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The Electroweak fit
๏Exploit the over-constrained EW sector (dictated by rigid symmetry structure) to perform consistency tests of the SM with 

EW precision observables


๏Set of input parameters (α scheme): GF, α, mZ, mH, mt, αS(mZ), Δαhad(5)


๏Compute EW precision observables as functions of these quantities


๏Z-pole observables


๏W observables


๏Compare computations to experimental data to learn the values of the 


input quantities


๏Extend relations to include BSM effects and determine bounds on New Physics


๏Oblique parameters: S, T, U, …


๏Effective interactions: SMEFT


๏…
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FIG. 1. 1D pulls between the observed experimental values and the SM predictions (indirect determinations) for the di↵erent
EWPO (SM input parameters) considered in the fit, for the standard scenario. (The di↵erent colors in the figure are simply
used to distinguish the SM inputs [orange], charged-current observables [green] and neutral-current observables [blue].) Each
prediction is obtained removing the corresponding observable from the fit. The transparent bars represent the corresponding
nD pulls for groups of correlated observables. See text for details.

constructing the probability density function (p.d.f.) of the residuals p(x), and by computing the integral of the p.d.f.
in the region p(x) < p(0). This two-sided p� value is then converted to the equivalent number of standard deviations
for a Gaussian distribution. In the case of a Gaussian posterior predictive distribution, this quantity coincides with
the usual pull defined as the di↵erence between the central values of the two distributions divided by the sum in
quadrature of the residual mean square of the distributions themselves. The advantage of this approach is that no
approximation is made on the shape of p.d.f.’s. These 1D pulls are also shown in Figure 1. We can see a clear
consistency between the measurement of all EWPO and their SM predictions. Only A

0,b
FB shows some tension (at the

2� level), which should be considered in investigating new physics but also treated with care given the large number of
observables considered in the EW fit (see the discussion below for a quantitative assessment of the global significance
taking the look-elsewhere e↵ect into account).

Moreover, when interpreting this 1D pull one needs to take into account that A
0,b
FB is actually part of a set of

experimentally correlated observables. In order to check the consistency between SM and experiments in this case,
one can define an nD pull by removing from the fit one set of correlated observables at a time and computing the
prediction for the set of observables together with their covariance matrix. Then the same procedure described for 1D
pulls can be carried out, this time sampling the posterior predictive and experimental n-dimensional p.d.f.’s. This nD
pull is shown in the last column in Tables I and II, as well as in Figure 1, in which case we see that the global pull for
the set of correlated observables involving A

0,b
FB is reduced to 1.3�. To get an idea of the agreement between the SM
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The HEPfit library

๏Open source library to perform combined fits of HEP 
observables (including EWfit) in various scenarios


๏Computes EWPO in SM, SMEFT, several kinds of 
2HDM, some SUSY (mostly LFV), etc.


๏Allows for Bayesian analysis exploiting MCMC via 
the Bayesian Analysis Toolkit


๏Why a Bayesian fit if we have several others based on 
likelihood-ratios?


๏Answer 1: Why not?


๏Answer 2: when conclusions depend on the 
statistical approach, there are no solid conclusions


๏Answer 3: because HEPfit is more than an EWfit tool

Luca Silvestrini 4
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Fit result @Fall 2021
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FIG. 1. 1D pulls between the observed experimental values and the SM predictions (indirect determinations) for the di↵erent
EWPO (SM input parameters) considered in the fit, for the standard scenario. (The di↵erent colors in the figure are simply
used to distinguish the SM inputs [orange], charged-current observables [green] and neutral-current observables [blue].) Each
prediction is obtained removing the corresponding observable from the fit. The transparent bars represent the corresponding
nD pulls for groups of correlated observables. See text for details.

constructing the probability density function (p.d.f.) of the residuals p(x), and by computing the integral of the p.d.f.
in the region p(x) < p(0). This two-sided p� value is then converted to the equivalent number of standard deviations
for a Gaussian distribution. In the case of a Gaussian posterior predictive distribution, this quantity coincides with
the usual pull defined as the di↵erence between the central values of the two distributions divided by the sum in
quadrature of the residual mean square of the distributions themselves. The advantage of this approach is that no
approximation is made on the shape of p.d.f.’s. These 1D pulls are also shown in Figure 1. We can see a clear
consistency between the measurement of all EWPO and their SM predictions. Only A

0,b
FB shows some tension (at the

2� level), which should be considered in investigating new physics but also treated with care given the large number of
observables considered in the EW fit (see the discussion below for a quantitative assessment of the global significance
taking the look-elsewhere e↵ect into account).

Moreover, when interpreting this 1D pull one needs to take into account that A
0,b
FB is actually part of a set of

experimentally correlated observables. In order to check the consistency between SM and experiments in this case,
one can define an nD pull by removing from the fit one set of correlated observables at a time and computing the
prediction for the set of observables together with their covariance matrix. Then the same procedure described for 1D
pulls can be carried out, this time sampling the posterior predictive and experimental n-dimensional p.d.f.’s. This nD
pull is shown in the last column in Tables I and II, as well as in Figure 1, in which case we see that the global pull for
the set of correlated observables involving A
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FB is reduced to 1.3�. To get an idea of the agreement between the SM
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Measurement Full Indirect Pull Full Prediction Pull

↵s(M
2
Z) 0.1177± 0.0010 0.1217± 0.0046 -0.8 0.1177± 0.0010 –

�↵
(5)
had(M

2
Z) 0.02766± 0.00010 0.02752± 0.00066 0.2 0.02766± 0.00010 –

MZ [GeV] 91.1875± 0.0021 91.200± 0.039 -0.3 91.1875± 0.0021 –
mt [GeV] 172.58± 0.45 180.1± 9.6 -0.8 172.58± 0.45 –
mH [GeV] 125.21± 0.12 196.2± 89.9 -0.4 125.21± 0.12 –
MW [GeV] 80.379± 0.012 80.379± 0.012 0.0 80.3545± 0.0059 1.8
�W [GeV] 2.085± 0.042 2.0916± 0.0023 -0.1 2.08782± 0.00060 -0.1

sin2
✓
lept
e↵ (Qhad

FB ) 0.2324± 0.0012 0.23147± 0.00014 0.8 0.231534± 0.000062 0.7
P

pol
⌧ = A` 0.1465± 0.0033 0.1474± 0.0011 -0.3 0.14692± 0.00049 -0.1

�Z [GeV] 2.4955± 0.0023 2.4947± 0.0020 0.3 2.49414± 0.00068 0.6
�
0
h [nb] 41.480± 0.033 41.466± 0.031 0.3 41.4929± 0.0081 -0.4

R
0
` 20.767± 0.025 20.765± 0.022 0.1 20.7464± 0.0086 0.8

A
0,`
FB 0.0171± 0.0010 0.01630± 0.00024 0.8 0.01619± 0.00011 0.9

A` (SLD) 0.1513± 0.0021 0.1474± 0.0011 1.6 0.14692± 0.00049 2.0
R

0
b 0.21629± 0.00066 0.21562± 0.00035 0.9 0.21588± 0.00010 0.6

R
0
c 0.1721± 0.0030 0.17233± 0.00017 -0.1 0.172198± 0.000054 0.0

A
0,b
FB 0.0996± 0.0016 0.10334± 0.00077 -2.1 0.10300± 0.00034 -2.1

A
0,c
FB 0.0707± 0.0035 0.07386± 0.00059 -0.9 0.07358± 0.00026 -0.8

Ab 0.923± 0.020 0.93468± 0.00016 -0.6 0.934727± 0.000041 -0.6
Ac 0.670± 0.027 0.66805± 0.00048 0.1 0.66775± 0.00023 0.1
As 0.895± 0.091 0.935693± 0.000088 -0.4 0.935637± 0.000041 -0.4
BRW!`⌫̄` 0.10860± 0.00090 0.10829± 0.00011 0.3 0.108386± 0.000023 0.2
sin2

✓
lept
e↵ (HC) 0.23143± 0.00025 0.23147± 0.00014 -0.1 0.231534± 0.000062 -0.4

Ruc 0.1660± 0.0090 0.17236± 0.00017 -0.7 0.172220± 0.000032 -0.7

TABLE IV. Results of the full indirect determination of SM parameters using only EWPD (third column) and of the full
prediction for EWPO using only information on SM parameters (fourth column). For comparison, the input values are reported
in the second column. See the text for details.

and EWPD, it is useful to consider the distribution of the p-values corresponding to the 1D pulls for the individual
measurements. For purely statistical fluctuations, one expects the p-values to be uniformly distributed between 0
and 1. From the results in Tables I and II, we obtain in both scenarios an average p-value of 0.5 with � = 0.3, fully
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New precision reached, with some question mark

๏To which extent are these new measurements 
compatible to previous measurements? 


➡Not addressed here


➡This is up to the experimental collaborations 
to establish (see talk by S. Amoroso) 


๏Assuming that they are, can we learn something 
about New Physics


➡ Oblique correction scheme (S,T,U, etc.)


