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Latest news

12-18 November: 
http://www.icepp.s.u-tokyo.ac.jp/hcp2012/

Hadron Collider Physics conference in Japan

Still count for
another ~3fb-1

to come during 
~20 days of pp physics
left to go in 2012

http://www.icepp.s.u-tokyo.ac.jp/hcp2012/
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The Standard Model

   Describes know particle 
and interactions

   Does not (verifiably) 
describe

   → Spontaneous symmetry 
breaking U(1)xSU(2)

    ->Fermion masses
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The Standard Model

   Describes know particle and 
interactions

   Does not (verifiably) describe

    → Spontaneous symmetry 
breaking U(1)xSU(2)

    → Fermion masses

  Simple elegant solution:    
Higgs mechanism

    → Explains EWSB  (and fermion 
masses) 

    → Physical manifestation is 
Higgs boson
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Precision measurements

Z-boson line shape
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Precision measurement

W boson mass
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What does the W mass tells us
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Measurements of mW
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The Tevatron at Fermilab



14 November 2012 E. Richter-Was 10

CDF(II) (2001-2011)
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W and Z at Tevatron

 Probe QCD and EW interactions
 Hard and soft gluon emission
 Sensitive to parton distribution 

 Leptonic decay used for precision measurements
 Extract Electro-weak (EW) parameters: sin2w and mW

 In 1fb-1/experiment: W→ l  106 events, Z→ ee  105 events
 High statistics samples and low background
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Detecting W and Z

 Z→ l+l-

 Signature: pair of charged leptons 
with  opposite sign charge
 Leptons are high pT and isolated

 Peak in  l+l- invariant mass

 W→ l±±

 Signature: single charged lepton and 
missing transverse energy (MET)
 Leptons are high pT and isolated

 MET from neutrino
 pT is inferred

 Peak in transverse invariant mass 
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W mass measurement strategy

 At hadrons colliders, rely on transverse variables: mT, pT
l , MET 

(inferred neutrino pT)

 Requires precise measure of  charged lepton pT and 
hadronic recoil

 Requires detailed knowledge of the detectors
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Precision
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Experimental observables

added

pT(e) most affected by pT(W)

mT most affected by 
measurement of MET
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Template fitting

 Custom fast Monte Carlo makes smooth high-statistics 
templates. Perform binned maximum likelihood fits to the data
 And provides analysis control over key ingredient of the simulation 
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Lepton energy/momentum scale

 D0
 Calibrate  calorimeter using 

precisely MZ from LEP 

 Detailed corrections for 
uninstrumented regions

 CDF
 Calibrate lepton momentum 

scale using Y, J/, mZ

 Calibrate calorimeter against 
precision tracker (E/p), MZ
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Recoil model



14 November 2012 E. Richter-Was 19

Recoil model

 Recoil due to:
 QCD radiation “recoil” against W
 Underlying event
 Overlapping min bias

 Use Z→ ee ( D0 and CDF) + 
Z→  (CDF) balancing to 
calibrate recoil energy scale 
and to model resolution 
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Events generation and boson pT



14 November 2012 E. Richter-Was 21

Mass fit
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W mass results   (all fits)
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Combined results
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Combined uncertainties
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Tevatron and world combinations
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Sidetrack down memory lane
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Standard Model fit

2011
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Standard Model fit

2011
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Testing Standard Model
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Uncertainty projection
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Systematics
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World combination
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Conclusions on mW measurement
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Is this precision good enough?
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W width
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W width
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W width

   Relatively to mW it is a straightforward 
measurement (i.e. 2 years instead of 5 years)

    It is a counting experiment and LHC has a lot of 
statistics
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DY forward-backward asymmetry
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Coulings
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DY forward-backward asymmetry
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DY forward-backward asymmetry
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Effective weak mixing angle
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DY forward-backward asymmetry
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Collins-Soper frame
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Z/g* Angular Coefficients
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A4 vs AFB
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Z/* Angular Coefficients (A0,2)
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Z/* Angular Coefficients (A3,4)
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The Standard Model at LHC
  SM measurements are the foundations of all 

searches (summer 2012)
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The Standard Model at LHC
  SM measurements are the foundations of all 

searches (summer 2012)
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Next topics

 21.11 – Top: xsection, mass 
 28.11 – Dibosons and anomalous couplings
   5.12, 12.12 - - Higgs Higgs 
 19.12 – SUSYSUSY
       9.1  – other searches for New Physics 9.1  – other searches for New Physics 
   16.1  - B-physics programme16.1  - B-physics programme
   23.1  – heavy ion programme23.1  – heavy ion programme
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