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Introduction ATLAS |

EXPERIMENT [

‘ We are moving towards the era of precision rare processes ‘

> Multiple rare ttX processes Top Quark Production Cross Section Measurements Status: April 2024
aCCGSS|b|e at the LHC ,;8_ ATLAS Preliminary Theory
b 10° E Run1,2,3 v5=5,7,8,13,13.6 TeV LHC pp V5 = 5 TeV 3
. . . - Bl o fo 1
> Unresolved tensions exist with SM I
I pp Vs =7 TeV ]
prediCtionS 102 ! _ Data 4.5-4.6fb™" ]
- LHC pp Vs =8 TeV .
[ BB Data 202-2031b ]
> Window into top-quark EWK o L EE oo s o
couplings CA
. - [ S o e
> Highly sensitive to EFT operators & :
O
ol 4 a |
> Important backgrounds for SM/BSM : B :
processes '
102 E =
tt t tW  t ttW ttZ ttH tty ty tZj 4t
> Increasingly precise measurements rehen wehan fo tets -t ¢
with growing LHC datasets
Jrowing ATL-PHYS-PUB-2024-006
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> Important background to SM/BSM | _

processes (tttt, ttH, SS dilepton)
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BDT score ttX
Phys. Lett. B 847 (2023) 138290

> Very sensitive to higher order

q i q q
QCD/EWK corrections ;ﬁ . \Oi;: —
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https://www.sciencedirect.com/science/article/pii/S037026932300624X?via=ihub

ttW cross-section measurements ATLAS |

EXPERIMENT [ |

ttW common strategy

> 2 lepton (same-sign) + 3 lepton (1 opposite-sign) channels
>~ Combined likelihood fit with targeted background-rich control regions
» Inclusive cross-section + W*/W™ cross-section ratio

- JHEP 07 (2023) 219

> Neural network fit for 2-lepton
signal extraction

> Dedicated data control regions to
improve background estimates
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https://arxiv.org/pdf/2401.05299.pdf
https://link.springer.com/article/10.1007/JHEP07(2023)219

ATLAS >

EXPERIMENT [

........................ 138 fo (13 TeV)
800 L CMS i Diboson ]
- Prefit o Conversions
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Total unc. ]
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» Neural network event classification in 27

same-sign channel 200
. 0 - - . - - - - - -
, T T TH tf, % _ B laF 4
Separate ttW, ttZ4ttH, tty™, and non-prompt : ljw\\\‘\\\\\‘\\\\\\%&“\x\&w&&\\\v
: 0'60_ 07 02 03 04 05 06 07 08 09 1
NN discriminant
) - I13§fb‘1l(131TeV)
£ CMS oo
oo P o
~ Split 37 channel by lepton charge sum, ol Lp;ﬁ;)'f” e
NjetSa and Nb-jets il |
. L . 5 14]
» Fit m(3¢) for each subcategory in final fit

T 2 1 2 1 2 1 2 1 2 1 2
Number of b-tagged jets
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https://link.springer.com/article/10.1007/JHEP07(2023)219

