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Motivation

The aim of this study

The reconstruction of tau spin orientation (“Polarimeter”)
INn order to measure polarisation to investigate new physics.

Two tools are available at ILC to measure the chirality of such new interactions.

* At the ILC, forward-backward asymmetry A, = ZAQ- can be measured

Thanks to ILC's polarised beams, A, can be measured — A, can be extracted from App

* We can also directly measure A _ by using tau polarisation P(7)
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Polarimeter

Reconstruction of tau polarisation P(7) depends on tau decay mode.

only lookat 7 — zv (BR~10%)
7 — pv (BR ~26%)

in this talk

Polarimeter vectors of 7 — 7 1n 7 rest frame

polarimeter vector

P
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Polarimeter vectors of 7 — pv 1n 7 rest frame
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The cosine of the angle this polarimeter vector makes to the tau flight direction



Previous study

Extract polarimeter without using neutrino information

"Approximate" polarimeters based only on the momenta of visible tau decay products

"Optimal" polarimeters including the neutrino component

Do not Use neutrino Use neutrino
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Simulation setup

e ILD mc-2020 eTe~™ — 777~ signal event sample with 100 % beam polarisations
e The decay of the polarised tau was done using TAUOLA.

e MC truth information was used.

Zly



7 reconstruction method

charged tau daughter trajectory

L

" X

Tau lepton decayed somewhere along this trajectory

Assume

e Two taus are produced along the beam line(interaction point has x = y = 0),
 Two taus are back-to-back 1n x-y plane,
— any ISR photons have negligible p

e Charged particle travels approximately 1n a straight line near IP.

z (beam)



7 reconstruction method
y

A

>

-t plane

z (beam)

Assume

e Primary interaction occurs along the beam line( interaction pointhasx =y = 0),
e Two taus are back-to-back in x-y plane,
e Charged particle travels approximately in a straight line near IP.

O Two tau momenta lie in a plane containing z-axis, at some azimuthal angle ¢



7 reconstruction method
y

A

Y% The intersection between plane and trajectory : the decay points of 7

For a plane with azimuthal angle ¢,

the intersection of trajectories with this plane can be calculated.

-t plane

z (beam)



7 reconstruction method
y

A

-t plane
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(¢, z;p) : unknown

z (beam)

then choice of z;p gives direction of tau momenta

—How can we choose ¢, zjp ?



charged trajectory :'

tau decay length
~ few mm

expected impact parameter
resolution ~ few yum

7 reconstruction method

Unknown
e necutrino 3-momentum X 2

e [SR momentum

* {p

assume 1 ISR photon collinear with beam

Constraints
e 4-momentum conservation

e tau mass X 2

e Decay point on trajectory X 2

For choice of z;p, ¢

we can calculate tau 4-momenta /.

the invariant mass of the missing (neutrino)
0 momentum for each tau can be calculated

:PT_PViS

We choose the values of z and ¢ which result in neutrino masses closest to zero
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7 reconstruction method

4

We have tried another method

charged trajectory
A
P(://, charged trajectory
r
. QP
tau direction
tau decay length
- 7 - ~ few mm

— . Z d() .
p . unit vector [P e
a : real number expected impact parameter 7

resolution ~ few um

I

(¢9 ZIP) — ((X, ZIP)



7 reconstruction method

4

We have tried another method charged trajectory

A .

P(?/, charged trajectory
T —
. o p
tau direction
tau decay length
: - 7 ~ few mm

O o
? . unit vector ‘:ZIP back-to-back d ’x@
a :real number: 7

‘o p

>

a, can be calculated by imposing back-to-back-ness in the x-y projection



13

7 reconstruction method

Two methods to find solutions

y

A

—p

charged trajectory

tau direction

(¢, z;p) : unknown

? . unit vector :;ZIP back-to-back

a : real number.

‘P

>

(@, z;p) : unknown

We have combined them



Find solutions

We choose the values of z and ¢ which result in neutrino masses closest to zero

example event with 1 solution
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example event with 2 solutions
|m;

mozM2 |

|[Entries 2100

IMean x 0.2286
-1.28 Meany -1.36

Std Dev x 0.181

Std Dey006606

1

10+

-132 I.

