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Outline

• Motivation : a window into the Higgs sector

• The weak mixing angle and associated measurements

• The W boson mass

• Vector boson scattering at high energy

• Current status and prospects
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0        (leading order)
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A window into the Higgs sector

Loop effects on gauge boson properties : the W boson mass

mW vs mtop vs mH
mW vs correction level?
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Real contributions to weak boson interactions

Vector boson scattering at high energy

Graph + expressions

Contribution of amplitudes 
involving Higgs bosons for 
VLVL interactions



A window into the Higgs sector

Real contributions to weak boson interactions

Vector boson scattering at high energy



The ATLAS detector

Of particular importance to the measurements discussed here :
Muons (Inner Detector, Muon Spectrometer)
Electrons (Inner Detector, EM calorimeter & forward calrimeters)
Missing transverse energy (full calorimeter system)



The effective weak mixing angle

pp  l+ l- + X



A Z candidate



Effective mixing angle from the lepton angular distributions

Factorized expression for Z boson production 
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Effective mixing angle from the lepton angular distributions

Unpolarized cross section
F/B asymmetry :

A4 = 8/3 AFB ~ a + b sin2l
eff

Factorized expression for Z boson production 
and decay at hadron colliders:

Production

Decay



Measurement of the Ai coefficients (20 fb-1, 8 TeV)

The observed angular distributions reflect the angular decomposition
discussed above:

Event selection : 
- Two muons of opposite charge
- pT > 20 GeV
- ||< 2.5

8M candidates in the muon channel.
Similar selections in the electron
channel.



Measurement of the Ai coefficients

The observed angular distributions reflect the angular decomposition
discussed above:

Event selection : 
- Two reconstucted electrons
- pT > 20 GeV
- |1|< 2.5, 2.5 <|2|< 4.9

1.1M candidates from 20 fb-1 at 8 TeV



Measurement of the Ai coefficients

Results:

Predictions include PDF uncertainties 

for the four different PDF sets, 

And assume sin2θW = 0.23152.

Electrons and muons contribute for |y|<2.5,
Only electrons contrbute for |y|>2.5.



Results for the effective weak mixing angle

sin2l
eff = 

Competitive in precision with the previous best individual measurements (world average still a factor two better).



Prospects at the HL-LHC



The W boson mass

pp  l±  + X



Event representation
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Main event signature :       
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Event representation

Main event signature :       
a single electron or muon

The « recoil »: vector sum of 
everything else in the event.
A measure of the W boson 
pT

Derived quantities : missing transverse energy
(measures the neutrino pT); transverse mass



Measurement setup (5 fb-1, 7 TeV)



Measurement strategy



Measurement strategy

Extremely simple in principle, but all effects entering the observed distributions: 
- Detector calibration
- Physics modelling of W production and decay

need to be controlled to 0.01 – 0.1% 



Timeline (main project and ancillary measurements)



Results



Results



Prospects at the HL-LHC

Potential low pile-up runs at HL-LHC (14 TeV) and HE-LHC (27 TeV): 200 pb-1 per 
week, yielding ~1M candadite/week

Extended coverage with new tracking detector: |𝜂| < 4 —> 30% reduction of PDF 
uncertainties.

PDF uncertainties can be reduced 

to about 4 MeV using HL-LHC PDF 

sets, and to 2 MeV using inputs 

From a possible LHeC.



Weak boson interactions 
at high energy

pp  leptons/neutrinos + jj + X

(following slides courtesy Philip Sommer)



A spectacular signature : 
2 or more leptons and two very forward, high-pT jets



Observation of Electroweak W±W±jj Production         arXiv:1906.03203



Observation of Electroweak WZjj Production Phys. Lett. B 793 (2019) 469



Observation of Electroweak ZZjj Production ATLAS-CONF-2019-033



Summary

• After almost ten years of operation, the LHC is competing with the 
previous machines in electroweak precision.

• First mearuements of mW and sin2l
eff match the earlier best inividual

measurements, and show the path for future iterations

• Vector boson interactions at high energy are probed for the first time 
at the LHC, and will join the set of precision probes of EWSB in the 
mid term.


