@z"‘ Highlights of ATLAS top properties measurements
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Selected measurements:
Top mass: 8 TeV I+jets analysis and Run-1 combination: arXiv:1810.01772
Top spin correlations at 13 TeV: ATLAS-CONF-2018-027
Top-pair + W/Z and + photon: arXiv:1901.03584, arXiv:1812.01697

Rare decays: lepton flavour violation, and t—Hq: ATLAS-CONF-2018-044,
arXiv:1812.11568

Conclusions

More details at ATLAS TopPublicResults
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@}I Introduction — why is the top quark interesting?

Fits into the 3-generations of quark doublets
But it is very heavy — 40x bottom quark e | i
Same mass scale as W, Z and Higgs bosons — - gm
connection to EW symmetry breaking? QUARK
Now we know m, =125 GeV, top Yukawa couplingis  ; g
almost exactly 1... coincidence? .
= \/i’mt/v ~ 1 o e

SM could be valid up to Plank scale, meta-stable?

Top decays quickly, as a bare quark: t—Wb “** =}
200 | : 1
Lifetime of ~10-2° s too short to form hadrons (10-%4 s) { mﬂ"?'_ '
: o : - { L2 :
Heaviest particle in SM, copiously produced % 150" &\*\“’ z
Cross-section 0.2-0.8 nb at LHC energies (7-13 TeV) £ | O 3|
Laboratory for QCD studies at highest energies Z 100} Stability 2 ~
Important background and/or decay mode for BSM S_ g |

it .':_

searches involving new heavy states = 50|

>100M top-pairs @ ATLAS at Run-2

Time for precision...
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Top quark mass from I+jets events
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Measure m, from inv. mass of decay products

'ATLAS Simulation

3 0035F 4 T im,, = 167.5 GeV ]

u* g 0_035_ eme el ) m,,, = 172.5 GeV ]

W v g . 025§ [ m,, =177.5 GeV ]

proton z O = =
q g t b é 0.02; é

; . b 2 o015 i =

t e 3

antiproton b < q 0.01;— e —;
. ir\/\/ 0.005 xxxxx _i

o B I

. . . k=) 2
Kinematic fit to reconstruct m/®c® event by event 7 'fooc

Fit to templates’ from simulation with different m, e o TR0 e T 0 189 200
Assuming MC simulation adequately describes N e s',irﬁulaiio':p' —

parton shower, hadronisation, jets... S {s=8Tev E

. . . . . . . E EDJ F=1.04 _:
Precision limited by jet energy scale calibration & °*—" g :
Known to ~2% at p;~50 GeV (y/Z+jet balance) g oop E
Can improve with in-situ constraint on W—jj 002/~ E
my, known to 2 10 from LEP/Tevatron/ATLAS 0.01F- E

Fit a ‘jet-scale-factor’ JSF along with m, (2D fit) of '

3D fit: add a b-JSF from (p;®'+p;*2) / (pr91+ps®) & e
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Fit m,, JSF, bJSF in 38k events at 8 TeV

_ll]lllllllllllllI|IIII|IIII 1T TT 1T 17T T4

%J - ATLAS e data, l+jets

(:? 1200~ {s=8 TeV, 202" = [ Best fit background
% —— Best fit

o 1000 [ Uncertainty
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Mo [GeV]
m=172.08+0.39(stat)*£0.82(syst) GeV (0.53%)
Largest uncertainties from
Jet energy scale and resolution
b-tagging efficiency (inc. jet p; dependence)
Data statistics (due to floating b-JSF)
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|+jet top mass result

