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Introduction

Tau decay reconstruction: a key to probe detector performance

@ High mass compared to other leptons
* — tau can decay hadronically (65% of cases)
@ Light enough compared to hadrons — decay final state is clean
— can provide precise test of the SM (via both leptonic & hadronic sectors)
© Tau jet is highly collimated — tau identification is a crucial test for ECAL
* based essentially on the separation of the photons from 1T~ interaction
or between photons themselves

Tau decay studied in this
analysis to investigate the
possibility of reducing the
detector size.

Trong Hieu TRAN Tau decay identification in ILD 2



Tau decay modes

Tau jet is compact. Separation of photons in
final state is challenging, especially for a
small detector.

5, 7 tracks: very infrequent
W 1-prong

" 3-prong

HE5-prong

Topologically: 3 decay modes (1,3,5-prong)
hadronic 1-prong: single charged pion (kaon) and
any number of 7’

Final state Branching fraction

€ Uely 17.85 £ 0.05%

L Vplr 17.36 £ 0.05% This analysis:

T Uy 10.91 £ 0.07% : :

e SRR cronsider only one charged pion decay
ayv, (af — 7 7'xw0) 0.27 + 0.12% T, 0 photon
ajv, (af — ) 8.99 + 0.06% p vy (pm — 7 7) 2 photons
24 other modes 10.10% ayvy (a7 — 7 wO70) 4 photons

Branching fraction of main decays
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Samples

DBD generatorse’e = Z - 1~ 71°

T energy ~ 125 GeV

at 250 GeV C.M. energy
(mixed withe'es > Z -y~

— preselection of T events using generator information)

This analysis:
consider only one charged pion decay

a =

71 (2)

¢ Two independent decays are used

e 0 photon (double statistics)
p v (p — ) 2 photons - 7 T
a; vy (ay — ?T_}TO?TD) 4 photons
- ® >
The two tau's are back-to-back in
250001 the Z-rest frame
| 2 > uUu i
20000 | I[
[ - el
15000:— |SR RM paae |
i = —— |
10000 e o
: 7 — ©T Angle cluster-tau1 . S
5000: VS angle cluster-tau2 AN
UA|L\|J -| ........ |.---|'-4I§UDD
0 50 100 150 200 250 300 3

Tau-tau invariant mass
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Simulation & reconstruction

h_nbRecTracks1843

Softwares [T T T T T T T T T T Entries 20786
llcsoft v01-17-06, Mokka-08-04 1L Mean 3005
Garlic v3.0.3 i RMS 1.069
® Baseline ILD design (DBD): SiW ECAL, I Overfow 1
R, " = 1843 mm 05 integral 1
@ Alternative setups: R__,, """ = 1615, 1450 mm [ ]
©® Reduced TPC radius ! o ]
© Keep same aspect ratio: Radius/Length O & e e
0 5 10 15 20
® Other configurations unchanged Nb of reconstructed tracks with bgseline ILD
(cell size 5x5 mm?, thicknesses) and with reduced TPC radius

— no difference

s Garlic (v3.0.3) is used for photon reconstruction S

s Preselection: 0
> preselection based on generator info: 1500
choose decays with only one charged pion :

> |cos(theta)| 1< 0.7
> sample with one and only one reconstructed track

in tau direction o e
£

1000

500 - .

w,cluster
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Calibration

0 Single photon samples are used for determination of calibration constant
0 Calibration done for each of ECAL radi
0 Very small difference observed for different sizes

<10° Reca =1843 mm  Corresponding calibration constants
S oF TR c =0.642+0.003] 46.58
8 i A Rinner_1615
| i 1 """ FCAL™ mm
S 15[ . c = 0.650+0.003 46.84
2 | i Reca =1450 mm
c - Hf
s I c = 0.655+0.003| 46.85
wr ]
: o ]
0.5r j ! ] Performance for single particle
[ ) L depends only on intrinsic calorimeter
S O TR YOO W resolution + dead zones
8 10 12 14

Ecluster [GeV]

Reconstructed photon energy using Garlic
(simulated at 10 GeV)
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Photon selection:
photonE vs distance to track

g jz I‘“’ jz e EE AT Aim to remove fake clusters
3 40 s wn | at low energy or from pion
i b s AN TEREAT interaction
30 ) s 30 : T
zs: 014 i
20 r
105 10 0-1;_ *# Underfow 0
555k 5 0.08 |- . Overflow 9168
0= 40 50 ey Te A e O oosf 11 o
Cluster-track distance Cluster-track distance 7 +¢¢’ E

