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Introduction



The physics case for the W mass
• The MW mass measurement is one of the important items of the SM precision

program at colliders
• The value of MW is important to understand the consistency of the SM and to

constrain new physics2 52. Mass and width of the W boson
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Figure 52.1: Measurements of the W-boson mass by the LEP, Tevatron and LHC
experiments.

Good agreement between the LEP and Tevatron results is observed. Combining these
results, assuming no common systematic uncertainties between the LEP and the Tevatron
measurements, yields an average W mass of MW = 80.385± 0.015 GeV and a W width
of ΓW = 2.085± 0.042 GeV.

At the 2016/17 winter conferences, the ATLAS collaboration presented a measurement
of the mass of the W boson in pp collisions at

√
s = 7 TeV, MW = 80.370± 0.019 GeV,

since then published [6], which is compatible with the above world average and of
similar precision to the best measurements of CDF and D0. Assuming a Tevtaron/LHC
common PDF uncertainty of 7 MeV [7], this results in a new world average of
MW = 80.379± 0.012 GeV.

The LEP, Tevatron and LHC results on mass and width, which are based on all results
available, are compared in Fig. 52.1 and Fig. 52.2. The Standard Model prediction from
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The physics case for the W mass

• The MW mass measurement is one of the important items of the SM precision
program at colliders

• The value of MW is important to understand the consistency of the SM and to
constrain new physics

(6.5 MeV) and track momentum (2.3 MeV),
on the z coordinate measured in the COT
(0.8 MeV), and on QED radiative corrections
(3.1 MeV). Measurements of the Z boson
mass using the dielectron track momenta,
and comparisons of mass measurements using
radiative and nonradiative electrons, provide
consistent results. The final calibration of the
electron energy is obtained by combining the
E/p-based calibration with the Z → eeð Þmass-
based calibration, taking into account the cor-
related uncertainty on the radiative corrections.
The spectator partons in the proton and

antiproton, as well as the additional (≈3) p�p
interactions in the same collider bunch cross-
ing, contribute visible energy that degrades
the resolution of u

→
. These contributions are

measured from events triggered on inelastic
p�p interactions and random bunch cross-
ings, reproducing the collision environment
of theW and Z boson data. Because there are
no high-pT neutrinos in the Z boson data, the
p
→
T imbalance between thep

→‘‘

T andu
→
inZ → ‘‘

events is used to measure the calorimeter
response to, and resolution of, the initial-
state QCD radiation accompanying boson
production. The simulation of the recoil vector
u
→
also requires knowledge of the distribution of

the energy flow into the calorimeter towers
impacted by the leptons, because these towers
are excluded from the computation of u

→
. This

energy flow ismeasured from theW boson data
using the event-averaged response of towers
separated in azimuth from the lepton direction.

Extracting the W boson mass

Kinematic distributions of background events
passing the event selection are included in
the template fits with their estimated nor-
malizations. The W boson samples contain a
small contamination of background events
arising from QCD jet production with a hadron
misidentified as a lepton, Z → ‘‘ decays with
only one reconstructed lepton,W → tn→ ‘n�nn,
pion and kaon decays in flight to muons (DIF),

and cosmic-ray muons (t, tau lepton; �n, anti-
neutrino). The jet, DIF, and cosmic-ray back-
grounds are estimated from control samples
of data, whereas the Z → ‘‘ and W → tn
backgrounds are estimated from simulation.
Background fractions for the muon (electron)
datasets are evaluated to be 7.37% (0.14%)
from Z → ‘‘ decays, 0.88% (0.94%) from
W → tn decays, 0.01% (0.34%) from jets,
0.20% from DIF, and 0.01% from cosmic rays.
The fit results (Fig. 4) are summarized in

Table 1. The MW fit values are blinded during
analysis with an unknown additive offset in the
range of−50 to 50MeV, in the samemanner as,
but independent of, the value used for blinding
the Z bosonmass fits. As the fits to the different
kinematic variables have different sensitivities
to systematic uncertainties, their consistency
confirms that the sources of systematic uncer-
tainties are well understood. Systematic uncer-
tainties, propagated by varying the simulation
parameters within their uncertainties and re-
peating the fits to these simulated data, are
shown in Table 1. The correlated uncertainty in
the mT (p‘T , pnT ) fit between the muon and

electron channels is 5.8 (7.9, 7.4)MeV. Themass
fits are stable with respect to variations of the
fitting ranges.
Simulated experiments are used to evaluate

the statistical correlations between fits, which
are found to be 69% (68%) between mT and
p‘T (p

n
T) fit results and 28% between p‘

T and pnT
fit results (43). The six individual MW results
are combined (including correlations) by
means of the best linear unbiased estimator
(66) to obtain MW ¼ 80;433:5 T 9:4MeV ,
with c2/dof = 7.4/5 corresponding to a prob-
ability of 20%. The mT, p‘

