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Motivations
• In the SM at LO the W boson mass 

can be expressed as a function of 
three parameters known with high 
precision: 𝛼em , Gµ , mZ 

• Beyond LO : corrections depending 
on mH  and mtop 


• Test of SM: compare measured mW to 
prediction from SM EWK fit


• SM fit without mW:

mW = 80354 +- 7 MeV (arXiv:1803.01853)


• Previous combined measurements :

LEP         mW = 80376 +- 33 MeV

Tevatron  mW = 80387 +- 16 MeV


=> can we improve with LHC data ?
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Gfitter Group arXiv:1803.01853



W reconstruction with ATLAS

𝝻

e

𝞶

W->l𝞶   (l=e,𝞵) decays reconstructed in 
ATLAS :

- Muons identified and measured by the inner 

detector (ID) and Muon Spectrometer;

- Electrons are identified and measured by the  

ID and the Liquid Argon EM calorimeters; 

- The missing transverse momentum is 

measured with the whole calorimeter 
system.


The mW measurement is based on data 
collected in 2011 :


   √s = 7 TeV   

   ∫ dL = 4.6 (4.1) fb-1 for e (𝞵) sample, 

Average number of inelastic pp collisions

per bunch crossing <μ>= 9.1
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Selection and reconstruction
Main variables:


- Lepton transverse momentum: 

- Recoil:


- Missing-pT:


- Transverse mass: 


Event selection:

- Muons:  |η|<2.4

- Electrons : |η|<1.2 OR 1.8<|η|<2.4

- Lepton isolation

- pTl>30 GeV

- pTmiss>30 GeV

- uT<30 GeV

- mT>60 GeV


Sample of 13.7 M events: 5 times larger than 
combined (D0+CDF) Tevatron sample. 


Z->ll selection used to MC tuning and cross check

Events
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mW measurement strategy

At LO  pTl  has a Jacobian peak at mW/2, 

mT  has an endpoint at mW 

Different effects modify the reconstructed pTl 

and mT distributions: 

 - Initial and final state radiation (QED);

 - The W boson pTW distribution (QCD);

 - Detector response.


Method: 

Fit the distribution of  pTl  and mT using MC 
templates generated with different mW.


- mT less sensitive to W boson pT , but more

    sensitive to hadronic recoil

- pTl  not directly dependent on recoil, but 

more sensitive to pTW

dσ/pTl

Mw/2
pTl

LO :
dσ/dcos𝜗*∝(1+cos2𝜗*)
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Construction of MC samples
MC is generated using PowHeg+Pythia8 and

reweighed to the optimal theoretical model exploiting 
this cross section factorisation :


• dσ/dy and angular coefficients Ai (pT,y) are taken 
from Fixed-order NNLO theory:                        
DYNNLO + CT10nnlo PDFs,


    good agreement with ATLAS Z and W data


• dσ/pT (in y bins) is taken from Pythia8 + AZ  tune 

    (next slide)


QED effects:

• ISR/FSR simulated in MC using Pythia8 QED ISR /

Photos

x
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pTW distribution
• Fixed order NNLO calculations can not 

predict accurately the pTW spectrum at low-
pTW because of large logs of (pTW/MW): 
resummation is needed (analytical or 
effectively through parton shower MC).


• The Pythia-8 “AZ tune” is used, tuned to the 
ATLAS measurement of pTZ, which gives a 
good description of Z and W data.        
Tuned parameters:                                   
intrinsic parton kT,                                         
the cutoff and the 𝛂S used in QCD ISR.
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Resummed 
 Theory

σ W
/σ

Z

• Resummed 
theory doesn’t 
agree well with 
W, Z data. Not 
used.



Physics modelling uncertainties

• QCD uncertainties are evaluated by varying 
parameters of Pythia-8 AZ tune and of the 
NNLO calculation.


• Largest uncertainties on mW from PDF 
variations in NNLO calculation: 13-15 MeV, 
largely anti-correlated between W+ and W- 


• Uncertainties from missing higher-order 
electroweak corrections are small.
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QCD uncertainties

Uncertainties on dσ/dpT 



Lepton energy/momentum scale calibration
• Lepton momentum scales are measured using Z->ll and events and corrected in MC


• Scale known better than ~2 x 10-4   (except for muons at highest rapidity)


• Translates into an uncertainty on mW of approx. 8-9 MeV


• Reconstruction, identification and trigger efficiency studied from Z sample, small 
effects for muon, of similar size as the energy scale for electrons.
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Recoil reconstruction
The reconstruction of the hadronic recoil 
depends strongly on the total ET in the event, 
three corrections are needed:


1- Pileup distribution: data/MC equalisation.


2- Correction of residual differences in the   
total ET distribution (activity mis-modeling)


3- Calibration obtained by the pT balance in 
Z event


Uncertainty on mW  ~ 11 MeV for mT fits 
(smaller for pTl), dominated by the total ET  
correction.

