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Abstract
Tau-pair process has been analyzed in the ILD detector model as a benchmark process

for LoI. Results of background rejection, forward-backward asymmetry and polarization
measurements are obtained with full detector simulation.

1 Goals for LoI

Tau-pair process (e+e− →Z∗, γ → τ+τ−) at
√

s = 500 GeV is one of the benchmark processes[1]
proposed by Research Director. According to the report, this process is a good sample to
examine detector performances of

• tau reconstruction, aspects of particle flow,

• π0 reconstruction,

• tracking of very close-by tracks.

In this process, tau leptons are highly boosted (γ ∼ 140), thus decay daughters (mainly charged
and neutral pions, muons and electrons) are concentrated in a very narrow angle. Reconstruc-
tion of π0 from two photons is especially challenging for the ILC detectors.

Observables for the LoI are cross section, forward-backward asymmetry and polarization
of tau leptons. The polarization measurement requires identification of tau decays, including
reconstruction of π0. Efficiency and purity of event selection cuts should be also a good measure
of detector performance.

For physics motivation, tau-pair process is important as a precision measurement of the
electroweak theory. For example, measuring cross section and forward-backward asymmetry of
tau-pair process very precisely can probe existence of heavy Z’ boson.

2 Analysis framework and events

2.1 Event samples

Events of ILD 00 LoI mass production[2] are used for this study. Events reconstructed and
listed at DESY by approximately end of February are used in this analysis. 10.3 M SM events
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generated in SLAC are processed for background estimation with appropriate event weight.
Since the SLAC events have a polarization issues for tau-pair events, tau-pair events gener-

ated in DESY are used instead of SLAC events in this analysis. For other modes including tau,
SLAC events are used. Whizard 1.51 and TAUOLA[3] are used to generate the DESY events.
Statistics of the signal channel is 500 fb−1 both for e−L e+

R and e−Re+
L (total 2.3 M events).

Bhabha process (e+e− elastic scattering) is an important background for tau-pair analysis.
Since the cross section of Bhabha process is too large (∼ 17 nb for each polarization in SLAC
events), following preselection is applied to the SLAC events before simulation.

• | cos θ| of electron or positron must be smaller than 0.92.

• opening angle between electron and positron must be larger than 165 deg.

After the preselection, the cross section is reduced to 20-30 pb. ∼1.0 fb−1 of preselected Bhabha
events are simulated.

Integrated luminosity is assumed to be 500 fb−1 each for two polarization setups, e−L e+
R and

e−Re+
L . Assumed polarization ratio is 80% for electron and 30% for positron (i.e. for e−L e+

R setup
90% of electrons are leftly polarized and 65% of positrons are rightly polarized).

2.2 Tau clustering

For tau clustering, an original clustering processor (TaJet) is applied to the output of Pando-
raPFA. Following is a procedure of the processor.

1. Sort particles in energy order.

2. Select the most energetic charged particle (a tau candidate).

3. Search particles to be associated to the tau candidate. Criteria is:

(a) Opening angle to the tau candidate is smaller than 50 mrad., or

(b) Opening angle to the tau candidate is not larger than 1 rad. and invariant mass with
the tau candidate is less than 2 GeV (mτ = 1.777 GeV).

4. Combine energy and momentum of the tau candidate and associated particle and treat
the combined particle as the new tau candidate.

5. Repeat from 3.

6. After all remaining particles do not meet the criteria, remaining most energetic charged
particle is the next tau candidate. (Repeat from 2.)

7. After all charged particles are associated to tau candidates, remaining neutral particles
are independently included in the cluster list as neutral fragments.

In the clustering stage, events with > 6 tracks are pre-cut to accelerate clustering since >
99% of tau decays have ≤ 3 charged particles. Event with only one positive and one negative
tau clusters are processed with latter analysis.
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3 Background suppression

Main background of tau-pair analysis is Bhabha (e+e− →e+e−), WW → `ν`ν and γγ → τ+τ−.
Since cross sections of Bhabha and two-photon events are huge (about 104 and 103 larger than
signal, respectively), we need tight selection cuts for those background events. Following cuts
are applied to signals and all SM background events after the tau clustering.

