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Setting the 
stage

Ø Global fits are a powerful means to test the consistency of a 
theory and point to new physics effects.

Ø They are typical of a mature precision program such as the 
one we can build today thanks to the level of accuracy reached 
both in theory and experiments over a very broad range of 
observables.

Ø Adding flavour physics observables is a big change 
given the strong constraints imposed by flavour on new physics.

Ø In this section we will present two complementary examples:
Ø A global fit of the SMEFT 
Ø A global analysis of a class of strong-dynamics models 

through their EFT projection at and below the EW scale
 

       Emphasizing in particular the role of flavour observables.

This talk

Alfredo Glioti’s talk



General framework

Extend the SM Lagrangian by effective interactions (SM EFT)
... generic BSM scenarios ...

Extension of the SM Lagrangian by d > 4 e↵ective field theory (EFT) operators:
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under the assumption that new physics lives at a scale ⇤ >
p
s.

Expansion in (v, E)/⇤: a↵ects all SM

observables at both low and high-energy.

• SM masses, couplings ! rescaling

• shape of distributions ! more visible

in high-energy tails

Systematic, yet complex approach.

+

Studying correlations among operators

can point to specific BSM patterns.

[Figures from F. Maltoni]
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Under the assumption that new 
physics leaves at scales Λ > 𝑠

Built of SM fields and respecting the SM gauge symmetry.

Expansion in ⁄(𝒗, 𝑬) 𝜦:  affects all SM observables at both low 
and high energy

Ø SM masses and couplings →  rescaling
Ø Rates and branching ratios →	new tree-level contributions
Ø Differential rates → shape distortions in kinematic distributions
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One can satisfy all the previous requirements, by building an EFT 
on top of the SM that respects the gauge symmetries:

Searching for new interactions with an EFT 
A simple approach

L
(6)
SM = L

(4)
SM +

X

i

ci
⇤2

Oi + . . .

With the “only” assumption that all new states are heavier than 
energy probed by the experiment .


The theory is renormalizable order by order in , perturbative 
computations can be consistently performed at any order, and 
the theory is predictive, i.e., well defined patterns of deviations 
are allowed, that can be further limited by adding assumptions 
from the UV.  Operators can lead to larger effects at high energy 
(for different reasons).  


s < Λ

1/Λ

* Sufficiently weakly interacting states may also exist without spoiling the EFT.

.
Λ2 > s |ci | /δ

s |ci | /Λ2 < δ

 

 

SM

EFT in the tails

Rescaling

pT(t,H)

Illustrative plot

 

Energy helps precision
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Connecting far apart scales: the EFT picture

(SM)EFT
(UV)
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Heavy physics decouples and leaves  
effective contact interactions of  dim > 4
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Calculate physical processes at each scale and 
derive constraints on the UV theory

SMEFT operators in
terms of SM fields

LEFT operators in 
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Ø Dim-6 operators only, including linear (and quadratic effects)
Ø Obeying SM gauge symmetry
Ø One Higgs doublet of SU(2)", SSB linearly realized.
Ø Assuming different flavour symmetries: U(3)#, U(2)#$…; no CPV
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Table 1 . Dimension-6 operators in the Warsaw basis, adapted from Ref. [1]. We denote byX the
Þeld strength tensors for the SM gauge group.

the evolutor U(µW , ! ) for each given value of the SM parameters in the Monte Carlo
integration. However, as stated above, at linear order we can neglect the e" ect of the
SMEFT in the extraction of the SM parameters from experimental measurements when
computing U(µW , ! ). This further justiÞes neglecting also the small uncertainties on SM
parameters in the computation of U(µW , ! ), so that the evolutor becomes a constant
matrix for Þxed µW and ! , allowing for a dramatic increase in the speed of the numerical
computation of the Wilson coe# cients at the scaleµW .
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Global fits: EW, DY, di-boson, Higgs, top, flavour 

! EW precision observables
! ! "#$%&'$()&*+,(%&)'-./012.345'! ! 6')78"" #$$6'9%6'9&'6':
! ;'$()&*+,(%&)'-./0'<<6'=&+,>*$86'.?@45'A( 6'! (

! B )6'A* 6')78"" #$$'-=&+,>*$81.?@4

! Higgs boson observables
! 0*$CDE>7$8',8C'C&E,F'*,>&)
! 27B#%7G7&C'=&B#%,>&'@*$))'2&E>7$8)'-2=H24

! Top quark observables
! 11 2 3 43' 3 435' 3 436 ' 37386359' 389' 36 ' :

! Drell-Yan, Di-boson measurements
! 11 2 6 ' 5 2 ; !