< u|| + pTll > : pT balance
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Z cross check
• Good data/MC agreement in Z->ll


• Test: mZ from fits to mT and pTl


• Result consistent with mZ within 
experimental 1/1.5 𝞼. (Note the 
correlation of mT and pTl)
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  pTl 

  𝝙mZ = -12 +- 12 (stat) +-   6 (syst) MeV  

  mT 
  𝝙mZ = -29 +- 16 (stat) +- 12 (syst) MeV



W : Data - MC comparison
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• Backgrounds: 
EWK+top from MC 
Multijet data-driven


• Good data /MC 
agreement 
observed over 
many tested 
distributions

W->e𝞶 W->𝞵𝞶



Mass Fits
• MC templates with different mass are generated in steps of 1-10 MeV


• 28 𝝌2 fits, separated by lepton type (𝝁,e), W charge (+/-), rapidity interval (4 for 𝝁, 3 for e), 
fit variable (mT, pTl).


• Many other fits were performed as consistency checks by varying the fit range, varying 
the range of uT etc.
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Mass Fits
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• MC templates with different mass are generated in steps of 1-10 MeV


• 28 𝝌2 fits, separated by lepton type (𝝁,e), W charge (+/-), rapidity interval (4 for 𝝁, 3 for e), 
fit variable (mT, pTl).


• Many other fits were performed as consistency checks by varying the fit range, varying 
the range of uT etc.



Combined Result
Different combinations are performed, 
taking into account the correlation of 
mT and pTl (approx. 50%) and of 
systematics.


The final combination gives            
(assuming same mass for W+ and W-) : 

exp. syst = 10.6 MeV mod. syst =13.6 MeV 
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stat. = 6.8 MeV 

  mW = 80370 +- 19 MeV



Comparison with previous results and SM
• The ATLAS measurement has the same precision of 

the previous most-precise single measurement (CDF) 
and is consistent with previous result.


• Word Combination uncertainty varies between 11 and 
14 MeV, depending on assumed correlation between 
ATLAS and Tevatron. PDG assumes 7 MeV of 
correlated uncertainty (J. Erler, Moriond 2017). A detailed 
study of this correlation (mainly PDFs) would be very 
important.


• Good agreement with predicted mW from SM EWK fit.
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Gfitter Group arXiv:1803.01853

PDG, April 2017



W+ - W-

mW+ - mW- = -29 +- 28 MeV
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Prospects for pTW measurement
• One of the largest uncertainties comes from 

the QCD modelling of the pTW distribution 


• pTW can be measured directly from recoil, 
provided experimental resolution is good 
enough. 


• For the pileup level of 2011 data (<𝞵>=9)  
𝞂(uT)=13 GeV, not good enough.


• Special runs taken in 2017 at <𝞵>=2


• Lowered calorimeter thresholds and “particle 
flow” reconstruction will further improve the 
recoil reconstruction beyond simple pileup 
reduction


• Target:  measure pTW with ~1% uncertainty in 
5 GeV bins for   pTW<30 GeV


ATL-PHYS-PUB-2017-021

√s =   5 TeV     ∫ L = 280 pb-1 
√s = 13 TeV     ∫ L = 160 pb-1

low-𝞵 run

2011
Run-2
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Conclusions and perspectives
ATLAS measurement of mW : mW = 80370 +- 19 MeV


Competitive result, uncertainty dominated by physics modelling


Perspectives: 


- Huge W and Z samples available from LHC run-1 and run-2


- Modelling systematics need to be reduced to exploit this sample                                            
(e.g. reducing PDF uncertainty with new measurements, a fully 
consistent model incorporating NNLO + resummation ?)


- Uncertainties from pTW can be reduced with a direct measurement  in 
2017 runs with low pileup.



BACKUP



Muon momentum reconstruction
• Muons are identified using the Muon 

Spectrometer, momentum is reconstructed 
using Inner Detector: this gives a smaller 
momentum scale uncertainty at the price of 
worse resolution, in particular at large 
rapidity.


• Global alignment weak modes, not seen by 
standard track-based alignment, introduce 
pT-dependent momentum biases. They are 
corrected based on Z->𝝻𝝻 and W->e𝝼 E/p 
data.
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Muon momentum scale calibration
• Muon momentum is reconstructed using Inner 

Detector only: this gives a smaller momentum 
scale uncertainty at the price of worse 
resolution with respect to using the Muon 
Spectrometer too, in particular at large rapidity.


• Momentum scale and resolution measured 
using Z->𝞵𝞵 events and corrected in MC


• Momentum scale known better than 2 x 10-4   
(except at high rapidity)


• Reconstruction and trigger efficiency studied 
from Z sample, small effects.
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Muon uncertainties



• Electron energy measured using the LAr 
calorimeter and presamplers


• The energy calibration is based on the Z 
mass taken as a reference and corrected in 
MC


• Energy scale known at 2 x 10-4 


• Reconstruction and identification efficiency 
from Z, uncertainties not negligible.

Electron reconstruction and energy scale
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Electron uncertainties



Recoil reconstruction uncertainties
• Sum ET correction is the largest contribution,
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Recoil uncertainties



Backgrounds
• Backgrounds from Z, diboson production, 

top, estimated from MC


• The Multijet background is estimated from 
data by relaxing the selection cuts on  pTmiss, 
mT, isolation (and uT) and fitting sensitive 
distributions (pTmiss, mT, pTl/mT). 


• The multijet background is order 1%.

 25

Isolation