1. Number of tracks ≤ 6. Included as a pre-cut in tau clustering processor.

2. Only one positive and one negative tau clusters must exist in the event.

3. Opening angle of two tau candidates must be > 178 deg.

This cut efficiently suppresses WW → `ν`ν background.

4. ee and µµ events are rejected.

Charged particles depositing > 90% of their energy in ECAL are identified as electrons,
and charged particles depositing < 70% of their energy (estimated by curvature of their
tracks) in ECAL+HCAL are identified as muons. Events with two electrons or two muons
are rejected in this cut. This cut is especially for suppressing Bhabha and e+e− → µ+µ−

events. Signal loss is about 6%.

5. | cos θ| < 0.9 for both tau clusters.

t-channel Bhabha events are almost completely suppressed by this cut. 20% of signal
events are lost.

6. 40 < Evis < 450 GeV.

Lower bound suppresses γγ → τ+τ− events, and upper bound suppresses Bhabha events.
Signal lost is negligibly small.

7. 30 < Max.Eτ < 240 GeV.

Almost complete suppression of Bhabha and γγ → τ+τ− events.

Table 1 shows the result of these cuts and Figure1 shows distribution of cut values. Most
of background is effectively cut off by the cuts, ∼10% level of the signal. The largest remaining
background is γγ → ``, actually γγ → ττ . Remaining number of γγ → ττ is 2 in current
statistics of 0.1 fb−1. Preselection should be needed to obtain more accurate estimation of
background. Remaining number of Bhabha events is 1 in the preselected sample of 1 fb−1. The
second largest background is n` + nν, actually WW→ `ν`ν, which cannot be distinguished
from signal except by opening angle, thus background suppression efficiency is low.

Purity of tau selection is 89.7% in e−L e+
R sample and 88.8% in e−Re+

L . The difference is mainly
from difference of the cross section between each polarization.

Selection efficiency of tau-pair events is literally low (18.4% in e−L e+
R and 18.8% in e−Re+

L ).
However, the ‘nocut’ number contains radiative events, which have effectively lower

√
s and

should not be used in the analysis. These radiative events are cut by the opening angle selection.
The real efficiency varies by the definition of the events. The acceptance of ‘softly-radiated’
tau-pair events is determined by the opening angle cuts. Loosing the cut accepts more events,
although γγ → ττ and WW→ `ν`ν background significantly increase.
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Figure 1: Distribution of cut values. Left column shows e−L e+
R distribution and Right column

shows e−Re+
L distribution. Cuts are applied from top, and ee and µµ veto cuts are applied

between second and third rows, whose distributions are omitted.
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Cuts Tau-pair Bhabha µµ n` + nν γγ → `` other γγ, eγ other

# tracks, # clusters 573140 1.24e+07 590712 1.15e+06 1.39e+09 4.07e+07 1.25e+06
Opening angle > 178 deg. 152758 7.78e+06 157407 7938 8.41e+06 59454 2673

| cos θ| < 0.9 129208 5.44e+06 133413 3278 6.39e+06 57534 447
ee, µµ veto 118557 38803 2616 2113 1.20e+06 50645 118

40 < Evis < 450 GeV 114819 1861 491 1931 95365 10647 23
30 < Max E(τ) < 240 GeV 105369 16 61 1833 10133 0 16

(a) e−L (80%) e+R (30%)

Cuts Tau-pair Bhabha µµ n` + nν γγ → `` other γγ, eγ other

# tracks, # clusters 447002 1.13e+07 460889 116200 1.39e+09 4.69e+07 1.23e+06
Opening angle > 178 deg. 127061 6.97e+06 133628 519 8.41e+06 59920 2966

| cos θ| < 0.9 107489 4.82e+06 113785 218 6.39e+06 58596 433
ee, µµ veto 98886 42237 2078 132 1.20e+06 51196 101

40 < Evis < 450 GeV 94181 3395 405 122 95365 11199 24
30 < Max E(τ) < 240 GeV 84051 269 49 116 10133 0 7

(b) e−R (80%) e+L (30%)

Table 1: Cut statistics for background suppression. Preselection (See Section 2.1 for details)
is applied for Bhabha events before these cuts. Number of events are normalized to 500 fb−1.
The same statistics is used for (a) and (b): only event weighting is different.