ATLAS

EXPERIMENT [/

Source Uncertainty [%]
Experimental uncertainties
Integrated luminosity 1.9
b tagging efficiency 1.6
Trigger efficiency 1.2
. . . ] Pileup reweighting 1.0
> Significantly reduced uncertainties w.r.t previous measurement L1 inefficiency 0.7
. Jet energy scale 0.6
(~7.5% total uncertainty) et energ e ution 0s
Lepton selection efficiency 0.4
. . . " ™ n B 1 3
» Dominant uncertainty: ttH normalisation aci‘g::jn ‘;’l‘;j;‘:“es —
Charge misidentification 1.6
. . . . . Nonprompt leptons 13
> Cross-sections are consistent with SM but tension remains VY normalizatios: 15
ttVV normalization 1.2
Conversions normalization 0.7
tty normalization 0.6
GIZTW — 868 i 40 (Stat) i 51 (SySt) fb ZZ normalization 0.6
Other normalizations 0.5
ttZ normalization 0.3
138 fbo' (13 TeV) |, gCms 138 b (13 TeV) WZ normalization 0.2
L A AL BN DL B LUNLILE B T T T ) %97 AN I R B B B R o
o CMS * Measurement |/ EPJC 80 (2020) 428 1 < 75_ // // —— Observed _E tZq nonnah.zatl.on 0.2
C —— Stat. unc. | JHEP 11 (2021) 29 1< ; [~ | JHEP 11 (2021) 029 g tHq normalization 0.2
C ——— Total unc. ] ?J 6 = B 63% cL E Modeling uncertainties
- Nominal +stat +syst 1 5¢ / - 95% CL E tEW scale 18
- Y S ] - / 3 ttW color reconnection 1.0
E ee 7 2 i Zgz i;i:;” i 4 ;_ 7 %Wt _ 161 +0.15 (stat)_E ISR & FSR scale for ttW 0.8
- — 868 ~63 ~64 g 3t 7 o 005 (syst) tty scale 0.4
- .D.ilepton ——— 905 +42 =51 1 2 E_ / _E VVV scale 0.3
. A ] . / ] ttH scale 0.2
- Trilepton // 649 =104 +96 i 1E / = .
- Combined N 868 +40 +51 . - / | | : Conversions 0.2
000 e B0 1000 120 100 11610195 03 1.5 2 25 3 3.5 Simulation statistical uncertainty 1.8
Otw [fo] SAA / Ottw Total systematic uncertainty 5.8
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https://link.springer.com/article/10.1007/JHEP07(2023)219

ttW cross-section measurements ATLAS |

EXPERIMENT [ |

ttW common strategy

> 2 lepton (same-sign) + 3 lepton (1 opposite-sign) channels
>~ Combined likelihood fit with targeted background-rich control regions
» Inclusive cross-section + W*/W™ cross-section ratio

> arXiv:2401.05299

ATLAS

(accepted by JHEP) EXPERIMENT

> Significant reduction in non-prompt
backgrounds

- First differential tt W cross-section
measurement in ATLAS

> Comparison to NNLO prediction
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https://arxiv.org/pdf/2401.05299.pdf
https://link.springer.com/article/10.1007/JHEP07(2023)219

EXPERIMENT [

arXiv:2401.05299 YATLAS

EXPERIMENT

and 10 background-enriched control regions

> Split channels by lepton charge sum, lepton
flavour, Njets, and Np-jets

Data / Pred.

>~ Additional dedicated BDTs for lepton isolation and
Incorrect electron charge assignment

> Significant reduction in non-prompt lepton
background from heavy flavour decays w.r.t CMS

- W ML

cC

Il Mat Conv CHFu

20SS(++) oy ™
Post-Fit ;

» Combined fit: 48 (2£S9) + 8 (3¢) signal regions
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https://arxiv.org/pdf/2401.05299.pdf

ttW inclusive cross-section ATLAS |

EXPERIMENT [

arXiv:2401.05299 &I!Tﬁé ATLAS B ATLAS- this result
(s = 13 TeV. 140 fb™! 2 CMS (JHEP 07 (2023) 219)
> Inclusive XS compared to CMS and Stat. + Syst. | Stat. only
stat-of-the-art NNLO prediction:
Rev. Lett. 131, 231901 (2023) NLO+NNLL
-®- Sherpa k ® ]
_ “®- FxFx | @ :
> Dominant uncertainty: tt W modelling NNLO

(different treatment w.r.t CMS)

| I 1 1 1 | I 1 1 1 | I 11 1 | I |1 1 | | I
400 500 600 700 800 900 1000
- Experimental results in good agreement o (ttW) [fb]

> Tension with SM prediction remains (~1.60)

o> = 868 £ 40 (stat) £ 51 (syst) fb | |s2I145 = 880 + 50 (stat) = 70 (syst) fb

6NNLO(QCD)+NLO(EWK) = 745 + 50 (scale) = 13 (2-loop approx.) = 19 (PDF, «,) fb
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https://arxiv.org/pdf/2401.05299.pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.231901

