jet fragmentation functions
to constrain the underlying event (UE) effects
- helpful to to tune strange particle content of MC models

Standard dilepton selection @7TeV data

classification as inside bjet, inside non-b-jet and outside any jet
unfolding to particle level
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o a2 L e tt MC@NLO+Herwig | © i : i
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some mismodelling for K° outside jets Ks? and A° well described
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2016-05/
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ATLAS Preliminary

Top quark pole mass determinations
compared to direct measurement

May 2019

NNLO+NNLL: tt inclusive PDF4LHC, 7 TeV 2014 1714+ 2.6
NNLO+NNLL: tt inclusive PDF4LHC, 8 TeV 2014 1741 2.7
NNLO+NNLL: tt inclusive PDF4LHC, 7-8 TeV 2014 172.9+ 2.6
NLO: tt+1 jet, 7 TeV 2015 1737728
NLO: tt leptonic differential, 8 TeV 2017 173.2+1.6
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NLO: tt+1 jet, 8 TeV 2019
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Direct reconstruction 2018

¥ 172.69 + 0.48
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Talk:“Measurements of the
top quark mass using the
ATLAS detector at the LHC”
Jiri Hejbal
24/08 hl1:50

ATLAS+CMS Preliminary
LHCtopWG

World comb. (Mar 2014) [2]
stat
total uncertainty

LHC comb. (Sep 2013) LHCiopwG
World comb. (Mar 2014)
ATLAS, l+jets

ATLAS, dilepton

ATLAS, all jets

ATLAS, single top

ATLAS, dilepton
ATLAS all jets
EEENEAEEEN
ATLAS, l+jets
ATLAS comb. .{Oct 2018)
| | | |

M SUMmary,Vs = 7-13 TeV. May 2019

total stat

My,  total (stat= syst) Vs  Ref.
173.29+ 0.95 (0.35+ 0.88) 7 TeV [1]
173.34+ 0.76 (0.36 = 0.67) 1.96-7 TeV [2]
172.33+ 1.27 (0.75+ 1.02) 7 TeV [3]
173.79 = 1.41 (0.54= 1.30) 7TeV [3]
175.1= 1.8 (1.4= 1.2) 7 TeV [4]
172.2+ 2.1 (0.7+ 2.0) 8 TeV [5]
172.99+ 0.85 (0.41+ 0.74) 8 TeV [6]

173.72 1.15 (0.5 1.01) 8 Tey ]
E EEEEEEEEEEEEEEESR EEEEER IIIII.

172.08 = 0.91 (0.39+ 0.82) 8TeV [8]

172.69 = 0.48 (0.25 + 0.41)

L)
N

7+8TeV[E.3] *
EEEEEEEEEEEEEEEEEEEEEEEEEENEEENS

CMS, I+jets 173.49+ 1.06 (0.43+ 0.97) 7 TeV [9]
CMS, dilepton 172.50+ 1.52 (0.43+ 1.46) 7 TeV [10]
CMS, all jets 173.49+ 1.41 (0.69+ 1.23) 7 TeV [11]
CMS, I+jets 172.35= 0.51 (0.16+ 0.48) 8 TeV [12]
CMS, dilepton 172.82+1.23 (0.19+ 1.22) 8 TeV [12]
CMS, all jets 172.32+ 0.64 (0.25+ 0.59) 8 TeV [12]
CMS, single top 172,95+ 1.22 (0.77+ 0.95) 8 TeV [13]
CMS comb. (Sep 2015) 172.44+ 0.48 (0.13 = 0.47) 7+8 TeV [12]
CMS, I+jets 172.25+ 0.63 (0.08+ 0.62) 13 TeV [14]
CMS, dilepton 172.33+ 0.70 (0.14+ 0.69) 13 TeV [15]
CMS, all jets 172.34+ 0.73 (0.20+ 0.70) 13 TeV [16]

[1] ATLAS-CONF-2013-102 [7] JHEP 09 (2017) 118 [13] EPJC 77 (2017) 354

[2] arXiv:1403.4427 [8] EPJC 79 (2019) 290 [14] EPJC 78 (2018) 891

[3] EPJC 75 (2015) 330 [9] JHEP 12 (2012) 105 [15] EPJC 79 (2019) 368

[4] EPJC 75 (2015) 158 [10] EPJC 72 (2012) 2202 [16] EPJC 79 (2019) 313

[5] ATLAS-CONF-2014-055 [11] EPJC 74 (2014) 2758

[6] PLB 761 (2016) 350 [12] PRD 93 (2016) 072004
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Submitted to JHEP - NEW! L
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https://arxiv.org/pdf/1905.02302.pdf

