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Introduction

The eTe™ — 777~ process is of particular interest because the tau lepton
polarisation can be reconstructed, allowing its chiral nature to be proved.

The tau lepton, with its rather short lifetime 2.9 x 1073 s allows

reconstruction of its spin direction by the distribution of its decay
products.

Maximum sensitivity to the spin orientation requires reconstruction of the
tau decay mode and the kinematics of its decay.
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@ Event selection

@ ldentification of tau decay mode
T — TV
T — pv
T = av

@ Measure polarization in eTe™ — 7777

@ Compare two models of the ILD detector
IDR-L
IDR-S
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Simulation setup

@ Signal events sample were generated using WHIZARD ver 1.95
@ The decay of the polarized tau was done using TAUOLA

@ Two samples were used

MC level
F T T T T H [
i — eLpR(100%) ] 012
0.15F eRpL(100%) . 0.1F
i 0.08f
0.1 ] 0.06

1 0.04f
005 B | F
3 ‘ 0.02f
OK—-—;%\M‘,\HHLU,.,AA il | 07

0 100 200 300 400 500

100% polarised eZeE and ej_%ez

1-T mass [GeV/c?]
K.Yumino (SOKENDAI)

ete™ - 77—

MC level
T T

— eLpR(100%)
eRpL(100%)

5

05 1
cos 6.

October 31, 2019

4/15



Polarimeters

The polarimeter vectors including the momenta of neutrino, charged and
neutral pions.

We refer to this form of the polarimeter as "optimal” tau polarimeter.
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Polarimeters

" Approximate” tau polarimeter are reconstructed
based only on the momenta of visible tau decay products.

MC Ievel eLPR(100%
120 :, — —ve hellcny T b
r — +ve helicity 1
100 - E
80 * *
60 :
40 * ]
20} ]
0 -1 —6.5 6 0.‘5 1

Ttapprox polarimeter

K.Yumino (SOKENDAI)

ete™

400

-t

300 f
200 f

100 |

MC Ievel eLpR(100%
j —_— —ve hellclty 1 1
:’ —— +ve helicity t B
‘ ]

-1 -0.5 0 0.5 1

p approx polarimeter

October 31, 2019

6/15



Event selection

(a) the second seed PFO
energy

ILD preliminary [Wl2-tau signal

44 (>2 tau)

(b) the outside energy of
PFOs
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(c) Jet acoplanarity
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(d) Jet acolinearity
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(e) no ISR photon
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(f) no isolated leptons
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(g) the shower shape
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7 decay mode selection

To decide whether a jet originates from 7+ — 7%v or 7%+ — 770y

First, we require that it contains a single charged PFO.

A cut-based selection is based on 3 observables of particle in the candidate
Jet

@ number of identified photon PFOs

@ total invariant mass of all visible particles

@ total invariant mass of all neutral visible particles
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7 decay mode selection

ILD preliminary ILD preliminary ILD preliminary
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# reconstructed photons

# reconstructed photons

# reconstructed photons

# ~-like PFOs identified within the cone matched to various decay modes.

In the case of p decays, 50 % of tau jets only a 1- cluster is reconstructed.
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7 decay mode selection

Signal-only comparisons after general event selection
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There is no significant difference between IDR-L and IDR-S model
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7 decay mode selection

Selected 1-prong tau candidates in signal events

true MC decay

oty o ra% o %% o S other purity
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decay mode identification efficiency in large and small models,

and the purity considering only backgrounds from other high mass di-tau events.
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7 decay mode selection

Separation of single

ILD preliminary

prong tau decay modes
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the efficiency and purity (left) and their product (right) of the decay mode selection

IDR-L has slightly better eff x pur than IDR-S
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Polarimeter estimation

Reconstructed polarimeter templates for 7+ — 7ty and 7+ — 7+70v

decays in the IDR-L model
scaled to the expected integrated luminosity in the 628061-530 and 6]_%8062_30

ILD prellmmary IDR-L e g€hs T > ILD prellmlnary IDR-L € 50830 T — p
2500 _ o na cheat‘(SeI/no‘Bg) ‘ _ o no cheat‘(SeI/no‘Bg)
s ] 4000 - .
2000 - b r

1500 R 3000 a B
1000 F E 2000 ]
500} ] 1000 F ]
ol - o 05 L .

-1.5 -1 —0 5 0 O 5 1 15 -15 -1 -05 0 05 1 15
polarimeter polarimeter

We use them as templates for pseudo-experiments.
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7 polarisation measurement

Estimated tau polarisation precision at different level of " cheating”
for different decay modes, detector models, and polarisation sets
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cheat ECAL: using MC photon momentum

MC-approx: using MC photon & pion momentum

MC-approx(no Sel/Bg): all events

7% decay mode has somewhat better precision than 7% — 7%v
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Conclusion

@ The reconstruction and selection of high mass pairs of tau leptons at
ILC-500 was investigated

+ +.0

@ Polarimeters were reconstructed in the 7 — 7%v and 7+ — 770
@ At ILC-500, tau polarisation precision is better than 1%

@ The performance of two detector models, IDR-L and IDR-S were
compared.

@ IDR-L model performed somewhat better at reconstructing the
number of photon and at identifying tau decay modes.

@ The final precision on the tau polarisation measurement of the two
models is very similar
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Backup
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Figure: Reason for which only a single photon PFO was found in 7 — p decays

The most common reason for mis-counting the number of photons is that

the two photons have been merged into a single photon-like cluster.
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Event selection

@ energy of the second seed PFO less than 200 GeV [to remove di-lepton events(ee, 1]

@ sum of the energy [pr]of PFOs lying outside the two cones less than 40 [20] GeV
[to remove hadronic events]

@ acoplanarity between candidate jet directions less than 0.05 rad [remove fully
leptonic WW events]

@ acolinearity between candidate jet directions less than 0.075 rad [remove Z return
events]

@ no photon-like PFO with energy larger than 10 GeV located outside the two cones
[remove events with seen ISR]

@ no isolated leptons identified by the IsolatedLeptonTagging processor [remove
di-lepton events, fully leptonic tau decays]

@ the smallest and largest eigenvalues of the shower ellipsoid must respectively lie in
the range 3.2—63 mm and 6.3—100 mm
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7 decay mode selection

Distributions after the event selection, before decay mode identification.
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Polarimeter estimation

" Approximate” polarimeters in selected and

ILD preliminary

LI B B T T T L BN B T T
300 —IDRL ] 800 —IDRL
- IDR-S I - IDR-S |
200} ﬂ.m T 600 ]
o e T ]
(5.4 TR S 400} .
100 -
200+ -
0 L coa o o Ly 1y aa ] 0 L v b e L 1y ]
-15 -1 -05 0 05 1 15 -15 -1 -05 0 05 1 15

T polarimeter (rec)

correctly identified tau jets.
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the line : for 100 %eZeE

the markers with error bars :
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Event selection

(a) (b)

ILD preliminary

ILD preliminary

(a) the second seed PFO energy
(b) the outside energy of PFOs

(c) Jet acoplanarity
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(f) no isolated leptons

(g) the shower shape
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