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This talk

- A brietf introduction to the SMEFT

- Renormalisation Group Evolution in global SMEFT fits
- The SMEFT at future colliders

- The Higgs selt-coupling at FCC-ee

- Summary
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How to look for New Physics
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The SMEFT philosophy

Goal: find the value of ¢, and precisely!
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SMEFT requirements

N N
Powprr = Lo+ Y <00+ Y o0 4
SMEFT — == SM A A2 i
l l

EFT parameter space
= many directions “C”

- The SMEFT parameterises the theory space around the SM

- Defines a pertectly valid QFT that is renormalisable order by order in A
- Operators are constructed out of SM fields only
- Respects the SM symmetries

- Forms a complete basis at any given mass dimension
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The Warsaw basis
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The Warsaw basis
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The Warsaw basis

: Yukawa operators
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The Warsaw basis
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The Warsaw basis
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SMEFT predictions
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Quadratic EFT corrections

Linear EFT corrections:
interference with SM
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Building the likelihood

K 1 Fda \

_ -1
X = Z 0; SMEFT(C) — O exp (COV )ij 0; SMEFT(C) ~ O exp

K Mat ii=1 j

[ATL-PHYS-PUB-2023-039]

Status: October 2023 l.] l.] l.]
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Why global SMEFT ftits?

- Cross-talk between Higgs, top, diboson and EWPO (and flavour and low energy
observables) requires a global analysis

- Challenge: a large number of operators, with many datasets needed to break

95% Confidence Level Bounds
L [ All Data (2D) .
100 EW ° All Data (Marg) One observable can be influenced
op \ 1 Higgs by many operators .
g C ° 3wz y yop Higgs decay
W 1 tZ
4_
(., — c.,
" (] Cuws Can C =) Cn _—— o ——-®
CHB CI({% th 2r
Cu. C3 CYl
Cuw C3y || Cis =
CP CH) Cu, Cy . © 0

One operator can contribute to
many different observables

—190 100 =50 cot 00 100 10 ete” — ff Zh production Weak boson fusion
p Higgs production

[2012.02779] Fitmaker collaboration
[2105.00006] SMEFIT collaboration Anke Biekétter - HET seminar Brookhaven
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https://indico.bnl.gov/event/14918/attachments/41472/69484/EFT_Biekoetter_BNL.pdf

- SMEFiT: EW + Higgs + diboson + top + projections, NLO, quadratic - [2105.00006, 2309.04523 ,
2404.12809]

»ATLAS: EW + Higgs, LO, quadratic - [ATL-PHYS-PUB-2022-037]

»simuNET: simultaneous EFT + PDF fit in EW + Higgs + diboson + top, NLO, linear - [2402.03308]

- Fitmaker: EW + Higgs + top + diboson, linear - [2012.02779, 2204.05260]

- SFitter: EW + Higgs, top, NLO, quadratic - [1812.07587, 1910.03606]

-HEPfit: EW, flavour, projections, LO, linear - [1910.14012]

TopFitter: top, linear, LO - [1901.03164]

»EFTfitter: top + DY + flavour, LO, quadratic, RG eftects - [1605.05585, 2304.12837]

~Mainz group: EW + Higgs + top + flavour + dijet + PV + lepton scattering, NLO, linear - [2311.04963]

- Zurich group: EW + flavour + (DY, LEPII, Jet observables), individual, RG effects - [2311.00020]
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Costantini, Hammou, Madigan,

simuNET: a simultaneous PDF + EFT fit T pzosn

- Most EFT global fits assume a fixed PDF set. Ideally, a full -
treatment fits the EFT and PDF parameters simultaneously, as o ¢
done by simuNET R

- EFT parameters are stable, while the PDF fits undergo shifts at :
high invariant mass in e.g. the gluon-gluon luminosity

gg luminosity
Vs=13TeV |y|<2.5
1.04 -
2 - 1.02 -
— gl.oo-
% ARSI RS SRS E NN D TR AR AN LAY - 2 0.98-
G2 30.94-
2092
—4 4 o ,
0,00, 1 S o
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 0.88 | =5 M FI’DF(ng)baITit) (I68Ic.|l.+I1cI:)l | -
33 9IRS 353 ISR S S S 2SS 183 32 48 10° 10° 10°
523 S 2 223828z-o3288d2a72R8388 98 =2°¢ my (GeV)