➡ SMEFT

165 170 175 180 185
 [GeV]topm

ATLAS+CMS Preliminary  = 7-13 TeVs summary, topm

* Preliminary

WGtopLHC
June 2022

World comb. (Mar 2014) [2]
stat
total uncertainty

total  stat

 syst)± total (stat ± topm        Ref.s
WGtopLHCLHC comb. (Sep 2013) 7 TeV  [1] 0.88)± 0.95 (0.35 ±173.29 

World comb. (Mar 2014) 1.96-7 TeV  [2] 0.67)± 0.76 (0.36 ±173.34 
ATLAS, l+jets 7 TeV  [3] 1.02)± 1.27 (0.75 ±172.33 
ATLAS, dilepton 7 TeV  [3] 1.30)± 1.41 (0.54 ±173.79 
ATLAS, all jets 7 TeV  [4] 1.2)± 1.8 (1.4 ±175.1 
ATLAS, single top 8 TeV  [5] 2.0)± 2.1 (0.7 ±172.2 
ATLAS, dilepton 8 TeV  [6] 0.74)± 0.85 (0.41 ±172.99 
ATLAS, all jets 8 TeV  [7] 1.01)± 1.15 (0.55 ±173.72 
ATLAS, l+jets 8 TeV  [8] 0.82)± 0.91 (0.39 ±172.08 
ATLAS comb. (Oct 2018) 7+8 TeV  [8] 0.41)± 0.48 (0.25 ±172.69 
ATLAS, leptonic invariant mass (*) 13 TeV  [9] 0.67)± 0.78 (0.40 ±174.48 
CMS, l+jets 7 TeV  [10] 0.97)± 1.06 (0.43 ±173.49 
CMS, dilepton 7 TeV  [11] 1.46)± 1.52 (0.43 ±172.50 
CMS, all jets 7 TeV  [12] 1.23)± 1.41 (0.69 ±173.49 
CMS, l+jets 8 TeV  [13] 0.48)± 0.51 (0.16 ±172.35 
CMS, dilepton 8 TeV  [13] 1.22)± 1.23 (0.19 ±172.82 
CMS, all jets 8 TeV  [13] 0.59)± 0.64 (0.25 ±172.32 
CMS, single top 8 TeV  [14] 0.95)± 1.22 (0.77 ±172.95 
CMS comb. (Sep 2015) 7+8 TeV  [13] 0.47)± 0.48 (0.13 ±172.44 
CMS, l+jets 13 TeV  [15] 0.62)± 0.63 (0.08 ±172.25 
CMS, dilepton 13 TeV  [16] 0.69)± 0.70 (0.14 ±172.33 
CMS, all jets 13 TeV  [17] 0.70)± 0.73 (0.20 ±172.34 
CMS, single top 13 TeV  [18] 0.70)± 0.77 (0.32 ±172.13 
CMS, l+jets (*) 13 TeV  [19] 0.38±171.77 
CMS, boosted (*) 13 TeV  [20] 0.78)± 0.81 (0.22 ±172.76 

[1] ATLAS-CONF-2013-102
[2] arXiv:1403.4427
[3] EPJC 75 (2015) 330
[4] EPJC 75 (2015) 158
[5] ATLAS-CONF-2014-055
[6] PLB 761 (2016) 350
[7] JHEP 09 (2017) 118

[8] EPJC 79 (2019) 290
[9] ATLAS-CONF-2019-046
[10] JHEP 12 (2012) 105
[11] EPJC 72 (2012) 2202
[12] EPJC 74 (2014) 2758
[13] PRD 93 (2016) 072004
[14] EPJC 77 (2017) 354

[15] EPJC 78 (2018) 891
[16] EPJC 79 (2019) 368
[17] EPJC 79 (2019) 313
[18] arXiv:2108.10407
[19] CMS-PAS-TOP-20-008
[20] CMS-PAS-TOP-21-012
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Fit setup adding new measurements

๏ Input parameters


๏Observables from LEP, Tevatron, and LHC


๏Recent changes 


๏new top mass


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
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§ 2016 Tevatron combination
§ ATLAS Run 1 and Run2 results
§ CMS Run 1 and Run 2 results
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new average 
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new average 
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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

Waiting for official Tevatron+LHC averages to be released

Theory and parametric errors

6

standard scenario conservative scenario

Prediction ↵s(M
2
Z) �↵

(5)
had(M

2
Z) MZ mt Total mt Total

MW [GeV] 80.3545 ±0.0006 ±0.0018 ±0.0027 ±0.0027 ±0.0042 ±0.0060 ±0.0069
�W [GeV] 2.08782 ±0.00040 ±0.00014 ±0.00021 ±0.00021 ±0.00052 ±0.00047 ±0.00066
BRW!`⌫̄` 0.108386 ±0.000024 ±0.000000 ±0.000000 ±0.000000 ±0.000024 ±0.000000 ±0.000024
sin2

✓
lept
e↵ 0.231534 ±0.000003 ±0.000035 ±0.000015 ±0.000013 ±0.000041 ±0.000030 ±0.000048

�Z [GeV] 2.49414 ±0.00049 ±0.00010 ±0.00021 ±0.00010 ±0.00056 ±0.00023 ±0.00060
�
0
h [nb] 41.4929 ±0.0049 ±0.0001 ±0.0020 ±0.0003 ±0.0053 ±0.0007 ±0.0053

R
0
` 20.7464 ±0.0062 ±0.0006 ±0.0003 ±0.0002 ±0.0063 ±0.0004 ±0.0063

A
0,`
FB 0.016191 ±0.000006 ±0.000060 ±0.000026 ±0.000023 ±0.000070 ±0.000052 ±0.000084

A` 0.14692 ±0.00003 ±0.00028 ±0.00012 ±0.00010 ±0.00032 ±0.00023 ±0.00038
R

0
b 0.215880 ±0.000011 ±0.000001 ±0.000000 ±0.000015 ±0.000019 ±0.000034 ±0.000035

R
0
c 0.172198 ±0.000020 ±0.000002 ±0.000001 ±0.000005 ±0.000020 ±0.000011 ±0.000023

A
0,b
FB 0.10300 ±0.00002 ±0.00020 ±0.00008 ±0.00007 ±0.00023 ±0.00016 ±0.00027

A
0,c
FB 0.07358 ±0.00001 ±0.00015 ±0.00006 ±0.00006 ±0.00018 ±0.00013 ±0.00021

Ab 0.934727 ±0.000001 ±0.000023 ±0.000010 ±0.000003 ±0.000025 ±0.000007 ±0.000026
Ac 0.66775 ±0.00001 ±0.00012 ±0.00005 ±0.00005 ±0.00014 ±0.00011 ±0.00017
As 0.935637 ±0.000002 ±0.000022 ±0.000010 ±0.000009 ±0.000026 ±0.000020 ±0.000031
Ruc 0.172220 ±0.000019 ±0.000002 ±0.000001 ±0.000005 ±0.000020 ±0.000011 ±0.000023

TABLE IV. Total parametric uncertainties for SM predictions of EWPO, and individual contributions related to each SM
parameter, except for mH (see text). Individual contributions are obtained setting all SM parameters to their central values,
except for the one indicated in each column, which is allowed to float according to its uncertainty. Results in this Table do not
include the intrinsic uncertainties in Eq. (1).

for the contributions coming from the uncertainty in mH , which, even in the conservative scenario, are numerically
irrelevant in the total parametric uncertainty.

For each observable, we give in Tables II and III, the experimental information used as input (Measurement),
together with the output of the combined fit (Posterior)6, and the Individual Prediction of the same quantity. The
latter is obtained from the posterior predictive distribution derived from a combined analysis of all the other quantities
that are not experimentally correlated with the given observable. The compatibility of the constraints is then evaluated
by sampling the posterior predictive distribution and the experimental one, by constructing the probability density
function (p.d.f.) of the residuals p(x), and by computing the integral of the p.d.f. in the region p(x) < p(0). This
two-sided p � value is then converted to the equivalent number of standard deviations for a Gaussian distribution.
In the case of a Gaussian posterior predictive distribution, this quantity coincides with the usual pull defined as the
di↵erence between the central values of the two distributions divided by the sum in quadrature of the residual mean
square of the distributions themselves. The advantage of this approach is that no approximation is made on the shape
of p.d.f.’s. These 1D pulls are also shown in Figure 1. We can see a clear consistency between the measurement of
all EWPO and their SM predictions. Only A

0,b
FB shows some tension (at the 2� level), which should be considered in

investigating new physics but also treated with care given the large number of observables considered in the EW fit
(see the discussion below for a quantitative assessment of the global significance taking the look-elsewhere e↵ect into
account).