Mass combination

EP|C 79 (2019) 290 ATL
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2017-03/

Properties

Intrinsic . Production : Decay
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Induced by Interference between Born and Box diagrams

analogue of Tevatron forward-backward asymmetry
“Charge asymmetry” only exists in higher-order qq production,

gg-fusion is symmetric to all orders
challenging to measure at the LHC (qq ~10% of production fraction at |3 TeV)

7 _ NIy >0) = NA|y| <0) o
AC_N(A|y|>O)+N(A|y|<()) Alyl = 1y@)| = |y(@)]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-026/

Charge asymmetry

ATLAS-CONF-2019-026 - NEW!

Extracted from 139 fb-! @13TeV data

using single lepton (e/M) selections
resolved+boosted (p1(t) = 400 GeV)

|Ay| unfolded using a likelihood-based
technique called “fully bayesian unfolding’

)

Charge asymmetry measured inclusively

to be Ac=0.6% * 0.15%

in agreement with NNLO QCD + NLO
EWV predictions

40 from 0-asymmetry hypothesis
measurements reinterpreted in EFT

First evidence for charge
asymmetry in pp collisions!
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Top width @

ATLAS-CONF-2019-038 - NEW! L

Decay width (I') is an important property of any particle

BSM models predict different '« compared to SM
prediction: [ M = [.32 GeV for m; = 172.5 GeV (NNLO)

precise 8 TeV measurement, still not enough to constrain BSM
oTe= 1.76 + 0.33 (stat.)+0.79 —0.68 (syst.) GeV [Eur. Phys.]. C 78 (2018) 129]

> L A B B L
) ATLAS Simulation Preliminar 1 oV —o. .
Measurement performed with dilepton 005 . orey, e rooony —rmcor
— @ 30000 o —3.00GeV — 4.00 GeV
tt events, full Run Il data (139 fb-!) 5 !
L

mi, very sensitive to [
> templates created with different 't
profile likelihood with multiple

templates

control regions (mpp in ee/JU channels)

o 1

‘03105?:'_|_|—_I_‘—'—_=E_ E
ol e ———————
0.95 50 100 150

m, [GeV]
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https://arxiv.org/abs/1709.04207

Top width

ATLAS-CONF-2019-038 - NEW!

¢ IE N E N EEEEEEEEEEEEEEEN EXPERIMENT
me = 172 GeV © m =1725GevV - m; = 173 GeV
Mean [GeV] Unc. [GeV] EMean [GeV] Unc. [GeV]: Mean [GeV] Unc. [GeV]
+0.53 = +0.52 & +0.52
Measured 2.01 0,50 : 1.94 —0.49 E 1.90 _0.48
Theory 1.306 <1% 1322 <1% 1333 < 1%
;..I.II.II.II.II.II.II-'.
[« measured for different meop
good agreement with SM preditions
Significant improvement w.r.t. previous measurements
v R B B Source Impact on I'; [GeV]
£ o ATLAS Preliminary E p t
< UE ?j‘epton channel = Jet reconstruction +0.24
7 ¥s=13TeV, 13910 E Signal and bkg. modelling +0.19
6 = MC statistics +0.14
= = Flavour tagging +0.13
- ° EDS reconstruction +0.09
4e E Pile-up and luminosity +0.09
3 — Electron reconstruction +0.07
oF E PDF +£0.04
15_ E tt normalisation +0.03
R, 3 Muon reconstruction +0.02
] i pinriivaieisl ilri it R iy Fake-lepton modelling +0.01
0.5 1 1.5 2 2.5 3 3.5
I, [GeV]
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tt spin correlation

Submitted to EPJC

C=A _ONCTT)+ENCL L) =NCTL)=NCLT)
NCTT)+NCL L) +NCTL)+NCLT)
Correlated spins between top pairs produced at LHC

accessible via |Adyy|, in dilepton tt decays, no top reconstruction required

Measured @ 13TeV (36 fb-!) in epy+2b

channel
also differentially in m(tt)

also measured the |Anyy| observable,

sensitive to SUSY production
unfolded to fiducial particle level and full

phase-space parton level

. {s=13TeV, 36.1 fb™

[1/(rad/m)]
I .oljl I

b

=

>

(75

—
~

L fgy=1.25+0.08

30 from SM NL

do
dAg(l*,1/n
N

Inclusive

B

——

1
S -

L ——

o
o
T

0.6:— ¢ Data

—— Powheg (SM spin) |
—— Powheg (No spin) ]

- Fit result

IIIIIIIIIIIIIIII |IIII|IIII|IIII|
040 01 02 03 0.4 0.5 0.6 0.

