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Introduction

Besides the success of the SM, it does not provide a completely
satisfactory description of Nature

The discovery of the Higgs boson more than 10 years ago opened a
new window to study new physics

A huge effort have been developed in studying its properties
providing considerable amounts of data

Combining all the data in one framework is may be crucial to
discover new physics

To perform these studies becomes interesting to employ a “model
agnostic” framework, enabling the simultaneous exploration of
numerous new physics extensions

The absence of direct evidences of additional particles at the LHC
suggest the existence of an energy gap between the NP and the LHC
energy range

The SMEFT becomes a good framework given the current
measurements
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Theoretical Framework

@ The SM is treated as an EFT
1
Leti = Lom+ 552, GO+ 0 (A7)

@ The Wilson coefficients can be interpreted in terms of NP mediators
@ The Lagrangian is expanded up to D6

e The amplitudes include the A=2 terms from the interference between
the SM and D6

@ Sometimes the A=* operators arising from squaring the D6 are also
included

@ The double insertions of D6 and the effects of D8 operators,
contributing to the same A~* order, are usually omitted

1 1 1
6265M+72C;O;+ <2ZC,'O;) (2ZCJOJ> —|—O(1//\4)
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Global

fits strategy

The total number of parameters in the SMEFT prohibits conducting
a comprehensive global fit of all the WC even at dimension six

Usually CP-conservation is assumed besides invoking some flavour
symmetry in order to reduce the degrees of freedom

The most common assumptions are flavour universality for the light
quarks U(2)q® U(2), ® U(2)4 or even leaving only the top-quark
aside U(2)q® U(2),® U(3)q

We can also divide the fit in the electroweak, the Higgs, and the
top-quark sectors

To fit the Higgs sector, the EW part must also be considered since
those operators generate relevant contributions to the Higgs sector

The top-quark sector is more independent but huge efforts have
been done in the community to fit all three sectors at the same time
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Global fits works

@ Several theory groups have performed global fits on the SMEFT
(among others we highlight)

o Fitmaker [2012.02779] (look at Maeve Madigan's talk on Wedneday!)

o SMEFiT [2105.00006] (look at Luca Mantani's talk at Higgs Hunting
2021 link )

o HEPfit [2206.08326] : Last efforts have been done in future colliders,
we will see some results later. We are working on a fit using current
data in collaboration with Jorge de Blas, Angelica Goncalves, Laura
Reina and Luca Silvestrini.

@ HEPfit [1910.14012] link:

Flexible open-source C++ code

Based on BAT (bayesian statistical framework)

Markov Chain Monte Carlo procedure

Useful for SM, new physics models or EFTs

Versatile enough to include flavour, electroweak and Higgs
observables
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https://videos.cern.ch/record/2781658
https://hepfit.roma1.infn.it/

SMEFT operators in the Warsow basis
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EWPO EW diboson Higgs Top (Had. Coll., Lept. Coll.)

Slide from J. de Blas at Seattle Snowmass Summer Study
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Effective couplings

@ For the Higgs and EW fit the results are shown in terms of effective
couplings

o Higgs effective couplings:

eff 2 _ MHox
HX — FSM
H—X

o Electroweak effective couplings

a Mz
65sin? 6, cos? 6,

ff ff

ety P+l ). Ao = et Eoees]
ee, ee ? e —

‘gZeeL|2+|gZeeR|2

(7 ete-=
o To further connect with diboson processes the following aTGC are

also used
6g1,27 51(}'; )“Z
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Observables for Higgs + EW fits: current data sets

o Electroweak Precision Measurements: Pseudo-observables
measured on the Z resonance by LEP and SLD and W-boson
measurements from Tevatron and LHC {mz, [z, Ar, Rr, mw, Tw}

o Higgs Measurements: Inclusive ¢ - Br ratios, differential
distributions and STXS

o Diboson Measurements: WW diboson production cross-section
inherited from LEP. WW and WZ differential cross-section
measurements at LHC
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What do we expect for the future?

Machine | Pol. (e ,e™) | Energy | Luminosity
HL-LHC Unpolarised 14 TeV 3ab!
250 GeV 2 ab1
ILC (¥80%, £30%) | 350 GeV | 0.2 ab~?!
500 GeV 4ab~?!
(¥80%, £20%) | 1 TeV 8ab!
380 GeV 1ab!
CLIC (£80%,0%) | 1.5TeV | 25ab!
3 TeV 5ab~!
Z-pole 150 ab~1
2my 10 ab!
FCC-ee Unpolarised 240 GeV 5ab!
350 GeV | 0.2ab7!
365 GeV | 1.5ab!
Z-pole 100 ab~?t
2myy 6 ab~!
CEPC Unpolarised 240 GeV 20 ab~?
350 GeV | 0.2ab7?
360 GeV 1ab!
125 GeV | 0.02 ab~!
MuC Unpolarised 3 TeV 3ab?
10 TeV 10 ab!
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Observables for Higgs + EW fits: future data sets

o Higgs rates:
e 0 Br ratios for numerous production and decay channels (where
HL-LHC have been combined with future lepton colliders)
o Inclusive production cross section measurement for ete™ — ZH at
future lepton colliders

o Electroweak precision observables: Current measurements have
been combined with future colliders (dedicated Z-pole run and
radiative return at 250 and 380 GeV)