Moreover, when interpreting this 1D pull one needs to take into account that A
0,b
FB is actually part of a set of

experimentally correlated observables. In order to check the consistency between SM and experiments in this case,
one can define an nD pull by removing from the fit one set of correlated observables at a time and computing the
prediction for the set of observables together with their covariance matrix. Then the same procedure described for 1D
pulls can be carried out, this time sampling the posterior predictive and experimental n-dimensional p.d.f.’s. This nD
pull is shown in the last column in Tables II and III, as well as in Figure 1, in which case we see that the global pull for
the set of correlated observables involving A

0,b
FB is reduced to 1.3�. To get an idea of the agreement between the SM

and EWPD, it is useful to consider the distribution of the p-values corresponding to the 1D pulls for the individual
measurements. For purely statistical fluctuations, one expects the p-values to be uniformly distributed between 0 and
1. From the results in Tables II and III, we obtain in both scenarios an average p-value of 0.5 with � = 0.3, fully
compatible with a flat distribution.

In addition to the Individual Predictions obtained removing each individual observable/set of correlated observables
from the fit, one can obtain a Full Prediction by dropping all experimental information on EWPO and just using

6 The correlation matrices from these fits are reported in the Appendix.

Theory intrinsic uncertainties on input parameters

dthMW = 4 MeV , dthsin2qW = 5 ×10-5

dthGZ = 0.4 MeV, dths0
had = 6 pb

dthR0
l = 0.006, dthR0

c = 0.00005
dthR0b = 0.0001

Parametric uncertainties

Still small compared to experimental uncertainties.
Small impact on fit’s outcome.
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Fit setup adding new measurements

๏ Input parameters


๏Observables from LEP, Tevatron, and LHC


๏Recent changes 


๏new W mass


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 wellWaiting for official Tevatron+LHC averages to be released

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]

before

after

previous average
MW = 80.379 ± 0.012 GeV

new average
MW = 80.4133 ± 0.0088 GeV

“standard”

new average
MW = 80.4133 ± 0.015 GeV

“conservative”

2

FIG. 1. Posterior from a global fit of all EWPO in the SM in the mt vs. MW (top) and sin2 ✓lepte↵ vs. MW (bottom) planes,
superimposed to the posteriors obtained omitting di↵erent observables from the fit in the standard average scenario. Dark
(light) regions correspond to 68% (95%) probability ranges. Direct measurements are shown in grey. The corresponding results
in the conservative average scenario are presented in Figure 3.

obtaining as new average:2

MW = 80.4133± 0.0080 GeV. (5)

As in the top-quark mass case, there is however a sig-
nificant tension between the new CDF measurement and
the other measurements that enter in the calculation of
Eq. (5), with �2/ndof = 3.59. Therefore, in a conserva-
tive average, we inflate the error on MW to 0.015 GeV.

We then perform a series of fits to the di↵erent EWPO
using both the standard (see Eqs. 4 and 5) and conser-
vative assumptions for the uncertainties of the top-quark
and W -boson masses. 3 (Although we will discuss both
scenarios throughout the text, in most of the tables and
figures in the main text we will report the results per-
taining to the standard average. The results for the con-
servative average scenario are shown in the appendix.)
In particular, we are interested in comparing the new
averages with the corresponding predictions obtained in
the SM. For that purpose we first perform a pure SM fit
of all EWPO, excluding the experimental input for MW

2 We observe that the result of the combination does not depend
strongly on the value of the common uncertainty between 0 and
6.9 MeV, the total CDF systematic uncertainty [2]. In particu-
lar, the combined uncertainty ranges between 7.7 and 8.4 MeV,
whereas the central values can change by slightly less than 1 �.
Thus, waiting for an o�cial combination of LHC and TeVatron
results, we take the result in Eq. 5 as our best estimate of MW .

3 Unlike in Ref. [5], we do not consider an inflated uncertainty
for the Higgs-boson mass in the conservative scenario since, as
noted in that reference, this has little impact on the output of
the EW fit. We thus use mH = (125.21 ± 0.12) GeV in all the
fits presented here.

and, from the posterior of such fit, we compute the SM
prediction for MW . The results are shown in Table I,
where we also compare with the combined MW values in
each scenario via the 1D pull, computed as explained in
Ref. [5]. As it is apparent, there exists a significant 6.5�
discrepancy with the SM in the standard average, which
persists at the level of 3.7� even in the conservative sce-
nario, due to the large di↵erence between the new CDF
measurement and the SM prediction.

Model Pred. MW [GeV] Pull Pred. MW [GeV] Pull
standard average conservative average

SM 80.3499± 0.0056 6.5� 80.3505± 0.0077 3.7�
ST 80.366± 0.029 1.6� 80.367± 0.029 1.4�
STU 80.32± 0.54 0.2� 80.32± 0.54 0.2�

SMEFT 80.66± 1.68 �0.1� 80.66± 1.68 �0.1�

TABLE I. Predictions and pulls for MW in the SM, in the
oblique NP models and in the SMEFT, using the standard
and conservative averaging scenarios. The predictions are
obtained without using the experimental information on MW .
See text for more details.

In Tables II and VI we present, in addition to the
experimental values for all EWPO used, the posterior
from the global fit, the prediction of individual parame-
ters/observables obtained omitting the corresponding ex-
perimental information, the indirect determination of SM
parameters obtained solely from EWPO, and the full pre-
diction obtained using only the experimental information
on SM parameters. For the individual prediction, indi-
rect determination and for the full prediction we also
report the pull for each experimental result. In this re-
gard, from the individual indirect determination of the
SM parameters in Table II, one can observe how the ten-

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)

D0 measurement

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]

before

after

previous average
MW = 80.379 ± 0.012 GeV

new average
MW = 80.4133 ± 0.0088 GeV

“standard”

new average
MW = 80.4133 ± 0.015 GeV

“conservative”

2

FIG. 1. Posterior from a global fit of all EWPO in the SM in the mt vs. MW (top) and sin2 ✓lepte↵ vs. MW (bottom) planes,
superimposed to the posteriors obtained omitting di↵erent observables from the fit in the standard average scenario. Dark
(light) regions correspond to 68% (95%) probability ranges. Direct measurements are shown in grey. The corresponding results
in the conservative average scenario are presented in Figure 3.

obtaining as new average:2

MW = 80.4133± 0.0080 GeV. (5)

As in the top-quark mass case, there is however a sig-
nificant tension between the new CDF measurement and
the other measurements that enter in the calculation of
Eq. (5), with �2/ndof = 3.59. Therefore, in a conserva-
tive average, we inflate the error on MW to 0.015 GeV.

We then perform a series of fits to the di↵erent EWPO
using both the standard (see Eqs. 4 and 5) and conser-
vative assumptions for the uncertainties of the top-quark
and W -boson masses. 3 (Although we will discuss both
scenarios throughout the text, in most of the tables and
figures in the main text we will report the results per-
taining to the standard average. The results for the con-
servative average scenario are shown in the appendix.)
In particular, we are interested in comparing the new
averages with the corresponding predictions obtained in
the SM. For that purpose we first perform a pure SM fit
of all EWPO, excluding the experimental input for MW

2 We observe that the result of the combination does not depend
strongly on the value of the common uncertainty between 0 and
6.9 MeV, the total CDF systematic uncertainty [2]. In particu-
lar, the combined uncertainty ranges between 7.7 and 8.4 MeV,
whereas the central values can change by slightly less than 1 �.
Thus, waiting for an o�cial combination of LHC and TeVatron
results, we take the result in Eq. 5 as our best estimate of MW .

3 Unlike in Ref. [5], we do not consider an inflated uncertainty
for the Higgs-boson mass in the conservative scenario since, as
noted in that reference, this has little impact on the output of
the EW fit. We thus use mH = (125.21 ± 0.12) GeV in all the
fits presented here.

and, from the posterior of such fit, we compute the SM
prediction for MW . The results are shown in Table I,
where we also compare with the combined MW values in
each scenario via the 1D pull, computed as explained in
Ref. [5]. As it is apparent, there exists a significant 6.5�
discrepancy with the SM in the standard average, which
persists at the level of 3.7� even in the conservative sce-
nario, due to the large di↵erence between the new CDF
measurement and the SM prediction.

Model Pred. MW [GeV] Pull Pred. MW [GeV] Pull
standard average conservative average

SM 80.3499± 0.0056 6.5� 80.3505± 0.0077 3.7�
ST 80.366± 0.029 1.6� 80.367± 0.029 1.4�
STU 80.32± 0.54 0.2� 80.32± 0.54 0.2�

SMEFT 80.66± 1.68 �0.1� 80.66± 1.68 �0.1�

TABLE I. Predictions and pulls for MW in the SM, in the
oblique NP models and in the SMEFT, using the standard
and conservative averaging scenarios. The predictions are
obtained without using the experimental information on MW .
See text for more details.

