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The Problem(s)

ANew physics is elusive, but the
Standard Model is incomplete!

AThe next fundamental discovery may
be outside of the direct energy reach

Unknown , 96%

2 0.4 " 68% CL tontours = -

of the Large Hadron Collider (LHC) ==} :

AWe see hints of anomalous results in 025 B N /5

0 -physics measurements, and now N VLA e
possibly beginning to appear in SO I

Top+X measurements



https://hflav-eos.web.cern.ch/hflav-eos/semi/moriond24/html/RDsDsstar/RDRDs.html
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Muons behaving badly
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.105.081801
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.84.052007
https://doi.org/10.1103/PhysRevD.87.074020
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(3}
W Q C TC FIG. 1. Feynman diagrams of representative SM contributions
to the muon anomaly. From left to right: first-order QED and
weak processes, leading-order hadronic (H) vacuum polarization,

nQ M uon germagneth factor and hadronic light-by-light contributions.
aSM = gQED | gEW | ghad

I " +— BNL

’ 0 = FNAL Run-1
+—1 FNAL Run-2/3
*—i FNAL Run-1 + Run-2/3
'8, —— Exp. Average
SM Prediction 20.0 20.5 21.0 . 21.5 22.0 22.5
a,*10 -1165900
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.161802
https://link.springer.com/article/10.1140/epjc/s10052-020-7792-2
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[V 4 ©w
W Q C TC FIG. 1. Feynman diagrams of representative SM contributions
to the muon anomaly. From left to right: first-order QED and
weak processes, leading-order hadronic (H) vacuum polarization,

nQ M uon germagneth factor and hadronic light-by-light contributions.
a?l\ﬂ _ a%)ED + a + ahad

= A +— BNL

’ O = FNAL Run-1
+—{— FNAL Run-2/3
o } FNAL Run-1 + Run-2/3
PB, *— Exp. Average
SM Prediction Lattice QCD 20.0 20.5 21.0 . 21.5 22.0 22.5
Prediction a,x10 -1165900

y -


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.161802
https://link.springer.com/article/10.1140/epjc/s10052-020-7792-2
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.032002
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https://link.springer.com/article/10.1140/epjc/s10052-021-09725-1
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Tausbehaving badly too?
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https://hflav-eos.web.cern.ch/hflav-eos/semi/moriond24/html/RDsDsstar/RDRDs.html
https://indico.in2p3.fr/event/32664/timetable/?view=standard_numbered#38-b-to-c-l-nu-decays-at-lhcb

LEP (CERN) Lepton Flavour Universality

W Leptonic Branching Ratios

ALEPH | 10.78 + 0.29
DELPHI ; 10.55 = 0,34
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R(t/u) = B(W—1v)/B(W—w)

(This is prompt lepton behaviour ai.e. unlikely to be
same anomalous physics, but still interesting!)
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https://www.sciencedirect.com/science/article/abs/pii/S0370157313002706

(2022)
I |
R
b-clv
charged current
decays
(9-2)p

B K*pp
angular (P.")

BR(B ~ K pp)
BR(B, - ®up)
b—sll
FCNC decays

2 3 4
significance (0)

UusS

UNIVERSITY
OF SUSSEX

y -


https://indico.cern.ch/event/1075471/contributions/4664840/
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Effective Field Theory
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theory input / bias

‘motivated 1 address other open questions: hierarchy problem, SM flavor puzzle,...
models ensure the model is renormalizable, UV complete, ...

simplified | jntroduce new particles in the simplest way possible
models (e.g. a single lepto-quark or a single Z' boson)
effective field 1 parameterize new physics model independently
theory (need to make minimal assuptions, e.g. new physics is heavy)

(SMEFT / LEFT)

experimental input
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https://indico.cern.ch/event/1075471/contributions/4664840/

Effective Field Theory (EFT)

Maybe New Physics (NP) exists at a
significantly higher energy scale
x b ®r | >6+ g*|

a
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Anp > E

(n)

Ci )
Lopr =Lyt 10
1.1

Standard

@ Model

Coupling
Strength

Operators introducing
new interactions
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https://indico.cern.ch/event/727396/contributions/3018244/attachments/1659083/2657194/EFTforTop.pdf

EFT and the Banomalies WS
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BY — K*9uT 1~ are forbidden at tree level in the SM
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https://link.springer.com/article/10.1007/JHEP06(2021)010
https://cds.cern.ch/record/2311960

EFT and the Banomalies
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https://arxiv.org/abs/2104.00015
https://arxiv.org/abs/2103.11769
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Why Top quarks?




