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I. Physics introduction
§ SM electroweak theory  à different coupling of Z0 to left and right 

handed fermions:

§ Described by the asymmetry parameter: !" =
$%"&"
%"$'&"$

§ ( lepton polarisation was pioneered at LEP:

Polarisation is a unique way to determine )*+$ ,-.""only based on the 
the coupling of Z0 to ( leptons

LEP report 2006

Structure functions /0 2̂ : 4 −exchange, 4-Z0 interference and Z0 exchange

At Z-pole ( 2̂ = 67)

https://www.sciencedirect.com/science/article/abs/pii/S0370157305005119?via%3Dihub
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I. Physics introduction
LHC pp collisions: situation is more difficult: 

– no fixed !", average over a finite interval in !"
– cos&' is not easily accessible, average includes 

integration over cos&'
– pp collisions are symmetric wrt ± cos&'
– Parton distribution functions, PDFs à boost in rapidity
– Trigger imposes relatively high thresholds on )*(,)
– Difficult environment for tau reconstruction

Spin correlations are important for measurements of the CP 
structure of the Higgs (see talk M. Sessini)

Deviations to the SM predictions may occur in the presence 
of new physics at higher energy

R

L

./

/
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CMS @ LHC
§ LHC ! = #$TeV  Run 2: 2016-2018  
§ CMS detector:

– Solenoid 3.8 Tesla
– Tracker composed of Si pixels and Si micro-strips
– Calorimeters 

" Electromagnetic
" Hadronic

– Muon system 

§ All systems used for % lepton ID 
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II. Event selection and reconstruction
§ Data of 2016, integrated luminosity 36.3 fb-1, (13 TeV)
§ Tau-Trigger  pT thresholds between 30 and 45 GeV 

§ Much of analysis follows Higgsàtt and CP-property of the Yukawa coupling…

§ Offline identification of ! leptons 
§ Reconstruction of Decay modes
§ Backgrounds by simulation and data driven

Tau reconstruction
• Narrow isolated jets (anti-kT, AK4)

• Hadron-Plus-Strip (HPS) to 

reconstruct "± and "$
• MVA decay-mode identification

• DeepTau Neural Network to reject 

e/mu/jet  

• False decay mode id most difficult 

systematics    (ref_1, ref_2, ref_3)

https://link.springer.com/article/10.1007/JHEP06(2022)012
https://iopscience.iop.org/article/10.1088/1748-0221/13/10/P10005
https://iopscience.iop.org/article/10.1088/1748-0221/17/07/P07023
https://cds.cern.ch/record/2727092/files/DP2020_041.pdf
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III. Polarisation variables
§ ! spin is encrypted into kinematics of 

decay

§ à " (spin = 0)

§ à # and a1 (spin = 1)

§ Combine angles into “optimal 
variables”    $ "),$(()
LEP: M. Davier, et al. Phys. Lett. B 306 (1993) 411

§ Other “directly visible” variables:
$*+, # = cos1 ;  2*+, ", " ; 2*+, 4, 5

§ We consider 11 combinations of 
hadronic and leptonic  ! decays

§ à 11 templates of discriminants used 
to extract polarisation

!: 	$(&' → )*)+),)     -: 	.(&'→ )*)+),a: a(t	→ /, &1) 2: 	.(/ → )±), )

45, 46'

q±
47

87
9

678 → :8 ;678 → <8 ;

6=8 → <8 ; 6=8 → :8 ;

:8

:8

:8

:8

<8

<8

https://www.sciencedirect.com/science/article/abs/pii/037026939390101M?via%3Dihub


Ulrich.Goerlach@iphc.cnrs.fr

7

III. Polarisation variables

§ Templates produced by simulation for each channel
(MADGRAPH5 aMC@NLO / PYTHIA8)

§ Choice of discriminants is based on a likelihood scan to 
maximise the significance of the polarisation

§ Stability of templates wrt PDF variations verified 
The normalisation of templates refers to zero average polarisation over an interval of 75-120 GeV of 
the generated !"! centre of mass energy #$

%& negative helicity L
%& positive helicity R

'()*(1,2) = visible mass

123$ 4 = cos8

9 :), 9(;< = =>?. =AB.

C(;<, :) =
D E FD GH
<FD E D GH

https://link.springer.com/article/10.1007/JHEP07(2014)079
https://www.sciencedirect.com/science/article/abs/pii/S0010465515000442?via%3Dihub
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IV. Fits to data 
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§ Templates are adjusted by a fit to data for 

all 11 channels

§ These fits give the average polarisation 

with respect to the interval of 75-120 GeV 

in !" of the generated #$# pair

§ A combined fit yields results for each 

category and the total average 

polarisation.

§ Stability of the result was verified by 

combined fits as function of rapidity

Some Post-fit examples of templates
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We use MADGRAPH5 aMC@NLO to correct the average polarisation by -0.004 to the value 
at the Z0 pole:
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V. Results: 
Average polarisation by category, channel and rapidity

Total uncertainty is dominated by systematics, particular decay mode migrations 
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030001 (2018)
Phys. Rept. D 98
LEP-SLD

arXiv:1709.03490
ATLAS (8 TeV)

-136.3 fb
CMS (13 TeV) Preliminary 

The negative polarisation at the Z0 pole is equal to 
the asymmetry parameter !" and can be compared 
to LEP

!" is directly related to the effective electroweak 
mixing angle:

Our value of  !" gives:

VI. Interpretation and summary

#$ ≈ 2 1 − 4 sin- ./011

Summary:

§ CMS has measured the t- polarisation at the Z0 pole to be

§ " lepton spin correlations can be used in the harsh LHC 
environment to reveal (B)SM physics

#$

See the talk by M.Sessini on CP in Higgs
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BACK-UP
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Polarisation
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LEP results
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Decay mode definitions
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30

45  for leading
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!"#$(1,2) = visible mass 
+,-. / = cos3
4 5, 67 = 89:. 8<=.
>(67, 5) = ? @ A? BC

7A? @ ? BC

Discriminants for polarisation
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Stability of templates wrt pdf variations
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Post fits of templates
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Post fits of templates
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Post fits of templates
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Renormalisation of templates to zero polarisation
! − #$ ! − % ! − &

Relative 
yield

Relative 
yield

L generated

R generated

L reconstructed R reconstructed

Average Polarisation at 
generator level for interval

< ( > = −+. -./
01 < 23454 < 120 GeV

! − #$ ! − % ! − &

L RL RL R

L RL RL R

Apply normalisation factor:

< ( > = +
01 < 23454 < 120 GeV
at generator level 

Schematic view only !

Z0 à 67869:
Z0 à 69867:

MG5: ;<=- >?
@AA = +. ----B

Renormalisation of Templates 
preserving normalisation 

Reference of new templates

L reconstructed R reconstructed