In Tables II and VI we present, in addition to the
experimental values for all EWPO used, the posterior
from the global fit, the prediction of individual parame-
ters/observables obtained omitting the corresponding ex-
perimental information, the indirect determination of SM
parameters obtained solely from EWPO, and the full pre-
diction obtained using only the experimental information
on SM parameters. For the individual prediction, indi-
rect determination and for the full prediction we also
report the pull for each experimental result. In this re-
gard, from the individual indirect determination of the
SM parameters in Table II, one can observe how the ten-

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)

Theory and parametric errors

6

standard scenario conservative scenario

Prediction ↵s(M
2
Z) �↵

(5)
had(M

2
Z) MZ mt Total mt Total

MW [GeV] 80.3545 ±0.0006 ±0.0018 ±0.0027 ±0.0027 ±0.0042 ±0.0060 ±0.0069
�W [GeV] 2.08782 ±0.00040 ±0.00014 ±0.00021 ±0.00021 ±0.00052 ±0.00047 ±0.00066
BRW!`⌫̄` 0.108386 ±0.000024 ±0.000000 ±0.000000 ±0.000000 ±0.000024 ±0.000000 ±0.000024
sin2

✓
lept
e↵ 0.231534 ±0.000003 ±0.000035 ±0.000015 ±0.000013 ±0.000041 ±0.000030 ±0.000048

�Z [GeV] 2.49414 ±0.00049 ±0.00010 ±0.00021 ±0.00010 ±0.00056 ±0.00023 ±0.00060
�
0
h [nb] 41.4929 ±0.0049 ±0.0001 ±0.0020 ±0.0003 ±0.0053 ±0.0007 ±0.0053

R
0
` 20.7464 ±0.0062 ±0.0006 ±0.0003 ±0.0002 ±0.0063 ±0.0004 ±0.0063

A
0,`
FB 0.016191 ±0.000006 ±0.000060 ±0.000026 ±0.000023 ±0.000070 ±0.000052 ±0.000084

A` 0.14692 ±0.00003 ±0.00028 ±0.00012 ±0.00010 ±0.00032 ±0.00023 ±0.00038
R

0
b 0.215880 ±0.000011 ±0.000001 ±0.000000 ±0.000015 ±0.000019 ±0.000034 ±0.000035

R
0
c 0.172198 ±0.000020 ±0.000002 ±0.000001 ±0.000005 ±0.000020 ±0.000011 ±0.000023

A
0,b
FB 0.10300 ±0.00002 ±0.00020 ±0.00008 ±0.00007 ±0.00023 ±0.00016 ±0.00027

A
0,c
FB 0.07358 ±0.00001 ±0.00015 ±0.00006 ±0.00006 ±0.00018 ±0.00013 ±0.00021

Ab 0.934727 ±0.000001 ±0.000023 ±0.000010 ±0.000003 ±0.000025 ±0.000007 ±0.000026
Ac 0.66775 ±0.00001 ±0.00012 ±0.00005 ±0.00005 ±0.00014 ±0.00011 ±0.00017
As 0.935637 ±0.000002 ±0.000022 ±0.000010 ±0.000009 ±0.000026 ±0.000020 ±0.000031
Ruc 0.172220 ±0.000019 ±0.000002 ±0.000001 ±0.000005 ±0.000020 ±0.000011 ±0.000023

TABLE IV. Total parametric uncertainties for SM predictions of EWPO, and individual contributions related to each SM
parameter, except for mH (see text). Individual contributions are obtained setting all SM parameters to their central values,
except for the one indicated in each column, which is allowed to float according to its uncertainty. Results in this Table do not
include the intrinsic uncertainties in Eq. (1).

for the contributions coming from the uncertainty in mH , which, even in the conservative scenario, are numerically
irrelevant in the total parametric uncertainty.

For each observable, we give in Tables II and III, the experimental information used as input (Measurement),
together with the output of the combined fit (Posterior)6, and the Individual Prediction of the same quantity. The
latter is obtained from the posterior predictive distribution derived from a combined analysis of all the other quantities
that are not experimentally correlated with the given observable. The compatibility of the constraints is then evaluated
by sampling the posterior predictive distribution and the experimental one, by constructing the probability density
function (p.d.f.) of the residuals p(x), and by computing the integral of the p.d.f. in the region p(x) < p(0). This
two-sided p � value is then converted to the equivalent number of standard deviations for a Gaussian distribution.
In the case of a Gaussian posterior predictive distribution, this quantity coincides with the usual pull defined as the
di↵erence between the central values of the two distributions divided by the sum in quadrature of the residual mean
square of the distributions themselves. The advantage of this approach is that no approximation is made on the shape
of p.d.f.’s. These 1D pulls are also shown in Figure 1. We can see a clear consistency between the measurement of
all EWPO and their SM predictions. Only A

0,b
FB shows some tension (at the 2� level), which should be considered in

investigating new physics but also treated with care given the large number of observables considered in the EW fit
(see the discussion below for a quantitative assessment of the global significance taking the look-elsewhere e↵ect into
account).

Moreover, when interpreting this 1D pull one needs to take into account that A
0,b
FB is actually part of a set of

experimentally correlated observables. In order to check the consistency between SM and experiments in this case,
one can define an nD pull by removing from the fit one set of correlated observables at a time and computing the
prediction for the set of observables together with their covariance matrix. Then the same procedure described for 1D
pulls can be carried out, this time sampling the posterior predictive and experimental n-dimensional p.d.f.’s. This nD
pull is shown in the last column in Tables II and III, as well as in Figure 1, in which case we see that the global pull for
the set of correlated observables involving A

0,b
FB is reduced to 1.3�. To get an idea of the agreement between the SM

and EWPD, it is useful to consider the distribution of the p-values corresponding to the 1D pulls for the individual
measurements. For purely statistical fluctuations, one expects the p-values to be uniformly distributed between 0 and
1. From the results in Tables II and III, we obtain in both scenarios an average p-value of 0.5 with � = 0.3, fully
compatible with a flat distribution.

In addition to the Individual Predictions obtained removing each individual observable/set of correlated observables
from the fit, one can obtain a Full Prediction by dropping all experimental information on EWPO and just using

6 The correlation matrices from these fits are reported in the Appendix.

Theory intrinsic uncertainties on input parameters

dthMW = 4 MeV , dthsin2qW = 5 ×10-5

dthGZ = 0.4 MeV, dths0
had = 6 pb

dthR0
l = 0.006, dthR0

c = 0.00005
dthR0b = 0.0001

Parametric uncertainties

Still small compared to experimental uncertainties.
Small impact on fit’s outcome.

Using the PDG rescaling 
prescription
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FIG. 1. Posterior from a global fit of all EWPO in the SM in the mt vs. MW (top) and sin2 ✓lepte↵ vs. MW (bottom) planes,
superimposed to the posteriors obtained omitting di↵erent observables from the fit in the standard average scenario. Dark
(light) regions correspond to 68% (95%) probability ranges. Direct measurements are shown in grey. The corresponding results
in the conservative average scenario are presented in Figure 3.

As in the top-quark mass case, there is however a sig-
nificant tension between the new CDF measurement and
the other measurements that enter in the calculation of
Eq. (5), with �2/ndof = 3.59. Therefore, in a conserva-
tive average, we inflate the error on MW to 0.015 GeV.

We then perform a series of fits to the di↵erent EWPO
using both the standard (see Eqs. 4 and 5) and conser-
vative assumptions for the uncertainties of the top-quark
and W -boson masses. 3 (Although we will discuss both
scenarios throughout the text, in most of the tables and
figures in the main text we will report the results per-
taining to the standard average. The results for the con-
servative average scenario are shown in the appendix.)
In particular, we are interested in comparing the new
averages with the corresponding predictions obtained in
the SM. For that purpose we first perform a pure SM fit
of all EWPO, excluding the experimental input for MW

and, from the posterior of such fit, we compute the SM
prediction for MW . The results are shown in Table I,
where we also compare with the combined MW values in
each scenario via the 1D pull, computed as explained in
Ref. [5]. As it is apparent, there exists a significant 6.5�

6.9 MeV, the total CDF systematic uncertainty [2]. In particu-
lar, the combined uncertainty ranges between 7.7 and 8.4 MeV,
whereas the central values can change by slightly less than 1 �.
Thus, waiting for an o�cial combination of LHC and TeVatron
results, we take the result in Eq. 5 as our best estimate of MW .

3 Unlike in Ref. [5], we do not consider an inflated uncertainty
for the Higgs-boson mass in the conservative scenario since, as
noted in that reference, this has little impact on the output of
the EW fit. We thus use mH = (125.21 ± 0.12) GeV in all the
fits presented here.

discrepancy with the SM in the standard average, which
persists at the level of 3.7� even in the conservative sce-
nario, due to the large di↵erence between the new CDF
measurement and the SM prediction.

Model Pred. MW [GeV] Pull Pred. MW [GeV] Pull
standard average conservative average

SM 80.3499± 0.0056 6.5� 80.3505± 0.0077 3.7�
ST 80.366± 0.029 1.6� 80.367± 0.029 1.4�
STU 80.32± 0.54 0.2� 80.32± 0.54 0.2�

SMEFT 80.66± 1.68 �0.1� 80.66± 1.68 �0.1�

TABLE I. Predictions and pulls for MW in the SM, in the
oblique NP models and in the SMEFT, using the standard
and conservative averaging scenarios. The predictions are
obtained without using the experimental information on MW .
See text for more details.