T, and pn
T fits in the

electron (muon) channel contribute weights
of 30.0% (34.2%), 6.7% (18.7%), and 0.9%
(9.5%), respectively. The combined result is
shown in Fig. 1, and its associated systematic
uncertainties are shown in Table 2.

Discussion

The dataset used in this analysis is about four
times as large as the one used in the previous
analysis (41, 43). Although the resolution of the
hadronic recoil is somewhat degraded in the
new data because of the higher instantaneous
luminosity, the statistical precision of themea-
surement fromthe larger sample is still improved
by almost a factor of 2. To achieve a commen-
surate reduction in systematic uncertainties, a
number of analysis improvements have been
incorporated, as described in table S1. These im-
provements are based on using cosmic-ray and
collider data inwaysnot employedpreviously to
improve (i) the COT alignment and drift model
and the uniformity of the EM calorimeter re-
sponse, and (ii) the accuracy and robustness of
the detector response and resolution model in
the simulation. Additionally, theoretical inputs
to the analysis have been updated. Upon incor-
porating the improved understanding of PDFs
and track reconstruction, our previousmeasure-
ment is increased by 13.5MeV to 80,400.5MeV;
the consistency of the latter with the new mea-
surement is at the percent probability level.
In conclusion, we report a new measure-

ment of theW bosonmass with the complete
dataset collected by the CDF II detector at the
Fermilab Tevatron, corresponding to 8.8 fb−1

of integrated luminosity. This measurement,
MW ¼ 80;433:5 T 9:4MeV, is more precise
than all previous measurements ofMW com-
bined and subsumes all previous CDF mea-
surements from 1.96-TeV data (38, 39, 41, 43).
A comparison with the SM expectation of
MW ¼ 80;357 T 6MeV (10), treating the quoted
uncertainties as independent, yields a differ-
ence with a significance of 7.0s and suggests
the possibility of improvements to the SM
calculation or of extensions to the SM. This
comparison, along with past measurements, is
shown in Fig. 5. Using the method described
in (45), we obtain a combined Tevatron (CDF
and D0) result of MW ¼ 80;427:4 T 8:9MeV.
Assuming no correlation between the Tevatron
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Fig. 5. Comparison of this CDF
II measurement and past MW

measurements with the SM
expectation. The latter includes
the published estimates of the
uncertainty (4 MeV) due to
missing higher-order quantum
corrections, as well as the
uncertainty (4 MeV) from other
global measurements used as
input to the calculation, such as
mt. c, speed of light in a vacuum.
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Table 2. Uncertainties on the combined
MW result.

Source Uncertainty (MeV)

Lepton energy scale 3.0
. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .

Lepton energy resolution 1.2
. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .

Recoil energy scale 1.2
. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .

Recoil energy resolution 1.8
. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .

Lepton efficiency 0.4
. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .

Lepton removal 1.2
. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .

Backgrounds 3.3
. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .

pZT model 1.8
. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .

pWT =p
Z
T model 1.3

. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .

Parton distributions 3.9
. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .

QED radiation 2.7
. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .

W boson statistics 6.4
. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .

