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ATLAS Motivation for tty W

« Several contributions to final states with top quarks and
photons

- tty production: Radiative top production
* Photon emitted from ISR or from off-shell top quarks

- tty decay: Radiative top decay

* Photon from on-shell top quark or its decay products

— Negligible interference between production and decay in
narrow width approximation: JHEP03(2020)154

* Radiative production probes ty coupling

* Sensitive to new physics: anomalous electromagnetic dipole
moments of top quark and interpretation in context of EFT

(CtB, CtW)


https://link.springer.com/article/10.1007/JHEP03(2020)154

EXPERIMENST SCOpe Of the measurements “lSJilggleerl"sﬂat

. Differential and inclusive tty cross-section in single-lepton and dilepton channel at
particle level in a fiducial phase space

- Focusing on tty production only

* Treating events where photon is emitted from decay products as background
* Used to extract limits on Cig and Cww EFT operators

Measurement of standard tty process (production+decay)

* tty regardless of photon origin

 EFT interpretation

Differential photon prcross-section used to set limits on Ci and Cuw
Limits from simultaneous measurement of photon pr in tty and Z pr in ttZ

Same object selection and systematic uncertainties scheme as ttZ
(arXiv:2312.04450) to allow for combination for EFT interpretation


https://arxiv.org/abs/2312.04450

ATLAS Event selection and background WUl e

« Event selection: tt in single-lepton or dilepton channel and exactly
one photon
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* Signal: tty production, MG5_aMC@NLO+Pythiag8 NLO

* Background:
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« NLO/LO k factor applied
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« Wy, Zy, single-top quark, diboson tt+V with photon from
shower
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ATLAS Analysis strategy “é’aré‘g“:f“a“

Neural network (NN) to define tty enriched signal region (SR) and background enriched
control regions (CR)

Single-lepton channel:
- Four class NN: tty production, tty decay, photon fakes and other y

- NN output used to define a tty production SR and 3 CRs
Dilepton channel:

- Binary classification tty production vs. all backgrounds

— NN output distribution used as input distribution for profile-likelihood fit and to define 2
regions for the differential cross-sections

Inclusive cross-section measurement: profile-likelihood fit in the SRs and CRs simultaneously

Differential cross-section: profile-likelihood unfolding (unregularised) in the same regions in
the single-lepton channel and in 1 SR and 1 CR in the dilepton channel



$ATLAS . .
sesvent - Fjducial measurements at particle level “S'eg‘*"

Inclusive cross section

tty production, tty decay as free floating
parameter

total tty (production+decay), 20%
normalisation uncertainty on tty decay

Differential measurements

pr & |n| of photon, AR(Y,b)min, AR(Y,)min,
AR(VJ)! ARG,I)min, pT(jl)

Additional in dilepton: A¢(l,D), |An(l,1)],
AR(Y,l1), AR(Y,l2), pr(l1,l2)

Universitat

Fiducial phase space at particle level:

Exactly one isolated y
- pr>20GeV, |n |< 2.37

- pr of charged particles within AR < 0.2
less than 5% of pr(y)

Exactly 1 (2) leptons
- pr>25GeV, |n|<2.5
At least 4 (2) jets
- pr>25GeV, |n| <25
- Atleast 1 b jet via ghost matching

AR(ly) > 0.4
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seemwent  INClusive cross-section tty production “sa’é'gvff' :

A(rrfy production /O_rfy production (o)

Fiducial cross section (fb) Source Single lepton  Dilepton = Combination
: Statistical uncertainty 1.8 33 1.5
+ + 0
Combined 322 _5(Stat) _15(Sy8t) (52 /0) MC statistical uncertainties 1.5 1.5 1.0

NLO MC: 299 +31(scale+PDF)

Modelling uncertainties

Slngle Iepton 290 i5(stat) iZO(SySt) (77%) tty production PS uncertainty 2.4 3.7 0.9
Other t7y production modelling 5.1 1.6 3.0

. tfy decay modelling 0.3 1.3 0.8
Dilepton 46.5 £1.4(stat) £2.9(syst) (7.8%) 7y decay normalisation 2.4 3.1 2.1
Prompt photon background normalisation 1.5 2.0 2.0

