
  1

tau polarisation in e+ e- → tau+ tau-

Daniel Jeans, KEK/IPNS, March 2024



  2

distribution of tau decay products reflect tau’s spin orientation
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ντ π-

τ-
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favoured
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in this simplest tau decay, optimal spin direction estimator “polarimeter”

is the pion momentum direction in the tau rest frame



  3

in principle, all hadronic decays have same spin analysing power

leptonic decays less sensitive (2 neutrinos in decay)

optimal polarimeter depends on the tau decay mode

→ measure all tau decay products

in practice, easiest for 1-pion (11% BR) or 2-pion (25% BR) decays

to extract optimal polarimeter, need
pion momenta 
tau momentum → not trivial, due to the tau neutrino
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kinematic unknowns and constraints in e e → tau tau

at Z-pole: can assume known tau energy, 
back-to-back topology

at higher energies need to take account of 
(usually unseen) ISR

momentum/energy conservation (including ISR)

tau masses

impact parameters, beam spot

interaction region

slightly under-constrained system
→ several possible solutions per event
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“classical” tau polarisation measurement a la LEP

longitudinal polarisation of taus 
→ distinguish left- / right- handed currents
→ left-right asymmetry of Z couplings Ae Aτ

→ particularly important at machines without 
longitudinal beam polarisation
(beam pol. provides alternative measurement strategy)

a fantastic measurement will be possible @ Tera/Giga-Z

I guess it will require quite some work to match size of 
systematic and statistical uncertainties

added value of beam polarisation ?

arXiv:hep-ex/0509008 
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transverse tau polarisation and correlations

correlations between transverse tau spin components are key to 
measurements of CP in Higgs → tau tau [ scalar → fermions ]

not directly applicable to spin-1 mediator



  7

normal

longitudinal transverse
tau-

tau+ e- beam

e+ beam

polarimeter

     scattering 
plane



  8

been looking at effect of some EFT operators
(not a complete set)

parameterise effects of new physics at high scales in ~model-independent way
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coupling of taus to W, B
mix L, R

related to tau dipole moments

imaginary coefficients
~ CP violation
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coupling of 
electron and tau currents
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madgraph5_@NLO       +       SMEFTsim           +          TauDecay
http://madgraph.phys.ucl.ac.be/ arXiv:1212.6247 https://smeftsim.github.io/

SMEFT

TauDecay
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beam polarisation
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several distributions sensitive to different operators

optimal observable for each operator ?
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tau pair events present a relatively simple system of 
displaced pions, photons, leptons … neutrinos

Left- and Right-handed taus can be experimentally distinguished
separately measure couplings of Z(’) to L and R

tau pairs are entangled

spin correlations sensitive to various non-SM EFT operators

different roles of Z pole and high energies / beam polarisation

required experimental precision for chg. tracks, photons ?

relation to dipole moments @ e.g. Belle2 ?

summary



  21full simulation
overlay, detector material, ...
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backup
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optimal: using neutrino 
momentum

approx: without
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fullsim
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fullsim
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fullsim
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