Total 9.4
. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .
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references therein]. Many of these hypotheses
include a source of dark matter, which is cur-
rently believed to comprise ~84% of the matter
in the universe (10) but cannot be accounted
for in the SM. Evidence for dark matter is pro-
vided by the abnormally high speeds of revo-
lution of stars at large radii in galaxies, the
velocities of galaxies in galaxy clusters, x-ray
emissions sensing the temperature of hot gas
in galaxy clusters, and the weak gravitational
lensing of background galaxies by clusters
[(13, 14) and references therein]. The additional
symmetries and fields in these extensions to
the SM would modify (15–24) the estimated
mass of theW boson (Fig. 1) relative to the SM
expectation (10) of MW ¼ 80;357 T 4inputs T
4theory MeV (25). The SM expectation is de-
rived from a combination of analytical rela-
tions from perturbative expansions on the basis
of the internal symmetries of the theory and a
set of high-precision measurements of observ-
ables, including the Z and Higgs boson masses,
the top-quark mass, the electromagnetic (EM)
coupling, and themuon lifetime,which are used
as inputs to the analytical relations. The un-
certainties in the SM expectation arise from
uncertainties in the data-constrained input
parameters (10) and from missing higher-
order terms in the perturbative SM calculation
(26, 27). An example of a nonsupersymmetric
SM extension is a modified Higgs sector that
includes an additional scalar field with no SM
gauge interactions, which predicts anMW shift
of up to ~100MeV (17), depending on themass
of the additional scalar particle and its inter-
actionwith the SMHiggs boson. A light (heavy)
additional scalar particle would induce a pos-
itive (negative) MW shift. Similar but smaller
shifts of 20 to 40 MeV have been calculated
in an extension that contains a second Higgs-
like field with the same gauge charges as
the SM Higgs field (18). Implications of very
weakly interacting new particles such as “dark

photons” (19), restoration of parity conserva-
tion in the weak interaction (20), the possi-
ble composite nature of the Higgs boson (21),
and model-independent modifications of the
Higgs boson’s interactions (22–24) have also
been evaluated.
Previous analyses (28–44) yield a value of

MW ¼ 80;385 T 15 MeV (45) from the combi-
nation of LargeElectron-Positron (LEP) collider
and Fermilab Tevatron collider measurements.
The ATLAS Collaboration has recently re-

portedameasurement, MW ¼ 80;370 T 19MeV
(46, 47), that is comparable in precision to the
Tevatron results. TheLEP, Tevatron, andATLAS
measurements have not yet been combined,
pending evaluation of uncertainty correlations.

CDF experiment at Tevatron

The Fermilab Tevatron produced high yields
ofW bosons from 2002 to 2011 through quark-
antiquark annihilation in collisions of protons
(p) and antiprotons (�p ) at a center-of-mass

