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τ polarisation measurements at FCC-ee

Motivation for measurements of τ polarisation:
Allows for testing e − τ universality and provides the numerical value
of the weak mixing angle

The FCC-ee:
At the Z pole

• Sample size: 5 × 1012

⇒ LEP statistics
×105

• 1.7 × 1011 Z → ττ
decays
⇒ precision
measurements
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τ polarisation measurements

Process: e+e− → Z → τ+τ−

Requirements:
• Precision measurements

⇒ Need a clean and precise
separation of τ final states

• Largest sensitivity to polarisation in
π nπ0 modes, with n ≥ 0. In
particular the π−ν and
ρ−ν → π−π0ν have the largest
sensitivities to Pτ

⇒ Need a precise π0 counting scheme
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Project goal

Investigate the performance of the LAr/Pb ECAL proposed for
the FCC-ee wrt. τ polarisation measurements by trying to
achieve the best possible τ decay mode identification. This
demands:

• A precise π0

reconstruction scheme
• A separation of single γ

and merged π0’s since
α(γ, γ) ∝ 1

E0
π

Figure: The proposed LAr/Pb ECAL
barrel design [arXiv:2109.00391]
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Steps in analysis

1 Set up full detector
geometry in FCCSW

2 Develop and optimize a
clustering algorithm

3 Build an algorithm for
photon reconstruction

4 Develop a method for
separating photons from
(merged) π0’s

5 Minimizing the
off-diagonal terms of the
migration matrix by
forming a separation
mechanism for different τ

decay channels
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π0 reconstruction

Signal:
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Background:
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⇒ Probability of reconstructing π0: ϵ = 84% which is
competitive with ALEPH results of ϵALP EH ∼ 84%
⇒ Probability of accepting a true γ as π0: ϵbg = 4.5% heavily
dominated by photons with E > 25 GeV
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τ decay mode identification

This thesis:

ALEPH results (normalized to 1. for easy comparison):
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This thesis:
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γHemispheres of 3-4 
 
All decay channels

τν  0π  1 ±π  →  τ 
τν  0π  3 ±π  →  τ 

 
ALEPH results:

Figures show the invariant mass of two photons in three-four
photon events, where one π0 has already been identified.
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Thank you for listening!
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Back-up
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τ polarisation measurements

The polarisation

Pτ (cos θ) = −Aτ
(
1 + cos2 θ

)
+ 2 cos θAe

(1 + cos2 θ) + 2Aτ Ae cos θ
(1)

with the fermion asymmetry
parameter
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Figure:
Pτ (cosθ) for Ae = Aτ = 0.15
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Clustering algorithm

Methods uses two (adjustable) thresholds: thrslow = 10 MeV,
thrshigh = 20 MeV

1 For each cell, point to highest energy (of 26) neighbours
exceeding thrslow

• If the cell is local maximum and exceeds thrshigh it will be
a seed

• For each cell, define list of followers (cells that point to it)
2 Start by seed cells (local energy maximum) and collect

followers iteratively → proto-clusters
3 Merging of proto-clusters

⇒ A reconstruction threshold of Eclus > 200 MeV is used
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Single photon/unresolved π0 separation

⇒ Major axis
correlated with
opening angle of
photons

The major/minor axis lengths can
be re-formulated to calculate a
cluster mass:

mclus = c1Eclusx (4)

with

x2 = major2 − minor2 . (5)

Calibration factor: c1 ∼ 1.
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π0 reconstruction

1 Combine all genuine photons to find resolved π0’s
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, E = 0-45.6 GeV0πGaussian fit:

 = 0.137µ
 = 0.010 σ

 

• Photon pair accepted if
mγ,γ is consistent
with mπ0 within 4σmγ,γ

⇒ ϵE<16GeV > 98%

2 Identify all unresolved π0’s
• Cluster accepted as un-

resolved π0 if
mclus > 0.1 GeV

⇒ ϵE>16GeV = 82 − 90%, with efficiency decreasing at higher
energies

3 Accept remaining genuine photons as residual single
photons if α(π±, γ) < 0.3 rad
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