. . Fake photon background estimate 0.8 L5 1.6

. Mea_su_red cross-section slightly larger than MC . iepion background estimate 04 N 01
predICtlon Other Background modelling 0.7 0.2 0.5

Experimental uncertainties

« Uncertainties dominated by tty modelling

Jet uncertainties 3.5 3.0 1.7

) ; ] B-tageing uncertainties 2.6 2.1 1.0
 Combination of channels reduces impact of Photon 05 15 0.8
jet and b-tagging uncertainties Lepton 1.3 1.4 1.3

_ . . E}“‘“ 0.3 0.4 04

» tty production parton shower (PS) uncertainty ' ﬂ;}’fmity o ! o
has different correlation between channels " ' ' :

Total systematic uncertainty 7.6 7.1 5.0

— Total cross-section in backup Total uncertainty 7.8 7.7 5.2
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ATLAS  tty production: differential cross-section U goersst
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measured cross-section larger than
prediction, as seen in inclusive cross-section

Absolute .
ﬁ * Uncertainties 8-10% for absolute cross-
© ATLAS + Data 2 B0 arias « Data E section and 5% for normalized cross-section
10? E Vs =13TeV, 140 fb’! —MG5_aMC+P8 _g g 300 Vs =13TeV, 140 fb’ —MG5_aMC+P8 -
= Single lepton + Dilepton ----gﬂthS_aMCr:HZ[ ° [ Single lepton + Dilepton "",\SAths_aMCrt+H7t ] L ibuti f . b . d
B at. uncertain C at. uncertiain J [ ] -
10;_ [ Total uncertaint{/ 250w [ Total uncertain'g/—, arge contribution from jets, b-tagging an

statistical uncertainty

200 ===

_A
<

I[IIIIlIIIIlIII

III lllllllll 11 llIIII lllllllll IllllIlII lIlIIllll L 11

: 150:_ '@' T T | LU | TTTT | TTT1T | LI TT 1T TTTT T T 1T TTrrr TTT l_

E C &= ATLAS 7

E .- 100F- 2 Vs =13 TeV, 140 fb! s

C 00 . £ Single lepton + Dilepton -

2L C = ]

- 50F- 7 s 3

~ — - 3 -

10_3 E_ 1 1 Il L | | | | 1 :A 1 | 1 1 | il 1 I 1 1 1 ; (_é -
1.4 S 1.4 i =
12 2lg 12 S
1 = i

o8 o@ 08 B Tt T

50 100 150 200 250 300 350 400 450 500 ™ 0 02040608 1 12 14 16 1.8 2 22 5 s i Do b e bt EA BT B e aE]

p_(1) [GeV] @)l =

[0 Total uncertainty Statistical uncertainty === tfy production modelling
----- tty decay modelling e ffy decay normalisation == Fake background

== Prompt background == Photon =~ = ss=sa Other experimental
-------- b-tagging == Jets == MC statistical uncertainty

50 100 150 200 250 300 350 400 450 500 9
p,(1) [GeV]




ATLAS

EXPERIMENT

tty production: differential cross-section Ul Yo

Single lepton+Dilepton

Shape generally well described by MC,
measured cross-section larger than
prediction, as seen in inclusive cross-section

Uncertainties 8-10% for absolute cross-
section and 5% for normalized cross-section

Large contribution from jets, b-tagging and
statistical uncertainty
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Shape of angular variables in
dilepton channel well described
except for Ad(l,1)

- Difference to MC for Ad(l,1)
observed in previous analysis
of tty and tt as well

Observed cross-section larger
than MC prediction

Same binning as in CMS paper
JHEP 05 [2022] 091
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https://link.springer.com/article/10.1007/JHEP05(2022)091

Most sensitive observable is
photon pr, using combination of
single lepton and dilepton

Relevant dim 6 Wilson coefficients
In Warsaw basis: Ci, Cuw, also
extracted in terms of Ciw, Cy

and Ctz, Cty

Produced using SMEFTsim 3.0
model using alternative weights to
simulate EFT effects