7;"

! 11 2 65 ' 66 ' 55' 58

! Flavour observables 
! ! !"#$%! " #! "#&%$ $ % &$ $&%' %
! !"#$%&'()*"(+,-.)## ( ) &) ' , # ( *+, , ( -+ , . ( -+
! /"0' 12"#$%&'()*"(+,-.)# ( $ () */+3)# ( .-+ 0, ( .-+ 1
! 4+*'+$'5")6)*"(+,-.)# ( 2#"! 3

Constraining new physics through collider and flavour observables

Exp: PDG
Th: best available predictionsGGI - Tea Breaks - 9 June - On Line                                                              Fabio Maltoni 

Global Þts: EWPO+H+EW+Top
Global fits

! Already now and without a dedicated experimental e " ort there 
is considerable information that can be used to set limits: #

! Fitmaker [Ellis et al. 2012.02779]

! SMEFiT  [Either et al. 2105.00006]

! SFitter [Biekštter, Corbett, Plehn, 2018] +  [Brivio et al., 1910.03606]  (separated)

! HEPÞt [de Blas, et al. 2019]

!  30+ operators, linear and/or quadratic Þts, Higgs/Top/EW at 
LHC, WW at LEP and EWPO.

44

ATLAS and CMS
Run 1+2 results

Including recent LHC 
measurements of 𝑚! 	and 𝑀"

Either directly or through RGE  flavour 
overlap with most SMEFT coefficients



6.,78#,#90+*105$19$:.39419;$9#-$7"521<2

High-energy collider have less sensitivity but can test the compatibility 
of new physics over a uniquely broad spectrum of measurements.

[European Strategy, arXiv:1910.11775]



SMEFT predictions

A given observable is written as

SM: including available SM 
higher-order corrections and 

state-of-the-art parametrizations
SMEFT: tree level

Observables have been calculated either analytically and via parametrizations reported in the 
literature (e.g. EW observables) or obtained using various tools (MG5_aMC@NLO with SMEFTci2, 
a new UFO file developed for this study, Feynart+Feyncalc for loop-induced Higgs decays, …)

Including direct and indirect SMEFT effects from 
dim-6 operators up to O(1/! ^4), by A. Goncalves

See also, SmeftFR-v3, Dedes et al. 2302.01353



Beyond EW fits – Higgs, top, flavor observables 

SMEFT
(UV)
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Connecting far apart scales naturally lends itself to the EFT framework
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&'()* 𝜦(+  

using RGEsolver++

Match to LEFT operators to 
calculate flavor observables
In terms of 𝐶,

-./0 (Λ1$2$33)

Based on 1-loop SMEFT 
anomalous dimension

Notice that LO evolution is only consistent with  tree-level  
initial conditions at Λ45  and tree-level matrix elements at Λ." .
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Imposing flavour symmetry

Will be constrained by 
the fit together with 

SM parameters

At Λ."  observables are calculated in terms of 𝐶,$6
78./0 (Λ." )

Evolved to 𝑪#
9()* 𝜦: $; $33



The HEPfit framework
Open-source tool

Statistical framework based on a Bayesian MCMC 
analysis as implemented in 
BAT (Bayesian Analysis Toolkit)
Caldwell et al., arXiv:0808.2552 

Supports SM (fully implemented) and BSM models, in 
particular the dim-6 SMEFT 

Used for several global fit and future collider projections

New release will include EW, Higgs, top, and flavour 
observables in the SM and the SMEFT with
q SM predictions at NLO or higher
q SMEFT at tree level (dim-6 operators only)
q Linear (and quadratic) effects from dim-6 operators
q RGE running of the SMEFT Wilson Coefficients

http://hepfit.roma1.infn.it 

J. De Blas et al., 1910.14012

Other existing frameworks for SMEFT global fits:
!"#$%&'(H2;$%$,2D,$;6,I34J64444K+,IL4I64KKK4+,I74763I54M
$%)*+,-.+,N;;*),2D,$;6,I43I64IOOM
P;;(*?<2",2D,$;+,IL336444I4,
H*"*9;*$/',2D,$;6,IL336444I3
Q$"D'??*,2D,$;6,IL33647MKL

! ,R22,D$;&,S.,T>&$),P;;(*?<2"

http://hepfit.roma1.infn.it/
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CG 1.8 1.77
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SU(2)#$$- Global fit 
one operator at a time

Ø Most important effects from EW and Higgs observables
Ø Very strong bound from main Higgs production mode (𝑔𝑔 → 𝐻)

Ø RGE can enhance/suppress sensitivity to NP
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the evolutor U(µW , ! ) for each given value of the SM parameters in the Monte Carlo
integration. However, as stated above, at linear order we can neglect the e" ect of the
SMEFT in the extraction of the SM parameters from experimental measurements when
computing U(µW , ! ). This further justiÞes neglecting also the small uncertainties on SM
parameters in the computation of U(µW , ! ), so that the evolutor becomes a constant
matrix for Þxed µW and ! , allowing for a dramatic increase in the speed of the numerical
computation of the Wilson coe# cients at the scaleµW .
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the evolutor U(µW , ! ) for each given value of the SM parameters in the Monte Carlo
integration. However, as stated above, at linear order we can neglect the e" ect of the
SMEFT in the extraction of the SM parameters from experimental measurements when
computing U(µW , ! ). This further justiÞes neglecting also the small uncertainties on SM
parameters in the computation of U(µW , ! ), so that the evolutor becomes a constant
matrix for Þxed µW and ! , allowing for a dramatic increase in the speed of the numerical
computation of the Wilson coe# cients at the scaleµW .
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Table 1 . Dimension-6 operators in the Warsaw basis, adapted from Ref. [1]. We denote byX the
Þeld strength tensors for the SM gauge group.