Event selection unc. (GeV)
My, Tesult [GeV] 172.08
Statistics 0.39
— Stat. comp. (my,,) 0.11
— Stat. comp. (JSF) 0.11
— Stat. comp. (bJSF) 0.35
Method 0.13 £ 0.11
Signal Monte Carlo generator 0.16 = 0.17
Hadronization 0.15 + 0.10
Initial- and final-state QCD radiation | 0.08 £ 0.11
Underlying event 0.08 £ 0.15
Colour reconnection 0.19 + 0.15
Parton distribution function 0.09 = 0.00
Background normalization 0.08 £ 0.00
W +jets shape 0.11 £ 0.00
Fake leptons shape 0
Jet energy scale 0.54 £+ 0.02
Relative b-to-light-jet energy scale 0.03 £ 0.01
Jet energy resolution 0.20 4 0.04
Jet reconstruction efficiency 0.02 £+ 0.01
Jet vertex fraction 0.09 + 0.01
b-tagging 0.38 £ 0.00
Leptons 0.16 £+ 0.01
Missing transverse momentum 0.05 £+ 0.01
Pile-up 0.15 £ 0.01
Total systematic uncertainty 0.82 £+ 0.06
Total 0.91 £ 0.06
4




@Y

Combine with dilepton / all-jets at 8 TeV

And l+jets, dilepton, all-jets at 7 TeV

proton

antiproton

Combining top mass measurements

proton

t antiproton

Dilepton has no in-situ JES constraint

Effect of some jet energy scale uncertainties (blue)
anticorrelated between I+jets and dilepton
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Shifts for individual
JES uncertainty
components

Analyses optimised to maximise combination gain
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Combination Miop [GeV]
Results 172.69
Statistics 0.25
Method 0.06
Signal Monte Carlo generator 0.12
Hadronization 0.00
Initial- and final-state QCD radiation 0.07
Underlying event 0.03
Colour reconnection 0.08
Parton distribution function 0.05
Background normalization 0.02
W/Z+jets shape 0.06
Fake leptons shape 0.03
Data-driven all-jets background 0.03
Jet energy scale 0.22
Relative b-to-light-jet energy scale 0.17
Jet energy resolution 0.09
Jet reconstruction efficiency 0.03
Jet vertex fraction 0.05
b-tagging 0.17
Leptons 0.08
Missing transverse momentum 0.04
Pile-up 0.06
Trigger 0.01
Fast vs. full simulation 0.01
Total systematic uncertainty 0.41 £+ 0.03
Total 0.48 £ 0.03
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Direct and indirect top mass measurements

_— 1 1
ATLAS Pre||m|nary m,,, summary - November 2018, L = 46fb'-20.31
. in
C Mg, & tot. (stat.JSF+DbJSF+syst)
(@] — all jets B P1vs. ). C75 (2015) 158 | D ——— 1751 1.8 (14 12 )
o =46t '
q) single top* /TS CONF2014055 1 1722 + 21 (o7 +20 )
.
— — l+jets f"" :";s“bﬁ 075 (2015) 330 — ) — 1723 + 1.3 (02 +02+07 +10 )
I J = 1
O — dilepton Eur- Phs. J. 675 (2015) 330 e | 1738 + 14 (os £13 )
L, =470 1
1
GL) — dilepton ::‘L E761 (2016} 3% L 173.0 + 0.8 (04 £07 )
- — 1
o — all jets HEP 2RO TIB L ] 1737 + 1.2 (os 1.0 )
L, =202M 1
1
— |l4jets aXiv1810.01772 [t | 1721 £ 0.9 (o4 +08 )
Lm =202 1
e
8 o(tf) dilepton E”I"; e C7 ona) 3o : 1729 53
— Differential o({f+1-jet) JHEP 10 @019) 121 . 1737 +23
- — L, =460 21
© Differential o(if) dilepton (8 dist.) & Pfve: 4, €77 (2017) 804 —_—— 1732 + 16
L =2021b
C i =20 1
----- ATLAS Comb.+1¢
stat. uncertainty
ATLAS Comb. October 2018 (ax:1ato. : .
172.69 :r;#, clober (eraciaiootrrz) L stat. ® JSF @ bJSF uncertainty
u total uncertainty
! *Preliminary, —Input to comb.
| | A l [
mtop [GeV]

Final run-1 combination 172.69 = 0.48 GeV (£0.28%)
Also various ‘indirect’ measurements with tighter relation to theory (not ‘MC mass’)
From total top-pair cross-section, top-pair + jet and lepton differential distributions

