tau spins in e+ e- - tau+ tau-

we have sensitivity to tau spin orientation in this process
can we use it to measure/constrain something interesting?

I’'m starting to investigate...
...S0 probably many misunderstandings!

Daniel Jeans / KEK



lepton-photon coupling
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in EFT language, 2 relevant 6d operators
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Model independent bounds on the tau lepton
electromagnetic and weak magnetic moments

abriel A. Gonzdlez-Sprinberg?, Arcadi Santamaria” anc
Gabriel A. Gonzalez-S berg?, Arcadi Santamaria " and
Jordi Vidal®

Legs = apOp + awOw + h.c. ,

a real: magnetic moment
imaginary: CP-violation “EDM”
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Dimension-Six Terms in the Standard Model Lagrangian*

B. Grzadkowski', M. Iskrzynski', M. Misiak"* and J. Rosiek
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Table 2: Dimension-six operators other than the four-fermion ones.




madgraph5_@NLO + SMEFTsim + TauDecay

http://madgraph.phys.ucl.ac.be/ https://smeftsim.github.io/ arxiv:1212.6247

e+ e- - tau+ tau-

(un)polarised beams

91/250 GeV cm energy (exact; no bs, isr)
tau - pinu

pion momentum direction is spin analyser “polarimeter”

reconstruct polarimeters, look for sensitive observables



Dimension-Six Terms in the Standard Model Lagrangian
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Table 2: Dimension-six operators other than the four-fermion ones.

SMEFT (7

SMEFTsim 3.0 — a practical guide

arxiv:2012.11343

coefficients in SMEFTsIim
(general model):
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normal

scattering
plane

this is the “usual”’ tau polarisation measurement:
fraction of -ve / +ve helicity (= left- / right-handed) taus
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summary
— seems to be some sensitivity to 2 particular SMEFT couplings

— potentially with CP violation

plans

- better understanding



Table 1 Linearly independent CP-odd observables with rank n < 2 constructed from the
momentum and spin observables of the v+ 7~ final state in (2.1) where 1 < 1,7 <3
are the Cartesian vector indices. The CPT parity 5g of the operators A" is defined

in (2.5).
Table 1
1 Al ' Ne
1 ki (8, —8.) -
2 ky-(8; x8.) +
e 3 b+ = 8- -
4 [£+-{ﬂ+—-s_)] ks -
5 (34 x 8_) x ky - Ne = o7
CP-VIOLATING EFFECTS IN 6 (84 —8_)x ks + most
Z DECAYS TO r LEPTONS . o x o N interesting :
g [ &y - (1 x 82)] s + “effect at
W. Bernreuther®, G.W. Botz 9 ki (84 —82) i+ (i) - tree level”
0. Nachtmann™ and P. Overmann** 10 [ by - (54 — s_)] (L‘, -fF+j ~1 JEJ.) _
1| ky (E+x{s+xa-}]j+[iu—+_j} -
12| ks (E+x{s+—s_j]j+{i1-rj] +
13 [ ks - (84 x !-}] (‘E-H kes — 185) +
14 | ky (84 % 8.);+ (i &= j) — 36 (trace) | +




The CP-violating electric and weak dipole moments

of the tau lepton from threshold to 500 GeV

W. Bernreuther, O. Nachtmann, and P. Overmaun

HD-THEP-92-60

NG 7+ 1 "events ARed) Almd? ARed? AlmdZ
[GeV] | [ecm)] [ecm)]
3.67 2.4 x 107 2.4 x 10716 1.4 x 10~16
4.25 3.5 x 107 41x1077 1.9x 1077
10.58 5 x 107 0.9 x 10718 27 x10-18
91.16 3.3 x 10° 20x%x 107 34x1017
180 5000 1.5x107%  70x107"7 | 1.1x10"Y 5.8 x10-16
500 5000 46x1077 24 x10717 | 45x10718% 209x 10"

Tab. 2 1 s.d. accuracies obtainable in measuring the dipole form factors at

c.m. energies between 3.67 GeV and 500 GeV,



angle of transverse polarimeter components
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tau scattering angle
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4500

tau-tau polarisation in different planes (sum of 2 tau polarimeters)
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some other CP-sensitive observables
(which | don’t really understand)
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