CDF Collaboration et al., Science 376, 170–176 (2022) 8 April 2022 2 of 7

1Division of High Energy Physics, Department of Physics, University of Helsinki, FIN-00014, Helsinki, Finland. 2Helsinki Institute of Physics, FIN-00014, Helsinki, Finland. 3Istituto Nazionale di Fisica Nucleare,
Sezione di Padova, I-35131 Padova, Italy. 4University of Padova, I-35131 Padova, Italy. 5University of Michigan, Ann Arbor, MI 48109, USA. 6Fermi National Accelerator Laboratory, Batavia, IL 60510, USA.
7Laboratori Nazionali di Frascati, Istituto Nazionale di Fisica Nucleare, I-00044 Frascati, Italy. 8Comenius University, 842 48 Bratislava, Slovakia. 9Institute of Experimental Physics, 040 01 Kosice, Slovakia.
10Waseda University, Tokyo 169, Japan. 11Joint Institute for Nuclear Research, Dubna RU-141980, Russia. 12Mitchell Institute for Fundamental Physics and Astronomy, Texas A&M University, College Station,
TX 77843, USA. 13Argonne National Laboratory, Argonne, IL 60439, USA. 14University of Oxford, Oxford OX1 3RH, UK. 15Center for High Energy Physics, Kyungpook National University, Daegu 702-701,
Korea. 16Seoul National University, Seoul 151-742, Korea. 17Sungkyunkwan University, Suwon 440-746, Korea. 18Korea Institute of Science and Technology Information, Daejeon 305-806, Korea. 19Chonnam
National University, Gwangju 500-757, Korea. 20Chonbuk National University, Jeonju 561-756, Korea. 21Ewha Womans University, Seoul 120-750, Korea. 22Ernest Orlando Lawrence Berkeley National
Laboratory, Berkeley, CA 94720, USA. 23Purdue University, West Lafayette, IN 47907, USA. 24The Johns Hopkins University, Baltimore, MD 21218, USA. 25Istituto Nazionale di Fisica Nucleare Pisa, I-56127
Pisa, Italy. 26University of Siena, I-53100 Siena, Italy. 27University of Pisa, I-56126 Pisa, Italy. 28University of Wisconsin-Madison, Madison, WI 53706, USA. 29Duke University, Durham, NC 27708, USA. 30The
Rockefeller University, New York, NY 10065, USA. 31Baylor University, Waco, TX 76798, USA. 32University of Rochester, Rochester, NY 14627, USA. 33University of Pittsburgh, Pittsburgh, PA 15260, USA.
34Enrico Fermi Institute, University of Chicago, Chicago, IL 60637, USA. 35Istituto Nazionale di Fisica Nucleare Bologna, I-40127 Bologna, Italy. 36University of Bologna, I-40127 Bologna, Italy. 37Michigan
State University, East Lansing, MI 48824, USA. 38Glasgow University, Glasgow G12 8QQ, UK. 39Carnegie Mellon University, Pittsburgh, PA 15213, USA. 40Institut de Fisica d’Altes Energies, ICREA, Universitat
Autonoma de Barcelona, E-08193 Bellaterra (Barcelona), Spain. 41University College London, London WC1E 6BT, UK. 42University of Illinois, Urbana, IL 61801, USA. 43University of Florida, Gainesville, FL
32611, USA. 44Instituto de Fisica de Cantabria, CSIC-University of Cantabria, 39005 Santander, Spain. 45Istituto Nazionale di Fisica Nucleare Trieste, I-34127 Trieste, Italy. 46Harvard University, Cambridge,
MA 02138, USA. 47Gruppo Collegato di Udine, I-33100 Udine, Italy. 48University of Udine, I-33100 Udine, Italy. 49Institute of Physics, Academia Sinica, Taipei, Taiwan 11529, Republic of China. 50University of
California, Davis, Davis, CA 95616, USA. 51University of Geneva, CH-1211 Geneva 4, Switzerland. 52Wayne State University, Detroit, MI 48201, USA. 53University of Liverpool, Liverpool L69 7ZE, UK.
54University of Trieste, I-34127 Trieste, Italy. 55Centro de Investigaciones Energeticas Medioambientales y Tecnologicas, E-28040 Madrid, Spain. 56Istituto Nazionale di Fisica Nucleare, Sezione di Roma 1,
I-00185 Roma, Italy. 57National and Kapodistrian University of Athens, 157 71 Athens, Greece. 58University of New Mexico, Albuquerque, NM 87131, USA. 59Massachusetts Institute of Technology,
Cambridge, MA 02139, USA. 60University of Tsukuba, Tsukuba, Ibaraki 305, Japan. 61Tufts University, Medford, MA 02155, USA. 62University of Pennsylvania, Philadelphia, PA 19104, USA. 63The
Ohio State University, Columbus, OH 43210, USA. 64Yale University, New Haven, CT 06520, USA. 65Istituto Nazionale di Fisica Nucleare Pavia, I-27100 Pavia, Italy. 66University of Pavia, I-27100
Pavia, Italy. 67Sapienza Università di Roma, I-00185 Roma, Italy. 68Institut für Experimentelle Kernphysik, Karlsruhe Institute of Technology, D-76131 Karlsruhe, Germany. 69Osaka City University,
Osaka 558-8585, Japan. 70Scuola Normale Superiore, I-56126 Pisa, Italy. 71Okayama University, Okayama 700-8530, Japan. 72University of California, Los Angeles, Los Angeles, CA 90024, USA.
73Institution for Theoretical and Experimental Physics, ITEP, Moscow 117259, Russia.
*Corresponding author. Email: ashutosh.kotwal@duke.edu
†All listed authors are members of the collaboration. ‡Visitors’ institutions are listed in the supplementary materials. §Deceased.

Fig. 1. Experimental
measurements and
theoretical predictions
for the W boson mass.
The red continuous ellipse
shows the MW measurement
reported in this paper and
the global combination of top-
quark mass measurements,
mt ¼ 172:89 T 0:59 GeV (10).
The correlation between the
MW and mt measurements is
negligible. The gray dashed
ellipse, updated (16) from
(15), shows the 68% confi-
dence level (CL) region
allowed by the previous
LEP-Tevatron combination
MW ¼ 80;385 T 15 MeV (45)
and mt (10). That combina-
tion includes the MW mea-
surement published by CDF in
2012 (41, 43), which this
paper both updates (increasing MW by 13.5 MeV) and subsumes. As an illustration, the green shaded region
(15) shows the predicted mass of the W boson as a function of the top-quark mass mt in the minimal
supersymmetric extension (one of many possible extensions) of the standard model (SM), for a range of
supersymmetry model parameters as described in (15). The thick purple line at the lower edge of the green
region corresponds to the SM prediction with the Higgs boson mass measured at the LHC (10) used as
input. The arrow indicates the variation of the predicted W boson mass as the mass scale of supersymmetric
particles is lowered. The supersymmetry model parameter scan is for illustrative purposes and does not
incorporate all exclusions from direct searches at the LHC. unc., uncertainty.
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The CDF measurement and new physics models