95% CL SMEFT-PDFs
95% CL Fixed-PDF EFT analysis
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RGE in the SMEFT




Connecting scales

- Experimental input to global fits spans a wide range of different energy scales,
from m, at LEP to m,; ~ 3 TeV in tails at LHC

. . e . Data Scales for HLLHC + FCC-
- Wilson coefficients run with energy o -y ML

tttt + ttbb - g 13
90

Higgs - 24 16 12 14 2 6
80
nop LEP - 23
dc g
z

Z%(]) ) ¢ (1) | :

d ln /.,L ty- B ° 50 %
— t- 40 -g-
©
Jenkins, Manohar, Trott, Alonso tv - 6 2 2 - 30 §
aerv13082627, 13104838, 1312.2014 VV- 4 4 4 2 22 20 10 8 ) ) 2 ) - 20 :,2
o o FCC-ee 91 GeV - 14 - 10
- Operator mixing through .
. ) FCC-ee 161 GeV - 3 13
the anomalous dimension e, B -

-1
FCC-ee 365 GeV - 3 n
| | | | | | | | | | | | | | | | | | | - O

60 80 100 120 150 180 220 270 300 400 500 600 700 900 1100 1400 1700 2000 2500 3100 3800
Scales [GeV]
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RGE in SMEFT phenomenology

Higgs production
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RGE in SMEFIT

» We include RG eftfects in the Matrix evolution approximation -
interfaced to Wilson '

Nop \ C
tGg
Cq (,U) — Z FZ] (,uv MOy Cs, Oé)Cj (IUO) M = (ty

j:l [1804.05033] Aebischer,
Kumar, Straub

~ Express theory predictions at a common scale y,,

............................................................................................... Ct(p — Ct(p
Gl | xR clpei(p)
TEFT(C(:U)/A ) = Ism + Z a%) ZAQ | %23 z 43
1=1 1,J=1
Tlop Tlop
C ~ C C
= Ism + Z zey ]1(\'[;0) | Z Iﬁlzgrzkrﬂ k(,uoj)xf('u())
t,J=1 3,5,k =1
= T+ S w9 (léo) 5 %ch(uoj)\ie(uo)
7=1 k(=1
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RGE in SMEFIT

- We associate a fixed

characteristic scale choice u
to each bin

- "Event by event” running

was performed in by Aoude
et al in arXiv: 2212.05067

- We have studied the impact
of our scale choice by

varying 4 — [ = Ku

Jaco ter Hoeve

Process Scale Choice u Process Scale Choice u
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RG in restricted operator basis
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arXiv: 2502.20453

Example: 4 heavy operators flow into
operators sensitive to the EWPOs at
low energy

In general one may see two competing
effects:

- |l constrained operators may flow
into a precisely determinea
observable

- More operators enter the same
observable, making bounds weaker

Mantani, Rojo, Rossia, Vryonidou, JtH
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RG in the global fit
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RG effects in the global fit

© | NLOO(A?) w/oRGE © NLOO (A™?) w/RGE, py=5TeV

O
-
)
N
I+
o
N
N
o

Higgs
LEP
itV

S

15.6 0.6
Cot | 0.0 |0.0 0.0 | 0.0 R 0.0 [0.0N\_|0.0

N w/RGE N w/oRGE

il 1
0 50
(e
I Il
- ..|.I| | HH‘ llll
0.25 0
Copd

—50 0 50

Jaco ter Hoeve 23



RG effects in the global fit

© | NLOO(A?) w/oRGE © NLOO (A™?) w/RGE, py=5TeV

tttt + ttbb
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S

RG effects in the global fit ; :

Global fits neglecting RGE effects can severely overestimate the bounds!

g b t
b
0 4'_ 95 % Credible Region 0 4'_ 95 % Credible Region /
0.2y 0.2f 7
/CE@ + E_O\Q) _
VU& OO < > VQ& OO b
0.2} 0.9l
| LEP ! LEP RGE
Top | Top RGE
0 4-_ combined 0 4__ combined RGE
L e sM I B
—40 -0 _0_ 20 40 —40  —20 _0 20 40
cl 7
QA 00
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RG effects in the global fit ; :

Global fits neglecting RGE effects can severely overestimate the bounds!

g b t
b
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0.2y 0.2f 7
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RG effects in the global fit

Global fits neglecting RGE effects can severely underestimate the bounds!