the evolutor U(µW , ! ) for each given value of the SM parameters in the Monte Carlo
integration. However, as stated above, at linear order we can neglect the e" ect of the
SMEFT in the extraction of the SM parameters from experimental measurements when
computing U(µW , ! ). This further justiÞes neglecting also the small uncertainties on SM
parameters in the computation of U(µW , ! ), so that the evolutor becomes a constant
matrix for Þxed µW and ! , allowing for a dramatic increase in the speed of the numerical
computation of the Wilson coe# cients at the scaleµW .
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one operator at a time

Ø Much higher lower bound on NP scales
Ø Bound entirely from flavour 
Ø RGE can enhance/suppress sensitivity to NP
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Table 1 . Dimension-6 operators in the Warsaw basis, adapted from Ref. [1]. We denote byX the
Þeld strength tensors for the SM gauge group.

the evolutor U(µW , ! ) for each given value of the SM parameters in the Monte Carlo
integration. However, as stated above, at linear order we can neglect the e" ect of the
SMEFT in the extraction of the SM parameters from experimental measurements when
computing U(µW , ! ). This further justiÞes neglecting also the small uncertainties on SM
parameters in the computation of U(µW , ! ), so that the evolutor becomes a constant
matrix for Þxed µW and ! , allowing for a dramatic increase in the speed of the numerical
computation of the Wilson coe# cients at the scaleµW .
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RGE No RGE

CG 1.8 1.77
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CHWB 9.93 10.63

CHD 6.63 7.62

CHbox 1.1 0.96
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one operator at a time

Ø Higher lower bound on NP scales
Ø Bound mainly from flavour
Ø RGE can slightly enhance/suppress sensitivity to NP
Ø Pattern may be complicated by full global fit

Bound on scale depends on 
assumptions on WC
Λ>?@ for 𝐶~4𝜋	×	O(1)
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Table 1 . Dimension-6 operators in the Warsaw basis, adapted from Ref. [1]. We denote byX the
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the evolutor U(µW , ! ) for each given value of the SM parameters in the Monte Carlo
integration. However, as stated above, at linear order we can neglect the e" ect of the
SMEFT in the extraction of the SM parameters from experimental measurements when
computing U(µW , ! ). This further justiÞes neglecting also the small uncertainties on SM
parameters in the computation of U(µW , ! ), so that the evolutor becomes a constant
matrix for Þxed µW and ! , allowing for a dramatic increase in the speed of the numerical
computation of the Wilson coe# cients at the scaleµW .
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Table 1 . Dimension-6 operators in the Warsaw basis, adapted from Ref. [1]. We denote byX the
Þeld strength tensors for the SM gauge group.

the evolutor U(µW , ! ) for each given value of the SM parameters in the Monte Carlo
integration. However, as stated above, at linear order we can neglect the e" ect of the
SMEFT in the extraction of the SM parameters from experimental measurements when
computing U(µW , ! ). This further justiÞes neglecting also the small uncertainties on SM
parameters in the computation of U(µW , ! ), so that the evolutor becomes a constant
matrix for Þxed µW and ! , allowing for a dramatic increase in the speed of the numerical
computation of the Wilson coe# cients at the scaleµW .
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Transitioning 
to the next 

talk

! Global fits stress-test the SM and provide a very strong  
indirect constraint on new physics.

! Effects of new physics can then be constrained using the 
broad spectrum of precision measurement available 
from EW, Higgs, top, flavor physics and more.

! The SMEFT (→LEFT) framework can be used to connect 
unknown physics at the UV scale (> 1 TeV) to the EW 
scale and below within a systematic framework that 
allows some model independence.

! Flavor assumptions at the UV scale are crucial to 
distinguish broad classes of models, which can inform 
and add meaning to the SMEFT analysis.
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Experimental measurements

For M!  we combine:
q All LEP 2 measurements 
q Previous Tevatron average
q ATLAS and LHCb early measurements
q CDF [M%=(80.4335±0.0094) GeV]
q ATLAS [M%=(80.3665±0.016) GeV]
q CMS [M%=(80.3602±0.010) GeV]

M%$= 80.366 ± 0.0080 GeV (without CDF)
          80.356 ±	0.0045 GeV (from fit)

For m" we combine:
q 2016 Tevatron combination
q ATLAS  Run 1 and early Run2 results
q CMS Run 1 and early Run 2 results
q CMS l+j [m&=(171.77±0.38) GeV]
q CMS l+j boosted [m&=(173.06±0.83) GeV]
q ATLAS l+j boosted [mt=172.95±0.53) GeV

m& = 172.31 ±	0.32 GeV 
        172.38 ±	0.31 GeV (from fit)
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