Top Methodology

A Use the top quark &it is the most massive particle and the
closest to the scale of new physics as ®i « = ~z| k& AN f z4

0€n

A Very short lifetime (does not hadronise) &opportunity to

«® 1 - N 1fnra2ki © N2y

@
S
A Very selective about decay channels 6 Yo© w@x p mht £ "0
(@)
©
c
LIJ € L 14
w Tw
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g =] ~
i e
Z H :‘2; Stability é
| E | & -t
Higgs | <
boson .
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Higgs mass M}, in GeV




Top EFT



https://arxiv.org/pdf/1008.4884.pdf
https://arxiv.org/pdf/1008.4884.pdf

Top EFT
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Example contributions of Wilson
coefficients to top -quark observables
via SM-interference ¥  andvia
dimension -6 squared terms only ¥



https://arxiv.org/pdf/1008.4884.pdf
https://arxiv.org/pdf/1008.4884.pdf
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Top EFT and the Banomalies US>
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Four-fermion operators
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Operator | Interaction Lorentz Structure

O™ | Gy 1) @kyuan) Vector t q
Oy M| (Qyo 1) @xyuoar)  Vector

Oé;jk” (&;y"e;)(AQyuqr) Vector (6)
O | (y#,)@eyu)  Vector O,
Oéf,jkl) (€;yHe;)(Uryuur) Vector

Ot | (iej)z(@ruw) Scalar

Oi(cﬁk” (l,c*ve j)e(Qxoyyu;)  Tensor l‘L T




Top 2Q2L operator effects

odky-like (diagonal)

0 o
O}
( /

FCNC (semidiagonal)

Z

CLFV (fully off-diagonal)

0 q

0}

/ A
ONnaaee
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ATLAS and Top
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Muon Chambers Electromagnetic Calorimeters
Solenoid

End Cap Toroid

Forward Calorimeters

Barrel Toroid Inner Detector Hadronic Calorimeters
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Tracking Electromagnetic Hadron Muon
charaber  calorimeter calorimeter  charaber

photons é‘g

/7

Innermost Layer... P ...Outermost Layer
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AB-physics CP violation with Soft Muon Tagging
ALepton Flavour Universality in Top decays
ATop FCNC 0° n '@ t ¢
ATop CLFV* 1 O

Wr "®i « s| ®rk p ® 2kO



https://link.springer.com/article/10.1007/JHEP02(2017)071
https://www.nature.com/articles/s41567-021-01236-w
https://link.springer.com/article/10.1007/JHEP06(2023)155
https://arxiv.org/abs/2403.06742
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B-physics CP violation with Soft Muon Tagging

(vs DO dimuon asymmetry)




B-physics CP violation with Soft Muon Tagging US
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Lots of tops  lots of 4 lots of information

a
x4

poo
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T

The charge of the w, tagged with a lepton, tells you
the charge of the associated wxquark at production

*
n . 7

U

1

\

Ao 8 °oHD b

The charge of the soft muon, tells you the
charge of the associated wyquark at decay
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Consider number of SMT ;) |
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CP asymmetries B

A CP asymmetries can be extracted from &

A As defined in PRL 110,232002 (2013)
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Results | Data (p 1 ) |Existing limits (¢,) @ ) |[SM (@ 1)
0 TRX p 7T W
0 a8 P TT [
0 ® ™ 3] P T 23]
0 ™ T ot 4 P TU 0
5 081 8t 08T ] P Tl I
0 P8t PP DRI

At dthe constraints made by this analysis are stronger than the existing
limiton =%,
This the first direct experimental constraint on Ey

[1] PRL 110, 232002 (2013) [2] arXiv:1511.09466V1 [3] arXiv:1412.7515v1 (HFAG) [4] PRD 87, 074036 (2015) [5] PLB 694, 374 (2011)
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Lepton Flavour Universality with Tops

(vs LEP LFU)
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(Thisis prompt lepton behaviour ai.e. unlikely to be same anomalous
physics, but still interesting!)
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ATLAS
Vs=13TeV, 139 fb™"

—e&— Total uncertainty
. :
E L i i
1 1 | 1 1 1 i 1 1 | 1 1 | 1 1 | 1 |

—m— LEP (ref. ®)
ATLAS — this result

Statistical uncertainty
[ 1 Systematic uncertainty

0.98 1.00

1.