(] DibOSOﬂ measurements:
o For HL-LHC we use the results from [Grojean, Montull, Riembau,

1810.05149]
o Optimal observables analysis for lepton colliders for eTe™ — W+ W~

o High energy muon collider measurements: Only the process
Yy — WT W~ for the measurements of the W branching fraction
has been included
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Results

precision reach on effective couplings from SMEFT global fit
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Results: Highlights

A low energy run accessing eTe™ —
HZ becomes highly relevant to
measure [y

HL-LHC dominates the constraints on

rare decays (Y, Zv, H}t)

z
69 Hy

1072

From EWPO inputs

There is an excellent complementarity between eTe™ and uTu~ colliders
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Summary

@ Future lepton colliders can advance significantly our understanding of the
properties of various SM particles

@ Future et e -machines improve the precision of Higgs measurements (a
factor of 2-10) and can test 'y as a free parameter

@ Muon colliders can offer comparable precision in the cases where, either
Iy is fixed or the 125 GeV run is combined

@ Electroweak effective couplings for W and Z can be improved by a few
orders of magnitude at future ete™ colliders over what we know of today

@ There are important synergies between EWPOs and direct Higgs obs.
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Thanks for your attention!
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Back up
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Effective Lagrangian in the mass eigenstate basis

o Higgs couplings to vector bosons:

APV = [25chWW+W M4 8czm%2,Z" +cWW7W+ Wk

+ewng? (W' W, +hc)+cgggs GA G+ cW%A,JVA#V

/ /2 2 /2
evgiteg Zu A+ czz g ‘:-g Zyy ZM

+CZ]/ 5

+cz0 gzZ”c?VZ,W +¢n gg/Z“BVAuV}

o Trilinear Gauge Couplings:
AL — jeSiy AV W W, +igcosBi [Sgl 2 (W W — Wy, Wz

ighz
3

(sin 6w W Wy P Af + cos 0, WY W, P ZE)
m
w

g _

@ Only 7 d.o.f.
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Effective Lagrangian in the mass eigenstate basis

@ Yukawa couplings:

ALt — = Z SyrmeFf+hec.,
f€ude

usually NP at Yukawas assumed to be diagonal

@ Vector couplings to fermions:
h Al A _ A _
AV _ £ (1+2 ) Wj(AgﬁVvLy’leL—|—Ag“}vyLuLy/~‘dL—|—Aggv’RuRy”dR+h.c‘>

h
+Veg2+g'? (1+2;)zﬂ

) AggLfL?’“fL-F Y Agé,RFRVMfR]
f=u,d,e,v f=u,d,e

Not all terms are independent. Furthermore, usually the couplings
are assumed to be diagonal and a U(2) symmetry is imposed for the
first two quark generations
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Assumptions

@ The effect of 4-fermion operators is mostly negligible in the
observables included here (except the 4-lepton operator affecting

GF)
@ CP-conservation in the NP effects is also assumed
@ The effects of the dipole operators will be neglected

o A U(2) symmetry is imposed in the first two generations quarks for
the gauge couplings

e Higgs couplings are assumed to be diagonal but independent for
different fermion families

@ Two scenarios for the Higgs decay are shown:

1. The Higgs is assumed to decay only to SM particles
2. The Higgs width is considered as a free parameter
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Results: Impact of uncertainties

Impact of EW uncertainties in Higgs and aTG couplings

10 Ratios, real EW / perfect EW
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Results: what about top-quark Yukawa (from top-quark

sector fit)?

Values in % units | LHC | HL-LHC | ILC500 | ILC550 | ILC1000 | CLIC |
Global fit | 12.2 | 506 | 3.4 | 260 | 148 | 2.96
Indiv. fit | 1020 | 370 | 282 | 234 | 141 | 256

Oyt
@ Since the sensitivity at ILC500 is worse than in HL-LHC there is no a
huge improvement for the individual constraint

@ For the global fit the improvement is relevant even for ILC500,
thanks to constraining the Yukawa from an additional observable

@ Increasing the energy by 50 GeV provides an important improvement
in the constraints thanks to the growth in the cross section

o Similar results are found for CLIC

@ A reduction higher than a factor of 3 on the uncertainty would be
obtain at the final stage of ILC w.r.t. the HL-LHC
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