4 Cross section

Cross section can be easily obtained by count-based method since background amount is low.
Assuming background subtraction can be performed in the error of statistics, we obtain number
of signal event as 105369± 343 (e−L e+

R) and 84051± 308 (e−Re+
L ), ie. 0.33% and 0.37% statistical

error, respectively. The statistical error is dominated by signal statistics, so poor statistics
of background events in the current MC sample can only have small effect on these numbers
(0.34% and 0.39% statistical error, even if background is doubled). Systematic error can be
introduced by polarization error, MC incorrespondance to real detector etc., but it cannot be
accurately estimated in this stage of detector development and thus not considered now.

5 Forward-backward asymmetry

Figure 2 shows a result on angular distribution of τ+ leptons (τ− events are essentially the
same event-by-event since we require opening angle > 178 deg.).

Assuming that background can be subtracted effectively, forward-backward asymmetry is
calculated by following formulae.

AFB =
NF −NB

NF + NB
, (1)

σAFB =

√(
∂AFB

∂NF
σNF

)2

+
(

∂AFB

∂NB
σNB

)2

, (2)

σNF =
√

NF + NFBG, σNB =
√

NB + NBBG, (3)

where NB is number of signal events in backward region (cos θ < 0), NF is number of signal
events in forward region (cos θ > 0), NBBG is number of background events in the backward
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Figure 2: Angular distribution of τ+ momentum direction. Number of events are normalized
to 500 fb−1. Error bars stand for statistical errors in current MC statistics. The same statistics
is used for (a) and (b): only event weighting is different.

region and NFBG is number of background events in the forward region. The formulae can be
reduced to

σAFB =
2
√

N2
B(NF + NFBG) + N2

F (NB + NBBG)

(NF + NB)2
. (4)

Result of the calculation is:

e−L e+
R : NF = 79890, NB = 25479, NFBG = 6931, NBBG = 5127, AFB = 51.64± 0.29%,(5)

e−Re+
L : NF = 60591, NB = 23460, NFBG = 5490, NBBG = 5083, AFB = 44.18± 0.37%.(6)

Statistical accuracy of AFB is 0.55% and 0.76%, respectively.

6 Decay mode separation

Separating decay modes of tau is essential for the polarization measurement. There are five
dominant decay modes of tau, τ+ → e+νeντ (17.9%), τ+ → µ+νµντ (17.4%), τ+ → π+ντ

(10.9%), τ+ → ρ+ντ → π+π0ντ (25.2%), and τ+ → a+
1 ντ → πππντ (9.3% (1-prong) and 9.0%

(3-prong)). Other decay modes (10.3%) include Kaons and multi-pions in other resonant modes
or continuum.

Basic selection procedure is as follows.

1. Among 1-prong decay, leptons can be identified with calorimater and track information.
Current particle-ID analyzer gives almost perfect e/π separation, but have some prob-
lems in µπ separation. To improve µπ separation, I also use an additional cut that
reconstructed particles which have less than half cluster energy compared to their track
momentum are identified as muons and vice versa.

6



Cuts πµ ρν a1ν eνν µνν other tau Process bg.
AFB cut 23951 58897 37155 34089 35273 23649 25396
1-prong 23870 55090 18646 33855 35230 10956 19977

electron-ID (likelihood > 0.997) 156 779 339 32449 2 144 954
cluster energy cut 251 572 194 186 34706 126 2635

muon-ID 47 55 12 0 30379 12 1568

Table 2: Cut statistics for pure-leptonic mode selection. Radiative mode is included in each
process.

2. For πν mode, single charged pion with no associate neutral particle is basically selected.
To raise selection efficiency clusters with very low energy neutral particles are also ac-
cepted.

3. A cluster with a single charged pion with associate neutral particles should be classified
as ρν or a1ν decay or contamination of πν and other miscellaneous modes. Number of
neutral particles, energies and invariant mass (mρ = 770 MeV, ma1 = 1260 MeV) are
used to separate these decay modes.