ATLAS |

EXPERIMENT [

arXiv:2401.05299 SATLAS

EXPERIMENT

1 B | I 1 | 1
0 e Data, stat. unc. [ Total unc.

I
[ ATLAS —6— Sherpa —A— aMC@NLO+Py8 (FxFx) ]

i -1 —5— aMC@NLO+Py8 (Incl.) —z— Powheg+Py8
[ 13 TeV, 140 fb ol

i ttW* Particle Level T

> First differential cross-section
measurement in ttW final state in ATLAS!

do / dN,, [fb]
(o)

- Combined fit: 2 (2£SS) + 6 (3¢) signal
regions, using profile likelihood unfolding

- Differential in N,

jets Hys @nd angular

variables

» Measurements statistically limited

Data

Prediction

> Overall excess in differential observables
consistent with inclusive cross-section Particle-Level N
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https://arxiv.org/pdf/2401.05299.pdf

ATLAS >

EXPERIMENT [

arXiv:2401.05299 SYATLAS

EXPERIMENT

> Both experiments measure

c(ttW) and o(ttW™) separately ATLIASIIIIII

\s=13 TeV, 140 fb’

-

Rtk o Bestfit

i FxFx [JHEP 11 (2021) 029]
NNLO QCD [arXiv:2306.16311)

= = = 68%CL
— 5% CL

_ il =
> Can extract relative charge asymmetry B ATLAS -
- Measurements consistent with NNLO = [ -

SM prediction o g
E 300(— i
© - =

> CMS measures smaller central value B -
250|— —

Arel(ATLAS) = 0.33 £ 0.05 (stat) + 0.02 (syst) | 200

| I | I I 11 1 1 I 11 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I 11 1
400 450 500 550 600 650 700 750 800
o(ttW") [fb]

Arel(CcMmS) = 0.23 +0.03 (stat) = 0.03 (syst)
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https://link.springer.com/article/10.1007/JHEP07(2023)219
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ATLAS |

EXPERIMENT [

Phys. Lett. B 779 (2018) 358

; 30i (I:MS | | IEI tgzta
2 |tz g Bz
- Important background to SM/BSM o | 2bjets | m (i
processes (tttt, ttH, tZ, SS trilepton) = Wz
L e EE% xxéitﬁérﬂ
-
- Constrain EWK parameters and I AR
BSM models through tZ coupling S S S SO
AR(b, ;")

Phys. Rev. D 108 (2023) 032008 CMS Simulation 13 TeV

cz /A2 [TeV 2] =
— 0.0 06 1.0 -—1.2

2.00 -

> Sensitive to spin correlation and 5 175 gg
= i
— 1.50 4
EFT operators : g -
1.25 | /,/
00 e

I | I ) 1
100 200 300 400 500 600
p% [GeV]
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.108.032008

ttZ cross-section measurements ATLAS|

EXPERIMENT [ |

ttZ common strategy

> Target 2/3/4 lepton channels
~ Combined likelihood fit with targeted background-rich control regions
- EFT interpretation targeting tZ and 4-quark operators

- arXiv:2312.04450 ATLAS

(submitted to JHEP) EXPERIMENT

> Multiple differential observables

» EFT interpretation using differential
variables

- Measure effect on tt spin correlation
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https://arxiv.org/pdf/2312.04450.pdf
https://cds.cern.ch/record/2893862/files/TOP-23-004-pas.pdf
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.108.032008

ttZ inclusive cross-section ATLAS |

EXPERIMENT [

‘Q L I L I L I L I L I L
c 50— T =
: © | ATLAS -+-Data Mtz ]
arXiv:2312.04450 ATLAS it - (s=13TeV, 140 b ZZ+ WZZ+c A
EXPERIMENT " tiz.4L W Zz+b Wz
40— SR-4L-SF ttH i Other —
[ post-Fit B F-e-other F-e-HF _
- Target 2,3, and 4 lepton (e, 1) channels, low statistics but [ F-u-HF [ F-other -
: e 30— 7~ Uncertainty -
high sensitivity E 4f i
. Select events based on: N, N;, Ny, Emiss 20~
» Separate signal from background using =
Neural networks
= :
© 125F 3
> ] ] ] . m E 3
Profile likelihood fit based on NN output (8 SR + 4 CR) = 7.7z, 0 /,,@4///,_//,//#7%7/, w
8 07569 =
(@] TYE ]
> Fit each channel separately and combined S 6. 07 08 09 1