Parton level A¢(!

7 08 09 1

*.1)/x [rad/n]
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tt spin correlation

Submitted to EPJC L
Paper: :1901.05407 Extension:VVeb Page EXPERIMENT
w 1-08 TTTT | TTTT | TTTT | TTTT TTTT | TTTT | TTTT | TTTT | TTTT TTTT " — NLO ® ATLAS
.c_U : . : —— NLOex
= - Inclusive ATLAS -
D>_~n 1.06_— ]
| \s=13TeV, 36.1 fb" -
3 1.04+ ] o — =
P ' z 1=
o 1.02- ,_,J—*— - ' P
— e Inclusive £
L R R BIBSCA E/_ ________ B N "1 LHC 136V m, = 1725 Gev =
% 1 ’ // RS . e W r-*f/7 4‘6(/7/ //Mi | Seales Ha/4 PDF: NNPDE31Imlo ' é
oC i ¢ Data ® — 7 e — NNLO e ATLAS ;‘j‘
0.987 — Powheg+Pythia8 = | — NNLOex ;
- /7 PP8 scale up/down 1 ' 2
096 e NLO QCD+EW (“‘ _mt) - o 02 é
i NLO QCD+EW scale up/down . z <
[ mimim MCFM ] E 1.00 4 L é
094 __ NNLO : )
- NNLO scale up/downI | | | | ]
O 9 |||||||||||||||||||||| 1 1 1111 1111 1111 1111 1111 Inclusive *
0O 010203040506 0.70809 1 O I HG 13 ToV rl = 1725 GV
Scale: Hp/4 PDF: NNPDF31nnlo

Parton level A¢(I*,)/x [rad/x] e
Lots of discussions in the theory community

focus on the assumptions involved in the template hypotheses
NLO + Parton shower MC consistent with fixed-order calculations from MCFM
state-of the art NNLO-QCD predictions (Brun et.al.) closer to data (2.20)

NLO-QCD + EW prediction agrees with data but with large scale uncertainties
© agreement driven by ratio expansion method
when ratio expanded at NNLO, the agreement disappears
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Vw: ATLAS+CMS

JHEP 05 (20

19) 088

EXPERIME
/ - —
q q 9 W q b 8 | ATLAS+CMS t-channel
'E' 5 LHCtopWG B ATLAS PRD90(2014)112006, EPJC 77 (2017) 531
W 10°— ® CMS JHEP 12(2012)035, JHEP 06 (2014) 090 —
%% b '% - t-channel —i-T-I- ¢+ ATLAS+CMSLHCIopWG ]
2 - tw -
_y 3 L 445' B ATLAS PLB 716 (2012)142, JHEP 01(2016) 064
b t b t q t %) ® CMS PRL110(2013)022003, PRL 112(2014) 231802
g i + ATLAS+CMSLHCIopWG }
- - - B -ch | ]
t Channel tw Chann2| s=channel % s° ir']l'nL?AS L8755 (2016228 {
_ H - ® CMS JHEP 09 (2016)027 ¢ .
Most abundant, Interference Small cross sectlo7n, 3 O e G 1
. . — C o
ConStI"aInS PDF W|th tt BSM resonances: - --=NNLO PLB 736(2014) 58 % n
scale uncertainty -
-==-NLO+NNLL PRD83(2011)091503,
PRD82 (2010)054018, PRD 81(2010) 054028
ATLAS+CMS tW: tf contribution removed 1
LHCIopWG scale ® PDF @ o, uncertainty 4
o — i
If Vi = |5 from single-top-quark production E‘ ';OM Eﬁiﬁms(zmm‘ crotEos e
theo. cRT10r:|o, MSTW2008nlo, NNPDF2.3nlo i
Otheo." NLO (t' and S'Channel)1 NLO+NNLL (tW) total theo B co o ioood tw: p: veto for tt removal=60GeV and u =65GeV
60theo.: scale ®PDF ® o, ®m, @ E, : L E—— scale uncertainty - 4
m, = 172.5 GeV IfLVthI . (meas_) . (theo_) | : scale ® PDF @ a, uncertainty
7 8
: Vs [TeV]
ATLAS+CMS LHCiopWG P . .
t-channel, Vs =7, 8 TeV 1.02 = 0.04 = 0.02
ATLAS+CMS LHCtopWa — et 102 = 0.09 = 0.04 & P
tW, Vg = 7, 8 TeV ' - - . .
data from pp collisions @7+8TeV
ATLAS+CMS LHClopWa | ot 0,97 + 015 + 0.02 all combined measurements consistent

