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Introduction and motivation

• A consistency test for the Standard 
Model (SM) Higgs


• First time measuring WH charge 
asymmetry with Run 2 data (2016-2018)


• Indirectly constraining Light quark 
Yukawa couplings

A =
σ(W+h) − σ(W−h)
σ(W+h) + σ(W−h)

Inclusive charge asymmetry
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Higgs Boson and WH analysis

• Associated production of the Higgs 
boson 


• Higgs coupling to W bosons


• Final states: , , , and eμτh eτhτh μμτh
μτhτh

Gluon fusion Higgs Strahlung

Vector boson fusion Top fusion

Production modes of Higgs
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Project workflow
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Split charge categories of 
the WH datacards 

Reconstruct invariant mass 
spectrum

Calculate charge 
misreconstruction

Calculate inclusive signal 
strength

Do multidimensional fit 
using Physics model* 

Project constrain on light 
quark Yukawa couplings 

Get datacards from other 
experiments



Comparing with the publication
Example: 2018 μμτh

We can reproduce the invariant mass spectrum of Ditau in the 
publication with the split charge categories of W bosons.
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Ref: CMS AN-20-089 



Inclusive signal strengths for the WH analysis of 
both charges of W. 


The inclusive signal 
strengths for WH obtained 
from the split charges are 
compatible with the values 
obtained from the unspilt 
charge category.
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Physics model

L = L(αW+ + βW− + B)

A =
σ(W+h) − σ(W−h)
σ(W+h) + σ(W−h) μ =

Npostfit
W+ + Npostfit

W−

Nprefit
W+ + Nprefit

W−

μ =
αNprefit

W+ + βNprefit
W−

Nprefit
W+ + Nprefit

W−

To obtain the inclusive charge asymmetry, we can fit the likelihood  
of the WH with two parameters.
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μ =
signalobserve

signaltotal



Scaling factors and inclusive charge asymmetry fit

α =
μ(1 + A)σsm

2σW+h
sm

β =
μ(1 − A)σsm

2σW−h
sm

σsm = σW−h
sm + σW+h

sm

We parametrize the fitting equation into two scaling factors 
that contain both A and . μ
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For :W+h For :W−h

 pbσW+h
sm = 0.86

 pbσW−h
sm = 0.53

Where :



Results

The inclusive charge from Ditau data taken in 
LHC run 2 (2016-2018)

Asimov dataset likelihood testing 
for our Physics Model
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Best fit A :  0.152+0.379
−0.388



Projection
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projection based on  TeV and  s = 13 L = 3 ab−1

Asymmetry expected to be 
similar at  TeV, though 
cross sections are slighly larger 
(xs  = 0.919 pb, xs  = 
0.575 pb vh@nnlo+NNPDF31).

s = 13.6

W+h W−h



Summary and Outlook

• With Ditau Run 2 data (2016 - 2018), we can start to measure the charge 
asymmetry A, for the moment, limited capability of adding a constraint to 
the Higgs Yukawa couplings ( ).


• We will study possible systematic that may affect directly the asymmetry.


• Other decay modes — e.g. H -> bb, H -> gg, and H -> WW — may give 
more information of constraint on light quark Yukawa couplings. 

κ
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Thank you
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