02 1.04 1.06

R(z/u) = B(W—-1v)/B(W-w)

| | |
1.08

1.10
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Top FCNC
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TOopFCNC 0% N ' C® T T seros00s 155 purgeasTy
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. > Vs=13TeV,139 foy i . - : .

FCNC (semi-diagonal) Hor o Or Wlloverve i D [ fs=13Teviiso’ . Eonee ]
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1 % uncertainty FCNC tuH H—1*t 2 Uncortai
10 = t ThadThad _E 103 :_t ThagThad . Fake 4 ncertainty |
= . — tcH(0.1%)x2 3 = —tuH(0.1%)x2 =
- Post-Fit ot . C Post-Fit .
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****************** T WbHc(0.1%)x2 ] ] — TWoHUO.1%h2 |
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0© 1 1
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l ( 1 1
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T 7 . N //i iz
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https://link.springer.com/article/10.1007/JHEP06(2023)155

Top FCNC 00 n 0@ T ¢

FCNC (semi-diagonal)

ATLAS Vs =13TeV, 139 b

L L L B R
FCNC tcH H—-t't
t q |
Hadronic —
CH T
0,
! Leptonic .Expectedi—ky —
----- Expected + 26
E g = Observed
Combined —
95% CL limits
oy e e by |

tqll 0 o5 1 1E T2 o5 3 s

B(t — cH)107°

Hadronic

Leptonic

Combined

ATLAS
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Vs =13 TeV, 139 fb

N R B L L B
FCNC tuH H—=1t'1

. Expected+ 16

----- Expected + 20
— Observed

95% CL limits

\\\‘II\
15 2 25 3 35
B(t— uH)/107®



https://link.springer.com/article/10.1007/JHEP06(2023)155

TopFCNC 0% 1 ® w® llS

ATLAS Vs =13 TeV, 140 fb~ ATLAS Vs =13 TeV, 140 fb
1 1 1 | 1 1 1 | 1 1 1 1 1 1 1 1 1 1 1 | 1 1 1 1
H-vyy H-vyy
H-TT ‘ H-TT
n Bt—-Hc)=0 - " Bt—-Hu)=0 -
H-w/"* —— Observed H-VvV* —— (Observed
i ==== Expected £10 | i ==== Expected £10 |
--=-=- Expected 20 --=-=- Expected 20
Combination Combination
0 ] ] 5 ] ] ] ] 1I0 | ] ] | 1I5 ] ] ] ] 20 0 ] 5 ] ] 1IO ] ] ] 1I5 | ] ] ] 20
95% CL limit on B(t — Hu) x 107 95% CL limit on B(t — Hc) x 107
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https://arxiv.org/abs/2404.02123
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Top ChargedLepton Flavour-Violation

(vs B / Lep flavour anomalies)
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CLFV and Neutrino Oscillations / New Physics U,

OF SUSSEX

Neutrino oscillations Y LFV in lepton sector but q q
far beyond any experimental sensitivity

gl
T W
uo > >—
vy, ;
U/Lk Uk‘e

'>
D |
4

New physics which introduces additional terms involving lepton fields in
Lagrangian can lead to LFV, e.g. SUSY, leptoquarks, 2HDMs

) 4 y -
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Operator | Interaction Lorentz Structure w l
O™ | Gy 1) @kyuan) Vector t q
Oy M| (Qyo 1) @xyuoar)  Vector

Oé;jk” (&;y"e;)(AQyuqr) Vector (6)
O | (y#,)@eyu)  Vector O,
Oéf,jkl) (€;yHe;)(Uryuur) Vector

Ot | (iej)z(@ruw) Scalar

Oi(cﬁk” (l,c*ve j)e(Qxoyyu;)  Tensor l‘L T




Recent history 2
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Limits on CLFV branching ratio of top (95% CL):

0(0C ) pPH @ pTI

5 ((‘)0 0 n) (P@ 0T (3-lepton final state, Y TEEA)

000 QN TMINMWIE L YPp T )
(3-lepton final state, p o 4&A)
This analysis is first direct search for CLFV* 1 1gaupling.

BSM models predicting CLFV with electrons/muons also apply to taus,
often additionally enhanced due to larger mass

) 4 y -


https://cds.cern.ch/record/2638305
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-22-005/index.html