s-channel, Vs = 8 TeV

>

ATLAS+CMS LHCtopWG
t-channel, tW, s-channel, Vs = 7, 8 TeV

euNEN
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https://link.springer.com/article/10.1007/JHEP05(2019)088

Talk: “Measurements of tt pairs produced
in association with electroweak gauge

Associated production: B
+ Poster:“Searches for four top quarks
t(t) + W/Z/Y e

production using the ATLAS detector”
Thibault Chevalerias - 26/08 h20:30

Top Quark Production Cross Section Measurements Status: November 2018

g | ATLAS Preliminary
e Theory
b

10* Foo Run 1,2 5 = 7,8,13 TeV E
C LHC pp Vs=7 TeV ]

IRl Data 454610t

5 LHC pp Vs =8 TeV
10 3 A - =
s = BAl Data 202-2031b" ]

LHC pp Vs =13 TeV

A
I Bl  Data 32-798ib!
10 F -
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JHEP 04 (2019) 046

Important for new physics and rare searches

state-of-the-art NLO predictions suffer from large uncertainty
experimental input needed to test predictions

Fiducial and differential tt+bb cross sections in £+jets and

dilepton channels using 36 fb-! (@ 13TeV)
unfolded to particle level

General excess w.r.t. various NLO

ATLAS L |
pl‘ed ictions lepton+ets (= 30) = _ 13 1oy 36.1 fo- _l::+_ [ = ‘
still compatible within total % . |
. . lepton+jets ( = 4b) | =
uncertainties .
experimental uncertainty eu(=36) | - .+ aa-X=H V) @ || G +
[ | Total uncert. [
smaller than theory one Shorpa 22 ti5 4FS) |
| Powheg+Pythia8 ttbb (4FS) M [ |
eu(=4b)r _..-—l‘ PowHel+Pythia8 ttbb (5FS) M - _'.:.—
[ | PowHel+Pythia8 ttbb (4FS) M [ ]
101 .. ““‘»].02 .‘ “..%103 .. ""'1-04 0.5 1.0 _1.5
Oiq [fb] Pred./(Data - ttX)
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N te+W/Z/g/tt

XPER | NT
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: 15 : 3 3 Background to tt+H . Further public
P 2 of 3 No significant | results:

Y . - W ; excess observed : twiki.cern.ch/
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FCNC tH )

JHEP 05 (2019) 123 AT
EXPERIMENT
J\\V*“<£ Flavour-changing neutral currents (FCNC)
g t ~ forbidden at tree level
’ BSM can enhance FCNC production
bb/tt/ — .
g S wwrzzyy Hbb:several regions (Niets, Nb-cags)
’f \\ likelihood discriminant employed
q
H-ThadThad/ TiepThad: 4 regions (based on N had)
§ famas T T T +§£WEH‘£1§§ event reco. (%2) + MVA technique
10° £ tqH(bb) searc h [ ti+light-jets 1
Pre-Fit [ Jt=1c
25 Nor |
e, e Combination with Yy and multilepton
BR(t=uH)<12x10-4 (8.3 x10-4)

10°F

BR(t=cH)< | Ix10-4 (8.3 x10-4)
- |Acut] < 0.066 (0.055)
Aecti| < 0.064 (0.055)

10°F
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Submitted to Phys. Lett. B - NEW! L

y EXPERIMENT
FCNC production FCNC decay

g—l—

b
i -1 = R S S LA AR AR RSN RN AR AR =
Analys I S Perfo rmed @ I 3Tev (8 I fb ) 2 i A'Il'LAS| Interlnal | ¢ Dallta | 7; Unclertaintly i
2 o5l Vs=13TeV, 811" o 0 vets  —
lepton + | photon channel R .39 f'i"”E;V” jots 5
. - SR e—y fake +y +jets ]
NN to discern tyu/tyc vs. background s PostFi (i fake  [WOther prompt
Consistent with background-only hypothesis :
- - 10° =
Observable Vertex Coupling Obs. Exp. .
o(pp — ty) [fb]  tuy LH 36 5275, - -
o(pp — ty) [fb]  tuy RH 78 750
o(pp — ty) [fb]  tcy LH 40 497 .
o(pp — ty) [fb]  tcy RH 33 52 .
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Conclusions @

