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Exploring new physics via the EW-scale (and below)  
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The role of global fits 
§ The symmetry structure of the Standard Model defines specific relations 

among couplings and masses.

§ The renormalizability of the theory assures that tree-level relations are 
modified by finite calculable corrections.

§ Precision measurements of masses and couplings:
§ Test the consistency of the theory at the quantum level
§ Indirectly probe new physics via virtual effects

A comprehensive program of EW precision physics combined with emerging precision 
programs (top, Higgs) can be a very powerful  tool to explore physics beyond the Standard 

Model



A very successful history
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Global fits of precision EW observables gave us strong indications of where to find the 
SM Higgs boson and we now use its mass as one of the EW precision observables of 
the EW global fit to constrain new physics.
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 Run 1ATLAS + CMS  0.21) GeV± 0.24 ( ±125.09 

 CombinedRun 1+2  0.16) GeV± 0.24 ( ±124.97 

 CombinedRun 2  0.18) GeV± 0.27 ( ±124.86 

 CombinedRun 1  0.37) GeV± 0.41 ( ±125.38 

γγ→H Run 1+2  0.19) GeV± 0.35 ( ±125.32 

l4→H Run 1+2  0.30) GeV± 0.30 ( ±124.71 

γγ→H Run 2  0.21) GeV± 0.40 ( ±124.93 

l4→H Run 2  0.36) GeV± 0.37 ( ±124.79 

γγ→H Run 1  0.43) GeV± 0.51 ( ±126.02 

l4→H Run 1  0.52) GeV± 0.52 ( ±124.51 

-1 = 13 TeV, 36.1 fbs: Run 2, -1 = 7-8 TeV, 25 fbs: Run 1



EW Global fit: general framework
§ Set of input parameters (ex: a scheme):

§ Fixed: GF, a 
§ Floating: MZ, MH, mt, as(MZ), Dahad

(5)

§ Compute EW Precision observables (EWPO), including all known higher-order SM 
corrections:
§ Z-pole observables (LEP/SLD): GZ, sin2qeff, Al, AFB, …
§ W observables (LEP II, Tevatron, LHC): MW, GW
§ mt, MH, sin2qeff (Tevatron/LHC)

§ Perform best fit to EW precision data (EWPD) through different fitting procedures and 
compare with experimental measurements.

§ Parametrize new physics effects on EWPO (tree-level) and constrain deviations in terms 
of chosen parameters:
§ Oblique parameters : S,T, U
§ Effective interactions: SMEFT
§ ….



Specific framework: HEPfit
Open-source tool

New code, built from scratch, validated against other 
public codes.

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
(some already implemented)

Includes EW, Higgs, flavor, top observables

http://hepfit.roma1.infn.it 
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Abstract: HEPfit is a flexible open-source tool which, given the Standard Model or any of its

extensions, allows to i) fit the model parameters to a given set of experimental observables; ii)

obtain predictions for observables. HEPfit can be used either in Monte Carlo mode, to perform a

Bayesian Markov Chain Monte Carlo analysis of a given model, or as a library, to obtain predictions

of observables for a given point in the parameter space of the model, allowing HEPfit to be used

in any statistical framework. In the present version, around a thousand observables have been

implemented in the Standard Model and in several new physics scenarios. In this paper, we

describe the general structure of the code as well as models and observables implemented in the

current release.

http://hepfit.roma1.infn.it/
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Electroweak Precision Observables, New Physics and

the Nature of a 126 GeV Higgs Boson
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Abstract: We perform the fit of electroweak precision observables within the Standard

Model with a 126 GeV Higgs boson, compare the results with the theoretical predictions and

discuss the impact of recent experimental and theoretical improvements. We introduce New

Physics contributions in a model-independent way and fit for the S, T and U parameters,

for the ✏1,2,3,b ones, for modified Zbb̄ couplings and for a modified Higgs coupling to vector

bosons. We point out that composite Higgs models are very strongly constrained. Finally,

we compute the bounds on dimension-six operators relevant for the electroweak fit.
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A seminal paper on which the global fit of EW precision observables 
in HEPfit is currently based. 
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Experimental inputs
§ Input parameters: a, GF ,as(MZ), MZ, MH, mt, Dahad

(5)

§ To get a(MZ)        Dahad
(5): from Lattice QCD + perturbative running

§ For mt we combine:
§ 2016 Tevatron combination
§ ATLAS  Run 1 and Run2 results
§ CMS Run 1 and Run 2 results
§ Recent CMS l+j measurement [mt=(171.77±0.38) GeV]

fixed

before

after

previous average
mt=172.58 ±0.45 GeV

new average 
mt=171.79 ± 0.38 GeV 

“standard”

new average 
mt=171.79 ±1.00 GeV

“conservative”

New CMS measurement dominates “standard” average but shows 3.5s tension with respect to 
Tevatron average (mt = 174.34 ± 0.64 GeV)             consider "conservative” scenario as well