SF NN output

» Good agreement with SM prediction -
(6.5% precision!) o = 860 £ 40 (stat) + 40 (syst) fb

- Dominant uncertainty: Background normalisation, jets  0,,C " = 863*:] (scale) + 28 (PDF, «) fb

Eur. Phys. J. C 79 (2019) 249
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https://arxiv.org/pdf/2312.04450.pdf
https://link.springer.com/article/10.1140/epjc/s10052-019-6746-z

EXPERIMENT [

llllllllllllllllllllllIlllllllll]llllllllllllllll

A TLAS ® Data

\s=13TeV, 140 fb"' ---MG5_aMC@NLO+Pythia 8-
- -Sherpa 2.2.1 (incl.)

arXiv:2312.04450 WATLAS

]
>
()
EXPERIMENT O
X
0
=,

|N ~ 0.08 E - Sherpa 2.2.11 (multi-leg)

> Measure differential cross-sections 3o = S
unfolded to particle- and parton-level 0.06 :_,- o
-l Sl A

» 17 observables across 37, 47 L 3
and 37 + 47 channels 0.021 Lﬁ —

B ole .

> Good agreement with NLO predictions
across all variables

Prediction
Data

0 100 200 300 400 500 600 700 800 900 1000

- g . Particle-level p§ [GeV]
> Measurements are statistically limited

- Background normalisation and ttZ modelling also significant sources of
uncertainty
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https://arxiv.org/pdf/2312.04450.pdf

ttZ Spin correlation

EXPERIMENT [

arXiv:2312.04450 ATLAS Helicity basis

EXPERIMENT

> Z-boson in production modifies expected spin T TT7 77 DT =
correlation between top-quark pair £
> First ever measurement of this effect at ’,’
detector-level using template method:
Distribution Channel Expected values Observed values
— . . _ . . 1.39 - 1.34
L serde 14 it
0y - cos 6 3¢+4c  1*L7T8 1.39+1.72
- 9 angular observables (O) used as = Lk ~1.78 ~1.73
: . : cos 8}, - cos 6, 3¢+4¢ 1+ 81 -1.0573%
spin-sensitive variables . g . . . .
cos Oy - cos @, +cosf, -cost, 3C+4¢L 175793 0.367, 93
. cos 6y 3¢+4¢  1*1AL 1.56+1-86
> For each observable extract scaling factor ' '
f.\1) for spi d spin-off templat e 3e+ae 155 181463
or spin-on and spin-off templates ' '
(tsm) P P P cos 0} 3¢+4¢ 1116 2.00*1-65
o s 14 2311

- Spin-off hypothesis rejected at 1.8¢

208 = 1.20 £ 0.63 (stat) = 0.25 (syst) = 1.20 + 0.68 (total)
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ttZ cross-section measurements ATLAS |~

EXPERIMENT [

ttZ common strategy

> Target 2/3/4 lepton channels
~ Combined likelihood fit with targeted background-rich control regions
- EFT interpretation targeting tZ and 4-quark operators

- CMS-PAS-TOP-23-004
- Phys. Rev. D 108 (2023) 032008 [

. ttZ + ttH EFT fits in boosted

events
- ttZ, tWZ, tZq simultaneous
cross-section measurement
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https://arxiv.org/pdf/2312.04450.pdf
https://cds.cern.ch/record/2893862/files/TOP-23-004-pas.pdf
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.108.032008

