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Extraction of the EW mixing angle from precision 
measurements of AFB in dilepton events at hadron 

colliders

TSEI Tests of Symmetries and the Electroweak Interaction 
PHE  Physics at High Energies 
High Precision Extraction of AFB at the LHC 

https://conferences.lbl.gov/event/137/session/30/
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With a known Higgs mass, the SM is over-constrained. A better Measurement of MW provi
des more constraints on SM than a better measurement of  Mtop.  

Alternatively:

Since MH is known, if one includes radiative
corrections, MW can also be determined via

sin2θWon-shell = 1-Mw
2 / Mz

2

Both sin2θWon-shell and of   sin2θWeff can
be extracted from the Drell-Yan
forward-backward asymmetry (Afb).

Mw     = 80.385 ± 0.015 
Mtop-2014 = 173.34 ± 0.76

Mw 

Mtop  (GeV) 

Testing the Standard Model

Average of  TeV/ LEP direct 
measurement of  MW is ~1 sigma (15 
Mev) higher than SM prediction.
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An error of ± 0.00030 in sin2θw is equivalent to an indirect measurement of Mw
to a precision of  ± 15 MeV (which is the current uncertainty in the world 
average of direct measurements of Mw)

However, At this level of precision, the two most precise  measurements from 
e+e- colliders differ by 3 standard deviations.
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Dilepton production at Hadron Colliders

The axial and vector neutral currents interfere

Weak neutral current strength related to sin2θeff

sin2θW = sin2θWon-shell = 1-Mw
2 / Mz

2 

What is actually measured with dilepton events is the 
effective lepton EW mixing  angle
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1. Fraction of valence u vs. d
2. Dilution (y dependent) from high x antiquarks 

True Diluted

AFB in dilepton events at LHC
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ATLAS 7 TeV
published 2011
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= Standard PDF errors
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Standard PDF errors
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Diluted (observed)
In |y| bins

Dilution (y dependent). 
Therefore bin data in 
rapidity.

Extract sin2θeff by fitting the 
observed AFB (as a function 
of M and |y|) to templates 
generated with different 
values of sin2θeff .

CMS 8 TeV Analysis
To be submitted for publication

CMS PAS SMP-16-007
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Precision measurement at CMS three new techniques:

1:  Precise lepton momentum/energy scale  (and modeling resolution)
Reduces contribution at  to  Dsin2θeff   to  ±0.00008

2: Angular Event weighting method for AFB analyses: 
systematic errors in acceptance & efficiency cancel:  Dsin2θeff   ±0.00008

3:: New PDF constraints using the same Drell Yan Data above and below the Z peak.   
At CDF   Reduced contribution of CDF error  to Dsin2θeff  from ±0.00023 to ±0.00017
At CMS:  Reduced contribution of PDF error  to Dsin2θeff  from ±0.00054 to ±0.00030 at 8 TeV

(will be further reduced with more data in future)

±0.00050 error  in sin2θw is equiv. to  ±25 MeV error in Mw (indirect)
CMS 8 TeV Analysis
To be submitted for publication

CMS PAS SMP-16-007
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To be submitted for publication

CMS PAS SMP-16-007



May 2018    CIPANP 2018 Palm Springs                                           Arie Bodek, University of Rochester 12CMS 8 TeV Analysis
To be submitted for publication

CMS PAS SMP-16-007
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Details: Angular event weighting method (used in CMS) 

Uncertainties in acceptance & efficiency cancel. Event weighted  A FB
is the same  as  A FB for full acceptance (but smeared by experimental resolution).

CMS 8 TeV Analysis
To be submitted for publication
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muons electrons

CMS 8 TeV Analysis
To be submitted for publication

CMS PAS SMP-16-007
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Combined   ± 0.00018 (syst)
Dominated  by MC  statistics
Can be reduced with fast MC

Combined ± 0.00036 (stat)
8 TeV  19 fb-1

Combined   ± 0.00016 (theory)

Dominated by higher order QCD
Can be reduced in the future.

What about PDF error  

CMS PAS SMP-16-007
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BLUE :Vary sin2θeff for fixed PDF
ORANGE: Vary 100 NNPDF3.0 replicas for fixed sin2θeff i

All rapidity

 (GeV)µµM

F
B

A

0.2−

0

0.2

0.4 | < 0.4µµ |Y≤0.0 | < 0.8µµ |Y≤0.4 | < 1.2µµ |Y≤0.8 | < 1.6µµ |Y≤1.2 | < 2.0µµ |Y≤1.6 | < 2.4µµ |Y≤2.0 

Powheg

 (GeV)llM

F
B

 A
∆

0.005−

0

0.005

70 90 110 70 90 110 70 90 110 70 90 110 70 90 110 70 90 110

0.0012±0.0008, ±0.0004, ± = effθ2sinδ

NNPDF3.0 uncertainty

CMS PAS SMP-16-007



May 2018    CIPANP 2018 Palm Springs                                           Arie Bodek, University of Rochester 17

Bayesian reweighting method: The weights are smaller for  PDF 
replicas which give a bad Chi-square for the best fit sin2θeff

New Technique used by CMS
CMS PAS SMP-16-007
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muons electrons combined

CMS PAS SMP-16-007
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CDF, D0, 
CMS have 
similar errors  
~0.00045

e+e-
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CDF, D0, 
CMS have 
similar errors  
~0.00045

CMS PAS SMP-16-007

e+e-

Add: Tevatron combination
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Current Tevatron combination  10 fb-1:

Total  EW  mixing angle error 0.00033 which corresponds to 17 MeV 
uncertainty in indirect measurement of  Mw.

Current CMS 8 TeV results 20 fb-1:

Total  EW  mixing angle error 0.00052 which corresponds to 26 MeV 
uncertainty in indirect measurement of  Mw.

Future LHC 14 TeV 1000 fb-1 

Each LHC detector will have negligible statistical error.
PDF EW mixing angle constrained to  0.00014 which
corresponds to 7 MeV uncertainty in indirect measurement of  Mw.

Outlook for the future at the LHC