EFT samples at LO, reweighted to
NLO using k factor (bin by bin)
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Simultaneous extraction of
real and imaginary part of
CtB1 CtW

Shown are some of the
marginalised 2D distributions

Stronger constraints on Cis
than on Cw

Results are in agreement
with Standard Model
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Combination of tty and ttZ

« tty and ttZ are complementary:

u

Universitat

Siegen

— Limits obtained from simultaneous profile-likelihood unfolding of photon and Z p+
in all SRs and CRs of the analyses

- Yields tighter limits, especially in Cw

Wilson coefficient 68% CI (exp.) 95% CI (exp.) 68% CI(obs.) 95% CI(obs.) Best-fit
O(A™) (marg.) [-0.65,1.2] [-1.1,2.3] [-0.55,1.9] [-1.2,2.5] 1.73
R[Crw]
O(A™) (indep.)  [-0.48,0.54] [—0.82,0.88] [-0.30,0.32] [—0.56,0.60] 0.01
O(A™) (marg.) [-1.1,0.50] [—1.9,1.4] [-1.4,0.25] [-1.8,1.2] -0.96
3Cwl
O(A™) (indep.) [-0.54,0.50] [—0.86,0.84] [-0.32,0.30] [-0.60,0.58] —0.01
R[C,5] O(A™) (marg.) [-0.36,0.74] [-0.68,1.3] [-0.48,1.2] [-0.74,1.4] 1.01
tB
O(A™) (indep.) [-0.33,0.33] [—0.56,0.55] [-0.25,0.20] [-0.43,0.39] -0.04
S[C, 5] O(A™) (marg))  [-0.38,0.66] [-0.86, 1.1] [-0.20,0.76] [-0.70, 1.1] 0.52
tB
O(A™) (indep.) [-0.35,0.33] [—0.57,0.55] [-0.24,0.22] [-0.42,0.41] -0.01

RICw]

SlCwl

RICis]

S{Cul

ATLAS — fvonl
Vs =13TeV, 140b™" tyony
SMEFT A=1 TeV fty + iz
o o e Global mode
Global quadratic fit, marginalised 68% ClI
........ 95% CI
........... ——— e 1
| | ............ |_.— ..... | . |
- - 1 3

CIN2[TeV-?]
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Tl

7
R[Cy) /N2 [TeV-2]

Limits on Cg, Cy, for combination of tty and ttZ “

Universitat
Siegen

= cos(Ow) - Cyw —sin(Ow) - Cip
= sin(Ow) - Cyw + cos(Ow) - Cip

These coefficients
describe modifications of
ty and tZ vertex

Results in agreement with
Standard Model
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ATLAS Summary

* Inclusive and differential cross-section measurements in
the single-lepton and dilepton channel measured in a
fiducial phase space at particle level

- Measured tty production only and tty total
(regardless of photon origin)

- General good agreement with predictions, absolute
cross-sections slightly larger than predicted

* EFT interpretation of photon pr and combination of
photon pr and Z pr from ttZ (arXiv:2312.04450)

— Results obtained in (Cg, Ciw) basis, as well as
(Cy, Ciz) and (Ciz, Ciw) basis

- Results in agreement with SM assumption

ATLAS+CMS Preliminary
LHCtopWG

(Top) quark - vector boson operators - Individual limits
LAS

— A

ATLAS+CMS == CM

S

April 2024

Following arXiv:1802.07237
Dimension 6 operators C; = C;/A?