De Blas et al.
arXiv:2112.07274 (before)
arXiv:2204.04204 (after)

https://arxiv.org/abs/2204.04204
https://arxiv.org/abs/2112.07274


Experimental inputs
§ For MW we combine:

§ All LEP 2 measurements
§ Previous Tevatron average
§ ATLAS and LHCb measurements
§ Recent CDF measurement [MW=(80.4335±0.0094) GeV]
§ Recent ATLAS measurement [MW=(80.360 ±0.016) GeV]

before after

previous average
MW = 80.379 ± 0.012 GeV

new average
MW = (80.4133 ± 0.0088 GeV)

= 80.4093 ± 0.0079 GeV
“standard”

new average
MW = (80.4133 ± 0.015 GeV)

= 80.4093 ± 0.018 GeV
“conservative”

New CDF results dominates standard average but tensions between LEP 2, Tevatron, and 
LHC results         consider “conservative” scenario

From global SM fit, omitting the 
experimental information on MW
(previous pull: 1.8 s)

Luca Silvestrini 9

 

MWDays23

MW: SM vs EXPERIMENT

● The SM prediction is obtained omitting the 

experimental information on MW. Before the 

CDF update, the tension was 1.8s. Current 

theory error on MW in the SM is 4 MeV.   
Awramik et al, '03
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MWDays23

“standard” scenario

Results of 
global fit

``standard’’ scenario

Experimental 
values used as 
inputs

Results of 
the global fit

Result of the fit 
not using the 
corresponding 
measurement

Result of the fit 
not using any 
measurements of 
SM parameters

Predictions using 
measurements of 
SM parameters

From L. Silvestrini’s talk at MWDays23
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MWDays23

“conservative” scenario

Results of 
global fit

“conservative” scenario
From L. Silvestrini’s talk at MWDays23



Interplay between 
mt and MW
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Custodial SU(2) violated by Yukawa interactions 
r=MW^2/MZ^2cW^2=1 tree-level prediction 
modified  by loop corrections ∝ GFmt
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Interplay between MW and sin2qeff

“standard” scenario “conservative” scenario

80.2 80.25 80.3 80.35 80.4

[GeV]WM

0.231

0.232

0.233

0.234

le
pt

ef
f

θ2
si

n

HEP fit

68% and 95% probability contours
ZΓ, and 

H
), meffθ(2, sinWFit without M

H
), and meffθ(2, sinWFit without M

)effθ(2 and sinWFit without M
Full Fit
Experimental measurements

80.2 80.3 80.4

[GeV]WM

0.231

0.232

0.233

le
pt

ef
f

θ2
si

n

HEP fit

68% and 95% probability contours
ZΓ, and 

H
), meffθ(2, sinWFit without M

H
), and meffθ(2, sinWFit without M

)effθ(2 and sinWFit without M
Full Fit
Experimental measurements



Beyond the SM

Very broadly, two main options:

§Add new physics that breaks residual SU(2)V custodial symmetry and 
allows r≠1 at tree level          not considered here

§Add heavy new physics that decouples and leaves virtual effects:
§ Mainly in gauge boson propagators: “Oblique corrections” (“oblique” models)

§ S,T,U parameters
§ In a complete set of gauge-invariant higher dimension effective operators

§ Example: SMEFT



Beyond the SM: {S,T,U}
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Luca Silvestrini 18

 

MWDays23

OBLIQUE NP: RESULTS

● Compare models using the Information Criterion:

● No significant gain in IC for U0
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OBLIQUE NP: RESULTS

● Compare models using the Information Criterion:

● No significant gain in IC for U0

 



Beyond the SM: SMEFT (d=6)

Luca Silvestrini 17

 

Rome, 10/5/2022

THE SMEFT

● Most general gauge-invariant Lagrangian built 

with SM fields up to dimension d (here d=6)

● Some relevant operators in the “Warsaw 

basis”:

Luca Silvestrini 17

 

Rome, 10/5/2022

THE SMEFT

● Most general gauge-invariant Lagrangian built 

with SM fields up to dimension d (here d=6)

● Some relevant operators in the “Warsaw 

basis”:

Luca Silvestrini 18

 

Rome, 10/5/2022

MW IN THE SMEFT

● Eight independent combinations of dim. 6 

operators contribute to EWPO. In the 

Warsaw basis:

● Again, one independent combination enters 

only MW and Gw, namely:           ; very loose 

prediction for MW from Gw

Zff/Wff
vertex 

corrections

W/Z 
propagators S,T

GF

Only 8 independent combinations enter EWPO

Fitting all operators at the time:

• EW observables can constrain 8 out of 10 Ci’s.
• Significant effects on                                  .

Fitting one operator at the time:

• Higgs and top observables can lift the degeneracy.                                  

Analysis in progress!

absorbed by the rest Ci’s.