Typically fitted to dedicated theory predictions at NLO or NNLO (+) in QCD
Compatible results, but insufficient precision (1.5-2.5 GeV) to look for O(1 GeV) shifts

Active theoretical development, and 13 TeV analyses to come
15th February 2019 Richard Hawkings 6




Spin correlation measurement

Top quark lifetime 3 10-25 sec — decays as a bare quark, does not hadronise
Top spin information transferred to decay products, not ‘corrupted’ by QCD
Expect negligible polarisation in SM, but correlation between top/anti-top spins

Charged leptons from W decays carry almost the full available information

‘Classical’ spin observable: azimuthal A¢(ll) in dileptonic top-pair events

Already used at Run-1 to establish spin correlations at ~ level predicted by SM

With Run-2 data sample, can start to look differentially in bins of m(tt) system
Implies reconstruction of the top-pair kinematics (neutrino weighting technique)

Significant change in 4¢ shape from low to high m(tt) — generally well modelled

= C T T T 1 = T T T T = T T T T = T T
% 12 aTLAS Preliminary my; < 450[GeV] % ATLAS Preliminary 450 < my < 550[GeV] % ATLAS Preliminary 550 < my < 800[GeV] % ATLAS Preliminary
B V5=13TeV, 361" g V5=13TeV, 36.1fb" e - 161 /5= 13TeV, 36.1 fo! sy @ p gl /5=13TeV, 36.1fb "
= = 12 PR N = ¢ Data + = ¢ Dala
i3 11 — i3 E 1.4} —— Powheg Pythiag8 E 175k — Powheg Pythia8
I ““““ YR P, I I ----- Powheg Herwig7 I ’ ----- Powheg Herwig7
3L e i slL  10f 4 4 sl --— aMC@NLO Pythiag 1 3L -—- aMC@NLO Pythia8
= T —— = = 1.2 weereen Sherpa I — g. 1.5Qf = Sherpa —
g 1.0 4 Data T \ — g ¢ Data g === Powheg Pythiaé o === Powheg Pythiab
. | . .
~lb —— Powheg Pythiag ___+___ ~lb 0.8k, e —— Powheg Pythia8 i 1ok PowPy8 rad. down 1 -ie o5l PowPy8 rad. down 1
----- Powheg Herwig7 ! -==== Powheg Herwig7 _L
.|~~~ aMC@NLO Pythiag -== aMC@NLO Pythia8 R
A ShOQQA = p— 06k wavee Sherpa ] sl N 1.00f ]
--=-= Powheg Pythia6 : ----= Powheg Pythia6
PowPy8 rad. down PowPy8 rad. down e
A I B R . N P I I A - M- L M| - A L . . i N
B Stat. ] Total 1.075 B Stat. I Total | 1.10F B Stat, I Total ] s
e - 1.050 d 2l 105 2| @
S8 5|2 1.025 e 5 | S o e 5|8
28 2|8 1000 218 100 bl
= = = =
0.975 085
1 ! 1 0.950 1 0.95 1 I 1 1 . 1 1 I
0.2 04 06 0.8 . 0.2 04 06 0.8 0.2 04 06 0.8 0.2 0.4 0.6 0.8
Parton-level Ad(1*, ")/ [rad/n] Parton-level Ad(1*, ")/ [rad/n] Parton-level Ad(1*, ")/ [rad/n] Parton-level Ad(/*, ) /m [rad/n]
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@}I Quantifying the spin correlation

. . . . . . C _I\WIlIIII‘WII\}IIII'I\WI'IIII‘III\lllllll\llIIII_

Fit the inclusive A¢ distribution to templates S | ATLAS Preliminary Inclusive ]

MC with SM-like spin correlation ON/ OFF & [ (s=13Tev,36.1fb" ]

o ]

Steeper distribution with OFF (C=0) g 14r [

(@] i ]

n; = fsm- Aspin T (1= fsm) - Fnospin B 1.2F

fqy=1 for ‘SM-like’ spin correlation, O for none Z i T |

) e 1 ]

Obtain fg),=1.250 £0.026 (stat) =0.063 (syst) S ﬁf ]