The top quark has come a long way since 1977

back then: missing quark, assumed to be similar to other quarks
today: know that top quark is special

In precision era, top quark is key to an abundance of different research areas

production cross-section measurements of increasing precision....
o confirm Standard Model NLO predictions
pole-mass analyses start to become competitive
© theory community very active, important to state what mass we measure!
properties of top quark measured with ever-increasing precision

o first evidence of hon-zero top charge asymmetry!
> first top width measurement @I13TeV! Competitive with Am¢cepPole
o spin correlation: data/predictions tensions— limitations in understanding of tt

tt associated production

© moving towards differential measurements for tt+W/Z/y
top-related searches

¢ | order improvement on FCNC tqy limits

Thqal. rou
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Mass combination
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Mass with tt+ljet

Submitted to JHEP - NEW! ATL

EXPERIMENT

5 Mass scheme m e 1GeV]  m, (m,) [GeV]
‘é B ] | ATL:AS Simulatioln Z Value 171.1 162.9
o | Shape effects from systematic source _ .. .

o 1.8F Signal Monte Carlo generalor  Particlo lovel — Statistical uncertainty 04 0.5

a-\ -~ Showerandhadronisation . Simulation uncertainties
= 1.6 Medvoed radistion - Shower and hadronisation 0.4 0.3
5& N ::'::’r:d '1‘:':':" - Colour reconnection 0.4 0.4
1.4 - cmoury::omoc“on _“ Underlying event 0.3 0.2
- ] Signal Monte Carlo generator 0.2 0.2

— Total syst uncertainty =
- o Proton PDF 0.2 0.2
1.2 —~ Initial- and final-state radiation 0.2 0.2
= : N S g Monte Carlo statistics 0.2 0.2
1= : :%‘—:f'ﬂf ] Background <0.1 <0.1
n t j B Detector response uncertainties

0.8 = Jet energy scale (including b-jets) 0.4 0.4
o 0'2 SRR 0.'4 o 016 S 0I8 B .ll::lt energy resolution 0.2 0.2
issing transverse momentum 0.1 0.1
Ps b-tagging efficiency and mistag 0.1 0.1
Jet reconstruction efficiency <0.1 <0.1

Differential tt+| jet: dominated by JES Lepton <0.1 <0.1

Method uncertainties

. o Unfolding modelling 0.2 0.2
and MC mOdeIIIng unc. (0'7 A) Fit parameterisation 0.2 0.2
Total experimental systematic 0.9 1.0
(Scale variations (+0.6,-0.2) (+2.1,-1.2) )
Theory PDF&ay 0.2 0.4
Total theory uncertainty (+0.7,-0.3) (+2.1,-1.2)
Total uncertainty (+1.2,-1.1) (+2.3,-1.6)
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Charge asymmetry

ATLAS-CONF-2019-026 - NEW?! ATLAS

EXPERIMENT
LI L R R R BB B Measurements reinterpreted in EFT

| ATLAS Preliminary  (s=13Tev, 139 b _

C- = 4-fermion operator assuming

T . tt .
- differential A vs. NNLO QCD + NLOEW  _ flavour conservation and equal u-d type
- m_ interval —A? AT+ A 68% C.L. limits ] . . :
t couplings (simple axion model)
- > GeV - . . .
B == _ Inclusive and differential results surpass
- 1000 - 1500 GeV = . .
_ e _ ATLAS+CMS Run | combination
L 750 - 1000 GeV — - .
u i no large dependence on quadratic terms
[ o00-Te0 ey == 1 dimension 6 approach is stable and
- 0-500 GeV . . appropriate
- inclusive — -
— LHC8 combination — —