$ [rad] o

104

Find solutions

We choose the values of z and ¢ which result in neutrino masses closest to zero
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Method efficiency R~

—— Method worked
Atleastl 7 — z/p

>$.1—03 Impact parameter method efficiency
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Impact parameter method efficiency is > 90 % for events with m__ ~ 250 GeV



MC Polarimeter
T — 771/ Impact parameter method vs MC eLpR(100%) T — pPU Impact parameter method vs MC
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Problem

x10°
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Polarimeter distributions for 7+ — z*v decays

We have up to 20 possible solutions per event - events with > 240 GeV

Some entries per event
=> we cannot trust the statistical errors from simple fit

Use Jackknife method



Jackknife method

The basic 1dea 1s to calculate the estimator (e.g tau polarisation) by sequentially deleting a single event polarimeter from the sample.

The estimator 1s recomputed until there are n estimates for a sample size of n.

Variation of n estimates gives 600 4
-all event b4
Oiackknife = " Z (P i P ) 400 - ++++++++ 1t _
i=1 - iy -
_ +++++++++ -
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https://www.statisticshowto.com/estimator/

Jackknife method

The basic 1dea 1s to calculate the estimator (e.g tau polarisation) by sequentially deleting a single event polarimeter from the sample.

The estimator 1s recomputed until there are n estimates for a sample size of n.

Variation of n estimates gives 600 L T T
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Jackknife method

The basic 1dea 1s to calculate the estimator (e.g tau polarisation) by sequentially deleting a single event polarimeter from the sample.

The estimator 1s recomputed until there are n estimates for a sample size of n.

Variation of n estimates gives 600
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Jackknife method

The basic 1dea 1s to calculate the estimator (e.g tau polarisation) by sequentially deleting a single event polarimeter from the sample.

The estimator 1s recomputed until there are n estimates for a sample size of n.

Variation of n estimates gives 600

- +
-all event b H
n—1 < - A9 : ++++ ++++++ : A 1]
Oiackknife = " Z (Pi — P) 400 — L ++++ H -
i=1 - trbgy T - osF | 1 event :
_ +++++++-H' - 06:— _:
arXiv:1606.00497 b, T . i :
delete 1 event 200 -+ — delete 1 event o4f .
T - : g :
.| 1 event : : : e :
; : ob . ] °~08 08 09 09 1
06F E 1 05 0 0.5 1 Polarimeter
0.4f - Polarimeter
02 .
05 o o e e o delete levent 'F], .1 |
0.3 04 05 0.6 0..7 0.8 ool 1 event
Polarimeter 5
0.6
v 0.4 F =
Extract tau polarisation from log likelithood fit ] e
600 |- 4

600 [ ' '
600 |- + I 0.6 0.8. 1
- g Polarimeter I
400

400 4001

200
200 200+ '



https://www.statisticshowto.com/estimator/

# Entries

Method Calibration

To check the bias, an artificial polarisation was created by changing the ratio of Vi and N to calculate Py,

cosO.-

P.

- Np=Np Np: right-handed tau
in Np + N, Ny : left-handed tau

1

Pﬁt

|

— 10 <cos |l <08
w— <08 < cO8 | < -0.6
e B <cos § <04
— <04 < CcO8 | <-0.2

05 02<cos il < 0.
w— ), «co8 {l <« 0.2
0.2<cos i< 0.4
s 04 < cO8 0l < 0.6
w— 6 <cos {l < 0.8

08<cos fl < 1.0

—1 —0.5 0
Artificial input po

N = 50000

MC
0.5 1

larisation Pin

* Bias due to the presence of wrong so:

ution was found

 There seems have no cos @_- dependence

Atleast 1 tau — #/p
m_. > 240 GeV



Summary

_|_

Full reconstruction of ee~™ — 777~ using impact parameter was investigated.

New method to find solutions was implemented and method efficiency was improved

For events with both m__ ~ 91 GeV and ~ 250 GeV, new method efficiency is > 90 %

Polarimeters were reconstructed in the 7 — zv and 7 — pr decay modes and reasonable
agreement between MC truth polarimeter and the one from new method were found.

Jackknife method was used to estimate tau polarisation errors.

Future plan

O Investigate search for new physics by using the tau polarisation.
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// end 1tau Lloop
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Betore FSR After FSR
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# Entries

Method Calibration

MC linked PFO : which MC particles produced the hits included 1n this reconstructed particle
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