ATLAS |

EXPERIMENT [

- One lepton (e or i), One high-pr jet g ;
(H/Z candidate), > 2 b-tagged jets
CMS 138fb™" (13 TeV)

. t t _ ; SM ttZ 95% CL upper limits :

ENI: to secrl)arate ttZ, ttH, and = O 68% oxp. |
ackgrounds = ---- Median exp. [195% exp. 3
8 el prommemmm o]

- Simultaneous profile likelihood fit to event 2 ' ¢ -
yields in py and mass observables, and &) ol ]
DNN output

I : : = 10 | | -

- Extract 95% upper limits on differential © %

cross-section for both pp(Z) andpp(H) & | -
I L =
200 300 450 0

> Measurements statistically limited
y Simulated p% [GeV]
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ttZ + ttH Boosted EFT measurements YATLAS —

EXPERIMENT [

= CMS Simulation 13 TeV
Phys. Rev. D 108 (2023) 032008 [~~~ b0l Cz/ A% [TeV™?] =
T \ . 0.0 06— 10 -—— 12 ///./
& 1ico | D t /
- EFT effects grow strongly with pyin ¢ . x 7
both boosted topologies i i .
=
1.00 L

» Combined fit to extract EFT limits on I S ey e SRR
operators sensitive to tV, tH, and pf [GeV]

4-quark couplings 4 CMS | __138fb" (13 TeV)
5| ¢ Bestfit —68%CL ~99.7%CL |

*SM  --95%CL
o2 e O L

»95% CL limits in agreement with SM

cow / A2 [TeV 2]

» EFT limits consistent/competitive
with most stringent existing limits
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Bonus: Combined tZ, tWZ, tZq XS $ATLAS >

EXPERIMENT [

> First simultaneous measurement of
ttZ + tWZ cross-section!

> Target 3 lepton channel with Z mass
window

> DNN classifier to split events into
ttZ + tWZ, tZq, and backgrounds

> Add 4 lepton channel for inclusive
measurement to enhance ttZ signal

- Combined XS in tension in SM (~20)

CMS Preliminary

N

N
0o

N
(o2}

-
NN

N
N

—

O
o

+ Best fit
— 1o CL
—20 CL
¢ SM

o
o))

o
»

ttZ+tWZ cross section ratio to the SM

0 02 04 06 08 1 12 14 16 18 2
tZq cross section ratio to the SM

25

20

15

10

0

07wz = 1.14 £0.05 (stat) = 0.04 (syst) pb

0,7, = 0.81 £0.07 (stat) £ 0.06 (syst) pb

J. Jamieson - SM@LHC 2024 - Rome - 08/05/2024


https://cds.cern.ch/record/2893862/files/TOP-23-004-pas.pdf

Bonus: Combined tiZ, tWZ, tZq XS YATLAS

EXPERIMENT [

CMS Preliminary 138 b (13 TeV)
N~ ;
CMS-PAS-TOP-23-004 Soprst mmm mmm e
— — B ttzo+twzo I ttz1+twz1 Il ttz2+twz2 B tiZ3+twZ3
f2) ~ X Nonprompt [0 Multiboson I WZ
§ 10° = Xy —e— Data 7///) Tot.Unc.
(T —
[~ pr(Z) <50GeV 50 < p1(Z) <100GeV 100 < p(Z) < 180 GeV pr(Z) > 180 GeV

> Measure differential cross-sections at CE . e e
parton-level using profile likelihood unfolding 10

0.35 1]10.35 1]0.35 1]0.35
ttZ+tWZ node (maximum score)

1

> Focus on pt and angular variables sensitive

to EFT and QCD modelling CMS Preliminary 138 fb! (13 TeV)

ST 77 e B S B R B R B

= ttZ + tWZ E?ﬁiﬁ: o

> Fit NN scores across observable bins, 2 ot i Theoryune,

further split signal by generator-level values ot E

2 0.01F E

0.008} 3 =

> Increased tension with NLO predictions at 0.006 - : E

0.004— -

low p (£w) (Momentum of lepton from W decay) 0.002- =

i -

§ 1.5_— I I —

> Measurements are statistically limited S o i Y
o 20 40 60 80 100

pr(fw) [GeV]
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ATLAS | ">

EXPERIMENT [/
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> Direct probe of ty
electroweak coupling

