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CDF new Measurement very exciting! 

SM global fit (PDG): 
7𝛔

Today, I will only make theoretical remarks.

SM fit

MT(e𝞶)

BSM

J. Erler & A. Freitas (March, 2020)

CDF: Science , April 8, 2022 
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A. The Standard Model (SM) is specified by a gauge theory
SU(2)L⊗U(1)Y⊗SU(3)C

g2 g1 g3

→ sin𝛉w 𝛂 𝛂s

+ the EW scale (vev):  

+ (independent) fermion masses & mixings

Three accurately measured independent parameters: 

Although all EW observables can be expressed by these 
three as inputs (at tree-level), others come in at quantum level; 
the modern approach performs a global fit for all observables 

with proper experimental error bars (e.g. EW@PDG).

(from muon decay)

(from (g-2)e )

(from LEP-I)
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EW global fit with radiative corrections (PDG) :

J. Erler & A. Freitas (March, 2020)
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The “oblique corrections” S-T-U:

With such an accuracy 
of a part per mille, there is 
very little room to wiggle!

The custodial “symmetry”:
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De Blas, L. Reina et al., arXiv:2204.04204; C.T. Lu et al., 2204.03796
Recent analysis with MW/mt measurements;

Dominates the MW average, 
but in tension with LEP2, Tevatron & LHC results

Global SM fit:
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B. On MW & MT(e𝛎) 

First recall MZ(e
+e-):

• In QFT, the pole in s=mee
2 is defined to be the pole mass;

and off-shell correction may be included 𝚪z → 𝚪z(s/Mz
2) 

• Only depending on measurements of Ee+ , Ee- & cose+e-

map out MZ & 𝚪Z in the Breit-Wigner resonance, 
errors determined by experimental resolutions.

• This is equally applicable to MW(jj)!
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B. On MW & MT(e𝛎) 

For the leptonic decays at hadron colliders: W → e𝛎, 𝛍𝛎 :

History: 40 years ago, 
UA1 with ~ 40 events 

MW = 83±4 GeV, 
𝚪W < 6.5 GeV

Two parameters!

• Kinematically,  0 ≤ me𝛎T
2 ≤ me𝛎

2 

🙁 it is NOT Lorentz invariant, only boost invariant;
broad range.

• 😀Mathematically related to MW
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Current measurement on 𝚪W ,
mainly from CDF/D0, fixed MW

(1). W Width effect:

Convoluted relation between MW & MT ! 

This is an “edge” search on MT ≤ MW

not a bump search!
Depending on 𝚪W ,

edge is lower, shape changed! 𝚪W = 1
2.5
5 GeV

Narrow Width Approx. 𝚪W → 0: 

J. Smith, van Nerven, J. Vermaseren (1983)

at
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Recent analysis with width errors
J. Isaacson,  Yao Fu, C.-P. Yuan, arXiv:2205.02788

CDF/D0 fitted MW & 𝚪W individually by fixing the other.
Two-parameter fit (MW, 𝚪W) should be advocated!

CDF/D0 combined: arXiv:1003.2826; : arXiv:1307.7627.
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(2). W transverse motion: pT(W)

If W has a transverse motion (must!), say pX(W): 
𝞫w = pX(W)/Mw

• MT(e𝞶) is less sensitive to pT(W) than peT

• The measured MT(e𝞶) in the lab frame
is shifted downward w.r.t. that of pT(W) = 0.

Need to model pT(W) well!
V. Barger, A. Martin, and R. Phillips (1983)
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(3). Parton transverse motion
TMD (transverse-momentum dependent) DPF

Partons inside the proton (Lorentz contracted)
still has transverse motion: 
pT ≈ 𝛼s 𝜦QCD ~ O(100 MeV)

fT(x,Q2)~ 𝞚2
QCD /Q2

R.K. Ellis, et al. , Nucl. Phys. B212, 29 (1983)
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(4). Soft gluon resummation & pT(W)

“ResBos”: C.-P. Yuan et al. Phys. Rev. D56, 5558 (1997);
arXiv:2205.02788.

At the leading order, pT(W) = 0

With higher order corrections from 
soft gluon radiation, peak at 

pT(W) ≈ 2 – 3 GeV

uncertainty ~ 𝞚QCD
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Recent analysis on pT(W) effects
J. Isaacson,  Yao Fu, C.-P. Yuan, arXiv:2205.02788

CDF data driven approach: 
modeled pT(W) w.r.t. pT(Z)

perhaps the best one can hope for.

ResBos: N3LL + NNLO; matched pT(W)

J. Rojo, arXiv:1910.03408

Watch out the difference
between u & d

pT(W)
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C. BSM Physics? 
Keep everything else the same, 
only lift up MW ?

Many models to accommodate it!
Up to date, there > 90 papers!

In theory, how easy / hard is it ?

Lots of theoretical activities and fast increasing
(2 weeks after the announcement) :
Y.-Z. Fan, T.-P. Tang, Y. Tsai, L. Wu: 2204.03693 (DM); 
C. Lu, L. Wu, Y. Wu, B. Zhu: 2204.03996 (g-2); 
G.-W. Yuan, L. Zu, L. Feng, Y.-F. Cai: 2204.04183 (axion);
Strumia: 2204.04191 (Z’, T); 
J.M. Yang & Y. Zhang: 2204.04202 (SUSY); J. Blas, et al.: 2204.04204 (EFT, top fit); J. Gu, Z. Liu, T. Ma, 
J. Shu; arXiv:2204.05296; (W’,Z’,SUSY); M. Endo, S. Mishima: 2204.05965; T. Biekottrt, S. 
Heinemetre, G. Weiglain: 2204.05975 (Higgs); … … 

https://arxiv.org/abs/2204.05296v1
https://arxiv.org/abs/2204.05965
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C. BSM Physics? 

Observations: 
• Keep everything else the same, only lift up MW :
1. U-parameter alone: custodial violation, 

but dim-8 →may not be large enough.
2. GF via 4-lepton operator  → change MW? 

but typically has effect on the EW vev / Vud

→ need some addition.

• Global effects (minimally?):
∆(MW/MZ)~ −3.15S + 4.86T + 2.54U

Multi-variable fit: S-T and S-T-GF 

→ see the previous list.
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Summary
• The new CDF result on MW is outstanding! 
• Precision EW fit cannot accommodate the difference.
• Many new physics scenarios can explain the difference:

W’, Z’, 2HDM, SUSY, DM, axion, string states … …
• Theoretical systematics should be scrutinized: 

MT is not invariant! Need knowledge of pT(W) & 𝚪W

pT(W) in low and high (√); 
Floating W-width & error bar (SM input?) 
Others: & PDF (valence quarks, flavor? √); 
QED photon radiation in ISR and FSR (√ ?)
... (?)

• Look forward to the news from CMS, LHCb …

More excitement to come !