4. a1 also decays to three charged pions, which have a peak in invariant mass sepctrum
of three charged particles. Contamination of other modes are much smaller than the
1-prong mode.

One of the most important variables for the selection is n-body invariant mass of the
events. Figure 3 shows invariant mass distributions of all charged and neutral particles and
Figure 4 shows those of three charged particles (not including neutral particles). Events with
tracks identified as leptons are eliminated from Fig. 3, and events with two lepton tracks are
eliminated from Fig. 4. We can see clear peaks of ρ and a1, but especially ρ/a1 separation
seems to be non-trivial.

In the following subsection, we discuss selection cuts for each decay mode.

6.1 e+νeντ and µ+νµντ mode

The two pure-leptonic mode are the easiest ones to separate from other events. Selection of the
eνν mode is (1) 1-prong, (2) electron-ID with likelihood value > 0.997 (See Figure 7). Selection
of the µνν mode is (1) 1-prong, (2) Cluster energy < 0.5× track momentum and (3) muon-ID.
Selection statistics are shown in Table 2. Obtained purity and efficiency (with respect to events
after AFB cut) are:

• eνν mode: efficiency = 95.2%, purity = 93.2%,

• µνν mode: efficiency = 86.1%, purity = 94.7%.

Muon efficiency is lower, as an effect of muon-ID. Excluding muon-ID gives efficiency = 98.4%
and purity = 89.7%.
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Figure 3: Invariant mass distributions of 1-prong events devided by number of neutral particles.
Lepton veto is applied in the mass distributions (not applied in the # neutrals plot).
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Figure 4: Invariant mass distributions of 3-prong events. Invariant mass is calculated using
only tree tracks (no neutrals are used). Lepton veto is applied in the distribution except no
neutral plot and # neutrals plot.
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Figure 5: Energy sum of neutral particles in each 1-prong tau.
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Figure 6: Energy sum of neutral particles in each 3-prong tau.
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Figure 7: Distribution of likelihood value of electron-ID. We use a threshold value of −2.5 of
the horizontal axis as the electron selection.

11



Cuts πµ ρν a1ν eνν µνν other tau Process bg.
AFB cut 23951 58897 37155 34089 35273 23649 25396
1-prong 23870 55090 18646 33855 35230 10956 19977

lepton veto 23201 52636 17469 228 279 10526 16185
neutral energy 17363 133 7 127 261 1412 5273

1 neutral & mass outside ρ 2202 566 261 19 23 841 98
Sum of upper two rows 19565 699 268 146 284 2253 5371

Table 3: Cut statistics for πν mode selection.

6.2 π+ντ mode

πν decay mode has the simplest kinematics and thus the most efficient mode for polarization
measurement. The event structure is a single pion without any associate particles. However,
some pions in this mode associate neutral particle by mainly mis-reconstruction. Figure 5
shows distribution of energy sum of neutral particles, En for each decay mode. Since πν mode
has relatively small En compared to ρν and other modes, it can be used to identify the decay
mode.

The selection cuts for πν mode is (1) 1-prong, (2) lepton veto and (3a) En < 2 GeV and
(3b) Number of neutral = 1 and invariant mass of 2 particles is outside mρ (mass < 470 MeV
or mass > 1070 MeV). (3a) and (3b) are ‘or’ condition.

Lepton veto is common to ρν analysis. It consists of (1a) pion-ID, (1b) muon-ID with
likelihood(µ) is true 1, and (2) Cluster energy is more than half of the track momentum. (1a)
and (1b) are ‘or’ condition. (1b) is needed since muon-ID often gives wrong result when the
likelihood value equals to true 1.

Selection statistics are shown in Table 3. Obtained purity and efficiency (with respect to
events after AFB cut) are:

• πν mode: efficiency = 81.7%, purity = 68.4%.

The purity is quite low, but the dominant background is γγ → ττ process and remaining events
is one (weight ∼ 5000). If we can cut the event, purity becomes 83.2%.

6.3 ρ+ντ mode

As shown in Fig. 3, separating a1 mode from ρ mode is essential for this study. We need to
establish individual separation cuts for each number of neutral particle.