31 1.0
95 % Credible Region V4 95 % Credible Region
20( *
| 0.0f
107 |
| STXS RGE
" | Sa | H — vy RGE
S O- S O°O__ combined RGE
| S
—10¢ |
—0.071
—20 . ‘VVV‘STXS combined
H — vy + SM _
V™0 200 0 200 400 ~10 5 0 5 10
Ctz Ctz
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Impact of scale choice

Scale uncertainties are mild, as probed by varying the scale choice in each bin up and
down by a factor 2, u — i = ku

2FB
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Coby
9 _4 Cty i IR i ISR i S i 77/ A,
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SMEFT at future
colliders




Th e S M E FT a t H L L H C Ratio of Uncertainties to SMEFi1T3.0 Baseline, O (A‘Q) , Marginalised
c

arXiv: 2404.12809

- We project all Runll datasets from the
SMEFIT 3.0 baseline: one for each
process and final state see backup for
details

- We see an improvement ranging from 20
to 70 % in the marginalised fit

- EW operators improve only in the
marginalised fit

S MEFIT

—de=—HI,- LHC —— HL-LHC, individual
SMEFiT3.0, individual
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Ratio of Uncertainties to SMEFiT3.0 Baseline, O (/\_2) , Marginalised

The SMEFT at FCC-ee

- EWPOs at the Z-pole

»  Light fermion pair prediction
- Higgstrahlung and VBF

- Gauge boson pair production
»  Top-quark pair production

» Optimal Observables

Lint (Run time)
FCC-ee CEPC
91 GeV (Z-pole) | 300 ab~! (4 years) | 100 ab—! (2 years)
161 GeV (2mw) | 20 ab™! (2 years) | 6 ab™! (1 year)
240 GeV 10 ab™! (3 years) | 20 ab™! (10 years)
350 GeV 0.4 ab~! (1 years) | -
365 GeV (2my) | 3 ab™! (4 years) 1 ab™! (5 years)

Energy (v/s)

=de=—HL-LHC HL-LHC + FCC-ee 20
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Mantani, Rojo, Rossia, Vryonidou, JtH

UV complete models

The ultimate goal of the EFT program at the LHC is to bridge the gap to explicit UV models

et _ gt 1 g 1 3 A
Matchi A2 7680m2m?2 256072 m?2 3272 m3’

atc In — = " : 4 ‘ . g | < 2 4 , f

. Cto _ Ao (y(l:)):g:s B gayr 1 e /\(2) 4 (4 (!/z?\[) — 1 (yisM) ) Ao (y(lx)):s:s
<A~ min{mUv} A# m? 3840m2mZ 1672 m3 6472 m?
. - ooy pSM O (B0)2 3 Mg (0h)s
_ (19ASM 1 (M 2 _ 11 (M 2) Yi ¢)33 P \9¢/33
( 222" + (¥ ) (v™) 6472 m? 12872 m7
C
i (guv, myv)
® Less parameters

® Stronger correlations

® Model dependent o(c) ———a(guv)

® Sharper interpretation
Slide from A. Rossia at

SMEFT-tools 2025

Jaco ter Hoeve 30


https://indico.mitp.uni-mainz.de/event/395/contributions/5414/attachments/3839/5037/Rossia_SMEFTools_Jan25.pdf

FCC-ee feasbility report

Mantani, Rojo, Rossia, Vryonidou, JtH
arXiv: 2502.20453

1-loop matched models
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RGE effects matter, and so do theory uncertainties!

UV complete models oo

J
L

d%q]

0+ (Y9)ij @

€R

¢

Luv =Lsm + |Dugl? — mieTe — ((y?,)zg ¢!

+(Y3 )i ¢lio 24_%1’%% + Ag ¢T90|g0|2 + h.c.) — scalar potential
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The Higgs self-coupling in the SMEFT e, 250405974, et 10 PL

The Higgs potential sheds light on ...