: : : 0-8j_l_,_|_ — Powheg 7

foy IS 3.2 std. dev. above 1, when including i — Powheg (C=0)

QCD scale and PDF uncertainties on templates 0.6- " e (nlo) - 7

fSM also above 1 in m(tt) bins, IOWer Significance 0 4:I 111 | 1111 { 1111 J 1111 | L1111 |-I::IF‘IItIII‘\e|sILIIIItI | 1111 | 111 I#

Region fau Significance (incl. theory uncertainties) 0 010203040506070809 1

my; < 450 GeV 1.1140.044+0.13 0.85 (0.84) Parton level A¢(I",)/x [rad/x]
450 < my; < 550 GeV 1.174+0.09 £0.14 1.00 (0.91)
550 < my; < 800 GeV 1.604+0.24 +£0.35 1.43 (1.37)
my; > 800 GeV 22418423 0.41 (0.40)
inclusive 1.250 + 0.026 4 0.063 3.70 (3.20)

“Too much’ spin correlation wrt. prediction?
Robust against variation of generator for templates, or inclusion of NLO top decays

Recent work arXiv:1901.05407 (Behring et al) suggests NNLO corrections are important
15th February 2019 Richard Hawkings 8



https://arxiv.org/abs/1901.05407

Top-pair + vector boson production

Production of top pair + W or Z provides direct probe of top-weak couplings

9 Z Process tt decay Boson decay  Channel
- (f vb)(qqb) v SS dilepton
) (€ vb)(¢Tvb) (v Trilepton
t
tZ coupling  _ (qg )(qab) Al 08 dilepton
tt7 G A Trilepton
: (fiu b)(¢Fub) e Tetralepton

g

Small (~1pb) cross-sections at 13 TeV (830 pb for tt), and BR(W—lv), Z—ll

Final states with 2-4 leptons, jets and b-tagged jets

Many different combinations of SS, OS leptons, on and off Z-peak
Making use of dilepton, single-lepton and all-hadronic top-pair decays
SS dilepton particularly important for ttW, trilepton (with Z—Il) for ttZ

Backgrounds from top-pair, dibosons (WW/WZ/ZZ), fake/charge-flip leptons
Typically estimated using control regions from data where possible
Extract signal strengths in simultaneous fit to many different samples

BDT discriminator used in high-statistics OS dilepton region
15th February 2019 Richard Hawkings 9



@" Top-pair + W/Z results

Result (pb) Prediction (pb) Uncertainty Oriz  Ouw
Luminosity 2.9% 4.5%
=+ =+ + -
O'(ttZ) 0.95 +0.08 £0.10 0.88 +0.09 -0.11 Simulated sample statistics 2.0% 5.3%
O'(ttW) 0.87 =0.13 =0.14 0.60 +0.08 -0.07 Data-driven background statistics 2.5% 6.3%
. JES/JER 1.9% 4.1%
ttZ >50 observation, ttW 4.30 (exp. 3.40)  Flavor tagging 12%  3.7%
Agreement with NLO QCD+EW predictions ~ Other object-related 3.7%  2.5%
= T B e R B Data-driven background normalization 3.2% 3.9%
% 16 ATLAS * Best fit i Modeling of backgrounds from simulation 5.3%  2.6%
'% . Vs=13TeV, 36.1fb" — 68% CL ] Background cross sections 23% 4.9%
§ 1 4‘_ _____ 95% CL ] Fake leptons and charge misID 1.8% 5.7%
8 o ttZ modeling 4.9% 0.7%
o L — NLO prediction | _
N L e i ttW modeling 0.3% 8.5%
1.2— —
i ] Total systematic 10%  16%
! - Statistical 8.4% 15%
1= .
i ] Total 13%  22%
08 . - - . -
i i Similar statistical / systematic uncertainties
sl T ] Systematics dominated by signal / background
B S Y R Y R B S PR modelling, and statistics in control regions
ttW cross section [pb] ttZ result used to constrain EFT operators
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Top-pair + photon production

tty production probes top EM coupling (top charge) £ #5., &, fb,éiifiake 5 g
. Lo . £ L Single-lepton Fake lepton Wro
Photon can also be emitted from initial-state quark in g 2000f (Sl omerpromet 7 Uneerainy ]
qq—tt or from decay products (W, b, lepton) __ photon p-