• The new CDF measurement has created a huge interest in the community
• Still open questions on the measurement itself → see J. Isaacson’s talk
• O(xx) articles have been published discussing BSM perspectives

• MRSSM [Athron et al. 2204.05285] –
See D. Stöckinger’s talk

• 2HDMs [J. Kim et al. 2205.0170] – See
J. Song talk

• Dark sector with a
Stueckelberg-Higgs portal
[2204.09024] – See Z. Liu’s talk

• NMSSM [Pang et al. 2204.04356]

• RH neutrinos [Blennow et
al. 2204.04559]

Explicit models

• SMEFT – See R. Gupta’s talk
[R. Gupta 2204.13690]

• SMEFT – See T. Liu’s talk
• Higgs couplings – See S. Hong’s

talk
• EW fit/SMEFT [De Blas et al.,

2204.04204; Strumia 2204.04191, Lu et
al. 2204.03796...]

EFT/generic analyses
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Theoretical Framework



SM Effective Field Theory

• Assume that New Physics (NP) is sufficiently heavy
so that there are no new dynamical degrees of
freedom at the scale of the measurement(s) →
particle content is the same as the SM

• Description of NP effects in terms higher-dimension
operators → agnostic to the detail of NP models
when fitting the data at the

• Model dependent matching of the SMEFT
Lagrangian required for a complete physics insight

• We use the Warsaw basis in our study

Ldim-6
SMEFT =

2499∑
i=1

Ci
Λ2 Oi

UV completion
Λ

SMEFT

Mt

M
as

s
sc

al
e

MZ
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SMEFT and MW

• At linear order in the Wilson coefficients, four dimension-6 operators can induce
a shift in W mass

OHWB ≡ H†τ IH WI
µνBµν , OHD ≡

(
H†DµH

)⋆ (
H†DµH

)
,

Oℓℓ ≡
(
ℓ̄pγµℓr

) (
ℓ̄sγµℓt

)
, O(3)

Hℓ ≡
(

H†i
↔

D I
µ H

)(
ℓ̄pτ Iγµℓr

)

• The shift in MW is then given by
δm2

W
m2

W
= −

sin 2θw
cos 2θw

v2

4Λ2

(
cos θw
sin θw

CHD +
sin θw
cos θw

(
4C(3)

Hl − 2Cll
)
+ 4CHWB

)

• In theory, SMEFT could in principle also influence the measurement process
• However, it has been found in [Bjørn and Trott, PLB 762 (2016) 426-431] that this effect

is negligible
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The setup



Fitmaker

• Python framework introduced in
[Ellis et al. JHEP 04 (2021) 279]

• Used to perform a fit of Higgs,
Electroweak, Higgs and top
data using data from LHC Run
2

• Allows for a flexible
implementations of constraints
and various fit setups

• Fast analytical method for linear
order fits; MCMC procedure to
incorporate positivity priors in
operator coefficients for specific
BSM scenarios

• Available on Gitlab:
https://gitlab.com/
kenmimasu/fitrepo

The framework

• SMEFT predictions computed using
MadGraph5_aMC@NLO with SMEFTsim
and/or SMEFT@NLO

• Predictions used to extract the linear
contribution aX

i of a given Wilson
coefficient

µX ≡
X

XSM
= 1 +

∑
i

aX
i

Ci
Λ2 +O

( 1
Λ4

)

• No theory uncertainty on the SMEFT
prediction, assumed to be subdominant
w.r.t. the SM ones

• Quadratic dim-6 or dim-8 contributions
neglected

Fit strategy
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Experimental inputs

• {αEW,GF,MZ}
α−1

EW = 127.95
GF = 1.16638 ×
10−5 GeV−2

mZ = 91.1876 GeV
[Brivio et al. 2111.12515]