CMS, tZ [4] 781!
CMS, ti+Z/W/H, tZq, tHq 6] 421b~"
& — CMS, t2q/ tiz [7] 138 fo~!
z — oMS, tiy [8] 137"
— CMS, tiH, tilu, tiee, teeg, tHa, titf [111138 b~
CMS, i + boosted Z/H [12] 138 fb~!
ol CMS, 1Z [4] 781"
(°4 e CMS, tiy [8] 137 fo~!
ATLAS, tiZ diff. cross section [14] 14010 '
Cis —t— ATLAS, thy diff. cross section [15] 140 fb~"
e ATLAS, tiy + tiZ diff. cross section [16]140 fo "
ATLAS, 11Z difi. cross section [14] 140D '
cl — ATLAS, thy diff. cross section [15] 140 fb~"
— ATLAS, thy + tiZ diff. cross section [16]140 fb ™'
CMS, ti and tW, BSM search [3] 36"
ATLAS+CMS, W helicity [5] 20420t~
— CMS, tt+Z/W/H, tZq, tHq [6] 421!
— CMS, tZq / tiZ [7] 138 b~ !
& ATLAS, Top polarization [10] 139fo~"
w — CMS, tiH, tilu, tiee, teeg, tHa, titf [11]138 b~
CMS, ti + boosted Z/H [12] 138 fo~!
ATLAS, {1Z diff. cross section [14] 140 1o
— ATLAS, tiy diff. cross section [15] 140!
— ATLAS, tiy + tiZ diff. cross section [16]140 fo—!
— ATLAS, Top polarization [10] 139 fb !
& ATLAS, tiZ diff. cross section [14] 140 b~
w — ATLAS, thy diff. cross section [15] 140 fb~"
— ATLAS, tty + tiZ diff. cross section [16]140 fo~'
CMS, ti+Z/W/H, tZq, tHq 6] 421fo~"
Cow — CMS, tiH, tilv, tiee, teeq, tHq, titf [11]138 b~
CMS, ti + boosted Z/H [12] 138 fo~"
Cic/gs —_— ATLAS, tF ¢ + jets boosted [9] 139 1o
— CMS, ti dilepton [1] 36"
— CMS, ti spin correlations [2] 36"
— CMS, tf and tW, BSM search [3] 36"
Cic — — CMS, ti+Z/W/H, tq, tHq 6] 421fp="
—_— CMS, tiH, tilu, tiee, teeg, tHa, titf [11]138 b~
— ATLAS, tf rapidity asymmetry [13] 139 b~
— ATLAS, tiZ diff. cross section [14] 140 fo~!
CE’JG — CMS, tf spin correlations [2] 36t !
[1]JHEP 02 (2019) 149 [7) JHEP 12 (2021) 083 [12] PRD 108 032008 EFT formalism is employed at different levels of
[2] PRD 100 (2019) 072002 [8] JHEP 05 (2022) 091 [13] JHEP 08 (2023) 077 experimental analyses
[3] EPJC 79 (2019) 886 [9] JHEP 06 (2022) 063 [14] arXiv:2312.04450
[4] JHEP 03 (2020) 056 [10] JHEP 11 (2022) 040 [15] arXiv:2403.09452
[5] JHEP 08 (2020) 051 [11] JHEP 12 (2023) 068 [16] arXiv:2403.09452
[8] JHEP 03 (2021) 095
—4 -2 0 2 4 6

95% CL limit [TeV 2]
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Event selection
Single-lepton channel Dilepton channel
1 photon, pT>20GeV, |n|<1.37 or 1.52<|n|<2.37 * 1 photon, pT>20GeV, |n|<1.37 or 1.52<|n|<2.37
1 lepton pr>25GeV . (Zsljetﬁteoa{]dﬁng)ZSGev (leading) and pr>20GeV
* e:|n|<1.37 or 1.52<|n|<2.47 . e |n|<L.37 or 1.52<|n|<2.47

Anti kr R=0.4 jets, Njes=4, pr>25GeV, |n|<2.5
b-tagging: Npjes>1 (DL1r tagged at 70%)
Im(e,y)-91.19GeV|>5GeV

* Anti kr R=0.4 jets, Njes22, pr>25GeV, |n|<2.5
* Db-tagging: Npjes=>1 (DL1r tagged at 85%)

* |m(l,)-91.19GeV|>5GeV

« m(l,)>15GeV

« MET>30GeV
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ATLAS

EXPERIMENT

NN Inputs

Single lepton

Dilepton

Invariant mass of photon and lepton

Photon pt

AR of photon and lepton

Invariant mass of photon and leading PCBT b-jet

Sum of invariant masses of the reconstructed top quark
and antitop quark (4 variables)