For clusters with single neutral particle, main target is to separate πν mode. As already
discussed in the previous section, En can be utilized for the mode separation. In single neutral
particle events, En > 40 GeV cut can efficiently reduce the πν events.

Clusters with two neutral particles have the least background. Loose cut of En > 5 GeV
and loose mass cut should efficiently correct signal events.

For clusters with > 3 neutral particles, a1 mode is the largest background. Since number
of photons is principally 2 in ρ mode, the third or latter neutral particles are expected to have
smaller energy in ρ mode. Therefore we use a variable En3 = En −E1 −E2, where E1 and E2
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Figure 8: Neutral energy without the most energetic two neutral particles.

are the largest and the second largest energy of the neutral particles. Figure 8 shows the En3

distribution of events which have ≥ 3 neutral particles.
The other subtraction strategy of a1 is to use difference of invariant mass (mρ = 770 MeV,

ma1 = 1260 MeV). Around the a1 mass region, threshold of En3 is lower than other region, to
suppress more a1 events. Detailed cut values and statistics are written in Table 4 and invariant
mass spectra are shown in Fig. 9.

Overall efficiency and purity of ρν mode selection is:

• ρν mode: efficiency = 67.2%, purity = 74.4%.

Again, the purity is dominated by one γγ → ττ event, but mode background is comparable
for this mode so the statistical uncertainty is smaller than πν mode.

6.4 a+
1 ντ mode (3-prong)

3-prong a1 mode is also a powerful decay mode to obtain polarization information. This mode
has basically three charged pions and no neutral particles. Practically neutral particles (mis-
reconstruction etc.) are found in some of the events. The distribution of number of neutral
particles and invariant mass are shown in Fig. 4. Again, different cuts are applied for each
number of neutral particles.

Events with no neutral particles are almost background-free and no cuts are needed to
select a1 events.

Events with one neutral has some ρν background with a photon converted to a e+e− pair.
This background can be reduced by requiring two pions in three charged particles. (Three pion
requirement reduces signal sample because of mis-ID).
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Figure 9: Invariant mass distribution used for ρν mode selection.
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Cuts πµ ρν a1ν eνν µνν other tau Process bg.
1-lepton veto 6532 5450 495 79 248 2027 319
1-neutral energy > 40 GeV 92 4611 448 13 33 1147 22
2-lepton veto 2115 17416 1166 52 49 1695 10437
2-neutral energy > 5 GeV 957 16938 1165 24 42 1556 5292
2-invariant mass (0.4 to 1.5 GeV) 235 15365 819 14 11 980 5225
3-lepton veto 636 14298 2509 27 16 1491 226
3-neutral energy > 5 GeV 223 13951 2501 9 15 1430 196
3-En3 < 5 GeV (3-1) 221 12857 1783 9 15 1126 184
3-En3 < 1 GeV (3-2) 182 8003 773 6 15 654 136
3-0.47 < m < 0.87, 1.5 < m < 3 GeV (3-1) 137 8067 467 4 5 670 71
3-0.87 < m < 1.5 GeV (3-2) 22 2691 496 0 1 184 67
3-total 159 10758 963 4 6 854 138
≥4-lepton veto 550 15897 13691 49 11 4414 389
≥4-neutral energy > 5 GeV (4-0) 182 15696 13667 24 10 4365 355
≥4-En3 < 5 GeV (4-1) 147 11042 2821 22 10 1079 191
≥4-En3 < 2 GeV (4-2) 96 5335 758 12 6 428 85
≥4-m < 0.87 GeV (4-0) 8 4150 271 10 8 197 68
≥4-1.6 < m < 3 GeV (4-1) 62 2718 629 2 1 445 17
≥4-0.87 < m < 1.6 GeV (4-2) 20 1976 517 3 0 135 52
≥4-total 86 8844 1417 15 9 777 137
all-total 572 39578 3647 46 59 3758 5522

Table 4: Cut statistics for ρν mode selection. The En3 cuts, (3-1), (3-2), (4-0), (4-1) and (4-2)
is applied to the following invariant mass cuts which has marked as the same numbers.
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Figure 10: Neutral energy of 3-prong, ≥ 2 neutral particle events.

