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Why measure the W mass
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* Ar:Loop corrections depending on my,,
and m..s or potential BSM correction

* Avery precise measurementis a powerful
probe of the SM



How to measure the W-boson mass

* W decays:

o Hardonic decays: very "messy’, low resolution ( jet energy resolution~20%
@ 30 GeV), pile-up

o Leptonic decays: high resolution for both electrons and muons (e.g 1.6%
mass resolution for the Z peak with muons) but neutrino can't be
measured by ATLAS

We can't measure the W boson mass directly !



How to measure the W boson mass
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The lepton transverse momentum and transvers mass are observables sensitive to the W mass
The two observables are sensitive to different uncertainties/ modelling effects,

In general: we need an excellent understanding of our detector and a precise knowledge of the modelling of

our physics processes
mr = \/prrp%’”ss(l — cos A¢
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Template fit

* Build different templates:
o Simulate different mass hypothesis of the W boson

o Check which templeate fits the data best
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Analysis strategy

 Use the low y ATLAS datatset @ 7 TeV recorded in 2007

o Low pileup <p>=9is crucial to measure the measure the hadronic recoil
precisely (% level resolution)

o~14 M W-> lv candidates

o Splitin 14 categories(charge, flavour,n) Ur p?”ss — —(pfp + Ur
* Select 1 lepton events:

o p;>30 GeV 3 v

o pyMiss>30 GeV

o u;<30GeV (recoil) W

o my>60 GeV l

my = \/prrp?}”ss(l — cos A¢ 8



HC tt event in ATLAS ITK
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Simulated tt event at <p>=200

W-> v candidate at <p>=9



Recoil modelling

* The recoil/ W p; is hard to model (by
parton shower)
o Non-perturbative QCD
o Many scales

* Use Zsamples to validate the recoil
modelling and tune parameters to
ensure a precise modelling

* PYTHIA AZN tune describes the W p;
very well
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Excursion: Muon momentum calibration

* The Zboson is a very powerful "standard candle" allowing to
calibration leptons to the per mill level
o Similar the recoil can be calibrated by the considering the balance

between p;Zand u;

— Simulation
scale effect — Real Data
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Profile likelihood fit

« Move from ¥ fit to profile likelihood fit

o Allows for (in situ) constrain experimental & modelling systematic
uncertainties

« Maximize the likelihood function describing how compatible
the data is with a hypothesis

Expected number of events under
hypothesis

Li\t 5) = U H Poisson (nji\t(,u,?) - Gauss (5)

Measured data Nuisances parameter/systematic uncertainty 12
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Uncertainties

 Experimental uncertainties in the calibration

of the recoil and lepton momentum

* Theorie uncertainties from the W modelling

o PDF

o Parton-shower (Recoil)
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PDF uncertainties

* Due to difference between the uand d and valance and see
quarks in different PDF sets yield to different rapidity
distribution and difference in the acceptance in different regions
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Results
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W boson width measurement

* The same procedure can be used to measure the W boson width
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Overview of I",, measurements
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Conclusion

* W boson mass was measured with very high precision @ LHC

o Dominated by lepton pT measurement

e my, =80366.5 9.8 (stat.) £ 12.5 (syst.) MeV = 80366.5 £ 15.9 MeV
* Measurment is compatible with SM predictions and global fits
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