. S Ml 0 e ]
j: -"-'_:-:::3__I4° O e 0 100 [mm]
35 Z: Comparison: track-cluster distance
30 s at ECAL surface
- 30 1843 vs 1450
15_: 15
105 10
5- 5

. - RN e ZE’F-EE'-,E:;:
%0 20 30 40 50 60 70 80 90 100 °

Cluster-track distance
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Photon identification

WY\ [ayal |

2 Boosted Decision Tree with gradient boost (BDTG) as implemented in TMVA is used.

Input variable: HtEnRMS

% LB | TTrT 1T | TTrTrT | TTTT | L | TTr 1T |_I:-
o -
w0 3
0 1%
=] b
= EE
= -3
s 25
= =
= L
jm
| -
1 1 L I_; Q
3
01 02 03 04 05 06
HItENRMS [GeV]
Input variable: D™ =*"
nﬂm | T T T | T T T | T T T |_
£ 0035( igna =
© {7771 Background ]
W 003 JE
o 1&
_— ] =
Z 0025 _E§
Z om 4%
N =
qa
0.015 12
0.01 4 ;
0.005 H
L 1 Q
0 =l
200 400 600 800 1000
at ECAL
Dk e [MMY]
Input variable: TubeN10
@ P AR AR A LR A R R R
S ;
- TE ]
2 : 15
z °F ig
= 5F is
£ g 1Z
= ap 1S
- 4 =
3E 1=
&
15 ] g
0 45
0 01 02 03 04 05 06 07 08

TubeN10

Input variable: FracDim4

— Fr T I LI I LI I LI I T 1T I T 1T I T H
= F i
g C ]
s °F E
z F ]
T C ]
z : :
= 15 ]

05 .

FracDimd

Input variable: Width

025

(1/N) dN/ 0.781
(=]
(%]

WO-flow (5,B): (0.0, 0.0)% / (0.0, 0.0)%

Width

Input variable: X0En10

(1/N) dN / 0.0256

WiO-flow (8 /B): (0.0, 0.0)% / (0.0, 0.0)%

0 L L L 0.8 1
X0En10

Wo-flow (5,B): (0.0, 0.01% / (0.0, 0.00%

Input variable: TransRmsMin

— III|III|III|III |I II| III|III|III|III|II Illli
3 035 3
S R
= 0.3 7 E
o e
z 025 3 E
o2 J£
13
0.15 E é
b
0.05 =F
je
=]
8 10 12 14 16 18 20
TransRmsMin
o I TT I| TTTT | TTT I| TTTT | TTTT | TTTT |I T 14
(= ]
+ i
& = -
i 1=
I 1s
- 20 Ja
z 1s
z 15 15
‘; -
S b =
10 =
1@
12
5 - 3
0 380
50 100 150 200 250 300
Volume
Input variable: HitEnMean
E KLY S B R B T T ™H
3 0p E g
S 2} 42
S of 12
= 20 — =
= o m
: ol 13
SR 1S
= 10f &
[ 12
5k 3 g
i . . , 78
005 01 015 02 025 03 035

HitEnMean [GeV]



Number of rec photons

Reduction of radius degrades significantly the photon identification

nb Rec vy

nb Rec vy

R

ECAL

™V pvV ay
(inner) = 1843 mm

R

ECAL

\
™V PV ay

(inner) = 1450 mm

10°
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Special case: 3 reconstructed photons

300 T T T T T T

Events

250}
200}
150}

100F 2 reconstructed photons

S0} generated
reconstructed

0 ] 1 1 1 ]
0.0 0.2 04 0.8 1.0

0.6
By —E |/ (Ey T E, )

(a) The photon-photon energy asymmetry
for the case of two reconstructed photons:
comparison between generated and recon-
structed values, the distributions are rather
flat.

