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Motivation !
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Requires 0.5%  
precision to probe 
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This has been successful in the past!
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At the start of Tevatron Run-II!
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Probing Internal Consistency of SM!

Tevatron mT 
LEP mW 
Tevatron mW  
    

Precision on mW and mT  
has improved by factor of 
10 since 1995. 
 
Upper limit on mH = 152 GeV 

SM Physics Only 

Significant improvements  
in mW at Tevatron 
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W and Top Mass!
E/:F(')A"3@"F)(/584')8%"&<,,"5/>4')&"8$/":/8/5>')')A"G4(8+5"')""
'>05+H')A"8$/"')8/5)4,"(+)&'&8/)(%"($/(6"+G"8$/".3"
"

SM prediction of Mw is good 
to only 10 MeV 
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Beyond the SM!

BSM Models 

Most predicted larger mass  
than that of the Higgs-like 
object at the LHC ! 
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What about BSM contribution ?!

“Old” SUSY drove up  
Mw up by O(20 MeV) 
but with a large O(20 MeV)  
variance from e.g. unknown  
mass scale, complex phase in stop  
mass matrix 
 

Likely given current constraints that BSM contribution to Mw 
is less than the present precision on the SM Mw prediction……… 
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Mw over the ages!

Many of the techniques 
that went into high precision 
Tevatron measurements were 
pioneered in the 1990 UA2 
measurement 
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Mw over the ages!

World average is 
dominated by Tevatron. 
 
 
CDF precision is 19 MeVM"
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W Mass!
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W Mass!
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W pT!
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Z pT : D0 (ϕ*) vs RESBOS!
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Detector Response to QCD ISR / UE!
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Recoil Response!
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Pileup / Lumi dependence!
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Recoil Response!
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Recoil Response!
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Lepton Energy Scale!
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CDF p-scale!
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CDF E-scale!
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CDF E-scale!
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D0 E-scale!
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D0 E-scale!
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Transverse Mass Fits!
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Mass Fits    !
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Uncertainties!
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World Average!
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Going Below 15 MeV @ Tevatron!
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Going Below 15 MeV!
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Mw at LHC!

 
 - Pileup 
 
 - PDFs 
 
 - Influence of higher order   
(QED+QCD) corrections 

Statistics galore but the systematic environment is far more  
challenging 

&84<&<(4,"F)(/584')</&"

3 key issues 
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PileUp!

Resolution on recoil (& hence mT) is factor of two worse vs Tevatron  
Precision modelling is much more difficult – more jets/activity. 
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Different Techniques!
Considered since Z statistics so high (and resolution poorer). 

Use scaling variable:  x = Obs/MV and correct for “small” W/Z differences 
using MC : potentially allows precise measurement using pT(lepton) 
 
Much work on developing more robust QED x QCD HO understanding. 
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PDFs!
At LHC (unlike TeV) significant contribution from “cs” production. 
 
Affects: 
 - acceptance via rapidity and kinematic cuts 
 - contribution to pT(W) (mC mass)  

,'/$

20 MeV 

Constraints from precise measurements 
of Z rapidity will reduce this. 
 
But assumptions of s vs s-bar 
 
Reduction to: 3-10 MeV ? 
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Combining QCD + QED HO Corrections!

52"z"T7O"U9{"c"7O""

52"z"T7O"VU9{]Q*RW"c"T7O"Q*R""

).h62i$R?<R+S=<S$

Need to be careful to model 
experimental lepton selection 
 
QCD + EW don’t always add 
linearly e.g. muon pT. 

2!n""
3@">/4&F5/>/)8"5/[F'5/&"!M!2nMMM""

Current LHC predictions of Mw uncertainty vary from 7 – 20 MeV. 
Likely will end up with similar uncertainty to 10 fb-1 Tevatron ( i.e.~10 MeV). 
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W Width!
Internal consistency check of SM 

Additional sensitivity to new physics  
beyond Mw is tiny unless  
measure to O (1 MeV) 
 
Z width uncertainty is x20 better. 
"

Measured Mw (has loops) 
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W Width!
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W Width!
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Resolution  
effects 

Width 
effect 
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Conclusions!
Significant recent improvements in Mw from Tevatron  

Like the Higgs branching ratios there is SM consistency  
and little room for BSM physics. 
 
Tevatron and the LHC may both get to O(10 MeV) uncertainty in MW 
 
Given new physics is likely < O(10 MeV) in MW and the SM uncertainty then  
further insight requires:  better measurements of mtop, !EM, !S, MZ  
and improved HO calculations …… ILC !!! 
 
Otherwise we are close to the end of the road…..  
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Backup!

Backup!



#$%&'(&"')"*+,,'&'+)"-"./0"1!21"-"0"3456"74)(4&8/5"-"9"34&&"4):"9':8$" C2"

PDF : W pT @ LHC!
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Pre-”Higgs” Higgs Constraint!