V(¢), today

- the vacuum stability of our universe

Standard Model - EW phase transition

potential ,
> Matter anti-matter asymmetry
what we 8
know today 2
/ —0.4 <A3/SM < 6.3 v

From Gavin Salam
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https://indico.nikhef.nl/event/5018/attachments/8007/11397/202403-NIKHEF-symposium-NIKHEF-symposium.pdf

The Higgs self-coupling in the SMEFT e, 250405975, ubmitad 9 PR

The Higgs potential sheds light on ...
V(¢p), 2040 (HL-LHC)

- the vacuum stability of our universe

Standard Model - EW phase transition
potential

- Matter anti-matter asymmetry

what we may
know in 2040

so|olped a|gelosalap

Ay = SM \ e

From Gavin Salam
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The Higgs self-coupling in the SMEFT

Bounds, py = 250 GeV

> HL-LHC + FCC-ee can pin down the
. . I
Higgs self coupling to 15% oRm2 ——
- , , — 68% C.L N E e S e
- Individual and marginalised bounds T T %
on k; no longer agree at FCC-ee
. . ro . . . HL-LHC I
- Significantly improving on HL-LHC is —
not possible without the 365 GeV
run HL-LHC | ;
+FCC-ee —
Ind., O(A?) o
HL-LHC. Marg., O(A_Z) TS
+FCC-ee Ind., O(A_4> — C'L o
Marg., O(A™%) - MEFIT
-15 =10 =05 0.0 | 0.5 | 1.0 | 1.5
arXiv: 2406.03557 OK3
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Summary and conclusion

The SMEFT provides a convenient tool to search for new physics in an agnostic way

The impact of RGE effects on the SMEFT parameter space is non trivial and should
be included

Complementarity between the different FCC-ee runs is key to pin down the Higgs
trilinear coupling to 15%

The SMEFIT code is open source and can be installed from

< ’ Ihctitnikhef.github.io/smefit_release
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Summary and conclusion

The SMEFT provides a convenient tool to search for new physics in an agnostic way

The impact of RGE effects on the SMEFT parameter space is non trivial and should
be included

Complementarity between the different FCC-ee runs is key to pin down the Higgs
trilinear coupling to 15%

The SMEFIT code is open source and can be installed from

( ’ Ihctitnikhef.github.io/smefit_release

Contact: jaco.ter.hoeve@ed.ac.uk Thanks for your attention!
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Future colliders

- At the FCC-ee, we will separately target Z-pole EWPOs, diboson, Higgs and top
pair production, each with an unprecedented luminosity!

. Expected production: 6 - 10'? Z bosons, 2.4 - 10° W pairs, 2 - 10° H bosons and
2 - 10° top quark pairs within 16 years

—— CDR baseline runs (2IPs) FCC-ee physics runs ordered by energy
additional opportunities
Z WW 7H it . total
integrated
0(1) 30 90 30 30 12 5 5 0.2 1.5 luminosity
(ab™)
—— s —— ’
T 1 1 | energy
203040... 88 91.2 94 125 157.5 162.5 217 240 340 350 365 (GeV)
Z lineshape
QCD W mass and width
QCD N Higgs couplings top EW couplings .
. flavour electron v Higgs mass gg pling e higgs VBF production physics
dark sector flavour (eg Vcb) (I'y and Higgs couplings improved)
8 & - #events
0(10%3) 0(10°) 0(2 x 10°) 0(2 x 10°) (4 IPs)

Impossible to produce with an e*e™ collider in the LHC tunnel!

Jaco ter Hoeve 36



Dataset upgrade

We extended SMEFiT2.0 with recent Run Il datasets from top, diboson and Higgs

production
[ 7 Ndat
Category Processes EEEEEEEEESN
SMEF1T2.0 SMEF1T3.0
tt+ X 94 115
ttZ, ttW 14 21
tty - 2
Top quark production single top (inclusive) 27 28
tZ,tW 9 13
tttt, ttbb 6 12
Total 150 189
||
Run I signal strengths 22 22
Higgs production Run II signal strengths 40 40
and decay Run II, differential distributions & STXS 35 71
Total 97 133
I
LEP-2 40 40
Diboson production LHC 30 41
Total 70 81
||
Z-pole EWPOs LEP-2 i i 14 1
Baseline dataset Total 317 ; 449 !
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S M E FiT Q Ihctitnikhef.github.io/smefit release