Cuts πµ ρν a1ν eνν µνν other tau Process bg.
3-prong events 36 3201 17576 139 14 8620 5400
0-no cut 0 83 6216 79 11 366 79
1-no cut 1 1205 5267 35 1 1065 62
1-lepton veto 1 59 4694 0 0 968 35
≥2-no cut 35 1913 6092 23 0 7189 5258
≥2-lepton veto 24 182 4074 0 0 6246 112
≥2-neutral energy < 10 GeV 3 25 2892 0 0 523 65
all-total 4 167 13802 79 11 1857 179

Table 5: Cut statistics for a1ν 3-prong mode selection.

For events with ≥ 2 neutral particles, En < 10GeV should be used to separate multi-pion
(higher multiplicity) background in addition to lepton veto. Figure 10 shows the En distribution
of 3-prong events with > 2 neutral particles.

Figure 11 shows invariant mass after cuts and Table 5 shows the cut statistics. Overall
efficiency and purity are

• a1 mode (3-prong): efficiency = 78.5%, purity = 85.7%.

6.5 Summary of mode selection

Following efficiency and purity is obtained by all the described cut procedures.

• πν mode (BR = 10.9%): 81.7% efficiency, 68.4% purity.
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Figure 11: Invariant mass distribution used for a1ν mode selection.
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• ρν mode (BR = 25.2%): 67.2% efficiency, 74.4% purity.

• a1ν 1-prong mode (BR = 9.3%): Not yet obtained.

• a1ν 3-prong mode (BR = 9.0%): 78.5% efficiency, 85.7% purity.

• eνν mode (BR = 17.9%): 95.2% efficiency, 93.2% purity.

• µνν mode (BR = 17.4%): 86.1% efficiency, 94.7% purity.

Totally > 70% efficiency and purity are expected for polarization analysis.

7 Polarization Measurement

7.1 πν mode

To know P (τ) with best performance, we have to measure polarization of every mode and
combine the result. Currently πν decay mode has been studied as a pilot mode.

Figure 12(a) shows distributions of pion energy after πν selection cuts. While linear de-
pendence is expected, the distribution is distorted due to the variation of cut efficiency with
pion energy. To obtain polarization, efficiency correction of each bin according to distribution
of minimum bias is required.

Figure 12(b) shows the generator distribution of pion energy with ‘minimum cut’. Eττ >
480 GeV and | cos θτ | < 0.9 are the minimum cut. The first cut is needed to remove radiative
events, which do not have polarization information of tau-pair at

√
s = 500 GeV. The radiative

events are cut by opening angle selection for reconstructed events. The second cut corresponds
to the 5th cut in the background suppression. Polarization of the minimum cut events is
easily determined by a linear fit of Fig. 12(b). The result is 69.03 ± 0.59% (100% e−L e+

R) and
−62.16± 0.70% (100% e−Re+

L ).
The cut efficiency is estimated by a comparison of generator distribution (Fig. 12(b)) and

signal distribution after cut (the same as Fig. 12(a) but polarization is 100% and any pro-
cess/mode background is not included). Figure 12(c) shows the efficiency for each polariza-
tion. The efficiency for e−L e+

R and e−Re+
L gives consistent result. We use the average of those two

polarization for the efficiency correction.
Figure 12(d) shows the signal distribution with efficiency correction. Since efficiency cal-

culation (Fig.12(c)) uses the same statistics as the signal distribution, Gaussian smearing is
introduced in the efficiency correction. Process and mode background are also eliminated also
with Guassian smearing. Statistical error scaled with efficiency correction. The linear fitting
result gives P (τ) = 63.16 ± 1.49% (e−L e+

R, 80%/30% pol.), P (τ) = −53.49 ± 1.55% (e−L e+
R).

Correspondance to the expectation is very good.