Charged Lepton Flavour Violation
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Using , found to agree with
Cross-section O'izgii + PDF [fb]
(ijk3) 1(ijk3) 3(ijk3)
vector lequ lequ
. ' 24 21 +410
Production £ ut | 11877 £ 1 10175, + 1 21507, £ 20
Production ££ct | 7.9 +1.6  6.17;%+1.5  153*3L +29
Decay £€ gt | 69718 £0.1  3.46"0% +0.03 166" +2
fpm N e m\t O (k3) (ijk3) 2 (ijk3) |2
L(t = 66 a0 = = (5] {leg 1P+ 4l P + 41
(ijk3) 2 1(ijk3) |2 3(ijk3) 2
41l 4 202 4 96| 2

y -


https://arxiv.org/abs/1802.07237
https://doi.org/10.1007/JHEP04(2021)073
https://link.springer.com/article/10.1007/JHEP04(2019)014

Single lepton triggers

Definition of analysis regions including dedicated CRs for fake
backgrounds

— Select events with electrons, muons and
hadronically-decaying tau leptons (7j.d.vis)
— Trilepton selection: ppTy.q.vis/ epp

Prompt /real backgrounds estimated in MC (tt V, diboson,
t W)

Data-driven estimation of fake lepton backgrounds

— Fake Tj.q.is (+ 2 prompt p): scale factor method
— Non-prompt muons: template fit method (takes place in

PL fit)
Profile likelihood fit to SRs and non-prompt muon CR
EFT interpretation

Charged Lepton Flavour Violation oo

OF SUSSEX

{ Region dehinitions

-

s

{Fake Thad-vis EStimation

-

. O . ..

Limits on signal pmces.s}

EFT interpretatiﬂn}

y -



Event selection with p o &A

A Top quark decay and production
diagrams differ by 1 -jet

A Trilepton event selection
including hadronic taus

A Same-sign muons produce
significant background

reduction
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SR CRt CRttpu
Lepton flavour 21l Thag 2ule ({3 = p)
Niess > 1 >2 >1
Nb—tags 1 1 <2
Thad PT > 20 GeV | > 20 GeV -
Muon pr > 15GeV | > 15 GeV > 10 GeV
Higher pt muon Tight Tight Tight
Lower pt muon Tight Tight Loose
Muon charges SS oS —
maon - - >15 GeV
Ims — Mz| - <10GeV | >10GeV
3pht + Y m - - < 400 GeV




Yields Us
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Process | SR | CRtipu
1t + NP u 7.9 + 34 164 + 14
(W 3.5 + 1.8 1.2 + 0.6
ttH 3.1 + 0.4 1.26 + 0.14
1z 2.9 + 0.5 0.88 + 0.33
+X 2.48 + 0.18 —
WZzZ 3.6 + 1.3 7.3 + 2.4
ZZ 0.59 + 0.22 1.8 + 0.6
’4"4% 0.01 + 0.05 0.47 + 0.24
Fake electron — 7 + 4
Fake 7 3.3 + 04 —
Fake 7 + NP u 3.7 + 2.7 —
1+X + NP u 0.29 + 0.31 15 + S
Z + NP u 0.192 + 0.010 1.8 + 1.0
Other NP u 0.051 + 0.010 —
Other 0.23 + 0.11 1.1 + 0.6
Signal (77) 0.19 + 0.14 0.025 <+ 0.019
Signal (single-top) | 6 + 4 0.022 + 0.023
Total 38 + 35 201 + 14

Data | 37 | 202




Faketau estimation Us
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Fakes are usually due to mis-identified jets & Famas’ T ioma
& 500 Vs =13 TeV, 140 fb" W Fake t a1

I cLFV gt W Fake T+ NP p ]

. ) - CRz(1p) WA 1
Dedicated CR (does not enter the fit) oo e Six
300~ ) =(N)g13r >

E ¢ m Z ~Uncertainty

Scale factors (SF) are used to correct the 200f ’ ]
rate of the fake -tau background o E

SFs are parameterised by:

_.
o
a0

a

Data / Pred.

0.7 /
e 0% 008 o1 035 02 025

A Track multiplicity (1 -prong / 3 -prong) U g 1 Wi
gmo}éﬁ-ﬁél o epa

A TaU'jet width ook drvua T EFakers NP ]
. I CRt(3p) VV VWV 1

A This is a good proxy for the quark -gluon ool P mik
fractions which may differ slightly sof e :
between SR/CR and between data and oof 7 Unceriainy - -

MC

A Systematics for SM backgrounds are
propagated to the SFs and correlated
appropriately in the fits

i B
0.05 0.1 0.15 0.2 0.25

i -\.