K Theory \ f Data \

SM: (N)NLO QCD + NLO EW 447 measurements from
Higgs, top, diboson and EWPO

EFT: NLO QCD, linear and
quadratics, with SMEFT@NLO

k NNPDF4.0 no top J

\ Full experimental correlations J

v

S MEFIT

dataset X.Jjson

{
"best_sm": [3.0],
"scales": [91.0],
“"theory_cov": [[1.0]],
"Lo": {"SM": 1.0, "Opl": -0.2, "OplkOpl": 0.4},
"NLO_QCD": {"SM": 1.5, "Opl": -0.3, "OplxOpl": 0.6}

38
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S M E FiT 0 Ihctitnikhef.github.io/smefit release

K Theory \ f Data \

SM: (N)NLO QCD + NLO EW 447 measurements from
Higgs, top, diboson and EWPO

EFT: NLO QCD, linear and
quadratics, with SMEFT@NLO

k NNPDF4.0 no top J

\ Full experimental correlations J

4 Aatacat+r ¥

dataset_name: ATLAS_ttW_13TeV_2016

® doi: 10.1103/PhysRevD.99.072009
I location: Figure 13 arxiv preprint
arxiv: 1901.03584

dataset x . json hepdata: https://www.hepdata.net/record/ins1713423
— units: fb
{ description: inclusive ttW cross-section
”best_sm”: [3.0] , luminosity: 36.1
num_data: 1
"'scales": [91-@], num_sys: 1
“theory_cov“: [[1.0]]’ data_central: 3.1
statistical_error: 0.1
"LO": {"SM": 1.0, "Opl": -0.2, "OplxOpl": 0.4}, systematics:
"NLO_QCD": {"SM": 1.5, "Opl": -0.3, "OplxOpl": 0.6} - 0.2
} sys_names: UNCORR

sys_type: MULT

L —— S
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S M E FiT Q Ihctitnikhef.github.io/smefit release

K Theory \ f Data \ 4 )

Projections
SM: (N)NLO QCD + NLO EW 447 measurements from
Higgs, top, diboson and EWPO

HL-LHC, FCCee, CEPC

EFT: NLO QCD, linear and
quadratics, with SMEFT@NLO

k NNPDF4.0 no top J

+ Automatic projection module

\ Full experimental correlations J \_ Y,

4 Aatacat+r ¥

dataset_name: ATLAS_ttW_13TeV_2016

® doi: 10.1103/PhysRevD.99.072009
I location: Figure 13 arxiv preprint
arxiv: 1901.03584

dataset x . json hepdata: https://www.hepdata.net/record/ins1713423
— units: fb
{ description: inclusive ttW cross-section
"best_sm": [3.0] ’ luminosity: 36.1
num_data: 1
"'scales": [91-0], num_sys: 1
“theory_cov“: [[1.0]]’ data_central: 3.1
statistical_error: 0.1
"LO": {"SM": 1.0, "Opl": -0.2, "OplxOpl": 0.4}, systematics:
"NLO_QCD": {"SM": 1.5, "Opl": -0.3, "OplxOpl": 0.6} - 0.2
} sys_names: UNCORR

sys_type: MULT

L —— P
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Analysis tools

K Report module \

Automatised fit reports that analyse

K the SMEFIT results J
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Analysis tools

Marginalised 95 % C.L. intervals, NLO O (A~2)
Report module

Automatised fit reports that analyse

K the SMEFIT results J

—0.5¢

LEP
LEP + LHC diboson
LEP + HL- LHC diboson
+ SM

00O

—1.01
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Analysis tools

Marginalised 95 % C.L. intervals, NLO O (A~2)
K Report module \

Automatised fit reports that analyse

K the SMEFIT results j

1.0}

0.5¢

3)

=3 0.0}

—0.5¢

[] LEP

.| LEP + LHCdiboson

[] LEP + HL-LHC diboson
+ SM

—1.01
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Analysis tools

Marginalised 95 % C.L. intervals, NLO O (A~2)
K Report module \

Automatised fit reports that analyse

K the SMEFIT results j

[] LEP
| | LEP + LHCdiboson
[] LEP + HL-LHC diboson
+ SM

'

~05 025 0.00 0.25

WWWWW

—————
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Analysis tools

Marginalised 95 % C.L. intervals, NLO O (A~2)
K Report module x

Automatised fit reports that analyse

K the SMEFIT results J

LEP
LEP + LHC diboson
LEP + HL- LHC diboson
SM
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Analysis tools

Marginalised 95 % C.L. intervals, NLO O (A~?)

