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SM in the Nutshell



SM parameters and 
Observables

Tree-level relations

The SM has 18* parameters.

We can use different, but, related sets of parameters:

These relations are modified at high orders of perturbation theory. 



W-boson mass prediction  
in the SM

This tree-level relation gives a prediction that is far away from the experiment



W-boson mass prediction  
in the SM

This tree-level relation gives a prediction that is far away from the experiment

[1 + Δr(mh, mt, . . . )]



Global fit to EW observables 
observables

1902.05142

https://arxiv.org/pdf/1902.05142.pdf


Previous W-boson mass 
measurements

• LEP measurement   
•   MeV (combination, 4 experiments)


• Tevatron measurement in   
•   MeV (combination, 2 experiments)


• LHC measurement   

• ATLAS: 
•   MeV (2017) 

• LHCb: 
•   MeV (2021)

e+e− → W+W−

MW = 80,376 ± 33

pp̄ → W → μνμ(eνe)
MW = 80,383 ± 16

pp → Wj

MW = 80,370 ± 19

MW = 80,364 ± 32

arXiv:2109.01113

Advantage(s) of Tevatron vs LHC:  
- reduced uncertainty in momenta  

of colliding quark - antiquark pair 
- lower luminosity - lower pile-up?

https://arxiv.org/pdf/2109.01113.pdf


Tevatron and CDF detector
• Proton-Antiproton accelerator at Fermilab 
• Center of mass energy   TeV 
• In operation 1983-2011 
• Two main detectors 

• D0 
• CDF (Collider Detector at Fermilab) 

• Main scientific result:  
• top-quark discovery in 1995 
• Top-quark mass measurement to  

1% precision

s = 1.96



New CDF measurement

 mT = 2(pl
T pν

T − ⃗p l
T ⋅ ⃗p ν

T

 ⃗p ν
T = − ⃗p l

T − ⃗u

muon 
2424486 candidates

electron 
1811700 candidates

The dataset (8.8 fb-1 ) recorded 
between 2002 and 2011  

is about four times  
larger than that used  
in previous analysis 



New CDF measurement

Fig 3. from the article. Decay of the Z boson.(A and B) Distribution of (A) dimuon and (B) 
dielectron mass for candidate   and   decays, respectively.  The data 
(points) are overlaid with the best-fit simulation template including the photon-mediated 
contribution (histogram). 

Z → μμ Z → ee

Calibration by Z-boson mass measurements   MeVMZ = 91,192 ± 6.4stat ± 4.0syst



New CDF result
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,   GeV. The 
correlation between the   and   measurements is 
negligible. The gray dashed ellipse,  shows the 68% 
confidence level (CL) region allowed by the previous 
LEP-Tevatron combination   MeV. 
That combination includes the MW measurement 
published by CDF in 2012, which this paper both 
updates (increasing   by 13.5 MeV) and subsumes. 
As an illustration, the green shaded region shows the 
predicted mass of the W boson as a function of the top-
quark mass   in the minimal supersymmetric 
extension (one of many possible extensions) of the 
standard model (SM), for a range of supersymmetry 
model parameters as described. 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 used as input.

mt = 172.89 ± 0.59
MW mt

MW = 80.385 ± 15

MW

mt

  MeVMCDF
W = 80,433.5 ± 6.9stat ± 6.9syst



New CDF 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

            model 1.8

                    model 1.3

Parton distributions 3.9

QED radiation 2.7

W boson statistics 6.4

Total 9.4

pZ
T

pW
T /pZ

T

  MeVMSM
W = 80,357 ± 4input ± 4theory



Conclusions?
• The announced CDF measurement are in “significant tension 

with the SM” (7 sigma?) 
 
  MeV


• Yet, we need an independent confirmation from other 
experiments (LHC or future colliders)

MCDF
W = 80,433.5 ± 6.9stat ± 6.9syst

• Many theoretical papers appeared (42 citations since  
8th of April) with different options to account for the 
discrepancy….

https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=refersto:recid:2064224&ui-citation-summary=true