Data / Pred.
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Fake/Non-prompt (NP) muon estimation
OF SUSSEX
350} ,‘;\rﬁﬁs """" eDam —Signal (dec.) -
. . T =13 TeV, 140 fb Signal d. VV,VVV
Dedicated CR (enters the fit) Y300} GLFV wrgt o Prod) e
CRitiu BNP u W Fake e
250F pre-Fit 2~ Uncertainty
Targeting non -prompt muons from 200

wjets in oevents 150

100

Normalisation is controlled by a
profile -likelihood fit (next slides)

a
(=]

g.

—

R %%%%//////f{

1 OO 200 300 400 500 600 7(I)0 800
H, [GeV]

) 4 y -

Data / Bk
o

oy M

CJU'I(.'I'I_|.(J‘IO




Signal region US
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Binned in HT to capture energy
growth behaviour of EFT operators

¢ Data

o
(&) ]

- ATLAS Signal (dec.)

5
Signal shown is inclusive EFT (up- a :2 Sy eV, 140 " BraoriNen W
initiated, charm -initiated, all ol P hegen N Oher e
operators) ol 7/Uncertainty

20¢ E

For up-quark operators, the 15 L -
production mode (blue) dominates 10 +
the cross-section and sensitivity 5 —_—

5 O ey v ]
For charm-quark operators, the iii .;//W/W%‘////’*///"////%////7‘////%////7‘////////‘*_
production and decay modes are S 9%% 700 200 300 400 500 600 700 _ 800
more balanced Hy [GeV]

y -



Profile-likelihood fit Lo

[/2] T T T T T T n T T T T T T T
5 450 aTLAS ¢ Data []Signal (dec.) S 35f ATLAS ¢ Data [Signal (dec.) 1
D 40F Vs=13TeV,140fb" [JSignal (prod.)  MFake t 3 o Vs=13TeV, 140fb" []Signal (prod.)  MFake t
a5l CLFV urgt WFake t+ NP VV, VWV ] 30F LRV pqt WFake T+ NP VV,VWV ]
Signal Region Wi+X tt+X Signal Region Wi+X t+X
30f Pre-Fit WOther m\Pp ; 250 Ppost-Fit B Other mN\P
osh 7 Uncertainty ) ] ook 7z Uncertainty ]
20F g | ]
W00 i e ——— |
15% B COTIIIES. BIIIITE %
10 ¢ _
S emmm—
5 1
. 0 - ¥ ¥
0 51 /%;///////;/;/Wﬁ////7*///7%///%////%///%////ﬁ////%//éj %0 , 1 %%WWW*&W //////%//// /%
ﬁ r +— l n s " " " s s
a %% 100 200 300 400 500 600 700 800 3 0-5 100 200 300 400 500 600 700 800
H; [GeV] H; [GeV]
‘U_)‘ T T T T T T Q T T T T T T
S350F ATLAS ¢ Data Signal (dec.) 1 £350F ATLAS ¢ Data ISignal (dec.)
o Vs=13TeV, 140fb"  [JSignal (prod.) VV,VVV G, Vs=13TeV, 140"  []Signal (prod.) YA ]
300F GLFV pgt tF4X B Other : 300F cLFV pogt fE4X B Other
CRtiu ENP WFake e o50% CRitfu BNP u BFake e
250F pre-Fit 2~/ Uncertainty 1 Post-Fit ~/Uncertainty
200 . 200F 1
150 1 1
100 1 1
50 1 1
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Profile-likelihood fit

Good agreement between data and
background -only model

Statistically limited result

Largest systematics are signal, 0o
and diboson modelling

P&, tension

w :""I""I""I""I""I""I""I"'
$ 35f ATLAS ¢ Data ["]Signal (dec.)
D [ Vs=13TeV,140fb" [JSignal (prod.)  MFake t
30F CLFV prqt WFake t+ NP VV, VWV
. Signal Region Bi+X tt+X
25 Post-Fit W Other m\P
[ 7 i
ook ~~Uncertainty
15

%’; é s /4%/ . /////%%///////
o 0 1 0 ' [Ges?o

171 gz «s’ ki
assuming all EFT

95% CL upper limits on B(t — utq)

Stat. uncertainty Stat.+syst. uncertainties

operators are of equal

. Expected
magnitude

Observed

5.0x 1077
8.7 x 1077

4.6% 1077
8.2x 1077
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EFT Result breakdown Us
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95% CL upper limits on B(t —» purq) (x1077)

—(ijk3) (ijk3) (ijk3) (ijk3) 1(ijk3) 3(ijk3)
Clq Ceq Clu Ceu lequ lequ
Expected (u) 2.3 2.0 1.9 2.2 1.2 3.0
Observed (u) 4.0 3.6 33 3.8 2.0 52
Expected (c¢) 33 32 32 33 20 41
Observed (c) 56 54 53 54 34 67