Report module

1.0}

Automatised fit reports that analyse
the SMEFIT results
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Analysis tools

Marginalised 95 % C.L. intervals, NLO O (A~2)
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Result: FCC-ee energy breakdown

» The FCC-ee plans to operate sequentially ,
hence we need to study the impact at the
various energies

» Largest impact for Z-pole at 91 GeV plus the
Higgs factory run at 240 GeV

~ We can try other combinations too in order to
find the most optimal run order for the SMEFT

Gz (3) (3 (=) Cepu
eQ g o
S MEFIT
—de— HL-LHC + FCC-ee (91 GeV) —d— HL-LHC + FCC-ee (91 + 161 + 240 + 365 GeV)

HL - LHC + FCC- ee (91 + 240 GeV)
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Fisher information study

- The sensitivity of the EFT

arameters to the Run II, HL-LHC
and FCC-ee datasets is
quantified by the fisher
information

(cft)

m,1

52

exp,m

(cft)

Ndat
o)
m,]j

o)

m=1

- The highest sensitivity in the 2F

sector comes in via the FCC-ee

The FCC-ee run at 161 GeV is the
least sensitive for the SMEFT

Jaco ter Hoeve
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Impact of quadratics

Jaco ter Hoeve

Ratio of Uncertainties to HL- LHC + FCC-ee, O (A_Q) , Marginalised
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Conclusion and outlook

Presented SMEFiT3.0, a global fit of 50 Wilson coefficients to Higgs, top, diboson and EWPOs, including
quadratic corrections

We are becoming increasingly sensitive to possible new physics effects, both through (still) expanding
LHC datasets, as well as through future colliders

The FCC-ee offers an unprecedented indirect mass reach on new heavy particles
RGE effects are crucial to include to connect experiments at widely separated scales

Outlook: the inclusion of other proposed future colliders
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SM predictions

Jaco ter Hoeve

Category Process SM Code/Ref SMEFT
) MG5_aMC NLO
tt (incl) NNLO QCD NLO QCD
+ NNLO K-fact
_ LO QCD
tt+V NLO QCD MG5_aMC NLO
+ NLO SM K-fact
Top quark MG5_aMC NLO
single-¢ (incl) NNLO QCD NLO QCD
production + NNLO K-fact
LO QCD
t+V NLO QCD MG5_aMC NLO
+ NLO SM K-fact
e = LO QCD
tttt, thtb NLO QCD MG5_aMC NLO
+ NLO SM K-fact
NNLO QCD +
g9 — h HXSWG NLO QCD
NLO EW
NNLO QCD +
VBF HXSWG LO QCD
NLO EW
Higgs production NNLO QCD +
h+V HXSWG NLO QCD
and decay NLO EW
) NNLO QCD +
htt HXSWG NLO QCD
NLO EW
NNLO QCD + NLO QCD (X = bb)
h— X HXSWG B
NLO EW LO QCD (X # bb)
NNLO QCD +
ete” > Wtw- LEP EWWG LO QCD
NLO EW
Diboson
production pp — VV' NNLO QCD MATRIX NLO QCD
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HL-LHC projected datasets