Trong Hieu TRAN

A — ’Ev — b energetic clusters.
E/Y min Ymax

Energy asymmetry between the most and the least

+ F One EM cluster is fake — Ais close to 1.
The two clusters are then merged together if A>0.8

400

1 7—pv
350} .
1 7—=av

Events

300}

250

200

150

100}

50}

0.0 0.2 0.4 0.6 0.8 1.0

0

|la%ﬂmﬂ__1§7ﬁna$|/(IEWJnﬂL+_137Jna$)

(b) The photon-photon energy asymmetry in
the case of three reconstructed photons for
the two decay modes pr and a;v.
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Mass peaks

&l Mass of the system m*y(s) can be used to distinguish different decay mode

F
F

Events

o 2
S 6000 |- a4 & 20F B atnu
= I rhonu 7 > C [1rhonu
L i i L []pinu
I pinu 7 200 P -
4000 - 150 L _:
. 100 |- 3
2000 - . - ]
i 50 H 3
0 0.5 1 1.5 2
M. [Ge
M:t*y( ) [GeV] s y(s) [ V]
S
)] B B atnu 1 F o atnu E
Lﬁ |:|rl_10nu i G>J 250 C [1rhonu 7
L [ pinu 1 W - pinu .
100 _ 200: ?
i 150 | 3
20 — 100 F 3
! i 50 F =
0 0 r .
0 0.5 1 15 2 0 05 1 15 >
M +, Ge . :
=y, [GEV] M. [GeV]

(s)

Solid color histograms are additive,
transparent ones are not.

2000

1500 |

1000 |

Events

500 |

:

I
MIIIIIIIIIIIIIIIIIIIII

I a1nu
I rhonu
I pinu
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Special case: 1 — nv decay with one rec. photon

Events

P atnu |
[ rhonu 3
[ ]pinu .
4 5
M., [GeV]

Photon can come from final
state radiation (FSR, tau) with
any energy or from interaction
between pi and detector

— for mv mode, invariant mass
can be > m_

" [Fomomorgyvsangezrocripins
" | Entries 9145
| Meanx  0.3847
Meany 0.3825
=  RMS x 0.386
. |RMSy 0.8877

10%

10

¥
|||.J

"am m = m -
- L] o

- e
Ll 2emt = &
el -::élh.'gl-ﬂf:!l-
1 1.2 1.4
Z{cluster,track} [rad]
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Photons: invariant mass

w (7)) FT T T 1 1] T T 3 %)
E g 120F 1 2 af ]
Q>J ) C I alnu o 80 I atnu .
> r [Irhonu => i
L g 100 . [ pinu i T
80 [ .
0 0.5 1 1.5 2 0 0.5 1 1.5 2 0 0.5 1 1.5 2
M,., [GeV] M,, [GeV] M,, [GeV]

il 2 reconstructed photons:

© a,v: 2 photons have been lost.

il 3 reconstructed photons:

D pv: at least one photon 1s fake
» a,v: 1 photon is lost, however, photon invariant mass is mostly far from n° mass

il 4 reconstructed photons:

O small contribution from pv
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w° mass reconstruction

inn —
PR Reca 1843 mm |
QCJ L I atnu 1 2500

Lﬁ 3000 I rhonu — r
C I pinu 1 2000 F
2000 | 4 1500
C 1 1000 F
1000 = C
L ] s00F

0 L PR I T 1 T

04 05

M., [GeV]

R

g ECAL

inn = 1450 mm

B atnu
I rhonu
I pinu

IIIIIIIIIIIIIIIIIIIIII—]

= Fit mass dependence on yy energy

with a parabola

= correct to mean value

Trong Hieu TRAN

Events/0.0058 GeV

@ Nice peak photon-photon (7%)
invariant mass

@ tail due to high n’energies

©® Good ratio signal/background

«10% | Corrgeigdl 1% 2133
4 1 ! T T T T ™=
[ H Reca, =1843mm
" F 6 =0.0111 £ 0.0001 ]
3+ — R =1615mm  —
i 3 6 =0.0119 0.0001 |
i Rpcal = 1450 mm -
- 6 =0.0125 £ 0.0001
2 - 0 =
I H ]
1F r .
= E -
=
L I: -
- - | = -
O P _T—-ﬂ L1 1 1 | |='|"-I—-.—|— PN B
005 010 0.15 0.20 0.25

m_, [GeV
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Decay mode identification

using Boosted decision tree| 1/V:\Loyel?