EW scheme

• mh = 125.09 GeV
• mT = 173.2 GeV
• mµ = 0.106 GeV
• mτ = 1.77 GeV
• mc = 0.907 GeV
• mb = 3.237 GeV

Other input parameters

ΓZ, σ0
had.,R0

l ,Al
FB,Al,R0

b,R0
c ,Ab

FB,Ac
FB,Ab,Ac,MW

EWPOs

• W+W− cross-sections and angular distributions at
LEP

• fiducial differential cross-section in leading lepton pT
by ATLAS at the LHC and ATLAS and CMS fiducial
differential cross-section measurements of the
Z-boson pT in leptonic W±Z production.

• Differential distribution in ∆ϕjj for Zjj
• Total: 118 measurements

Diboson
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Experimental inputs

• {αEW,GF,MZ}
α−1

EW = 127.95
GF = 1.16638 ×
10−5 GeV−2

mZ = 91.1876 GeV
[Brivio et al. 2111.12515]

EW scheme

• mh = 125.09 GeV
• mT = 173.2 GeV
• mµ = 0.106 GeV
• mτ = 1.77 GeV
• mc = 0.907 GeV
• mb = 3.237 GeV

Other input parameters

ΓZ, σ0
had.,R0

l ,Al
FB,Al,R0

b,R0
c ,Ab

FB,Ac
FB,Ab,Ac,MW

EWPOs

• Combination of Higgs signal strengths by ATLAS and
CMS for Run 1

• For Run 2 both signal strengths and STXS
measurements are used

• Total: 72 measurements

Higgs
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Results



S & T fit

• Common parametrization of NP effects in the terms of the oblique parameters
S & T

αS
4s2

Wc2
W

=

[
δΠZZ(M2

Z)− δΠZZ(0)
M2

Z

]
−

(c2
W − s2

W)

sWcW
δΠ′

Zγ(0)− δΠ′
γγ(0)

αT =
δΠWW(0)

M2
W

−
δΠZZ(0)

M2
Z

• We can express S & T in terms of
dimension-6 operators

v2

Λ2 CHWB =
g1g2
16π

S

v2

Λ2 CHD = −
g2

1g2
2

2π(g2
1 + g2

2)
T

80100 80200 80300 80400 80500
mW [MeV]

LEP2 80376 ± 33
D0 II 80375 ± 23
ATLAS 80370 ± 19
LHCb 80354 ± 32
CDF II 80434 ± 9
World Avg. (w/o CDF) 80370 ± 12
World Avg. (w/ CDF) 80411 ± 8
SM 80361 ± 7
SM electroweak fit 80354 ± 7
SM + S,T fit 80378 ± 24

Indirect w/o mW

Stat. uncertainty
Total uncertainty
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16π
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g2

1g2
2

2π(g2
1 + g2

2)
T

0.1 0.0 0.1
S
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0.1

0.0

0.1
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T

mW = -0.12%

mW = -0.08%
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SM
no mW

2020 fit + LHCb mW

2022 mW update
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SU(3)5 SMEFT fit: EWPO + Diboson + Higgs

• To reduce the number of operators, we assume a SU(3)5 flavor symmetry and
consider 20 operators in the analysis

• It was shown in [Ellis et al. JHEP 04 (2021) 279] that since correlations between the
top sector and bosonic data are small, then including top data or breaking the
flavor symmetry down to SU(2)2 × SU(3)2 should yield similar results

These operators are mostly constrained by
• EWPOs: constrained by Electroweak Precision Observables
• Bosonic: Higgs and diboson measurements
• Yukawa: operators that induce shifts in the Yukawa couplings

EWPOs → OHWB , OHD , Oll , O
(3)
Hl , O(1)

Hl , OHe , O
(3)
Hq , O(1)

Hq , OHd , OHu

Bosonic → OH□ , OHG , OHW , OHB , OW , OG

Yukawa → OτH , OµH , ObH , OtH
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Fit result – individual coefficients

C H
W

B

C H
D C l
l

C
(3

)
H

l

C
(1

)
H

l

C H
e

C
(3

)
H

q

10
1  C

(1
)