>~ Main background for tqy

> Sensitive to EFT operators
related to top to anomalous
dipole

~ Complimentary to ttZ/tWZ
EFT measurements

o~
|
T

ol <l
ol <l

o~
+

o~
+

<
<

o
o

tty Production

Photon from off-shell top-quark decay or initial-state radiation

tty Decay

Photon from final-state radiation
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tty cross-section measurements ATLAS |~

EXPERIMENT [

tty common strategy

>~ Combined likelihood fit with targeted background-rich control regions
» Fiducial tty cross section measurements at particle-level
~ EFT interpretation targeting EWK dipole operators

- JHEP 05 (2022) 091

> Targets events from all
production and decay processes

>~ Combination with single-lepton
measurement
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https://arxiv.org/abs/2403.09452
https://link.springer.com/article/10.1007/JHEP05(2022)091

EXPERIMENT [

CMS 138 fb 1 (13 TeV)
1 1 I 1 1 I I 1 1 1 I 1 1 1 I 1 I I I 1 1 1 ] 1 1 I I 1 1
m Measurement === Stat. unc. — Stat.+syst. unc.
— MG5+PYTHIA8 Theory unc.
: Combined 173.5 + 2.5 (stat) + 6.3 (syst) ——
» 2 OS leptons, 1 photon, >1 b-jet
_ o _ e*UT| 1739 = 3.1 (stat) = 6.3 (syst) e
> Combined likelihood fit across 9 B i
photon pr bins in 3 lepton flavour ete”| 177.6 + 6.3 (stat) + 9.7 (syst) e ——
channels - |
W' |  172.6 + 5.6 (stat) = 7.8 (syst) ———
> - : L1 I L1 1 l L1 1 | L1 1 I M SR TR o [T T S T N
cross-sections in agreement with o [fb]

SM predictions

orq(pp — tty) = 1752 £ 2.5 (stat) £ 6.3 (syst) fb

> Dominant uncertainties: Luminosity

and signal modellin _ i i
) ) og @ (pp — tip) = 155 £27 b "R

MadGraph5_aMC@NLO (LO production+decay)
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tty cross-section measurements ATLAS|

EXPERIMENT [ |

tty common strategy

~ Combined likelihood fit with targeted background-rich control regions

> Fiducial measurement to capture contributions from production and
decay processes

~ EFT interpretation targeting EWK dipole operators

» arXiv:2403.09452 ATLAS

(submitted to JHEP) EXPERIMENT

> Target tty production only for first time

> Measurements in single-lepton and
dilepton channels
» EFT combination with ttZ
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tty Inclusive cross-section

EXPERIMENT [
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2 1600 _—Single lepton [ttty decay mmh-fake y _
L - _ _ [e-fake y []Other vy ]
1400F- SR ity production gl ep. fakes~~ Uncertainty -
. . . . - Post-Fit ----Pre-Fit .
> Single-lepton and dilepton opposite-sign channels - .
1200~ ]
- Target tty production-only processes to enhance ty 1000F 1 f -
coupling 800 e
6001 ]

> Single-lepton: 4-class NN to separate: tty production, 4001

tty decay, fake-photon, and prompt-photon backgrounds 200}~
. . . g O :
> Dilepton: Binary NN to separate signal from background 2 P E
; 2 %ﬁ%/é{i-;#///{/‘;{y%é-c«ﬁﬁ,/,«/-ﬁ/‘*74,~'//,-/,~*-,~’//,-’,~"1/,-'yé///y%
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> Combined fit in single-lepton channel over 1 signal =

001 02 03 04 05 06 07 08 09 1

region and 3 control-regions from NN output and NN
NN output (tty production)

output in dilepton channel

osq (tty production) = 322 + 5 (stat) = 15 (syst) fb

> Dominant uncertainties: Signal modelling,

background normalisation Gé\ll\I/IO (2=3) 47y production) = 2991%(9) (scale)fz (PDF) fb