@ Each decay mode (t — v, T — pv, T — a v) is used one by one as signal, the

other two are used as background
® Input variables:

® Reconstructed jet invariant mass

® Photon invariant mass L e

i N = s - 1] ]

® Number of photons, photons' energy -% -\ T e—— eS|

_ o« o 09 B —— 1
©® Boosted Decision Tree seems to T - ~ 1
give best performance 2 OfTNVAM tggc;'- \\

_ .. . - G A
© Additional cuts based on jet mass S 07 TINC BT z \’:
L= C . ]

(m. <m_, etc.) ® 06" Rutefit— s
Jet tau m T ! MLP ——‘\\':

0.5 SVM H

= Likelihood E

0.4 - Fisher I

- ——LD i

0.3 " "FDAGA .

0.2 | 1111 1 111 1111 1 11 | 1 111 1 111 1111 1 11 | 1 |1 I:I

0 01 02 03 04 05 06 07 08 09 1
Signal efficiency

Example of using T — pv as signal
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Reconstructed mass

© Reconstructed mass for events which are identified as rho or a, decays
compared to MC

015 o RIS =1843 0151 ° Reca, = 1843
"'~ | 0 RgeaL =1615

inner

o Rpeel = 1615

s Rpeal =1450 ] A RES = 1450
B — Monte-Carlo - : — Monte-Carlo
01r | 0.1F ~
0.05F — 0.05 N _
0-. 1 O-" ..|....|.¥J.L.
0 _ 2 0 05 1 15 2
[GeV] m, [GeV]

- Very good separation of p and a, masses
- Slight difference observed for different ECAL sizes, especially for a, mass
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Reconstruction efficiency & purity

Rec

Tau decay mode reconstruction efficiency

for R ., =1843,1615 and 1450 mm
o
T reconstruction efficiency [%] B=35T —
011 463 91.01 0.08 4.85 90.23 015 523 89.28 — ayV
+0.03 +0.14 £033 £+0.03 +014 +0.33 +0.04 +014 +035
3.35 90.87 5.24 3.22 89.91 6.28 3.76 89.41 6.99 — PV
+0.17  +019 £0.25 +0.16 +020 +0.27 +0.18 +020 +0.29
96.29 225 0.26 96.47 298 0.42 95.76 3.12 0.59 — ™
+0.17  +0.10  +0.06 047 011 +0.07 +0.19  +011 0.9
Rica =1843 mm Rica =1615 mm Rica; =1450 mm _ |
| | | | | | | | | |
o pv  ay W pv ay W PV ay

Sim

This is mostly due to smaller distance between photons and between photon&track for

Slight difference in terms of efficiency for three ECAL models.

reduced radii.

Trong Hieu TRAN
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O
e Baseline magneticfield B=3.5T & © reconstruction efficiency [%] B=4.0T
¢ Increase B t0 4.0 Tesla
¢ Performance improves slightly ay — 0.08 4.56 89.97 0.18 4.92 89.97
+0.03 £0.14 034 +0.04 £0.14 1034
¢ MVA done for each detector
pv — 3.61 90.57 6.19 3.79 90.05 6.30
Setu p +0.17 £0.19 £0.27 +0.18 £0.19 £0.28
v — 96.04 248 0.43 95.68 267 0.46
+0.18 +0.10 +10.08 +0.19 +0.10 +0.08
L e =1615 mm mer =1450 mm
| | l | | |
v pv 31\? v 31‘\.’
o o
o . .. , i O
o T reconstruction efficiency [%] B=35"1 — @
chY 0.11 4.63 91.01 0.08 4.85 90.23 0.15 5.23 89.28 — ay
+0.03 +0.14 +0.33 +0.03 +0.14 +0.33 +0.04 +0.14 +0.35
pv 3.35 90.87 5.24 3.22 89.91 6.28 3.76 89.41 6.99 — PV
+ 047 +0.19 +0.25 +0.16 +0.20 +0.27 +0.18 +0.20 +0.29
v 96.29 225 0.26 96.47 298 0.42 9576 3.12 0.59 —
+ 017 +0.10 £ 0.06 +0.17 +0.11 +0.07 +0.19 +0.11 +0.09
Rica=1843 mm Rica =1615 mm Rica;=1450 mm _
| | | | | | | | l | | |
v pv  ay v pv  ayv v pv  ay _
Sim
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Summary

© Tau decay mode reconstruction (€, ~ 125 GeV which is equivalent to 1's energy in ZH,

H - 1 at 500 GeV cms) is investigated using Garlic v3.0.3 (ilcsoft v01-17-06).
© Multivariate analysis technique is used for both photon and tau decay mode
identification — significant improvement compared to cuts based analysis

@ Nice mass peaks observed (n°, p, a,) for different radii

® High reconstruction efficiency even with a reduced detector size

© Comparison between ILD with ECAL of radii 1843, 1615 and 1450 mm shows
slight difference (overall less than 2% in terms of reconstruction efficiency
and contamination)

® No significant improvement for reduced ECAL size if choose to increase
magnetic field from 3.5 to 4 Tesla

® Result for small ILD sizes is quite comparable to M. Reinhard's analysis
— with a reduced ILD size we would still be able o measure the Higgs CP state

viadecay H — t 7.