Photon energy

Sum of squared differences between the top-quark pole mass
and reconstructed ¢7 mass (4 variables)

Invariant mass of all jets, the lepton and the photon

Hr

Reconstructed leptonic W boson pr

pr and energy of four jets with highest py (8 variables)
AR between photon and closest b-jet

Emiss

Invariant mass of lepton and closest b-jet

Number of jets

Transverse mass of leptonic W boson

AR between lepton and closest b-jet

Invariant mass of reconstructed W bosons, shifted
by the W boson (2 variables)

Photon n

PCBT distributions of the four jets with the highest scores
(4 variables)

Photon conversion type
Number of b-jets
Photon ¢

AR between photon and closest lepton
Invariant mass of photon and closest lepton
Photon pt

Invariant mass of photon and closest b-jet

Photon energy
Scalar sum of py of all jets

pr and energy of the two jets with highest pr
(4 variables)

AR of photon and closest b-jet
Emiss

Number of jets

Photon

Number of b-jets

Photon ¢
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E [le-fake y []Othery
E-Pre-Fit Ml Lep. fakes”” Uncertainty
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0.1 02 03 04 05 06 07 08 09 1
NN output (photon fakes)

Data / Pred.

NN output (tty decay)
- [ e e e
330000-_ATLAS B
2 [ Vs=13TeV, 140" @ Data  [ify production
E I Single lepton [Htty decay [lh-fake y
25000 [[Je-fake y [JOthery
Pre-Fit Ml Lep. fakes”” Uncertainty
20000

15000

10000

Data / Pred.

NN outputs

1.25

AR RN R RS R RRRE AR RN R

i

ATLAS
Vs =13 TeV, 140 fo"' @ Data Wty production J
Single lepton [tty decay [h-fake ¥ =

[Cle-fake y []Other y E

Pre-Fit M Lep. fakes” Uncertainty 7

TN W W RS N R

01 02 03 04 05 06 07 08 09 1

T T T T T

5000

s b b b L

03

0.1 02 03 04 05 06 07 08 09 1
NN output (other y)

» Left side: The four
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< §zoooix:’_ugl'”'|""|""|""|""|""|""|"'E

Output classifiers of 2 [ (s=13TeV,140f" ¢ Data  [tfy production

. L%’ 1800;Dilepton [Dtty decay [@h-fake y B

the NN for single 1600]-SR Clefakey (JOthery

F Pre-Fit 72-Uncertainty E

lepton channel 100 E

1200 3

. PP 10000 =

* Right side: Output of - E

binary classifier for 3 E

dilepton channel 2

5  Opmhedbdnbdbn b b Boned

§ 15 .

3 | It

o VF E

0% 01 02 03 04 05 06 07 08 09 1

NN output
Category tty decay classifier  fake y classifier  other prompt y classifier purity
SR t#y production <0.15 <0.2 < 0.5 73%
CR r#y decay > 0.25 - <04 71%
CR fake y <0.15 >0.2 < 0.5 50%
CR Other y remaining events 26%
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Events /0.1

Data / Pred.

Events

Data / Pred.

ATLAS Post-fit distributions

5 .,[..‘.|‘..‘,.‘..|(...|.‘..‘..,.|,...,....|,..,_

1800 ATLAS -

F Vs=13 TeV, 140 fo"' ® Data W tty production J
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r [Je-fake y []Other y 1

[ CRfake y WLep. fakes” Uncenainty ]

40001 Post-Fit ---Pre-Fit —
30001

1000 =
0" | i ' 4 L i
1.15F i S E
JETme et Py PY [ ) 3

1E ( hd E
0.85F 3
0.7¢ .
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Subleading b-tagging score

Events /0.1

Data / Pred.

Events

Data / Pred.