Cannot separate, but isolation cuts reduce FSR contrib" (single-lepton channer

—

.--""'-F-’F-'jrf-
t —
~ §1 125
S s %W//}//// %//////
ty COUpling ISR (qqﬂtt Only) Zorst 50 100 150 200 250 300
p.(v) [GeV]
Analysis in tt single-lepton and dilepton channels Channel Single lopton | Dilepton
Standard selection, plus isolated photon p:>20 GeV tty 6490+ 420 | 720+ 34
) ) Hadronic-fake 14404+ 290 49+ 27
Dilepton channel cleaner, but single lepton can reach Flecironake 1660L 170 5T 1
higher photon p; due to higher statistics Fake lepton 360+ 200
Main backgrounds from hadronic jets or electrons mis- IZT 1150 S
identified as photon, or real y+W/Z events Other prompt | 690+ 260 | 18+ 7
Photon ID and event-level MVAs to suppress b/g Total 11750+ 710 | 863+ 78
Data 11662 902
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@" Top-pair + photon results
;,:l P-p P

Inclusive cross-section in fiducial region agrees with NLO predictions for tty

Normalised photon p; spectrum agrees with LO tty ME calculations
Powheg+Pythia8 inclusive tt sample (photons from parton shower) is too soft

Dilepton 4¢ is slightly less steep than prediction — modelling of spin-correlations?

> e T T T ™1 = q1.2_-‘-'|-'-'|--'|‘-'-\-‘-'|‘-'-_
8 - ATLAS e Unfolded data 1 3 ;g' - ATLAS e Unfolded data |
~_ - _ -1 —— MG5_aMC + Pythia8 . = B _ S —— MG5_aMC + Pythia8 N
o= 1ot 13;,Tev’ 8T NG5 aMC + Herwig? | e T 18TeV, 36.110° ___ yja5_aMC + Herwig7 ]
Bl = N_orma ized cross-section MG5_aMC + Pythia8 (A14 Up) ” Normalized cross-section ___ yigs amc + Pythias (A14 Up)
o = Single lepton MG5_aMC + Pythia8 (A14 Down) ] — Dilepton MG5_aMC + Pythia8 (A14 Down) -
—lo e Powheg + Pythia8 ff - 08— Powheg + Pythia8 i ]
B b Stat. 7 L Stat. -
2 Stat @ Syst. — - Stat @ Syst. .
1025 L. y 5 0.6/ s =
- e, - - —
- e 7] - . i =
L e . _ :
3 e 041 ® A e e .
10 = T L = - i A—
ey . - 02 o e e
1 074 TR RS R
o] ]
S 1.5 g
g S —— 3
o o5, i o
s 19E E E 15k
z e = < e
S oBE___. TR 3 2 05% .
o 50 100 150 200 250 300 O 0 0.5 1 1.5 2 2.5 3
p,(v) [GeV] Ad(1,)

15th February 2019 Richard Hawkings 12




@ Search for lepton-flavour-violation decay t—epuq

Charged lepton flavour violation t—I*I"-q (I'#l) g WETTTrTT IMEIAREE
5 - ATLAS Prenmmary #Daa [JNon-prompt
Clear BSM signal: LQ unification, SUSY, technicolour * E=13Tov. 708" LVE  BZ
10‘;_S|gnal region ors 7z-noerainy |
Indirect limit of BR(t—euq) <3.7 103 = Pre-Fit T Senel - Signalrel 3
Search using 2015-2017 ATLAS data (80 fb-1) wk .
Top-pair events, with one cLFV decay, one t—-Wb—lvb * | :

Select tri-lepton events with 1b+1 light jet
2 real+1 fake lepton background from data (same-flavour)