Global Fit: SMEFT

|   8   ||    Angelica Goncalves Dos Santos    |     Pheno2022    |    May 2022

Very loose prediction of MW from GW(MW)

Luca Silvestrini 18
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MW IN THE SMEFT

● Eight independent combinations of dim. 6 

operators contribute to EWPO. In the 

Warsaw basis:

● Again, one independent combination enters 

only MW and Gw, namely:           ; very loose 

prediction for MW from Gw



Global fit of all coefficients Fit of individual coefficients

No substantial impact of new mt and MW measurements, within uncertainty of the fit.

Adding Higgs observables lifts the degeneracy

Extended set of coefficients constrained independently by the 
global fit

Fitting all operators at the time:

• EW observables can constrain 8 out of 10 Ci’s.
• Significant effects on                                  .

Fitting one operator at the time:

• Higgs and top observables can lift the degeneracy.                                  

Analysis in progress!

absorbed by the rest Ci’s.

Global Fit: SMEFT

|   8   ||    Angelica Goncalves Dos Santos    |     Pheno2022    |    May 2022



Zooming in on couplings to probe the TeV scaleRun 2

Ø Couplings to W/Z at 5-10 %
Ø Couplings to 3rd generation to 10-20%
Ø First measurements of 2nd generation 

couplings

Ø HL-LHC projections from partial Run 2 data (YR):
Ø 2-5 % on most couplings 
Ø < 50% on Higgs self-coupling.

Ø Full Run2 results drastically improve partial Run 
2 results: better projections expected

reach for LBSM

CMS, arXiv:2207.00043
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Run 2 and 
beyond Beyond SM-coupling rescaling

GGI - Tea Breaks - 9 June - On Line                                                             Fabio Maltoni 

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

33

(6)

... generic BSM scenarios ...

Extension of the SM Lagrangian by d > 4 e↵ective field theory (EFT) operators:

L
e↵

SM = LSM +
X

d>4

1
⇤d�4

Ld = LSM +
1
⇤
L5 +

1
⇤2

L6 + · · ·

where

Ld =
X

i

C(d)

i
O

(d)

i
,

h
O

(d)

i

i
= d ,

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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Model new physics by extending the SM Lagrangian by effective interactions (ex. SM EFT)

Under the assumption that 
new physics leaves at scales 
Λ > 𝑠

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

Ø SM masses and couplings → rescaling
Ø Shapes of distributions → more visible in tails of distributions



Towards SMEFT global fits

GGI - Tea Breaks - 9 June - On Line                                                             Fabio Maltoni 

Global fits: EWPO+H+EW+Top
Global fits

• Already now and without a dedicated experimental effort there 
is considerable information that can be used to set limits:


•Fitmaker [Ellis et al. 2012.02779]

•SMEFiT  [Either et al. 2105.00006]

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

•HEPfit [de Blas, et al. 2019]

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

44

EFT connects different processes with large correlations: pattern of 
coefficients give insights on underlying BSM model
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Improvement wrt. HL-LHC

EW + Higgs: already in HEPfit



Disentangling models from EFT patterns
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: Composite example-1 + 500 GeV, 4 ab-1ILC 250 GeV, 2 ab

ILC precisions from full EFT fit

model predictions

additional scalar singlet
(mS=2.8 TeV, max mixing)

2HDM-II
(MH=600 GeV, tanb=7)

Composite Higgs
(f=1.2 TeV)

The “inverse Higgs” problem

Snowmass 2021: ILC white paper (arXiv: 2203.07622)

Examples to illustrate the different patterns of Higgs coupling deviations from different BSM models



Adding top-quark observables

Kinematic distributions add 
substantial constraining power

Global fits of top observables

Now being included into HEPfit
global fit of SMEFT

V. Miralles, et al. [arXiv:2107.13917]



HEPfit: matching EW + Higgs + top with  flavor

C̃uBC̃uG C̃uW

C̃'u C̃(1)
'q C̃(3)

'q

C̃qe C̃(1)
lq C̃(3)

lq

C̃lu C̃eu e+e� ! tt̄

Zbb̄

Top at LHC

B data

Strong constraint from B-meson semileptonic decays 
and intriguing relation with flavor anomalies

Bissman et al. [arXiv:2-12.10456]

near: 
including Belle II 
and HL-LHC

Comprehensive study of DF=2 constraints on SMEFT
Silvestrini and Valli [arXiv:1812.10913]

RGE evolution [RGESolver]
Di Noi and Silvestrini [arXiv:2210.06838]



Concluding remarks

§ EW global fits stress-test the SM and provide a very strong  indirect constraint on 
new physics, as recent measurements of MW and mt have reminded us. 

§ Global fits: combining EW observables with Higgs and top-quark total and 
differential observables will offer many more constraints on interactions beyond the 
SM by probing patterns of coefficients.

§ Ultimately connecting to flavor physics will probe further structure.

§ The Roma group has been the core center for the development of HEPfit, a state-of-
the-art framework for global fit of the SM and BSM theories.

§ Enrico has been part of this effort for many years and greatly contributed to the work 
of the group that created HEPfit. 

His legacy lives on!