Trong Hieu TRAN Tau decay identification in ILD

19



Trong Hieu TRAN

Extra slides

Tau decay identification in ILD

20



Reconstruction efficiency (cont'd)

< L[ | _ _
5 - I Reca = 1843 mm [ Reca = 1615 mm [ Reca, = 1450 mm
e (1[0
Q L
O - B=35T
= L
m —
T 95—
90—
85_—
80_

T—pV T—>ay
T decay mode

Comparison of efficiency for different ECAL sizes: 1843, 1615 and 1450 mm.
Slight difference observed.
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&= >
o 10_— o 1()j
e 102 €
2 - o |
c 8? [ 8—
i 10 -
6 6—
i 1 :
4— 4
i 10 i
Zj 2
i 1072 -
0 0

| | | 107

Number of rec photons [7%]

™V PV ay

R__ (inner) = 41843 mm

ECAL

R

ECAL

|
™V PV ay

(inner) = 1450 mm

10
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Number of reconstructed photons

nb Rec vy

Decay mode known from MC info.
Look at samples with different number of reconstructed photons.
If everything is fine: mv: O photon, pv: 2 photons, a,v: 4 photons.

>

- ° -

L 102 1'd L

L 0 L

| = 8L

i 10 i

- 6 -

I 1 i

- 4 L

| 107 i

- 2 -

B 107 i

- 0 -

i | | | | 10° i \ \ \ |

TV pV  ay ™V PV ay

H ) = 450 g P el = 450 g
- hoton selection i

MVA does significantly help for photon selection against fake EM clusters
compared to cut-based analysis
and at the same time keep photon clusters which are not far from track.
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Number of rec photons

}-

10— N )
010" - II10
¢ | i
0 L L |
< g - i

i =10° - =10°

6— ] 6 — ]

4 4 102

2 2- 15530

- 10 - 10

0 0 34

| | | 1 | ! 1

™VopV o ay

R__ (inner) = 41843 mm

ECAL

|
VPV ay

R__ (innen) = 4450 mm

ECAL
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Rec efficiency vs cosTheta

B'E L
— 140
= I
g | memeee Reca =1843mm, t»mv = R_., =1450mm, t—nv
% 120 Reca =1843mm, t—pv = R_., =1450mm, t—pv
= | mmme Rocy =1843mMm, 1— ay == R__, =1450mm, t— ay
L L
100—
80—
60—
4D_|||||||||||||||||||||||||||||||||||||||||||||||||
0 01 02 03 04 05 06 07 08 09 1

|coso|

Slight dependence on |cos0|
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Effect of distance-energy cut

Inv. Mass Photons

w ﬂ_‘i_ ﬂ"‘_ ...... — —
c I - )
2 F - F w/ cut
QO o.2f ] 0.2 1
»w ]
% 015 ' 0155
= ’ ) R ol 10

01— . oA
> - I C P
£ oosf, Lo 0.05F

:|||.|||||||||||||||||||||| :||||||||||||||||||||||||| 10
EIJ 0.2 0.4 0e 0.8 1 1.2 {iJ 0.2 0.4 0e 0.8 1 1.2

IE1-E2|/(E1+E2)
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Photon id: 3 rec photons case

© Fake clusters created from interaction with detector
©® “Asymmetry” of energy very close to 1

Asymmetry = |EYl —Ey2| / (Eyl +EY2)

105j h2_asymmVsAngle IZOD
C Entries 27221
E’ 1; Mean x 0.03122
asymmEnergyrhonu et L | 180
0.3 prr~rrrrrrrprrrrrorTereY D - Meany 0.8145
L Enies 11258 = RMSx 00334 |
i .-.? L 7, ) . E 0.95— RMSy 0.09892 160
S I 'y e - -
I vy om SUE 140
(D 0.9__
0.2 RMSx 02841 < C L —120
' RMSy  D.04548 0-85} - —100
ntegral 1.123e+04 E -
T 08— t 180
0.1 nzd o 0 TSi 60
] ] E 40
070 -
- 20
0 0 C
0 02 04 06 08 1 1.2 0.65 L. BN P
-0.05 0 0.05 01 015 0.2 0.25 0.3 0.35