Flnal BDT dlscrlmlnant using kinematic varlables

10

> T | hi T T
é 900 ?_TLAS Prellmmary |55\;& E;I;n prompl ; E 8007 ATLIAS Pr‘ellrnmary E]\'?V‘;ta T E;‘:" pmmm
- 13 TeV, 79.8 fo B o s TeV to! A
» 800 Signal region [ Others 77 Uncertainty = E;; 700* S,gn;are;mn?g ® [ Others %7 Uncertainty 8 15
§ — Signal 3 E o és g a d . & :
@ 700 - @ 600f- N ISC r — 125
. . r " E E
6007 1stdisc. var: - sof LEV T /%/ /4//
500 E = mt(C ) 0.75 4
' m”(OSSF) ] 400f 06 4 02 06
400 E E BDT discriminant
* No S|gnal, set I|m|ts
BR(t - euq)

Including 7 in cLFV vertex  1.86 10
. o

Excluding tin cLFV vertex 6.6 10
m (OSSF) [GeV] cLFV top mass [GeV]
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FCNC decays t—Hc /t—Hu @ 10-'%/10-'7 in SM

Could be 10-° in type 1/2 2HDM or SUSY models
~10-3 in type-3 2HDM without flavour conservation

Search in top-pair: t—bW + t—Hc/Hu H—>WW*72,2Z* rss,an

Previous analyses with H—yy and H—multileptons
Good S/B (in particular yy), low statistics
Now complemented with new analyses (36 fb)

H—Dbb with other t—Ilvb
Final state with lepton + 4 jets, 3b
Likelihood discriminant in various jet/b multiplicities

H—t7 with 21 hadronic 7, t—qqgb
Final state with 2 t-candidates, 4 jets, 1b
Kinematic reconstruction and BDT discriminant
No signal, limits from comb" of all H decay modes
Limits 1.1 10-3 for Br(t—Hc) / 1.2 10-3 for Br(t—Hu)
Also set limits in 2D plane, and on tqH couplings

15th February 2019 Richard Hawkings

H-rtt (TiepThace ThadThad! |

B(t— Hu)

Top FCNC decays to Hc, Hu

H—bb

H-yy

Combined

ATLAS a
is =13 TeV, 36.1 fb"

AB(t— Hu)=0

— Observed
g8 Expected + 1o
---Expected + 2¢

MY NPT S T e e x1

"4 5 6 7 8 9 10

95% CL limiton %(t - Hc)

02 04 06

LRI LA DL B L
ATLAS
\s=13 TeV, 36.1 fb

—— Observed limit

#E=8 Expected limit + 1o

----- Expected limit + 20
All limits at 95% CL

%1

Loov v b by v by
12 14 16 1.8
%B(t — Hc
14
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Conclusions

Top quark property measurements entering the precision era .

ttZ cross section [pb]

2 Intrinsic Production Decay
c
= .
3] 1.8 - |:| Theory . T
8 - - Ys=7TeV H 3.4 +24
o 4 6 2.05-4.7 fb™ .
= |:| Vs=8TeV .
® - 4.59 - 20.3 fb '
< 14 Vs=13TeV '
C 3.21b" .

Z 12— a :I . N -
© = § A
i m—— o

0.8— a

0.6—

0.4 :

T ATLAS Preliminary
0.2 status October 2018
0 - a &
. c "
Q, m, Ly Spin A : V!

Correlation

Top mass now known to 0.3% (0.5 GeV)
More data to come, but ‘straining’ the theory — what are we actually measuring?

Precise spin correlations measurements — a hint of a discrepancy?

Top-pair + W, Z, y (and H) well established — probing the top couplings
Move to differential measurements with full Run-2 and Run-3 datasets

Rare decay limits at 10-3 to 10-° level, but no sign of BSM physics so far
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T[T T T[T rrrrrrrr

= ATLAS * Best fit i
| (s=13TeV, 36.11b" — 68%CL ]
T — 95% CL ]
_______ — NLO prediction :

I R AR AT E N ARSI AR A |
04 06 08 1 12 14 16

ftW cross section [pb]
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Backup slides
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Top mass Il+jets: 3D fit

it

%

Simultaneous fit to m;*¢°, JSF and bJSF phuas . pbrer
Rreco = °T T

bJSF measured via variable R . ba = pdiy ple
Sensitive to relative b-to-light jet energy scale, but not to m, or inclusive JSF

