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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 still have many misunderstandings

no results, just some plots at generator level



(longitudinal) tau polarisation: are final state taus more Left or Right-handed ?
we have sensitivity to tau helicity through decays ~ chirality L, R at high energy

in SM, photon couplings to L and R are identical

Z couplings to L and R are very different - Ar
Z i “ “ depend on model
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at linear collider, initial beams are polarised. test universality e « tau for Air?
assume universality, extract beam polarlsat|on ?



beyond the “standard” longitudinal polarisation

lepton-photon coupling
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in EFT language, 2 relevant 6d operators

for these EDM & MDM
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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®

ﬁﬁff — agOpg + aw Ow + 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
X# S and ptD? Pip®
Qe | fAPOGHGRGT | Q. (pTp)® Qe (0o (Tperp)

G | FAECGHGEGT | Qo | (ple)Olety) Que | (10 (Gurd)
Qw | e KWIWIeWEe | Qup | (p1D*g)" (¢'Dyuy) | Que (1) (Godrip)
Q;;. AIK ﬁ};p i'ﬂf‘:' 1‘1-"’;"-‘”

X2 V2X o ﬂ,epeﬂ

Qe | ¢loGAG™  |lQuw | (Lee)r oW, || QU | (¢ sﬂn V(L)
Qa | ¢vGre™ Qs | GoedeBa || QY | (o sﬂﬂ o)l 'yl
Qow | el WLW™ | Quo | @ T u)FGh | Qu | (4 .;u,, JEer)
Qv | ¢leWLW'™ | Quy | (Go™u )T FWL, | QW | (4 au,; (@ a)
Qs | ¢'0BuB* | Qus | (@o™u)FBu | QY | (¢'iD) )@ v a)
Q. | ¢'9BuB” | Quc | @o T )Gl | Qe | (v sﬁﬁ 2) (i7" ur)
Quve | @ rio Wi, B Quw | (Guod ) e Wi, | Quu | (& EU‘;: )(dyy"dy)
Quve | e WLB™ | Qus | (Go"d)eBu | Quua | (3 Dup)iig"d,)

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

Process: e- e+ > ta- ta+, ( ta- > vt pi- ), ( ta+ > vt~ pi+ )
QED=2
NP=1

Model: SMEFTsim_general MwScheme UFO_taudecay UFO
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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, 500 GeV cm energy (exact; no beamstrahlung, ISR)

simplest tau decay: tau — pi nu
pion momentum direction is spin analyser “polarimeter”

reconstruct polarimeters, look for sensitive observables
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Dimension-Six Terms in the Standard Model Lagrangian
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Table 2: Dimension-six operators other than the four-fermion ones.

SMEFT S

SMEFTsim 3.0 — a practical guide

arxiv:2012.11343

coefficients in SMEFTsIim
(general model):

ceWRe33
ceWIm33
ceBRe33
ceBIm33

/N

real/imag.  tau-tau
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normal

polarimeter

scattering
plane
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normal

scattering
plane
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normal pol
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normal pol
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normal

this is the “usual”’ tau polarisation measurement:
fraction of -ve / +ve helicity (= left- / right-handed) taus

scattering
plane
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longitudinal pol
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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 ng of the operators A" is defined

can also construct explicitly CP-odd
observables:

understand connection to
SMEFT approach

HD-THEP-91-7
KA-THEP-91-1

CP-VIOLATING EFFECTS IN
Z DECAYS TO r LEPTONS

W. Bernreuther*, G.W. Botz*
0. Nachtmann™ and P. Overmann**

in (2.5).
Table 1
i Al e
1 ki (8, —8_) -
2 ky - (84 %8.) +
3 8, —s_ _
4 [£+-{ﬂ+—-s_)] ks -
5 (84 % 8_) % ky -
6 (84 —8-) x i’+ +
T By X 8_ +
8 [ky-(sy x8)]| ks +
9 kyi (84 —8);+ (i & j) ~
10 | [y (oq — o)) (kas by —385) | -
1| ky (£’+><(5+3’<3-})j+[i'-+il -
12| ki (Fyx (84— 3_]]:_ +(ieg) |+
13 | s - (84 x 82)] (kai ksj — 3635) +
14 | ki (84 % 82), + (i & j) — 265 (trace) | +

Ne ="
most
interesting :
“effect at
tree level”
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summary

— tau spin orientation in e+e- - tau+ tau- has some sensitivity to
2 particular SMEFT couplings

- potentially with CP violation

plans
— Improve my understanding

— continue full reconstruction of e+ e- — tau+ tau- final state
(Yumino’s thesis work)
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