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MOTIVATION

m Nowadays the Standart Model is in good agreement with
experimental data, but we know there must be something
else

» Dark matter composition, matter-antimatter asymmetry
origin, neutrino masses origin.
» Hierarchy problem, the existence of 3 families.

m Furthermore, we have not seen any not predicted particle for
decades. In this regard, Effective Field theory seems perfect
for parametricing our ignorance.
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FRAMEWORK

m We have worked on the Standard Model Effective Field

Theory (SMEFT)
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m Specifically we have worked at dimension 6 on the Warsaw
basis, the first non redundant basis of the SMEFT.

m We chose to work on the {agy, mz, Gf} input scheme, from
which we derived numeric expression for the EW coefficients

{g1, g2, V}.




SMEFT PHENOMENOLOGY

I analytically computed corrections to Lagrangian couplings after
EWSB and their corresponding Feynman rules (cross-checked
with literature) for the following groups:

m Precision observables on the Z pole
{Tz. Ohad: Res Ry Re, Ro, Re, Afg, A, Afg, ABg, Afg. Ae, Ay, A, Ap, Ac)
m Precision observables of the W
{mw, Tw, BRY, BRZ, BR1 BRiI}
m Higgs observables
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FENOMENOLOGIA DE LA SMEFT

All Higgs observables studied began with the production of a Zh,
trough ete™ — Zh

Yer.L

T

The Higgs boson will rapidly decay, and we will detect its decay
products. But we had the conditions to apply the narrow width
approximation, under which

Otot = Teezh X BR(h — fianl state)

m Analitically: ff, ww, 2z
m Using MGs5 alongside SMEFTsim: Z and ZZ
m Literature: vy and gg
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GLOBAL FITS TO DATA

To perform the fit between theorital prediction and experimental

observables we have used the least squares method. Where we
minimiced:

N
(0 =3 (i~ (6) (V) (v~ 4 (9))
ij=1
A n-dimensional confidence interval [a, b] for n parameters
0 = (6, ...,06n) its build so if we repeat N times the experimental
measurements and the interval calculus, this will contain
simultaneously (1 — v)N times the true value for all 6; parameters

[2].

Nn=1 n=2 n=3 n=4 n=5

2 2 0.683 | 1.00 230 353 472 5.89

0(07 0) =X (0) — Xmin 090 | 271 461 625 778 924
0.95 | 3.84 5.99 7.82 9.49 11
099 | 663 921 13 133 151




RESULTS




ELECTROWEAK ANALYSIS

m Actual data central value and uncertainties:

clpe TeV2

m FCC-ee program relative improvement:
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HIGGS SECTOR ANALYSIS

m We also introduced
diBoson data,
ete” — WHtW-, highly
complementary to Higgs
data.
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HIGGS SECTOR ANALYSIS

m We also introduced
diBoson data,
ete” — WTW-, highly
complementary to Higgs
data.




LIMITS ON NEW PHYSICS SCALE

In an analysis of effective theories we only have access to the
interaction scale, ci/a2. Even so, under the assumption of natural
Wilson coefficients ¢; ~ 1, we have been able to estimate the
reach in the determination of the scale of new physics.
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STUDY OF CORRELATIONS

u C orre l atl on b etween e : ::: e~ g :::: el
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m Correlation of 80% between C,(_fl) y Cy;, due to the great

experimental precision in Gf.

m Significant correlations of Cyyg and Cyp with operators C,(_,})

and C,(_,3f).
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BACKUP SLIDE

Narrow width aproximation conditions:
m A narrow resonance peak 'y < my,
m Higgs decay is kinematically allowed mg,a1-state << My,

m The process energy +/s is enough to ignore border effects
near the resonance pole /s > my + Mz + Manal-stater

m Loop effects on the propagator are small, i.e., The resonance
propagator can be split from the matrix element.

m There is not a huge interference with non-resonant
processes.



BACKUP SLIDE

Expressions for the electroweak precision observables:
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CHOSE OF AN INPUT SET
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Figure: Diagram of contributing to
the 3 decay in the SM.
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Figure: Diagram contributing to
the 3 decay in the Fermi Theory.



BACKUP SLIDE

Not only the first diagram receives corrections in the SMEFT
through the coupling of the W to the fermions, but also the

second one is present.

agw Will also receive corrections, taking what in the SM is a set of
3 equations with 3 unknowns to 6 unknowns. [?].

g; = g + 0g;
1 N
On = F(9) + 15F(9.C) On = F(9)
1 N
gi = K2(0) + 5K7(0,0) i =k (0)



m Electroweak fits: CurrentEWFitNoSMCV, CurrentEWFitSMCV,

FCCEWFit
{éHd117 6Hd33; éHu1‘|7 éHe117 éH(2227 éHe33; é,(.;l)ﬂ, Cl(Jl)zzv
) 2B 2B 2B &) AB) A
CHl33’ CHl117 Clez’ CHI337 Cqu Cqu CHq3rdaCll1221}

m Higgs and Electroweak Fits:

> FCCHiggsFitDiBoson or FCCHiggsFitNoDiBoson
> FCCHiggsFitZPole or FCCHiggsFitNoZPole
» FCCHiggsFitHLLHC or FCCHiggsFitNoHLLHC

1 1 1
{CHd117 CHd337 CHu11; CHe11; CHezz; CHe337 C;(.“)117 CI(.”)227 CI(.”éy

CI(lew Cf—?llz’ Cl(fl)337 CI(-I1¢3117 CI(-I3q)117 éHq3rd7 Re [CdH33]7 Re [Cyna) ,

Re [Cetza], Re [Cenasl, Chg, Chws> Chws, Chos CHe, CHps Ciirozn}



BACKUP SLIDE

Working with the presented observables, and on the Warsaw
basis, there are different flat directions.

m Flat directions between the first and second family
CS322 C[(-;gﬂ’ CI(-]3q)22 C[(-[3(;117 CHLI22 - CHU‘I’U CHd22 - CHd'l']
m Flat directions of electroweak fit on the Warsaw basis [?, ?]
(1) m_ Yy
C Cf CHD7 f:lq7eu7d7
Cﬁlf) C,(_,? CHD + 7CHWBy f=1Lq

m Flat directions of the third family

A ~ 2
Chgard = CI(-I1333 + CI(-Iq)33’ Che = Che — 79—0Re [Cutss]
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