- L P L S PR N B B N T s O 2 = - = L P =
S 0.045F ATLAS Simulation t...i My = 167.5 GeV 3 S ooasE. ATLAS Simulation i ibJSF=0.96
@ Ys=8 TeV My, = 172.5 GeV 3 @ E 1s=8TeV bJSF=1.00
& 0.04 e 3 S 0.04F =
3 [ |m,,=177.5Gev3 3 - [ JbusF=1.04 3
5 0.035 : - 5 0.035F =
g E N S E
s 003 E s 003 E
S 0025 # = S 0025E E
0.02 = 0.02F- =
0.015 - 0.015F =
0.01 - 0.01E =
0.005 = 0.005 =

oE 28 58 333534

_g -llg .2 ST OSSO, SR —] 2
m . R S P —
o« | ——— i

0-8 e o P e R D B o B B B S B B B 0 B S SRS B W S PR S ae S e e s S5

0.6 o o i PR US ot oh B PRt R =

0.5 1 15 2 25 &

R
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Top-pair +W/Z — fitted yields

Results from simultaneous fit 100 ATAS e

Events

mm ZZ

Event yields compared to fitted contributions (posti) = W2

mm Fake Leptons

/- Uncertainty

" - ttZ 3-lepton regions
ttW-sensitive regions 10° P 9
w — 1 11| 11 1. 1.1 1 1. 1.1 .1 1.1 1 °r 11T 71T1T.1
€ 10° £ i =
S = ATLAS e Data o ttW =
b F {s=13Tev,36.11" mmtiZ Wz 3 o
—  (post-fit) mm Other . ttH -
™ m Charge-flips v+X .
102 ﬁ, B Fake Leptons /- Uncertainty _| e
. ' - ;‘f 1 ﬂ///.r//////////v/////////}/////////A//%///////,ow/ﬁ
$ 4 &= 3L 3L . R
» o 2. 7b4j 2. 9b4 2. ‘?b3 1’702_ 2b4j W2~ o
10 2 10? "I'"'I""I""\""I'"'I""I""[""I""__
o ATLAS P Data itz 3
3 :Eoztjf?t)Tev’ 36.1 fo . 77 Wz .
[ Other Il Fake L/e tons .
10 7 Uncertainty
1 ttZ 4-lepton regions
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@ EFT limits from top-pair +Z cross-section
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ttZ vertex modified by various EFT operators %?’ ): I
Each associated with a Wilson coefficient C. T — Observed
p) 3: --- Expected ]
o G0, G Lo | E R P
tob! T T2’ T (a/1Tev)yt i F |
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A is the energy scale of the new physics Y A ——10—5
Constrain C/A? values using fit to 3 and 4 lepton regions 0 ATL‘;AS';' :
Some secondary minima excluded by indirect constraints | Vs=13Tev 361 15"
Results c.f. previous direct/indirect limits (in 1/TeV?) 802520 15 405 05 ;,(:
‘1}
Coefficients CEDIN® Cu/N Cp/AT /A AL curve for qut

Previous indirect constraints at 68% CL  [-4.7, 0.7] [-0.1,3.7] [-0.5,10] [-1.6,0.8

Previous direct constraints at 95% CL 1.3, 1.3] [-9.7,83] [-0.2,0.7

-
- ]
Expected limit at 68% CL 2.1, 1.9] [3.8,2.7] [-2.9,3.0]
Expected limit at 95% CL 4.5, 3.6] [-23,4.9] [4.2,4.3] [-2.6,2.6
[ ]
[ ]
-
-

Observed limit at 68% CL 1.0, 2.7] [F20,35] [53.7, 3.5]
Observed limit at 95% CL -3.3,4.2] [-25,5.5] [5.0,5.0

Expected limit at 68% CL (linear) [-3.0, 3.2]
Expected limit at 95% CL (linear) -3.7,4.0] [5.8,6.3] — —
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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