MadGraph5_aMC@NLO (NLO production only)
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tty Differential cross-section ATLAS | -

EXPERIMENT [
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e - Single lepton + Dilepton m.gtgtsﬁihclzlgr:aljr?ty .
SI%h 10 =3  Total uncertainty 3
- Differential cross-sections measured separately s “?’f;’d‘;;on—;
in both channels and combined ol e
10-2é— —;
> Profile likelihood unfolding b E
. . . B8 s 3

> Measure XS in terms of kinematics and angular go et

"50 100 150 200 250 300 350 400 450 500

differences of leptons and jets in events P, 1) [GeV]

_Illllllllllllllllllllll llllllllllllllllllll
- ATLAS

T I RRRAR ]
- =13 Tev, 140 tty production J

1+42¢ -

-
0

-~ Single lepton + Dilepton

>~ Generally, good agreement with SM

Fractional uncertainty [%]

> Reduced uncertainties in normalised fits due to
systematic cancellations

0 Total uncertainty Statistical uncertainty === tfy production modelling
5 tty decay modelling ... tly decay normalisation - - Fake background
- - - - . . == Prompt background == Photon ===« Other experimental
m . b-tagging - = Jets == MC statistical uncertainty
>Statlstlcally Ilmlted In OSt reglons Illllllllllll]lllllllllllllllllllllllllllllllll
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p.() [GeV]
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tty EFT interpretation ATLAS | -

EXPERIMENT [

95% CI (obs.)  95% CI (obs.)

arX|V240309452 AT LAS Wilson coefficient tFy tTy + tiZ Best-fit
s APERIMERT O(A™*) (marg.) [-1.2,2.8] [-1.2,2.5] 1.73
R[Ciw]
. EFT interpretation using photon py O(A™) (indep.) [-0.74,0.78] [-0.56,0.60]|  0.01
S[Cow O(A~*) (marg.) [-1.7,1.7] [-1.8,1.2] -0.96
- Limits on dipole operators C.z and C,y O(A™%) (indep.) [-0.78,0.76]  [-0.60,0.58]| —0.01
- Rotate basis to extract Cyz and C,;: 125 ,IATIL AIS] S esl% ;I (lcomb_l)
Vs =13TeV, 140fb™" mm  95% Cl (comb.)
Ciz=cw -Ciw —sSw - CsB, SMEFT A=1 TeV ¢ Global mode

+  Standard Model

68% Cl (i2)
Re[CtZ] 95% Cl (i2)
68% Cl (ffy)

(

Im[ CtZ] 95% Cl (tty)

R[CiZI/N? [TeV~2]
o
o

» EFT fit from simultaneous measurement
of photon and Z p (arXiv: 2312.04450)

5.0

2.5

\l
(&)
I]IIIIIII|III[|IIII|]III|IL

lllllIllllllllllllllllllllT

> Reduces independent limits on Cyy

0.0F .
>~ Combination resolves degenerate —2.5— -
structure present in separate ttZ and tty - » o L, e
results ~10 -5 0 5 10
S[Cizl/N\2 [TeV2]
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Conclusion

EXPERIMENT |

- Wide array of ttX processes measured at both ATLAS and CMS!
- More data and advanced analysis methods leading to more precise results!

> More stringent limits on new physics achieved through EFT combinations
- Thus far bother experiments observe generally good agreement with SM

> Inclusive measurements now largely systematically limited
- Differential results remain statistically limited - Expect improvements in Run 3!
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Backup
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ATLAS |

EXPERIMENT [

CMS 138 b (13 TeV
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> Differential XS measured in terms of kinematics and angular differences of _éf 4 E
leptons and jets in events 5 4F -
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>~ Use matrix inversion without regularisation to unfold - e ]

> Generally, good agreement with SM
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> Predict smaller angles than measured, likely due to missing diagrams in LO 2 ez e . *« 3
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