Dataset L (fb‘l) Info Observables Nnaat | Ref.
do [ dp7
ATLAS_STXS_ RunII_13TeV_2022 139 ggF, VBF, Vh, tth, th do /dm;, 36 [55]
do [dpy
CMS_ggF aa_13TeV 77.4 ggF, h — v~ 407 (P'Fs Niets) 6 83
ATLAS ggF ZZ 13TeV 79.8 ggF, h — ZZ 798 (P, Njets) 6 84]
ATLAS ggF _13TeV_2015 36.1 ggF, h = ZZ h — vy do(ggF)/dph. 9 85]
ATLAS_WH_Hbb_13TeV 79.8 Wh,h — bb do'™ /dp}Y (stage 1 STXS) | 2 86]
ATLAS.ZH Hbb_13TeV 79.8 Zh,h — bb do'"Y /dp% (stage 1 STXS) | 2 86]
CMS_H.13TeV.2015 pTH 35.9 h — bb,h = yy,h = ZZ do /dp’} 9 87
ATLAS WW_13TeV.2016 memu 36.1 fully leptonic do'"Y /dm,, 13 88]
ATLAS WZ_13TeV_2016 mTWZ 36.1 fully leptonic do'"Y fdmiY Z 6 89]
CMS_WZ_13TeV_2016_pTZ 35.9 fully leptonic do'"Y [ dpZ 11 90]
CMS_WZ_13TeV_2022 pTZ 137 fully leptonic do [ dp# 11 56]
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Dataset L (b : ) Info Observables naat | Ref.
ATLAS.tt.13TeV.ljets.2016 Mtt 36.1 £4jets do [dmy; 7 [91]
CMS_tt_13TeV.dilep.2016 Mtt 35.9 dilepton do [dmy; 7 [92]
CMS_tt_13TeV_Mtt 137 £4jets 1/ado [dm,; 14 [57]
CMS_tt_13TeV_1ljets_inc 137 £4jets a(tt) 1 [57]
ATLAS-tt-13TeV.asy-2022 139 £+ jets Ac 5 [59]
CMS.tt.13TeV.asy 138 £+ jets Ac 3 [58]

ATLAS .Whel.13TeV 139 W-helicity fraction Fo, Fy, 2 [60]
ATLAS ttbb_13TeV_2016 36.1 lepton + jets Tror (LEDD) 1 [93]
CMS_ttbb_13TeV_2016 35.9 all-jets Teot (LEDD) 1 [94]
CMS_ttbb.13TeV_dilepton_inc 35.9 dilepton Teor (LEDD) 1 [68]
CMS_ttbb-13TeV-ljets-inc 35.9 lepton + jets ot (tbD) 1 [68]
ATLAS.tttt.13TeV.run2 139 multi-lepton oot (tELE) 1 [95]
CMS_tttt.13TeV.run2 137 same-sign or multi-lepton oot (LELE) 1 [96]
ATLAS tttt_13TeV_slep_inc 139 single-lepton oot (LELL) 1 [64]
CMS_tttt_13TeV_slep_inc 35.8 single-lepton Orot (LLLE) 1 [65]
ATLAS tttt_13TeV_2023 139 multi-lepton Tron (LELE) 1 [66]
CMS-tttt.13TeV.2023 139 same-sign or multi-lepton arot(LLEL) 1 [67)
CMS.ttZ.13TeV.pTZ 77.5 tiZ do(ttZ)/dpF 4 | [97]
ATLAS.ttZ.13TeV.pTZ 139 tiZ do (t1Z) /dpF 7 | [61]
ATLAS ttW_13TeV_2016 36.1 ttW Trot (LHEW) 1 [98]
CMS_ttW_13TeV 35.9 W e (W) 1 | [99]
ATLAS t_tch_13TeV_inc 3.2 t-channel Tior (£q), Oroe(Lq) 2 [100]
CMS.t.tch.13TeV.2019.diff.Yt 35.9 t-channel do/d|ye| 5 [101]
ATLAS.t.sch.13TeV.inc 139 s-channel o(t + 1) 1 [69]
ATLAS_tW_13TeV.inc 3.2 multi-lepton orat(tW) 1 [102]
CMS_tW_13TeV_inc 35.9 multi-lepton orot(tW) 1 [103]
CMS_tW_13TeV_slep._inc 36 single-lepton Orot (EW) 1 [71]
ATLAS tZ.13TeV.run2-inc 139 multi-lepton + jets ora(téT £ q) 1 | [104]
CMS.tZ.13TeV.pTt 138 multi-lepton + jets doaa(tZj)/dpr 3 [70]
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FCC-ee and CEPC datasets 2 and VBF (o