H
q

10
1  C

H
d

10
1  C

H
u0.05

0.04

0.03

0.02

0.01

0.00

0.01

0.02

0.03

0.04

0.05

MW EWPO EWPO

SU(3)5: EWPO + Diboson + Higgs

95%CL individual; Ci
(1 TeV)2

2

2020 fit, No MW

2020 fit
2022 fit, CDF MW update

C H
W

B

C H
D C l
l

C
(3

)
H

l

C
(1

)
H

l

C H
e

C
(3

)
H

q

C
(1

)
H

q

C H
d

C H
u10 1

100

101

102

C i
 [T

eV
]

Ci = (4 )2

Ci = 1
Ci = 0.01

SMEFT Analysis of the W boson mass in light of the recent CDF measurement Emanuele A. Bagnaschi (CERN) 9 / 22



Fit result – marginalised coefficients
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MW – preferred range from the fits

80200 80300 80400 80500
mW [MeV]

CHWB 80385 ± 5
CHD 80408 ± 7
Cll 80386 ± 5
C(3)

Hl 80390 ± 6
CHWB,CHD 80409 ± 7
CHWB,Cll 80389 ± 6
CHWB,C(3)

Hl 80392 ± 6
CHD,Cll 80412 ± 8
CHD,C(3)

Hl 80410 ± 8
Cll,C(3)

Hl 80390 ± 6
CHWB,CHD,Cll 80412 ± 8
CHWB,CHD,C(3)

Hl 80410 ± 8
CHWB,Cll,C(3)

Hl 80392 ± 6
CHD,Cll,C(3)

Hl 80412 ± 8
CHWB,CHD,Cll,C(3)

Hl 80412 ± 8
20-parameter fit 80412 ± 8

SM
mW world avg.
SMEFT no mW

SMEFT 2022
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2D planes – correlations
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0.02
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0.00

0.02

C l
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0.08 0.04 0.00 0.04
CHD
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Fit qualities

EWPO, H Previous Combined Parameter Ndof χ2/dof p-value
diboson mW mW Count

✓ 20 182 0.92 0.76
✓ ✓ 20 185 0.93 0.75
✓ ✓ 20 185 0.97 0.59
✓ 4 198 0.93 0.76
✓ ✓ 4 201 0.93 0.75
✓ ✓ 4 201 0.97 0.60

• Results show for three choices: without any MW measurements; with the
pre-CDF MW combinations; combination including the CDF result

• In all cases we have a χ2/dof < 1 and p-values > 0.5 → good description of
the data in all cases
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The role of low-energy
constraints



β-decay, CKM unitarity and the W mass in SMEFT

• The consistency of β-decay measurements with the unitarity of the CKM matrix
imposes a significant constraint on a specific combination of dimension-6
operators that are relevant for MW [Blennow et al., 2204.04559, Cirigliano et al., 2204.08440]

• We can express the quantity ∆CKM ≡ |Vud|2 + |Vus|2 − 1 in terms of dim-6
operators

∆CKM = 2 v2

Λ2

[
C(3)

Hq − C(3)
Hℓ + Cℓℓ − C(3)

ℓq

]
• Measurements of 0+ → 0+ nuclear transitions and kaon decays indicate that

∆CKM = −0.0015 ± 0.0007

• We include this constraint in our fit, with a more thorough study left to a
future work
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MW – preferred range from the fits

80200 80300 80400 80500
mW [MeV]

CHWB 80385 ± 5
CHD 80408 ± 7
Cll 80370 ± 4
C(3)

Hl 80380 ± 5
CHWB,CHD 80409 ± 7
CHWB,Cll 80385 ± 6
CHWB,C(3)

Hl 80387 ± 6
CHD,Cll 80411 ± 7
CHD,C(3)

Hl 80411 ± 7
Cll,C(3)

Hl 80384 ± 5
CHWB,CHD,Cll 80411 ± 7
CHWB,CHD,C(3)

Hl 80411 ± 7
CHWB,Cll,C(3)

Hl 80390 ± 6
CHD,Cll,C(3)

Hl 80411 ± 7
CHWB,CHD,Cll,C(3)

Hl 80412 ± 7
20-parameter fit 80411 ± 8

SM
mW world avg.
SMEFT+ CKM, no mW

SMEFT 2022+ CKM
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2D planes – correlations
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Fit qualities

