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Outline 

follow up of first presentation 26/10/15 
https://indico.cern.ch/event/446552/contribution/2/attachments/
1176747/1701589/eeWWthr.pdf 
 

�!revisit the WW threshold 
�!mW & ΓW dependence and measure 
�!optimal data taking configurations 
�!first look at effects of limiting syst and 

correlated uncertainties  
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mW & ΓW  status    
W-Boson Width  [GeV]

ΓW  [GeV]
2 2.2 2.4

χ2/DoF: 2.4 / 1

TEVATRON 2.046 ± 0.049

LEP2 2.195 ± 0.083

Average 2.085 ± 0.042

pp−  indirect 2.141 ± 0.057

LEP1/SLD 2.091 ± 0.003

LEP1/SLD/mt 2.091 ± 0.002

March 2012

direct measurements from W (transverse) mass distribution 
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Lep2 WW threshold 
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At LEP2  √s=161 GeV σ=4pb ;  
minimum stat Δσ for max εp  
with overall ε=0.75,  σB=300 fb 
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−+−+ → WWee 
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−+−+ → WWee 

with PDG values  
mW=80.385 GeV 
ΓW= 2.085 GeV 

Coded in C++ , GLSIntegrator 
(gauss method 10-5 tolerance) 
 
Fast calculator of σ(E ,mW, ΓW) 
with  tree-level accuracy  
 
Consistent with other MC 
generator (MadGraph) values at % 
level also for dσ/dmW 
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mW from σWW 
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mW from σWW  
now with √εp  with fixed ε=0.75 and σB=0.3pb 
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with L = 11/pb è Δmw≈380MeV 
with L= 15/ab è Δmw≈0.25 MeV 
 
would need 
ΔE(beam)<0.25 MeV (3x10-6) 
Δε/ε, ΔL/L < 10-4 
ΔσB<0.5 fb (10-3) 
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2mW 
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ΓW from σWW  

ΓW=2.085±1GeV 

Measure σww in two energy points E1, E2 
with a fraction f of lumi in E1 
è determine both mW & ΓW 
 
Determine f, E1, E2 such to mimimise 
(ΔΓW, ΔmW)   with some target  
 
Evaluate loss of ΔmW  precision in the 
single parameter (mW) determination  
wrt scenario of running only at an optimal 
E0=161 point   
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mW=80.385 GeV 
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mW & ΓW from σWW  
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mW & ΓW from σWW  
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mW & ΓW from σWW  
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take an example 
L = 12/ab @161.2 + 3/ab @158.6 
 
Only  stat uncertainty  
measure only mw 
è!Δmw≈0.26 MeV [0.25 @161.2 only] 

measure mw & Γw 
è!Δmw≈0.46 MeV ΔΓw≈ 1.8 MeV 
 
èΔαS≈(3 π/2)ΔΓ/Γ≈  0.005  

luminosity fraction
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scan luminosity fractions  

ΔmW , ΔΓW:  error on W mass and width from fitting both 
ΔmW : error on W mass from fitting only mW 

lumi fraction at higher energy 



mW & ΓW from σWW  
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mW & ΓW from σWW  
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Scan of possible energy point pairs and luminosity fractions 
150<E1<E2<165   (two energy points) [100MeV steps] 

0<f<1 (luminosity fraction taken at higher energy point E2) [5% steps] 
 

two parameter (mW , ΓW ) fits of (σ1 σ2)  
15/ab, only statistical uncertainties 

 
 
 

A -minimum of ΔΓW=0.91 MeV with ΔmW=0.55 MeV  
taking data at   E1=156.6 GeV   E2=162.4 GeV    f=0.25  

yields ΔmW=0.47 MeV (as single par) 

B- minimum of ΔmW=0.28  MeV  ΔΓW=3.3 MeV with  
E1=155.5 GeV   E2=162.4 GeV    f=0.95  

yields ΔmW=0.28 MeV (as single par) 

C- minimum of ΔΓW=0.96 MeV +ΔmW=0.41 MeV with  
E1=157.5 GeV   E2=162.4 GeV    f=0.45  
yields and   ΔmW=0.37 MeV (as single par) 



mW & ΓW from σWW  

FCCee "Physics behind precision" 3/2/16 P. Azzurri - mW & ΓW  @WW threshold  17 

 (GeV)CME
156 157 158 159 160 161 162 163

 (p
b)

W
W

σ

0

1

2

3

4

5

6

ΔmW=0.28 ΔΓW=3.3 
ΔmW=0.28 (MeV) 

ΔmW=0.41 ΔΓW=0.96 
ΔmW=0.37 (MeV) 

ΔmW=0.55 ΔΓW=0.91 
ΔmW=0.47 (MeV) 

2mW 

ΓW=2.085±0.1GeV 
mW=80.385±0.1GeV 



mW & ΓW from σWW  
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limited by syst uncertainties ?  
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mW & ΓW from σWW  
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Δσ = kσ k =10−3( ) Δσ = c c = 5 fb( )
Δε limit ΔσB limit 



mW & ΓW from σWW  
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correlated syst uncertainties  

minimum  ΔmW with ΔΓW=40 MeV  E1=160 GeV   E2=160.9 GeV  
minimum ΔΓW with ΔmW= 1.6 MeV E1=162 GeV   E2=163 GeV  

e.g. ΔσB=5fb  E1-E2 fully correlated  

e.g. Δε/ε,ΔL/L=10-3  E1-E2 fully correlated   
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minimum  ΔmW with ΔΓW=6 MeV  E1=158.8 GeV   E2=159.9 GeV  
minimum ΔΓW with ΔmW= 1.8 MeV E1=161.5 GeV   E2=162.3 GeV  
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sin2θW (&mW) from σWW at high √s 

1% Lep2 precision  Δsin2θW≈0.001 (è Δmw=70MeV) 
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fixed sin2θW=0.23155 in all previous calculations 



outlook 

�! The eeWW threshold lineshape study is a great opportunity for 
independent determinations of mW and ΓW 

�! If limited by stat only : optimal points to take data could be √s=2mw
+1.6 GeV (Γ-insensitive) and √s=2mw-3-4 GeV (-1-2Γoff shell).  
◦! taking limited data  “off-shell” will not ruin Δmw 

�! Challenge for knowledge of energy (<1 MeV),  acceptance (10-4), 
backgrounds (<1fb).  Measurement strategy can vary if syst 
uncertainties are limiting.  

�! Interest in σWW(E) lineshape could go beyond mW and ΓW. 
Threshold raise β(ν),β3 (TGCs) 

�! Next  
◦! try to use higher precision σWW 

◦! look into 4f interference effects  (negative with electrons, like in eνqq) 
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FCCee 

108 W-pairs @~160 GeV  4pb (L=4x600/fb)  
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FCCee 
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dMW/dσ 

dσ/dE 

dMW/dE 
dMW/dE < 0.5 