In Tables II and VI we present, in addition to the
experimental values for all EWPO used, the posterior
from the global fit, the prediction of individual parame-
ters/observables obtained omitting the corresponding ex-
perimental information, the indirect determination of SM
parameters obtained solely from EWPO, and the full pre-
diction obtained using only the experimental information
on SM parameters. For the individual prediction, indi-
rect determination and for the full prediction we also
report the pull for each experimental result. In this re-
gard, from the individual indirect determination of the
SM parameters in Table II, one can observe how the ten-
sions introduced by the new measurements in the SM fit
result into sizable pulls for the di↵erent SM inputs, at

the level of 4 � (6 �) for �↵(5)
had(MZ) and mH (MZ and

mt). Each pull can be converted in a p-value, and the
global consistency of the SM in the EWPO domain can
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Impact of the new mW and mt measurements
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FIG. 1. Posterior from a global fit of all EWPO in the SM in the mt vs. MW (top) and sin2 ✓lepte↵ vs. MW (bottom) planes,
superimposed to the posteriors obtained omitting di↵erent observables from the fit in the standard average scenario. Dark
(light) regions correspond to 68% (95%) probability ranges. Direct measurements are shown in grey. The corresponding results
in the conservative average scenario are presented in Figure 3.

As in the top-quark mass case, there is however a sig-
nificant tension between the new CDF measurement and
the other measurements that enter in the calculation of
Eq. (5), with �2/ndof = 3.59. Therefore, in a conserva-
tive average, we inflate the error on MW to 0.015 GeV.

We then perform a series of fits to the di↵erent EWPO
using both the standard (see Eqs. 4 and 5) and conser-
vative assumptions for the uncertainties of the top-quark
and W -boson masses. 3 (Although we will discuss both
scenarios throughout the text, in most of the tables and
figures in the main text we will report the results per-
taining to the standard average. The results for the con-
servative average scenario are shown in the appendix.)
In particular, we are interested in comparing the new
averages with the corresponding predictions obtained in
the SM. For that purpose we first perform a pure SM fit
of all EWPO, excluding the experimental input for MW

and, from the posterior of such fit, we compute the SM
prediction for MW . The results are shown in Table I,
where we also compare with the combined MW values in
each scenario via the 1D pull, computed as explained in
Ref. [5]. As it is apparent, there exists a significant 6.5�

6.9 MeV, the total CDF systematic uncertainty [2]. In particu-
lar, the combined uncertainty ranges between 7.7 and 8.4 MeV,
whereas the central values can change by slightly less than 1 �.
Thus, waiting for an o�cial combination of LHC and TeVatron
results, we take the result in Eq. 5 as our best estimate of MW .

3 Unlike in Ref. [5], we do not consider an inflated uncertainty
for the Higgs-boson mass in the conservative scenario since, as
noted in that reference, this has little impact on the output of
the EW fit. We thus use mH = (125.21 ± 0.12) GeV in all the
fits presented here.

discrepancy with the SM in the standard average, which
persists at the level of 3.7� even in the conservative sce-
nario, due to the large di↵erence between the new CDF
measurement and the SM prediction.

Model Pred. MW [GeV] Pull Pred. MW [GeV] Pull
standard average conservative average

SM 80.3499± 0.0056 6.5� 80.3505± 0.0077 3.7�
ST 80.366± 0.029 1.6� 80.367± 0.029 1.4�
STU 80.32± 0.54 0.2� 80.32± 0.54 0.2�

SMEFT 80.66± 1.68 �0.1� 80.66± 1.68 �0.1�

TABLE I. Predictions and pulls for MW in the SM, in the
oblique NP models and in the SMEFT, using the standard
and conservative averaging scenarios. The predictions are
obtained without using the experimental information on MW .
See text for more details.

In Tables II and VI we present, in addition to the
experimental values for all EWPO used, the posterior
from the global fit, the prediction of individual parame-
ters/observables obtained omitting the corresponding ex-
perimental information, the indirect determination of SM
parameters obtained solely from EWPO, and the full pre-
diction obtained using only the experimental information
on SM parameters. For the individual prediction, indi-
rect determination and for the full prediction we also
report the pull for each experimental result. In this re-
gard, from the individual indirect determination of the
SM parameters in Table II, one can observe how the ten-
sions introduced by the new measurements in the SM fit
result into sizable pulls for the di↵erent SM inputs, at

the level of 4 � (6 �) for �↵(5)
had(MZ) and mH (MZ and

mt). Each pull can be converted in a p-value, and the
global consistency of the SM in the EWPO domain can
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Impact of the new mW and mt measurements
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FIG. 2. P.d.f’s for oblique parameters from a global fit to all EWPO for the standard average scenario. (Left panel) Scenario
with U = 0. (Center and right panels) Scenario with U 6= 0. Dark (light) regions correspond to 68% (95%) probability ranges.

Measurement ST STU SMEFT
MW [GeV] 80.4133± 0.0080 80.4100± 0.0077 80.4133± 0.0080 80.4133± 0.0080
�W [GeV] 2.085± 0.042 2.09214± 0.00072 2.09251± 0.00075 2.0778± 0.0070

sin2 ✓lepte↵ (Qhad
FB ) 0.2324± 0.0012 0.23142± 0.00013 0.23147± 0.00014 –

P pol
⌧ = A` 0.1465± 0.0033 0.1478± 0.0011 0.1474± 0.0011 0.1488± 0.0014

�Z [GeV] 2.4955± 0.0023 2.49812± 0.00099 2.4951± 0.0022 2.4955± 0.0023
�0
h [nb] 41.480± 0.033 41.4910± 0.0077 41.4905± 0.0077 41.481± 0.032
R0

` 20.767± 0.025 20.7506± 0.0084 20.7510± 0.0084 20.769± 0.024
A0,`

FB 0.0171± 0.0010 0.01638± 0.00023 0.01630± 0.00024 0.01659± 0.00032
A` (SLD) 0.1513± 0.0021 0.1478± 0.0011 0.1474± 0.0011 0.1488± 0.0014

R0
b 0.21629± 0.00066 0.21591± 0.00010 0.21591± 0.00010 0.21632± 0.00065

R0
c 0.1721± 0.0030 0.172198± 0.000054 0.172200± 0.000054 0.17159± 0.00099

A0,b
FB 0.0996± 0.0016 0.10362± 0.00075 0.10336± 0.00077 0.1008± 0.0014

A0,c
FB 0.0707± 0.0035 0.07407± 0.00058 0.07387± 0.00059 0.0734± 0.0022
Ab 0.923± 0.020 0.934812± 0.000097 0.934779± 0.000099 0.903± 0.013
Ac 0.670± 0.027 0.66815± 0.00052 0.66796± 0.00053 0.658± 0.020
As 0.895± 0.091 0.935710± 0.000096 0.935676± 0.000097 0.905± 0.012

BRW!`⌫̄` 0.10860± 0.00090 0.108386± 0.000022 0.108380± 0.000022 0.10900± 0.00038
sin2 ✓lepte↵ (HC) 0.23143± 0.00025 0.23142± 0.00013 0.23147± 0.00014 –

Ruc 0.1660± 0.0090 0.172220± 0.000032 0.172222± 0.000032 0.17161± 0.00098

TABLE IV. Posterior distributions for the global fit to all EWPO in the NP scenarios discussed in the text. For the reader’s
convenience we also report experimental data in the first column. The measurements interpreted as determinations of the
e↵ective leptonic weak mixing angle, namely sin2 ✓lepte↵ (Qhad

FB ) and sin2 ✓lepte↵ (HC), are not included in the SMEFT fits.

changes in their correlations as well as mild changes, of
order ten percent, in their uncertainties, whereas the cen-
tral values of the Wilson coe�cients stay approximately
the same. The posterior for the EWPO in this case is
also reported in Tables IV and IX.

In conclusion, recent measurements of mt [1] and
MW [2] are introducing some tensions in global fits of
EW precision observables. In this Letter we have stud-
ied their impact on electroweak precision fits both in the
SM and in some prototype scenarios of NP beyond the
SM. Future EW precision measurements at both the LHC
and the HL-LHC will add to this picture and contribute
to confirm or resolve potential tensions in the SM.
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APPENDIX ON THE CONSERVATIVE AVERAGE

SCENARIO

In this appendix we present the results of our analy-
sis in the conservative average scenario for mt and MW .
Figure 3 presents the posteriors for di↵erent fits in the
mt vs MW and sin2 ✓lepte↵ vs MW planes in the SM. Re-
sults of SM fits are reported in Table VI, while Figure 4
and Table VII present results obtained in the scenario
with dominant oblique NP contributions, and Table VIII
presents the corresponding results for the SMEFT. Pos-
teriors for all EWPO in the NP scenarios considered are
reported in Table IX.

