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Standard Model Effective Field Theory (SMEFT)

LHC reach

Interpreting combined measurements without many
assumptions on the nature of new physics!

o Standard Model as a low energy approximation of a
fundamental theory at high energy A

- All allowed deviations from SM parametrised in a model R
independent manner Scale of new physics

Deviations in the high tails of observable distributions can show
the presence of physics beyond the Standard Model!
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Standard Model Effective Field Theory (SMEFT)

SMEFT Lagrangian

| Current anaIyS|s _Future analyses

Z smprr = ZLsm + 2 X

Violate Lepton and Baryon number!
Not sensitive to them with the observables in our analysis

q q
@(”) — Operators - introduce new interaction vertices } ““““ >'<

c; — Wilson coefficients - free parameters of the model, strength of the interaction!

A — Energy scale of new physics - assumed 1 TeV
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Scaling down SMEFT complexity: flavour symmetry

SMEFT can be complex: 2499 operators in dim. 6!

4
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\

“topU3I” scheme

U(3)° scheme “top” scheme

| . Relax tb § s 10 quark . Relax leptons First two quark Al leptons
All quark generations All lepton generations > § " All lepton generations > generations ¥
d similar! treated similarly generations treated similarly .~ generations
reatea similarly treated similarly treated similarly  treated separately
topUa3l : top & bottom treated differently
No symmetry TopU3l We are using this!

Symmetry that merges operators we cannot
distinguish with our measurements!

& & a» 182 operators
Vé? g %

v # CP even Consider CP-even only operators

s ‘9. > "o, 129 operators
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Global EFT fits in ATLAS ATL-PHYS-PUB-2022-037

o This talk will present the results of the tirst combination of ATLAS
Higgs ana and LEP precision observables

~ Combination within the ATLAS collaboration allows us to use the full
statistical model used to perform the analyses

Higgs
~ Precise modelling of systematic uncertainties, will be of primary
importance with the increase of statistics at LHC

EW
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https://cds.cern.ch/record/2816369

Inputs: Higgs sector

A TLAS Preliminary ' ' ' " Total Stat. §yst.
$ Vs =13TeV, 139 fb By/B mE=— 109 (017, oo)
my = 12509 GeV. Iy, <25 Euar +— o7s (82 (105, 120)
p,,, = 92% Buw/B w106 055 (070 T008)
: —— Total Stat. Bei/Bzr ie— 086 20733 (1010 Z0o9)
5 == Syst. Y 0 05 1 T5 2
Total Stat. Syst.
Ot py <10 GeV ) 089 0% ( Z0a - o10)
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§ . T I -0.27( -0.24 ’-0_12)
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, 300 < pl:' < 450 GeV | 0.65 ;82; E :832 +8;? ;
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T p—— = : 119\ —1.125-042
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| pY > 400 Gev —— tor tHE(fE %)
various kinematic variables A B R N R oeasennana
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Inputs: Electroweak sector

Considering one differential cross-section distribution from

Along with LHC measurements, eight precision observables from LEP

have been inc

uded in the combination

Observable Measurement Prediction Ratio

I'y [MeV] 24952 + 2.3 2495.7 + 1 0.9998 + 0.0010
Rg 20.767 + 0.025 20.758 + 0.008 1.0004 + 0.0013
R(c) 0.1721 + 0.003 0.17223 + 0.00003 0.999 + 0.017
RY 0.21629 + 0.00066 0.21586 + 0.00003 1.0020 + 0.0031
Aé}f 0.0171 £ 0.0010  0.01718 = 0.00037 0.995 + 0.062
Agg 0.0707 £ 0.0035  0.07583 = 0.00117 0.932 + 0.048
Agf 0.0992 + 0.0016  0.10615 = 0.00162 0.935 + 0.021
ofad [pb] 41488 + 6 41489 + 5 0.99998 + 0.00019
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Statistical combination

Measurements can be combined performing statistical inference on the product
of likelihoods of Higgs, EW and LEP:

LEP

Higgs
. . — — 1 2 ‘
c@,0,7v=|] [POISS(N:'\MSI'(H) + i bi(9))]>< 1 7o 2x ] [GGUSS(@' [ vi Bis Vi 5;')]
i € bins ooV 2™ ) iebins

Poissonian likelihood Constraints on NPs Constraints on MC statistics

EW
1 1 1 nsyst
— — _AyT - - (0
L (x|c, 6) — exp ( SAx (c, oi C'Ax ()c', 0)) X l [[f, (91)}
«(271') det (C) / i Gaussian

Stat-only covariance Include impact of NP of expt. and theory unc constraint terms

eXP( - %(/4 - )'C (u - /2)>
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Parameterising cross sections

SMEFT dependence parameterised as polynomials in Wilson coefficients:

2 2 2

SM

Osmerry = Op(1 +

SMEFT eftect on the SM predictions can be factored out in a linear and
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Linear : SM, d=6 interference

Z ApiC;

)
+ Z Bbici + Z CszCiCj)
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component.




Generating parameterisation

How to go from the measurement space to the EFT space?
Statistical model re-parametrised as function of the Wilson coefficients

through a parameterisation of the form:

f(u) — > f(W(EFT)) where
U(EFT) = pug (1 +ac;+a,c, +...a,c,)

How is the parameterisation obtained?

Madgraph Monte-Carlo predictions

SMEFTSIM s
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Visualising the parameterisation
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Operators mainly sensitive to ggH and ttH

EFT operators c;

Osyerry = Op(1 + ZAbiCi
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Visualising the parameterisation
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ldentifying sensitive directions

Linear fit with all Wilson coefficients is not possible!

We cannot tell apart every individual coefficient due to degeneracies in
their effect on our set of measurements

2D limit 2D limit

Sensitivity study: identify the
sensitive directions

S
>

Information matrix
IerT = P'CreasP

Limit on ¢,

Principal component analysis on information matrix Limiton ¢, ‘1

Here both parameters are loosel After rotation, the sensitive
i’ , X y direction is identified and the
constraint

Eigenvector basis insensitive direction is fixed to zero

i Among our parameters we identify 27

. e sensitive directions!
iXing non-sensitive directions

These directions are difficult to interpret
because of mixing of very different operators!
Andrea Visibile 13



A compromise

Coefficients can be grouped following a physical meaning!
This has a price: residual correlation! Compromise between physical meaning and correlation!
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Linear fit results

Important to visualise our results along with an indication of what is their physical meaning!
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Summary

'his year is the 10th anniversary of the Higgs discovery!
n ten years we moved from discovery to differential measurements and EFT interpretation!

o First SMEFT interpretation of a combination of Higgs,
electroweak and LEP measurements in ATLAS has been
presented Higgs

o 27 directions in the Wilson coefficient space can be
constrained and the origin of the sensitivity in terms of
measurements has been investigated and shown

EW

= Next steps: including top measurements into the
combination
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Thank you!
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Back-up
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ATLAS electroweak observables

Considering one differential cross-section distribution from

individual analysis of
sensitive to EFT

: chosen the one most

Process Important phase space requirements

Observable £ [fb~'] Ref.

pp — eiy,u]Fy myp > 05 GeV, pjTet < 35GeV

pp — (Evlte™ my, € (81,101) GeV

pp = L0 my, > 180 GeV

pp — 004 m.; > 1000 GeV, my, € (81,101) GeV

plTead. lep. 36 19

meyp 2 36 [20
Ag;; 139 [22
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Linear + quadpratic fits

~ Quadoratic terms available for LHC
measurements only

o 24 directions in the Wilson coefficient

space can be constrained with LHC only
observables
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