95, CL upper limits on |c|/A2 [TeV~2]
—(ijk3) (ijk3) (ijk3) (ijk3) 1(ijk3) 3(ijk3)
Clq Ceq Clu Ceu lequ lequ

Previous (u) 12 12 12 12 18 24
Expected (u) 0.33 0.31 0.3 0.32 0.33 0.08
Observed (u) 0.43 0.41 04 0.42 0.44 0.10

Previous (¢) 14 14 14 14 21 2.6

Expected (c) 1.3 12 12 12 1.4 0.28

Observed (c) 1.6 1.6 1.6 1.6 1.8 0.36
EFT limits improve upon previous results ( )
- From factors of 7.2 for @ (for * T pd®41 for & (for* t H 0

y -


https://link.springer.com/article/10.1007/JHEP04(2019)014

EFT Result breakdown
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95% CL limits
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L .
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Fr T o [ 1 T T T T T 1

- ATLAS

" Vs=13 TeV, 140 fb"
_ cLFV utqt (A=1 TeV)

||||II|IIII|

)
1 1 sl 1 l 1 1 1 1

95% CL limits
Scalar
Obs. Exp.t 1o

Vector
— Obs. & Exp.t 1o

Tensor
— Obs. := Exp.t1o
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Going off-shell oo
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ATLAS Quadratic (marg.) #®  Global mode
v§=13TeV,140fb' —— Linear (marg.) —— 68%Cl
SMEFT A=1TeV —— Quadratic (indp.) oo 95% Cl
E EDU_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_ E S‘DDIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_
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[ ] | | 1) — _
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https://arxiv.org/abs/2312.04450

Going off-shell

Anp > E
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Taking a oo style analysis and going off shell has
benefits for NP searches:

A Massively reduce SM backgrounds

A Enhance sensitivity to EFT operators (which
exhibit energy growth)

oxdsearch becomes ook earch above Z peak

g 900000 t t t



https://arxiv.org/abs/2312.04450
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Future Top+X EFT




Top+X

There are a lot of individual high -
precision Top+X measurements!

L oy, =0.75 +0.05(scale) + 0.01(PDF) pb a, =086"2%(scale) +0.02(PDF) pb = Oy = 0-98 £0.10(t01) pb
ATLAS+CMS Preliminary Ph 131 (2 231901 ETEJC 2020) 428 g r.-lZ-:mjz-n:', aMG@NLO
LHC topWG NNLO(QCD)+NLO(EW) NLO(QCD+EW)+NNLL ! noaco
Vs=13 TeV g % 3= 0305830001 P % 3 gy X 20 = 0,038 221101 pb % 20 6y % 5= 0.15 + 0.03(tot.) pb x 5 20 6, =0.77 £0.14(tot) pb
. MadGraph5 aMC@NLO JHEP 10 (2018) 158 MadGraph5_al § F.-L;:‘.\:‘j:\h:'x aMC@
April 2024 NLO QCD NLO QCD NLO QCD I NLoQoD
Gpess, T (Stal.) + (syst) e .
0.88 + 0.05+ 0.07 pb P —————
fTw =
0.87 £ 0.04 £ 0.05 pb : ———
0.86 +0.04 +0.04 pb H—— ATLAS, L, =140 o
ﬁz H arXiv: 04450
0.95 + 0.05 + 0.06 pb ey CMS, L =77.5 b
: JHEP 03 (2020) 056
+ + = CMS, L =1381b"
iZ+twz 1.14£0052004 pb E P Cusrasrorzoo
ty prod. ijets & dilepton  0-322+0.005 £ 0.015pb = 3 e ATLAS, L, = 140 &, Vs 1
+0.0026 z
ffY+TW'Y en 0.0396 +0.0008 ', 2, pb x 20 |—.p--|—|
- CMS, L _=1381b", Vis 3
t'fy dilepton 0.175+0.003 + 0.006 pb x 5 : L= JHEP 05 (2022) 091
; 0.798 + 0.007 + 0.048 pb te—i COMS. L= 137 fb”, Vis 4
Y I+jets T 80
- - “preliminary
1 1 1 | 1 1 I 1 1 1 | 1 1 | 1 1 1 1 1 1 | 1 1 1 | 1 1 1
0.2 0.4 0.6 1.2 1.4 1.6
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2024-005/