[T T T T T T T T T T T T T T T T T T T T

- ATLAS
100007‘!‘ =13 TeV, 140 fo' @ Data mtiy producnor%
tty decay mmh-fake y
L Single lepton @
_ e-fake Other
I CR tty decay — = ’

W Lep. fakes/ Uncertainty
----Pre-Fit

8000~ Post-Fit
6000
4000

2000

ol b b by

1.075: e

1 . TER e . 2
0.925( E
0-8% 0.4 02 03 04 05 06 07 08 08 1

NN output (tfy decay)

I T T T T
12000 T ATLAS

F Vs=13TeV, 140 fo"' @ Data W tty production

mtty decay mmh-fake y

[Je-fake y [JOthery

W Lep. fakes Uncertainty
---Pre-Fit

10000 _Slngle lepton
[ CRothery
| Post-Fit

RN BN A A

T

vl

>85% WP 85% WP 77% WP 70% WP 60% WP
Subleading b-tagging score

Sown are the input
variables for the
inclusive cross-
section

Input variables in the
SR and 3 CRs in the
single-lepton channel

Events /0.1

Data / Pred.

0.7

input variables [ universitat

Siegen
T e e e
2000 ATLAS -
F Vs=13TeV, 140 fo™" @ Data Mty production
1800 I Dilepton [Dtty decay [@h-fake y e
1600 SR [CJe-fake y []Other y ]
F Post-Fit 77 Uncertainty--- Pre-Fit ]
1400~ -
1200 =
1000 —
800/~ -
600 .
400F-
200
) E RN N F T NN FETY Fey PN P s s

01 02 03 04 05 06 07 08 09

0 1
NN output
NN output dilepton channel
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ATLAS Inclusive cross-section: total tty “lsJiZig":rfs“at

EXPERIMENT

Fiducial cross section (fb)

Combined 793+5(stat)+38(syst)
Single lepton 707+6(stat)+48(syst)
Dilepton 117.7+1.7(stat)£7.9(syst)

« Combination obtained (like for tty production) from simultaneous likelihood fit to
all SRs and CRs

* tty cross section: precision around 7.7% per channel, 5.2% from combination

e Similar precision as tf\_/ production (slightly smaller statistical uncertainty, slightly
larger uncertainty on tty decay, no differences between experimental
uncertainties as expected)
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ATLAS X% and p-values Universitat

in production s
Absolute cross-sections Normalised cross-sections
MGS5_aMC@NLO+PytHia8  MG5_aMC@NLO+Herwic7 MGS5_aMC@NLO+PytHiA8  MGS5_aMC@NLO+Herwic 7
Variables x2/mdf p-value | y2/ndf p-value | y2/ndf p-value ‘ y2/ndf p-value
Single-lepton and dilepton combined
pt () 10.1/10 0.44 9.0/10 0.54 15.0/9 0.09 10.4/9 0.32
|n7()] 14.6/8 0.07 13.5/8 0.09 10.4/7 0.17 10.5/7 0.16
Single-lepton channel
rr (y) 12.3/10 0.26 11.1/10 0.35 64.8/9 < 0.01 49.6/9 < 0.01
|n()| 11.5/8 0.18 11.0/8 0.20 8.0/7 0.33 8.3/7 0.31
AR(y. ) 10.2/7 0.18 9.6/7 0.22 8.5/6 0.20 8.5/6 0.21
AR (¥, b)min 12.4/5 0.03 12.0/5 0.04 7.5/4 0.11 8.7/4 0.07
AR(L, J)min 6.1/5 0.30 6.4/5 0.27 1.5/4 0.83 2.5/4 0.64
pr(J1) 12.0/5 0.04 10.5/5 0.06 8.1/4 0.09 9.7/4 0.05
Dilepton channel
pr (¥) 8.4/6 0.21 7.0/6 0.32 6.3/5 0.28 5.3/5 0.38
|77 ()] 12.2/8 0.14 9.9/8 0.27 9.2/7 0.24 7.8/7 0.35
AR (¥, £)min 17.6/7 0.01 17.2/7 0.02 14.2/6 0.03 14.7/6 0.02
AR (¥, b)min 7.715 0.17 5.0/5 041 1.4/4 0.84 0.8/4 0.93
AR(, j)min 13.6/5 0.02 9.7/5 0.08 5.3/4 0.26 3.7/4 0.44
pr(J1) 10.2/5 0.07 4.9/5 0.42 7.8/4 0.10 3.6/4 0.46
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ATLAS X and p-values Universitit