6

Result Correlation Matrix
(ICSMEFT/ICSM = 31.8/80.2)

Ĉ(1)
'l

�0.007± 0.011 1.00

Ĉ(3)
'l

�0.042± 0.015 �0.68 1.00

Ĉ'e �0.017± 0.009 0.48 0.04 1.00

Ĉ(1)
'q �0.018± 0.044 �0.02 �0.06 �0.13 1.00

Ĉ(3)
'q �0.113± 0.043 �0.03 0.04 �0.16 �0.37 1.00

Ĉ'u 0.090± 0.150 0.06 �0.04 0.04 0.61 �0.77 1.00
Ĉ'd �0.630± 0.250 �0.13 �0.05 �0.30 0.40 0.58 �0.04 1.00
Ĉll �0.022± 0.028 �0.80 0.95 �0.10 �0.06 �0.01 �0.04 �0.05 1.00

TABLE V. Results from the dimension-six SMEFT fit in the standard average scenario. The values of the Wilson coe�cients
Ĉi are given in units of TeV�2.
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FIG. 3. Same as Figure 1 in the conservative average scenario.
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Fitting Oblique Corrections: S, T (with U=0)
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FIG. 1. Posterior from a global fit of all EWPO in the SM in the mt vs. MW (top) and sin2 ✓lepte↵ vs. MW (bottom) planes,
superimposed to the posteriors obtained omitting di↵erent observables from the fit in the standard average scenario. Dark
(light) regions correspond to 68% (95%) probability ranges. Direct measurements are shown in grey. The corresponding results
in the conservative average scenario are presented in Figure 3.

As in the top-quark mass case, there is however a sig-
nificant tension between the new CDF measurement and
the other measurements that enter in the calculation of
Eq. (5), with �2/ndof = 3.59. Therefore, in a conserva-
tive average, we inflate the error on MW to 0.015 GeV.

We then perform a series of fits to the di↵erent EWPO
using both the standard (see Eqs. 4 and 5) and conser-
vative assumptions for the uncertainties of the top-quark
and W -boson masses. 3 (Although we will discuss both
scenarios throughout the text, in most of the tables and
figures in the main text we will report the results per-
taining to the standard average. The results for the con-
servative average scenario are shown in the appendix.)
In particular, we are interested in comparing the new
averages with the corresponding predictions obtained in
the SM. For that purpose we first perform a pure SM fit
of all EWPO, excluding the experimental input for MW

and, from the posterior of such fit, we compute the SM
prediction for MW . The results are shown in Table I,
where we also compare with the combined MW values in
each scenario via the 1D pull, computed as explained in
Ref. [5]. As it is apparent, there exists a significant 6.5�

6.9 MeV, the total CDF systematic uncertainty [2]. In particu-
lar, the combined uncertainty ranges between 7.7 and 8.4 MeV,
whereas the central values can change by slightly less than 1 �.
Thus, waiting for an o�cial combination of LHC and TeVatron
results, we take the result in Eq. 5 as our best estimate of MW .

3 Unlike in Ref. [5], we do not consider an inflated uncertainty
for the Higgs-boson mass in the conservative scenario since, as
noted in that reference, this has little impact on the output of
the EW fit. We thus use mH = (125.21 ± 0.12) GeV in all the
fits presented here.

discrepancy with the SM in the standard average, which
persists at the level of 3.7� even in the conservative sce-
nario, due to the large di↵erence between the new CDF
measurement and the SM prediction.

Model Pred. MW [GeV] Pull Pred. MW [GeV] Pull
standard average conservative average

SM 80.3499± 0.0056 6.5� 80.3505± 0.0077 3.7�
ST 80.366± 0.029 1.6� 80.367± 0.029 1.4�
STU 80.32± 0.54 0.2� 80.32± 0.54 0.2�

SMEFT 80.66± 1.68 �0.1� 80.66± 1.68 �0.1�

TABLE I. Predictions and pulls for MW in the SM, in the
oblique NP models and in the SMEFT, using the standard
and conservative averaging scenarios. The predictions are
obtained without using the experimental information on MW .
See text for more details.

In Tables II and VI we present, in addition to the
experimental values for all EWPO used, the posterior
from the global fit, the prediction of individual parame-
ters/observables obtained omitting the corresponding ex-
perimental information, the indirect determination of SM
parameters obtained solely from EWPO, and the full pre-
diction obtained using only the experimental information
on SM parameters. For the individual prediction, indi-
rect determination and for the full prediction we also
report the pull for each experimental result. In this re-
gard, from the individual indirect determination of the
SM parameters in Table II, one can observe how the ten-
sions introduced by the new measurements in the SM fit
result into sizable pulls for the di↵erent SM inputs, at

the level of 4 � (6 �) for �↵(5)
had(MZ) and mH (MZ and

mt). Each pull can be converted in a p-value, and the
global consistency of the SM in the EWPO domain can

4

EW oblique corrections (here denoted as oblique models)
and the case in which NP is described at the EW scale
by more general e↵ective interactions, taking as proto-
type example the dimension-six SM E↵ective Field The-
ory (SMEFT). Let us first consider a class of NP models
in which the dominant contributions to EWPO are ex-
pected to arise as oblique corrections, i.e. via modifica-
tions of the EW gauge-boson self energies, and can thus
be parameterized in terms of the S, T , and U parameters
introduced in Ref. [47, 48] (or equivalently by the "1,2,3
parameters introduced in refs. [49–51], although, for the
sake of brevity, we consider here only the former set of
parameters). The explicit dependence of the EWPO on
S, T , and U can be found in appendix A of Ref. [52].
If one assumes NP contributions to U to be negligible,
then a prediction for MW can be obtained from all other
EWPO, as reported in Table I, and could reduce the SM
discrepancy with the experimental value of MW to a ten-
sion at the 1.5 � level. This scenario, U ⌧ S, T , is ex-
pected in extensions with heavy new physics where the
SM gauge symmetries are realized linearly in the light
fields, in which case U is generated by interactions of
mass dimension eight, and is then suppressed with re-
spect to S and T , which are given by dimension-six in-
teractions. Alternatively, to describe scenarios where siz-
able contributions to U are generated, we also consider
the case where this parameter is left free. 4 In this case,
since U is only very loosely constrained by �W , MW can-
not be predicted with a reasonable accuracy. At the same
time, this means that the apparent discrepancy with the
new MW measurement can be solved by a nonvanishing
U parameter. In Tables III and VII we report the results
of a global fit, including MW , for the oblique parame-
ters, while the corresponding probability density func-
tions (p.d.f.) are presented in Figs. 2 and 4. We also
report the value of the Information Criterion (IC) [54] of
the fits, compared to the SM one. The posterior for the
EWPO is reported in Tables IV and IX.

Result Correlation Result Correlation
(ICST/ICSM = 25.0/80.2) (ICSTU/ICSM = 25.3/80.2)

S 0.100± 0.073 1.00 0.005± 0.096 1.00
T 0.202± 0.056 0.93 1.00 0.040± 0.120 0.91 1.00
U � � � 0.134± 0.087 �0.65 �0.88 1.00

TABLE III. Results of the global fit of the oblique parameters
to all EWPO in the standard average scenario.

We then relax the assumption of dominant oblique NP
contributions and consider generic heavy NP within the
formalism of the dimension-six SMEFT. Here we work
in the so-called Warsaw basis [55] assuming fermion uni-
versality and, as in the fits presented above, we use the

4 The STU results can also be used to derive constraints in terms
of the three combinations of four dimension-six oblique operators
that a↵ect EWPO, namely S, T,W , and Y [53], via their relation
with the "1,2,3 parameters [53].

{↵, Gµ,MZ} EW input scheme [56]. In the Warsaw ba-
sis, there are a total of ten operators that can modify the
EWPO at leading order, but only eight combinations of
the corresponding Wilson coe�cients can be constrained
by the data in Table II [57, 58]. Using the notation of [55],
these combinations can be written as, e.g. [57]

Ĉ(1)
'f

=C(1)
'f

� Yf

2
C'D, f = l, q, e, u, d, (6)

Ĉ(3)
'f

=C(3)
'f

+
c2
w

4s2
w

C'D +
cw
sw

C'WB , f = l, q, (7)

Ĉll =
1

2
((Cll)1221 + (Cll)2112) = (Cll)1221, (8)

where sw, cw are the sine and cosine of the weak mix-
ing angle, Yf denotes the fermion hypercharge and we
have absorbed the dependence on the cut-o↵ scale of the
SMEFT, ⇤, in the Wilson coe�cients, i.e. the above co-
e�cients carry dimension of [mass]�2. Furthermore, the
e↵ective EW fermion couplings always depend on Ĉll via
the following combinations, fixed by the corresponding
fermionic quantum numbers (see e.g. [59]),

Ĉ(3)
'f

� c2
w

2s2
w

Ĉll and Ĉ(1)
'f

+ Yf Ĉll, (9)

such that the e↵ects of Ĉll cannot be separated from
other operators using only Z-pole observables. The flat
direction can be broken by the W -boson mass, which de-

pends on Ĉ(3)
'l

� Ĉll/2, or any observable sensitive to its
value, e.g. the W -boson width �W . The comparatively
low precision of the experimental measurement of �W