| pp. 8 TeV, JHEP 1804 (2018) 033

- Tevatron combination ° -
B pp, 1.96 TeV, PRL 120 (2018) 042001

8 6 -4 -2 0 2 4

C [TeV™?]
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Spin corr. @LHC

ATLAS dil. : _
7 TeV (2.1 fo) & g -

ATLAS dil.
7 TeV (4.6 fb™) I
--eu only . L ! =
ATLAS ljet.
7 TeV (4.6 o) : 3

***CMS dil
7 TeV (5.0 fb™)

ATLAS eu :
8 TeV (20.3 fb") + | U

*+*CMS eu :
8 TeV (19.5 fb™) e —

**ATLAS eu
13 TeV (36 fb') H—t-——t

***CMS eu :
13 TeV (35.9 fb') =

09 1 11 12 13 14 15 1.6

— stat. *** unfolded result f
— stat. ® syst. SM

—— stat. ® syst. ® modelling """ standard model predictions

EXPERIMENT

Property measured many times
by ATLAS and CMS, at each

collision energy

fsm = fraction of SM-like spin

correlation
fsm = | is SM-like
fsm = 0 is uncorrelated

ATLAS and CMS consistently

measure stronger than SM spin

correlations using |Adyy|
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Use both the |[A®ll| and |Anll| to set limits on SUSY stop production

Exclude Stops with a mass below ~ 220 GeV for all kinematically-allowed
neutralino masses

limit driven by | Anll| but additional modelling uncertainties included to account for
the Data/Prediction disagreement in | Al |
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PRD 99 (2019) 072009 ATL

-9 1 03 __I T T T | T T T T | T T T T | T T T T | T I_ T T | T I__ Uncertainty O_tt_Z O_tt_W
o =~ ATLAS e Data ttW =
2 - (\E = 1f3)TeV’ 36.1fo" mm iz — Wz ] Luminosity 2.9% 4.5%
~ post-fit er n . L
- .. mm Charge-flips y+X . Simulated sample statistics 2.0% 5.3%
102 & -%.’ I Fake Leptons ./ Uncertainty _ Data-driven background statistics 2.5%  6.3%
. i - JES/JER 1.9% 4.1%
- Flavor tagging 4.2%  3.7%
Other object-related 3.7%  2.5%
Data-driven background normalization 3.2%  3.9%
Modeling of backgrounds from simulation 5.3% 2.6%
Background cross sections 2.3%  4.9%
Fake leptons and charge misID 1.8% 5.7%
ttZ modeling 4.9% 0.7%
1.5 - .
S B ttW modeling 0.3% 8.5%
&1 q/r‘ o0t W/#/(ff+/+f&/{/{/g/{/*//%//i/y?/j/##ﬁ
s 05 L ¢ ® Total systematic 10% 16%
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8 8388350388808 88%3828382883823 Statistical 84%  15%
Coefficients CSO/N® Cu/N° Cp/N Cow /A’
Operator Expression Previous indirect constraints at 68% CL [4.7,0.7] [-0.1,3.7] [-0.5,10] [-1.6, 0.§]
= Previous direct constraints at 95% CL [1.3,1.3] [9.7,8.3] [6.9,4.6] [-0.2,0.7]
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O st (¢'i D ,0)(t7"t) Observed limit at 95% CL [3.3,4.2] [25,5.5 [5.0,50] [29, 29
O Qo™ T t) oW, Expected limit at 68% CL (lincar) [1.9,2.0] [3.0,3.2] - R
A v I Expected limit at 95% CL (linear) [-3.7,4.0] [-5.8, 6.3] - -
Oup (Qo t)qSB“” Observed limit at 68% CL (linear) [-1.0, 2.9] [-1.8, 4.4] - -
Observed limit at 95% CL (linear) [-2.9,4.9] [4.8, 7.5 - -
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ATLAS

- Total

—  Statistical

Source Single lepton (%) | Dilepton (%)
Signal modelling +1.6 + 2.9
Background modelling + 4.8 + 2.9
Photon + 1.1 + 1.1
Prompt-photon tagger + 4.0 -
Leptons + 0.3 + 1.3
Jets + 54 + 2.0
b-tagging + 0.9 + 04
Pile-up + 2.0 + 2.3
Luminosity + 2.3 + 23
MC sample size + 1.9 + 1.7
Total systematic uncertainty +79 + 5.8
Data sample size + 1.5 + 3.8
Total uncertainty + 8.1 + 7.0
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Best-fit u = atttt/attttSM

Uncertainty source +Ap
tt+jets modeling +1.2 —0.96
Background-model statistical uncertainty +0.91 —0.85
Jet energy scale and resolution, jet mass +40.38 —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

—71 ' 1 T T T
{s=13TeV, 36.1 fb™
tttt (SM)

———
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E== Expected = 1o
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—— Observed
e Exp(lacted (u=|1)
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95% CL limit on u = o/ oM,
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