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  Measurement of gauge boson polarisation 
in inclusive WZ events

Based on [ATLAS-CONF-2018-034], and PhD thesis of Angela Burger

➘ First measurement of polarisation in diboson production 
in pp collisions  

● Exercise and develop methods first in inclusive VV production 

● WZ final state (fully leptonic): a good compromise between 
background, reconstruction problems and statistics

● A precursor for VVjj

● An new degree of freedom for NP searches  ● Google doc with answers to comments

From theory to reality ...
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-034/
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  Inclusive WZ production

● Definition of phase spaces

● Analysis based  on 36 fb-1 (2015-2016) of data

➔ Select events with only 3 leptons

➔ Optimised lepton isolation criteria to reduce the reducible background

➔ no cut on E
T

miss, replaced by a cut on m
T

W

➔ Data-driven estimate of reducible backgrounds (matrix method)

➔ Powheg+Pythia signal MC, rescaled to NNLO (MATRIX)

VBSCan Polarisation workshop  11/10/2018  - 2

● Main analysis caracteristics
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  Selected WZ candidate events

VBSCan Polarisation workshop  11/10/2018  - 3

80% of WZ signal

7.3% reducible bkg. (fakes)

7.1% irrreducible bkg. (ZZ)
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  Integrated fiducial cross section

● Analysis used to measure integrated fiducial WZ cross section

➘ Total experimental precision of 4.6%
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  Polarisation observables

● cos 
l,W(Z) 

= lepton decay angle in W(Z) rest 
frame wrt. th W(Z) direction in the WZ c.m.s.

➔ Helicity frame used

➔ In the WZ rest frame

➘ Helicity fractions depends on the frame

VBSCan Polarisation workshop  11/10/2018  - 5

Z boson:

W boson:

● Effective Weinberg angle used

● Constraint:

● Decay angles of leptons

(value affects 
Z-polarisation)
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  From total to fiducial Phase Space

● Previous formulae valid only in a total phase space

➔ Shape of cos 
V
 modified by acceptance cuts on leptons 

➘ Reason to avoid a cut on E
T

miss
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W+ boson, MC truth

Lepton pT cut 
(pT > 20 GeV) Neutrino 

pT cut 

fL
fRf0

Total PS
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  Fiducial PS cos 
V
 distributions
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W+ boson W- boson

Z boson in W-ZZ boson in W+Z
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  Detector-level observables

● Use W-mass constrain → choose solution with smaller p
z



● If no real solution: real part of the complex solution with smaller 
magnitude 

● Moving to detector level:

➔ Detector resolution

➔ Reconstruction of the longitudinal momentum of the neutrino
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W in W±Z Z in W±Z

➔ For W multiply cos 
W  

by the charge of the W
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  Comment on W reconstruction

● To avoid the neutrino pz reconstruction:

➘ Tested, but no sensitivity improvements observed
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➔ “Project” cos 
V
 on the transverse plane

Used for single W polarisation 
measurement [EPJC 72(2012)2001] 

[PRL 107 (2011) 021802]

➔ “Lepton projection variable” Lp: 
projection  of                         onto 
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  Measurement methodology

● Measure separatly W and Z polarisations

➔ Correct for efficiency differences of each helicity states
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➔ Need to generate the MC detector-level templates

● Use the constraint  fL+fR+f0 = 1 

➔ 3 parameters fit : f0, fL-fR and the total cross section 

● Template fit at detector-level using MC templates for fL, fR and f0 

● Use a binned profile-likelihood fit 

● Unfold to fiducial phase space and Born-level leptons
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  Monte Carlo polarisation templates

➔ Use standard Powheg+Pythia WZ MC and reweight it to single f0, fL 
and fR states

➔ Same technique as for single W and Z polarisation measurements 
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● No MC available with events of single helicity state

[EPJC 72(2012)2001]  and [JHEP 08(2016)159]

● Determine f0, fL and fR using 
analytical fits, in (p

T
V,y

V
) bins

[in A. Burger's PhD, 
from ATLAS Collaboration work, note STDM-2018-03 ]

ATLAS Work in progress

W+ boson, total Phase Space
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  Monte Carlo polarisation templates

VBSCan Polarisation workshop  11/10/2018  - 12

● Exemple of evolution with p
T

V (integrated over y
V
)

● Event by event weights of MC events

ATLAS Work in progress ATLAS Work in progress

W- boson, 
total PS

W+ boson, 
total PS

[in A. Burger's PhD, 
from ATLAS Collaboration work, note STDM-2018-03 ]
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  Results of the fit

● Evidence of f0 for W boson :  4.2 obs. (3.8 expected)

➔ Agreement with predictions (low sensitivity on fL-fR)

➔ Minor impact of NNLO QCD corrections on prediction

VBSCan Polarisation workshop  11/10/2018  - 13

● Observation of f0 for Z boson : 6.5  obs. (6.1  expected)
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  Systematic uncertainties

➔ Dominated by data statistical uncertainties
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23% 17%

13%
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  Polarisation per W charge

● Polarisation also measured for W+Z and W-Z events
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  Discussion of NLO EW corrections effects

● A recent calculation for WZ from

➔ Effects on shape of cos 
V
 distributions seems negligible

➘ All still understudy, more work needed
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[here]

[Note: helicity frame, but differente definition using not the WZ cms. but
           the laboratory]

● A Tests also on-going using NLO-EW corrections from 

[JHEP10(2017)043]Benedikt Biedermann, Ansgar Denner, Lars Hofer

http://vietnam.in2p3.fr/2018/windows/transparencies/02_tuesday/02_afternoon/HEP_T1/03_LeDucNinh.pdf
https://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1007%2FJHEP10%25282017%2529043&v=96ea27b2
https://arxiv.org/search/hep-ph?searchtype=author&query=Biedermann%2C+B
https://arxiv.org/search/hep-ph?searchtype=author&query=Denner%2C+A
https://arxiv.org/search/hep-ph?searchtype=author&query=Hofer%2C+L
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  Summary and prospects

● A first “full scale” exercise of VV polarisation measurement

● Agreement with predictions (within uncertainties)

➔ A better observable than cos 
V
: combination of observables ? 

with help of NN or BDT ?

➔ Jet observables ?

➔ Study boson correlations

➔ Try to apply to WZjj
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Future: 

● Analyse full run 2 data (> 3x more statistics)

● Improvements:
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Additional informations
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Taken from: 
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  Polarisation per W charge
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