EXPERIMENT : d t d Siegen
IN proauction+adecay
Absolute cross-sections Normalised cross-sections
MG5_aMC@NLO+PyTH1A8  MGS5_aMC@NLO+Herwic7 MGS_aMC@NLO+PyrHiA8  MGS5_aMC@NLO+HerwiG 7
Variables y2/mdf p-value y2/ndf p-value y2/ndf p-value y2/ndf p-value

Single-lepton channel

pr(¥) 12.9/10 0.23 8.7/10 0.56 122.4/9 <0.01 31.6/9 <0.01
137(7)| 13.3/8 0.10 13.3/8 0.10 12.2/7 0.09 13.1/7 0.07
AR (y.¢€) 15.2/7 0.03 14.2/7 0.05 18.5/6 0.01 17.3/6 0.01
AR(Y.b)min | 8.6/5 0.12 5.9/5 0.31 9.1/4 0.06 5.8/4 0.21
AR(C, Ymin | 4715 0.46 2.9/5 0.71 0.8/4 0.93 0.9/4 0.93
pr(it) 25.2/5 <0.01 43.5/5 <0.01 27.8/4 <0.01 45.2/4 <0.01

Dilepton channel

pr (y) 7.5/6 0.28 4.3/6 0.64 6.4/5 0.27 4.1/5 0.53
157(v)| 5.3/8 0.73 6.5/8 0.59 5.5/7 0.60 6.8/7 0.45
AR(y,O)min | 24777 <0.01 24.3/7 <0.01 21.0/6 <0.01 20.7/6 < 0.01
AR (y.6) 9.1/7 0.25 7717 0.36 9.0/6 0.17 7.5/6 0.28
AR (y.6) 17.1/7 0.02 18.1/7 0.01 16.7/6 0.01 17.7/6 0.01
AR (€, £)] 4.07 0.78 7.0/7 0.43 3.3/6 0.78 5.8/6 0.45
A@ (€, ) 35.8/8 <0.01 37.6/8 < 0.01 35.6/7 <0.01 37.3/7 <0.01
pr(€,€) 6.5/6 0.37 12.5/6 0.05 5.8/5 0.33 11.5/5 0.04
AR(Y,b)min | 0.7/5 0.98 2.4/5 0.79 0.7/4 0.95 2.4/4 0.66
AR(€, j)min | 6.1/5 0.3 8.9/5 0.11 9.9/4 0.04 12.4/4 0.01

pr(J1) 11.5/5 0.04 21.1/5 < 0.01 10.4/4 0.03 19.3/4 < 0.01 26
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ATLAS Migration matrix for Universitt
EXPERIMENT Single-lepton Channel Siegen
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ATLAS ttZ measurement “giﬂig":r'{s“at

EXPERIMENT

—  0.09F T B B L I I I g
o _ 2 - ATLAS e Unfolded data E
« Unfolded to fiducial phase space: pr of the Z boson in © 008 {s-13Tev, 140 fb“—gl::lC@Nng:F(’? | :
. . . . - -- Sherpa 2.2.1 (inc. =
combination trilepton and tetralepton final states é_N 007¢ . Sherpa 2.2.11 (multileg) 3
- 88 0.06= 2o Stat. uncertainty 3
- Phase space orthogonal to tty - Total uncertainty ]
0.05 -
* Regions split further based on lepton flavour and 0.0458- =
charge 0.0 E
« NN based separation of signal and background 0.02E E
0.01— —
* Measured cross-section in good agreement with NLO § et
MC prediction .és 14 L' ______________________________________________ ;
S g8 R

ol 77077100 200 300 400 500 600 700 800 900 1000

e Statistical uncertainty dominant source of uncertainty
Particle level pi [GeV]
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ATLAS tty total: Dilepton channel Snlversitat
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ATLAS - - Siegen
EXPERIMENT EFT limits (Comblnatl()n)

 The EFT limits in the three different operator bases investigated
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