ete™ = Zh
Vs =240 GeV Vs = 365 GeV
O; SexpOi (FCC-€€) | dexp®; (CEPC) | 8expOi (FCC-e€) | bexp @i (CEPC)
EWPQOs
O2h 0.0035 0.0026 0.0064 0.014
Z-pole EWPOs (/5 = 91.2 GeV) ozn X BRy; 0.0021 0.0014 0.0035 0.009
ozn X BRes 0.0156 0.0202 0.046 0.088
0, 0/A O oz X BRy, 0.0134 0.0081 0.0247 0.034
FCC-ee CEPC ozn X BRzz 0.0311 0.0417 0.0849 0.2
a(mz)™! (x10%) | A =2.7 (1.2) A =178 ozn X BRww 0.0085 0.0053 0.0184 0.028
C'w (MeV) A = 0.85 (0.3) A =1.8 (0.9) ozn X BRys - 0.0064 0.0042 0.0127 0.021
I'y (MeV) A = 0.0028 (0.025) A = 0.005 (0.025) 0zh X BRy, 0.0636 0.0302 0.127 0.1
Ae (X105) A =05 (2) A=1.5 ozn X BR,z 0.12 0.085 - -
A“ (X 105) A=1.6 (22) A = 3.0 (18) ete™ — hvv
AT (X].OS) A —_ 035 (20) A — 12 (69) \/g — 240 GeV \/g = 365 GeV
5 _ _
Ap (x10°) A=1.7(21) A=3(21) 0; Sexp Qi (FCC-e€) | bexp@i (CEPC) | SexpOi (FCC-e€) | Sexp®; (CEPC)
A, (x10°) A =14 (15) A =6 (30)
Ohuw X BRy; 0.0219 0.0159 0.0064 0.011
op.4 (pb) A =0.025 (4) A =0.05 (2)
Ohuw X BRes - - 0.0707 0.16
R, (x10%) 6 = 0.0028 (0.3) 6 = 0.003 (0.2)
Ohuw X BRyg - - 0.0318 0.045
3 _ _
R, (x10°) 6 = 0.0021 (0.05) 6 = 0.003 (0.1) or. % BRyy ] ] 0.0707 091
R, (x10%) 0 = 0.0021 (0.1) 6 =0.003 (0.1) o % BRupuw ) ) 0.0255 0.044
Rb (X103) 5 —_— OOO]. (03) (5 —_— 0005 (02) Thow X BR, 4, - - - 0.0566 0.042
R, (x103) § = 0.011 (1.5) 6 =0.02 (1) Ohow X BR.,, i i 0.156 0.16
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FCC-ee and CEPC datasets
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ete” = ff Light fermion production
Vs = 240 GeV Vs = 365 GeV
O, AexpO; (FCC-ee) | AexpO; (CEPC) | Ay O; (FCC-ee) | AeypO; (CEPC)
owot(eTe™) [fb] | 2.29 1.62 2.74 4.68
App(ete™) 9.79 - 1076 6.92 - 1076 2.83-107° 4.83-107°
oot (™) [fb] | 0.405 0.287 0.48 0.82
Apg(ptp™) 1.98-104 1.397-10~4 5.69 - 10~ 9.7-10~4
oot (TTT7) [fb] | 0.374 0.264 0.443 0.756
App(TT77) 2.17-1074 1.53-1074 6.24 - 1074 0.00106
Otot (cC) [fD] 0.088 0.062 0.102 0.175
Apg(ce) 0.000813 5.74 - 104 0.00238 0.00405
Otot (bb) [fb] 0.151 0.107 0.171 0.29
Apg(bb) 4.86-1074 3.44-10~4 0.00142 0.00243
ete” > WTW~-
o, Vs =161 GeV Vs = 240 GeV Vs = 365 GeV
dexp (FCC-ee) | dexp (CEPC) | dexp (FCC-€€) | dexp (CEPC) | dexp (FCC-e€) | dexp (CEPC)
TWW 1.36 - 10~ 2.48 - 104 1.22-1074 8.63-10° 2.81-10~4 4.87-10~4
BRw ¢, | 2.72-107% 4.95-10~4 2.44-10~% 1.73 104 5.63 104 9.75 - 10~
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HL-LHC projections

—_— X2 B
Closure test
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FCC-ee and CEPC
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1-loop & multi-particle matching

G MEFIT



