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Overview

* [ntroduction
* the over-constrained Standard Model
* the weak mixing angle
* Latest developments
* Mz (CDF)
* Mw (ATLAS and CDF)
* [ (update)
* Hadronic vacuum polarization

* a(Mz)

* as and Ny from the Z pole



The over-constrained SM
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The E = mc? of the SM




Radiative corrections
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Parity Violating e~ Scattering (PVES) — Elastic

Qweak @ CEBAF (JLab)
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Parity Violating e~ Scattering (PVES)
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Running MS weak mixing angle
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Discriminating new physics

* /-/' mixing: modification of Z vector coupling
* oblique parameters: STU (also need Mw and [ 2)

* new amplitudes: off- versus on-Z pole measurements (e.g. heavy Z)

* dark Z: renormalization group evolution (low versus very low energy measurements)
¥



Latest developments




Mz anno 2024 [GeV]
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global fit
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Mw anno 2024 [GeV]

CDF
CDF adjusted
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x2/d.of.=49.5/47
(p-value = 37%)

Mu = 97%18_,6 GeV (indirect)
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figure: Rodolfo Ferro
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Hadronic vacuum polarization




Hadronic vacuum polarization
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BaBar and earlier data based on
Davier et al. arXiv:1908.00921

CMD-3 and figure from
Davier et al., arXiv:2312.02053

KLOE based on
Davier et al. arXiv:1908.00921

after isospin rotation according to
Davier et al., arXiv:2312.02053

Borsanyi et al., arXiv:2002.12347

Ao from Ce et al., arXiv:2203.08676
also enters through correlations
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g,—2, &(Mz) and sin26w/(0)

TP — 2022:  Aay,y(2 GeV) = (58.84 +£0.51) x 10~
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...If there is time...



as from the Z pole

comment

observable
[z =24955 + 2.3 MeV 0.1215 £ 0.0048 update: [ z = +0.3 MeV
Ohad = 41.481 £ 0.033 nb 0.1201 = 0.0065
Re = Mhad/ e = 20.804 + 0.050 0.1295 + 0.0082
Ry = Mhad/ Ty =20.784 + 0.034 0.1264 + 0.0054
Rr = had/ ' = 20.764 £ 0.045 0.1157 £ 0.0072
Bw(had) = 0.6736 £ 0.0018 0.098 + 0.025
0.1223 £ 0.0028

update: AChad = —60 pb

my # 0
% 0
recent (LEP 2 + CMY)

S

7))

S~

K 4

<
)

combination future lepton collider ~ 10—+

global fit 0.1185 £ 0.0016 includes 7 decays
electromagnetic beam-beam effects Voutsinas et al., arXiv:1908.01704
improved Bhabha X section (luminosity) Janot & Jadach, arXiv:1912.02067



Conclusions

* after more than 50 years of electroweak precision physics, still no conclusive evidence for BSM

* Mw, Mz, m¢, M1 (and m¢) have all been successfully predicted before their discoveries

* the infamous conflict in muon g—2 reduced to about 2.4 ¢

* recent LEP luminosity update confirms Ny = 3 active neutrinos, but as somewhat high

* new CDF Mw result ~ 7 ¢ higher than other measurements !!!

* outlook

* high precision PVES (P2, MOLLER, SoLID) competitive alternatives to high energy
frontier

* |eap in precision expected from future lepton collider(s)
ILC, CEPC, FCC—ee, CLIC, 1t collider
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