Example of photon invariant Angle photon-photon

mass vs asymmetr :
y y Choose to merge closest clusters with

asymmetry close to 1.
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unNum = 0, EventNum = 13

Example (1)

RUID, RunNum = 0, EventNum = 13




Example (2)

DRUID, RunNum = 0, EventNum = 34

unNum = 0, EventNum = 34




Example: rho
has 3 photons
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Example:
a, has 3

photons
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Photon identification

Correlation Matrix (signal) Correlation Matrix (background)

Linear correlation coefficients in %

100 100

[ransRmsMin |

Linear correlation coefficients in %

[ransRmsMin |

FracDim4 FracDim4

- HitEnRMS
HitEnRMS 40

HitEnMean 20 HitEnMean

X0En10 XO0En10

TubeN10 | -20 TubeN10 | — - -20

—-40 Volume | - = 5 —40

Volume

—60 !
width |- Width |

Dﬂ ECAL
D trk, clust

trk,clust

—100

100 T ——
7 Ok, Mitsy,,  Mitey, -, Fracy, 17
T Olime 06N 75 %010 Ennge  Enrpy "Dfnum"s’?msm

Decy, Wy % Ti X Hij Hii Fraop. Tr
%‘*i:t‘ "dty Ofume UbeN;'gOEn?O HEQ%B':;EHRM‘?CD,M’BQSR%M{},

D . distance track-cluster at ECAL front face

trk,clust”

Width: cluster width

XO0En10: energy fraction of cluster between 5 and 10 X after the cluster start

HitEnMean: mean of the cluster's hit energy

HitEnRMS: RMS of the hit energy distribution

FracDim4: cluster fractal dimension: log-ratio of the number of hits in the cluster (N1) with the
number of hits when cells are grouped into larger cells of 4x4 cells (N,): FD = log (N,/N,)/log (4).
® TransRmsMin: minimum transverse RMS, cluster hits are projected onto the front face of ECAL
along the direction between the CoG and the IP.

¢ ¢ ¢ ¢ © ©

Trong Hieu TRAN Tau decay identification in ILD

32



Photon identification | iizioer

Background rejection versus Signal efficiency

s o S S P S SRS AR . WU AU )
0.8 b e
- 1 ' 1 ' 1 1 ' 1 1

0.7 A sthpd: T s ey

0.6 BT

EBDT

Background rejection

———— Likelihood | . . . . .
L e e e e

et _—— """"""""" i:iiiéiiﬁ&éid"ﬁiij& """"""" T T I

[

L1 1 1 | I I | L1 1 1 | L1 11 | L1 11 i I | i I I i I I i L1 1 1 i I I
0.2
0o 01 02 03 04 05 06 07 08 09 1

Signal efficiency
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Photon identification [ vz ieel

TMVA overtraining check for classifier: BDTG

fMVA
24 Signal (test sample) ' | * Sighal (training sample)

/| Background (test sample) * Background (training sample)

Kolmogorov-Smirnov test: signal (background) probability = 0.258 ( 0.57)

(1/N) dN / dx
S

18 —
16 2
- <
14 £ 5
12 g S
10 =4 <
& 5
8 ? S
6 S
= o
4 )
2 ? 5
g :
0 . -

-1 08 06 04 -02 0 0.2 04 06 038 1
BDTG response
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BDT for tau decay mode id.

Correlation Matrix (rhonu)

pho5D2Tr

phodD2Tr

pho3D2Tr

pho2D2Tr 10 15

pho1D2Tr 10 S5

13
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* Events which pass both 2 identifiers: apply additional criteria based on jet mass

Trong Hieu TRAN
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BDT for tau decay mode id.

mvarhobia inrshreonu

Entries TG

asf
40f
351
30F
25L
20F
15

R=1450

Tau decay identification in ILD

l—l

I_|

—a,V

Ay

Mean 0.3617
RM35 0.2583

1.5 2

36



Angle

FSR photon
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Tau decay identification in ILD

Torec.

Not all of FSR photons can be
removed.
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