7.2 Comments on other modes

The branching ratio of πν decay is only 10.9%. Combining polarization measurements with
other modes gives much more resolution on the polarization numbers, though for some modes

18



Pion energy / 250 GeV
0 0.2 0.4 0.6 0.8 1

C
ou

nt

0

200

400

600

800

pinu decay
rhonu decay
a1nu decay
enunu decay
mununu decay
Other tau decay
Process background

 decayνπ R
+eL

−e

(a1)

MC pion energy / MC tau energy
0 0.2 0.4 0.6 0.8 1

−
1

C
ou

nt
 in

 5
00

 fb

0

200

400

600

800

1000

|<0.9, 100% left e−θ>480 GeV, |cosττE

 0.59%±) = 69.03 τP(

(b1)

Pion energy / 250 GeV
0 0.2 0.4 0.6 0.8 1

C
ou

nt

0

100

200

300

400

pinu decay
rhonu decay
a1nu decay
enunu decay
mununu decay
Other tau decay
Process background

 decayνπ L
+eR

−e

(a2)

MC pion energy / MC tau energy
0 0.2 0.4 0.6 0.8 1

−
1

C
ou

nt
 in

 5
00

 fb

0

200

400

600

800

|<0.9, 100% right e−θ>480 GeV, |cosττE

 0.70%±) = −62.16 τP(

(b2)

Pion energy / 250 GeV
0 0.2 0.4 0.6 0.8 1E

ffi
ci

en
cy

 w
rt

. m
in

im
um

 c
ut

0

0.2

0.4

0.6

Comparison of efficiency between left/right pol

Electron left
Electron right

(c)

Pion energy / 250 GeV
0 0.2 0.4 0.6 0.8 1

E
ffi

ci
en

cy
 c

or
re

ct
ed

 c
ou

nt

0

200

400

600

800

1000

1200

)=30%)+ (P(e
R

+)=80%), e− (P(eL
−e

 1.49%±) = 63.16 τP(
(Expectation: 62.83%)

(d1)

Pion energy / 250 GeV
0 0.2 0.4 0.6 0.8 1

E
ffi

ci
en

cy
 c

or
re

ct
ed

 c
ou

nt

0

200

400

600

800

1000

)=30%)+ (P(e
L

+)=80%), e− (P(eR
−e

 1.55%±) = −53.49 τP(
(Expectation: −53.32%)

(d2)

Figure 12: Polarization plots for πν mode. (a1)(a2) Energy distribution of pions in e−L e+
R and

e−Re+
L polarization. (b1)(b2) Pion energy in generator distribution with minimum cuts. (c) Cut

efficiency of (a1)(a2) with respect to (b1)(b2). Efficiency of left and right polarization is consis-
tent.(d1)(d2) Pion energy distribution with background subtraction and efficiency correction.
Linear fit is applied to obtain polarization.
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Modes # events after cut Sensitivity Analyzing power
πν 19565 0.58 11347
`νν 62828 0.22 13822
ρν 39578 0.49 19393
a1ν (3-prong only) 13802 0.45 6210
Total 50772

Table 6: Estimation of analyzing power for each decay mode.

polarization measurement is not as effective as the πν mode (leptonic mode etc.). Analysis on
other modes will be studied as well.

For performance of polarization measurements using all decay modes, an assumption can
be made using sensitivity listed in [4], Table 1. Using the listed sensitivity value for analysis
using all tau information but original tau direction, the obtained number of events in mode
selection can be scaled to the statistical power corresponding to πν decay as shown in Table
6. The total power shows that we can obtain about 4.5 times πν statistics by combining
analysis of all decay modes. This number corresponds to about 0.7% statistical error in the
polarization measurement. Note that this estimation does not include distortion in distributions
of observables, nor effect of background, thus only a very rough estimation of overall analysis
power.

8 summary

Tau-pair process has been analysed in the ILD 00 detector model. After the tau selection cuts,
statistical error of cross section measurement is 0.33% (e−L e+

R, with 80% and 30% polarization,
respectively) and 0.37% (e−Re+

L ). Process background can be suppressed to around 10% of signal
events. Forward-backward asymmetry can be determined with 0.55% and 0.76% statistical
error.

Polarization measurement needs separation of decay modes. The current cut-based selection
gives > 67% efficiency and > 68% purity of mode selection for all major decay modes except
a1ν 1 prong mode. Polarization analysis of πν decay mode is performed, and it results in
P (τ) = 63.16± 1.49% (e−L e+

R) and P (τ) = −53.49± 1.55% (e−L e+
R). Polarization of other decay

modes will be obtained as well.
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