EWPO, H Previous Combined ∆CKM Parameter Ndof χ2/dof p-value
diboson mW mW Count

✓ ✓ 20 183 0.94 0.71
✓ ✓ ✓ 20 186 0.93 0.74
✓ ✓ ✓ 20 186 0.98 0.56
✓ ✓ 4 199 0.93 0.74
✓ ✓ ✓ 4 202 0.93 0.75
✓ ✓ ✓ 4 202 0.97 0.62

• Results show for three setup: without any MW measurements; with the
pre-CDF MW combinations; combination including the CDF result

• As before, in all cases we have a χ2/dof < 1 and p-values > 0.5 → good
description of the data in all cases
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UV physics: single field
extensions of the SM



Single field extensions and MW

• Consider single field extensions of the SM that can contribute at tree level to
MW, assuming that only a single coupling to the Higgs is present (catalogue
given in [J. De Blas et al., JHEP 03 (2018) 109])

Model Spin SU(3) SU(2) U(1) Parameters
S1 0 1 1 1 (MS, κS)
Σ 1

2 1 3 0 (MΣ,λΣ)
Σ1

1
2 1 3 -1 (MΣ1 ,λΣ1 )

N 1
2 1 1 0 (MN, λN)

E 1
2 1 1 -1 (ME, λE)

B 1 1 1 0 (MB, ĝB
H)

B1 1 1 1 1 (MB1 , λB1 )

Ξ 0 1 3 0 (MΞ,κΞ)
W1 1 1 3 1 (MW1 ,ĝϕW1

)
W 1 1 3 0 (MW,ĝH

W)

SMEFT Analysis of the W boson mass in light of the recent CDF measurement Emanuele A. Bagnaschi (CERN) 18 / 22



Single field extensions and MW

Model CHD Cll C(3)
Hl C(1)

Hl CHe CH□ CτH CtH CbH

S1 -1
Σ 1

16
3
16

yτ
4

Σ1
1
16 − 3

16
yτ
8

N − 1
4

1
4

E − 1
4 − 1

4
yτ
2

B1 1 − 1
2 − yτ

2 − yt
2 − yb

2
B −2 −yτ −yt −yb

Ξ −2
(

1
MΞ

)2 1
2

(
1

MΞ

)2
yτ

(
1

MΞ

)2
yt

(
1

MΞ

)2
yb

(
1

MΞ

)2

W1 − 1
4 − 1

8 − yτ
8 − yt

8 − yb
8

W 1
2 − 1

2 −yτ −yt −yb

• No single-field models contribute at tree level to CHWB

• Only S1 contributes to Cll

• Five single-field models contribute to CHD , and four to C(3)
Hl (these models also

contribute to other operators
• Models grayed-out can not explain the observed MW value (wrong sign

contribution)
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Mass range for the preferred models

• Mass range obtained assuming unit coupling
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Mass and coupling range for the preferred models

• Mass range obtained assuming unit coupling
• Coupling range obtained assuming 1 TeV mass

Model Pull Best-fit mass 1-σ mass 2-σ mass 1-σ coupling2

(TeV) range (TeV) range (TeV) range
W1 6.4 3.0 [2.8, 3.6] [2.6, 3.8] [0.09, 0.13]
B 6.4 8.6 [8.0, 9.4] [7.4, 10.6] [0.011, 0.016]
Ξ 6.4 2.9 [2.8, 3.1] [2.7, 3.2] [0.011, 0.016]
N 5.1 4.4 [4.1, 5.0] [3.8, 5.8] [0.040, 0.060]
E 3.5 5.8 [5.1, 6.8] [4.6, 8.5] [0.022, 0.039]
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Conclusions and outlook



Conclusions and outlook

• We have shown that a large MW
value as implied by the CDF
measurement is compatible with
new-physics as parameterized by
dimension-6 operators, without any
tension with Higgs, diboson and EW
precision data

• Fit qualities are good
• Several single-field extensions of the

SM could explain this measurement

Study outcome

• Inclusion of SMEFT operator
running (see R. Gupta talk)

• Study of more complex and more
motivated UV models

Future prospects

EWPO, H Previous Combined Parameter Ndof χ2/dof p-value
diboson mW mW Count

✓ 20 182 0.92 0.76
✓ ✓ 20 185 0.93 0.75
✓ ✓ 20 185 0.97 0.59
✓ 4 198 0.93 0.76
✓ ✓ 4 201 0.93 0.75
✓ ✓ 4 201 0.97 0.60
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