(⇠ 2%) thus results in a weak prediction for MW from
the SMEFT fit, with an uncertainty somewhat below 2
GeV5, see Table I, which can easily fit the experimental
measurement, via a non-zero value of the combination

Ĉ(3)
'l

� Ĉll/2. Indeed, as can be seen in Tables V and
VIII for the standard and conservative scenarios, respec-
tively, the two operators involved in the combination are

strongly correlated between them, but also with Ĉ(1)
'l

.
The latter correlation can be understood from the fact
that the combination Ĉ(1)

'l
+ Ĉ(3)

'l
is the one that directly

corrects the left-handed electron couplings, which is mea-
sured to the permil level. The extraction of this coupling
from data, however, is typically correlated with the one
on the right-handed coupling, sensitive to Ĉ'e, compli-
cating slightly more the correlation pattern in the output
of the global fit. It is, in fact, in the information of the
leptonic operators where one observes the main di↵erence
between the fits using the standard and conservative av-
erages of the experimental values. This is reflected in

5 This only accounts for the SMEFT parametric and SM intrinsic
uncertainties but neglects the uncertainty associated to higher-
order e↵ects in the SMEFT, e.g. from dimension-eight contribu-
tions, which could be evaluated via the methods of [60].

A large T value can 
compensate for the W mass, 

reducing the fit pull close to 1σ
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Result Correlation Matrix
(ICSMEFT/ICSM = 31.8/80.2)

Ĉ(1)
'l

�0.007± 0.011 1.00

Ĉ(3)
'l

�0.042± 0.015 �0.68 1.00

Ĉ'e �0.017± 0.009 0.48 0.04 1.00

Ĉ(1)
'q �0.018± 0.044 �0.02 �0.06 �0.13 1.00

Ĉ(3)
'q �0.113± 0.043 �0.03 0.04 �0.16 �0.37 1.00

Ĉ'u 0.090± 0.150 0.06 �0.04 0.04 0.61 �0.77 1.00
Ĉ'd �0.630± 0.250 �0.13 �0.05 �0.30 0.40 0.58 �0.04 1.00
Ĉll �0.022± 0.028 �0.80 0.95 �0.10 �0.06 �0.01 �0.04 �0.05 1.00

TABLE V. Results from the dimension-six SMEFT fit in the standard average scenario. The values of the Wilson coe�cients
Ĉi are given in units of TeV�2.
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FIG. 3. Same as Figure 1 in the conservative average scenario.
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FIG. 4. Same as Figure 2 for the conservative average scenario.
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FIG. 2. P.d.f’s for oblique parameters from a global fit to all EWPO for the standard average scenario. (Left panel) Scenario
with U = 0. (Center and right panels) Scenario with U 6= 0. Dark (light) regions correspond to 68% (95%) probability ranges.

Measurement ST STU SMEFT
MW [GeV] 80.4133± 0.0080 80.4100± 0.0077 80.4133± 0.0080 80.4133± 0.0080
�W [GeV] 2.085± 0.042 2.09214± 0.00072 2.09251± 0.00075 2.0778± 0.0070

sin2 ✓lepte↵ (Qhad
FB ) 0.2324± 0.0012 0.23142± 0.00013 0.23147± 0.00014 –

P pol
⌧ = A` 0.1465± 0.0033 0.1478± 0.0011 0.1474± 0.0011 0.1488± 0.0014

�Z [GeV] 2.4955± 0.0023 2.49812± 0.00099 2.4951± 0.0022 2.4955± 0.0023
�0
h [nb] 41.480± 0.033 41.4910± 0.0077 41.4905± 0.0077 41.481± 0.032
R0

` 20.767± 0.025 20.7506± 0.0084 20.7510± 0.0084 20.769± 0.024
A0,`

FB 0.0171± 0.0010 0.01638± 0.00023 0.01630± 0.00024 0.01659± 0.00032
A` (SLD) 0.1513± 0.0021 0.1478± 0.0011 0.1474± 0.0011 0.1488± 0.0014

R0
b 0.21629± 0.00066 0.21591± 0.00010 0.21591± 0.00010 0.21632± 0.00065

R0
c 0.1721± 0.0030 0.172198± 0.000054 0.172200± 0.000054 0.17159± 0.00099

A0,b
FB 0.0996± 0.0016 0.10362± 0.00075 0.10336± 0.00077 0.1008± 0.0014

A0,c
FB 0.0707± 0.0035 0.07407± 0.00058 0.07387± 0.00059 0.0734± 0.0022
Ab 0.923± 0.020 0.934812± 0.000097 0.934779± 0.000099 0.903± 0.013
Ac 0.670± 0.027 0.66815± 0.00052 0.66796± 0.00053 0.658± 0.020
As 0.895± 0.091 0.935710± 0.000096 0.935676± 0.000097 0.905± 0.012

BRW!`⌫̄` 0.10860± 0.00090 0.108386± 0.000022 0.108380± 0.000022 0.10900± 0.00038
sin2 ✓lepte↵ (HC) 0.23143± 0.00025 0.23142± 0.00013 0.23147± 0.00014 –

Ruc 0.1660± 0.0090 0.172220± 0.000032 0.172222± 0.000032 0.17161± 0.00098

TABLE IV. Posterior distributions for the global fit to all EWPO in the NP scenarios discussed in the text. For the reader’s
convenience we also report experimental data in the first column. The measurements interpreted as determinations of the
e↵ective leptonic weak mixing angle, namely sin2 ✓lepte↵ (Qhad

FB ) and sin2 ✓lepte↵ (HC), are not included in the SMEFT fits.

changes in their correlations as well as mild changes, of
order ten percent, in their uncertainties, whereas the cen-
tral values of the Wilson coe�cients stay approximately
the same. The posterior for the EWPO in this case is
also reported in Tables IV and IX.

In conclusion, recent measurements of mt [1] and
MW [2] are introducing some tensions in global fits of
EW precision observables. In this Letter we have stud-
ied their impact on electroweak precision fits both in the
SM and in some prototype scenarios of NP beyond the
SM. Future EW precision measurements at both the LHC
and the HL-LHC will add to this picture and contribute
to confirm or resolve potential tensions in the SM.
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APPENDIX ON THE CONSERVATIVE AVERAGE

SCENARIO

In this appendix we present the results of our analy-
sis in the conservative average scenario for mt and MW .
Figure 3 presents the posteriors for di↵erent fits in the
mt vs MW and sin2 ✓lepte↵ vs MW planes in the SM. Re-
sults of SM fits are reported in Table VI, while Figure 4
and Table VII present results obtained in the scenario
with dominant oblique NP contributions, and Table VIII
presents the corresponding results for the SMEFT. Pos-
teriors for all EWPO in the NP scenarios considered are
reported in Table IX.

11

Fitting Oblique Corrections: S, T, U

2

80.3 80.4 80.5

[GeV]WM

150

200

[G
eV

]
t

m

HEP fit

68% and 95% probability contours
H, and mt, mWFit without M

t and mWFit without M
Full Fit
Experimental measurements

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

FIG. 1. Posterior from a global fit of all EWPO in the SM in the mt vs. MW (top) and sin2 ✓lepte↵ vs. MW (bottom) planes,
superimposed to the posteriors obtained omitting di↵erent observables from the fit in the standard average scenario. Dark
(light) regions correspond to 68% (95%) probability ranges. Direct measurements are shown in grey. The corresponding results
in the conservative average scenario are presented in Figure 3.

As in the top-quark mass case, there is however a sig-
nificant tension between the new CDF measurement and
the other measurements that enter in the calculation of
Eq. (5), with �2/ndof = 3.59. Therefore, in a conserva-
tive average, we inflate the error on MW to 0.015 GeV.

We then perform a series of fits to the di↵erent EWPO
using both the standard (see Eqs. 4 and 5) and conser-
vative assumptions for the uncertainties of the top-quark
and W -boson masses. 3 (Although we will discuss both
scenarios throughout the text, in most of the tables and
figures in the main text we will report the results per-
taining to the standard average. The results for the con-
servative average scenario are shown in the appendix.)
In particular, we are interested in comparing the new
averages with the corresponding predictions obtained in
the SM. For that purpose we first perform a pure SM fit
of all EWPO, excluding the experimental input for MW

and, from the posterior of such fit, we compute the SM
prediction for MW . The results are shown in Table I,
where we also compare with the combined MW values in
each scenario via the 1D pull, computed as explained in
Ref. [5]. As it is apparent, there exists a significant 6.5�

6.9 MeV, the total CDF systematic uncertainty [2]. In particu-
lar, the combined uncertainty ranges between 7.7 and 8.4 MeV,
whereas the central values can change by slightly less than 1 �.
Thus, waiting for an o�cial combination of LHC and TeVatron
results, we take the result in Eq. 5 as our best estimate of MW .

3 Unlike in Ref. [5], we do not consider an inflated uncertainty
for the Higgs-boson mass in the conservative scenario since, as
noted in that reference, this has little impact on the output of
the EW fit. We thus use mH = (125.21 ± 0.12) GeV in all the
fits presented here.

discrepancy with the SM in the standard average, which
persists at the level of 3.7� even in the conservative sce-
nario, due to the large di↵erence between the new CDF
measurement and the SM prediction.

Model Pred. MW [GeV] Pull Pred. MW [GeV] Pull
standard average conservative average

SM 80.3499± 0.0056 6.5� 80.3505± 0.0077 3.7�
ST 80.366± 0.029 1.6� 80.367± 0.029 1.4�
STU 80.32± 0.54 0.2� 80.32± 0.54 0.2�

SMEFT 80.66± 1.68 �0.1� 80.66± 1.68 �0.1�

TABLE I. Predictions and pulls for MW in the SM, in the
oblique NP models and in the SMEFT, using the standard
and conservative averaging scenarios. The predictions are
obtained without using the experimental information on MW .
See text for more details.

In Tables II and VI we present, in addition to the
experimental values for all EWPO used, the posterior
from the global fit, the prediction of individual parame-
ters/observables obtained omitting the corresponding ex-
perimental information, the indirect determination of SM
parameters obtained solely from EWPO, and the full pre-
diction obtained using only the experimental information
on SM parameters. For the individual prediction, indi-
rect determination and for the full prediction we also
report the pull for each experimental result. In this re-
gard, from the individual indirect determination of the
SM parameters in Table II, one can observe how the ten-
sions introduced by the new measurements in the SM fit
result into sizable pulls for the di↵erent SM inputs, at

the level of 4 � (6 �) for �↵(5)
had(MZ) and mH (MZ and

mt). Each pull can be converted in a p-value, and the
global consistency of the SM in the EWPO domain can

4

EW oblique corrections (here denoted as oblique models)
and the case in which NP is described at the EW scale
by more general e↵ective interactions, taking as proto-
type example the dimension-six SM E↵ective Field The-
ory (SMEFT). Let us first consider a class of NP models
in which the dominant contributions to EWPO are ex-
pected to arise as oblique corrections, i.e. via modifica-
tions of the EW gauge-boson self energies, and can thus
be parameterized in terms of the S, T , and U parameters
introduced in Ref. [47, 48] (or equivalently by the "1,2,3
parameters introduced in refs. [49–51], although, for the
sake of brevity, we consider here only the former set of
parameters). The explicit dependence of the EWPO on
S, T , and U can be found in appendix A of Ref. [52].
If one assumes NP contributions to U to be negligible,
then a prediction for MW can be obtained from all other
EWPO, as reported in Table I, and could reduce the SM
discrepancy with the experimental value of MW to a ten-
sion at the 1.5 � level. This scenario, U ⌧ S, T , is ex-
pected in extensions with heavy new physics where the
SM gauge symmetries are realized linearly in the light
fields, in which case U is generated by interactions of
mass dimension eight, and is then suppressed with re-
spect to S and T , which are given by dimension-six in-
teractions. Alternatively, to describe scenarios where siz-
able contributions to U are generated, we also consider
the case where this parameter is left free. 4 In this case,
since U is only very loosely constrained by �W , MW can-
not be predicted with a reasonable accuracy. At the same
time, this means that the apparent discrepancy with the
new MW measurement can be solved by a nonvanishing
U parameter. In Tables III and VII we report the results
of a global fit, including MW , for the oblique parame-
ters, while the corresponding probability density func-
tions (p.d.f.) are presented in Figs. 2 and 4. We also
report the value of the Information Criterion (IC) [54] of
the fits, compared to the SM one. The posterior for the
EWPO is reported in Tables IV and IX.

Result Correlation Result Correlation
(ICST/ICSM = 25.0/80.2) (ICSTU/ICSM = 25.3/80.2)

S 0.100± 0.073 1.00 0.005± 0.096 1.00
T 0.202± 0.056 0.93 1.00 0.040± 0.120 0.91 1.00
U � � � 0.134± 0.087 �0.65 �0.88 1.00

TABLE III. Results of the global fit of the oblique parameters
to all EWPO in the standard average scenario.

We then relax the assumption of dominant oblique NP
contributions and consider generic heavy NP within the
formalism of the dimension-six SMEFT. Here we work
in the so-called Warsaw basis [55] assuming fermion uni-
versality and, as in the fits presented above, we use the

4 The STU results can also be used to derive constraints in terms
of the three combinations of four dimension-six oblique operators
that a↵ect EWPO, namely S, T,W , and Y [53], via their relation
with the "1,2,3 parameters [53].

{↵, Gµ,MZ} EW input scheme [56]. In the Warsaw ba-
sis, there are a total of ten operators that can modify the
EWPO at leading order, but only eight combinations of
the corresponding Wilson coe�cients can be constrained
by the data in Table II [57, 58]. Using the notation of [55],
these combinations can be written as, e.g. [57]

Ĉ(1)
'f

=C(1)
'f

� Yf

2
C'D, f = l, q, e, u, d, (6)

Ĉ(3)
'f

=C(3)
'f

+
c2
w

4s2
w

C'D +
cw
sw

C'WB , f = l, q, (7)

Ĉll =
1

2
((Cll)1221 + (Cll)2112) = (Cll)1221, (8)

where sw, cw are the sine and cosine of the weak mix-
ing angle, Yf denotes the fermion hypercharge and we
have absorbed the dependence on the cut-o↵ scale of the
SMEFT, ⇤, in the Wilson coe�cients, i.e. the above co-
e�cients carry dimension of [mass]�2. Furthermore, the
e↵ective EW fermion couplings always depend on Ĉll via
the following combinations, fixed by the corresponding
fermionic quantum numbers (see e.g. [59]),

Ĉ(3)
'f

� c2
w

2s2
w

Ĉll and Ĉ(1)
'f

+ Yf Ĉll, (9)

such that the e↵ects of Ĉll cannot be separated from
other operators using only Z-pole observables. The flat
direction can be broken by the W -boson mass, which de-

pends on Ĉ(3)
'l

� Ĉll/2, or any observable sensitive to its
value, e.g. the W -boson width �W . The comparatively
low precision of the experimental measurement of �W

(⇠ 2%) thus results in a weak prediction for MW from
the SMEFT fit, with an uncertainty somewhat below 2
GeV5, see Table I, which can easily fit the experimental
measurement, via a non-zero value of the combination

Ĉ(3)
'l

� Ĉll/2. Indeed, as can be seen in Tables V and
VIII for the standard and conservative scenarios, respec-
tively, the two operators involved in the combination are

strongly correlated between them, but also with Ĉ(1)
'l

.
The latter correlation can be understood from the fact
that the combination Ĉ(1)

'l
+ Ĉ(3)

'l
is the one that directly

corrects the left-handed electron couplings, which is mea-
sured to the permil level. The extraction of this coupling
from data, however, is typically correlated with the one
on the right-handed coupling, sensitive to Ĉ'e, compli-
cating slightly more the correlation pattern in the output
of the global fit. It is, in fact, in the information of the
leptonic operators where one observes the main di↵erence
between the fits using the standard and conservative av-
erages of the experimental values. This is reflected in

5 This only accounts for the SMEFT parametric and SM intrinsic
uncertainties but neglects the uncertainty associated to higher-
order e↵ects in the SMEFT, e.g. from dimension-eight contribu-
tions, which could be evaluated via the methods of [60].

A large U value can 
compensate for the W mass, 

without pulling S and T
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Conclusions
๏Since decades, the EW fit has been one of our most effective tools to test the SM and probe the presence of new 

physics at higher energy scale


๏The recent update of mW and mt measurements represent a further step forward in precision


๏But the new mW measurement by CDF challenges the consistency of the fit


๏Certainly, new physics effects can compensate for that


๏ Invoking large T (if U=0) or U oblique correction


๏Adjusting the value of the  combination of SMEFT coefficients


๏On the other hand, this doesn't address the issue of compatibility between experimental measurements


๏Something that we tried to mitigate inflating the uncertainty on the average (PDG style)


๏Something that requires (ongoing) scrutiny by the experiments

Ĉ(3)
ϕℓ −

Ĉℓℓ

2
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Top Mass combination

๏To combine mt measurements, we need some correlation model


๏we assume a linear correlation between systematic uncertainties from different 
measurements  which results in the “standard average” 




๏Doing so, we observe a tension between some set of measurements (ATLAS and CMS l+jets)


๏By applying the PDG procedure, the uncertainty explodes to 1.7 GeV. We don’t think this 
reflects what we know about the W mass=, so we discarded this value


๏ Instead, we infuriated the error up to 1 GeV (“conservative” scenario) which in any case 
has little impact on the fit (parametric uncertainties are subleasing with respect to 
experimental errors on EWPO)

ρsys
ij = min(σi, σj)/ max(σi, σj)

mt = 171.79 ± 0.38


