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Tau decay modes

Tau jet reconstruction: a crucial key for an
estimation of detector performance.

Tau jet is compact.

Topologically: 3 decay modes

(1,3,5-prong)

1-prong: single charged pion and

any number of 7’
3-prong: t'w "

Final state

Branching fraction

" 1-prong
" 3-prong
B 5-prong

7 tracks: very
infrequent

This analysis:

consider only 1-prong decay

e . ls 17.85 £ 0.05%
77 17.36 £ 0.05%
T, 10.91 £ 0.07%
p v (p~ — 1 70) 25.52 £ 0.10%
ayv, (af — 7 7'xw0) 0.27 = 0.12%
ajv, (ay — m—ntn7) 8.99 + 0.06%
24 other modes 10.10%

%—y; 0 photon
pvy (pm — 7 a0) 2 photons
ayvy (a7 — 7 wO70) 4 photons

Branching fraction of main decays
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DBD generatorse’e = Z - 1~ 71°
at 250 GeV C.M. energy
(mixed withe'es > Z -y~
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— preselection of T events using generator informations)
et (4 :

25000 e™ (4)
2 -

20000
; ¢ Two independent Tau-decay are

oo ISR used (double statistics)

10000 ot 7 -
: Z - T

5000 |- - ° >
g b %O " The two tau's are back-to-back in

Tau-tau invariant mass
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Samples

T energy ~ 125 GeV
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the Z-rest frame
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Simulation & recons’rruchon

Softwares : =

llcsoft vO1-17-06, Mokka-08-04 1L Mean 3005
Garlic v3.0.2 i RMS 1.069

© Baseline ILD design (DBD): SiW ECAL, I Overfow 1
RECALinner — 1843 mm 05 L Integral 1

o Alternative setup: R__, ™" = 1450 mm

® Reduced TPC radius

© Keep same aspect ratio: Radius/Length O~ & e
0 5 10 15 20
@ Other configurations unchanged Nb of reconstructed tracks with baseline ILD

and with reduced TPC radius
— no difference

L Garlic (v310.2))is Used for' phoion reconstruction

I however: s cliis are nof Used buts some simple cuis based oni frack=cluster
distance & clustier energy.

£ Siirategy:

preselection based oniMClinfoer choose only decays
|cos(theta)| i< 07

photioniinifau direciion witihin 0.5 rad (76 be oplitiised)
sample withionly in fau direchion
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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




Photon selection:
photonE vs distance to track

50 .
5 ' I‘“’ Aim to remove fake clusters
Lu% " L= s at low energy
35E 30 or from pion
30 o5
255 - For the moments:
20~ _ _\.:
i\ s All cuts are the same for
m“:;;;' _ 10 ECAL(R=1843)
Em TNy 5 and ECAL(R=1450)
:1': -:r;--._-._-_.;-_-_‘::‘""._f;'_'."_:_'f_:'_z:_- e jﬁh::t:.;;._
010 20 30 40 50 60 70 80 90 100 0 % 10 20 30
Cluster-track distance ~ Cluster-track distance g s crrr e
45 012 r Mean 34.56
40 0.1 :— Un‘derﬂow 0
35 008 :_ *# Qverflow 9168
. L + Integral 1
50 E > 4e3/d2 + 0.5 oosf *+
“ d : distance track- 004k 4
20 r +iv,
o Cluster T et
10 % 20 40 60 80 100
5

Comparison track-cluster distance

o at ECAL surface
Cluster-track distance 1843 vs 1450
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Photon selection: fake EM clusters

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

Asymmetry = |EYl —Ey2| / (Eyl —EYZ)

105j h2_asymmVsAngle IZOD
C Entries 27221
E’ 1; Mean x 0.03122
asymmEnergyrhonu L 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 - -
K vy 01z =, C —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 ofiizzd o 0 TSi 60
o ] 0 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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Number of reconstructed photons

?-
9 10 - 31 0 l
L € | .
2 r o |
N —10° © 8 17 - 10°
i . : 40 19 .
6l ] 6 134 53 i
i 48 124 102 - B 161 135 =107
4+ 131 1469 : 4/ 279 1202 :
- 787 1272 ] - 799 1295 i
21 21 311 0 20 27 498 i
- 453 | 2089 f 445 | 2436
0 s [ o g v -
| | | | 1 _ | | 1
™V PV a1v v pvV a1v
R, " = 1843 mm R_., ™" = 1450 mm

Decay mode known from MC info.
Look at samples with different number of reconstructed photons.
If everything is fine: mv: 0 photon, pv: 2 photons, a v: 4 photons.
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Invariant mass n*y(s): key for final

state distinction

7)) I_I\ o = U T L T —r—l\ - — —l rr r r 1 7 .
1= [ ! i i 1 Invariant mass for R
@ 8000 atnu _| alnu i ECAL
@ [ A R, fond 1 = 1843 mm
[ pinu ] B Il pinu 7] i
6000 - { for different number of
[ 1 200 1 reconstructed
4000 1 1 photons
2000 f 4 100 - .
0 [ ] ] L. ] [ e —— = ) T
0.5 1 1.5 O0 0.5 1 15
M‘,r[*’:( ) [GeV] M;r[*'v [GeV]
° rec — 2 ' roch =
) _[_Iy_r'ea =), i LIY =9 _ | - 500 _f_ly‘“ =4 = -
% 1500 | P i alnu ] . ?sg:u ]
I ) - N B i _ ]
if mone ] mene | 150 Wpinu ]
1000 1 100 4 100F -
500 | — 50 4 sof .
00-' 05 p 5 — % 05 1 15 % 05 1 15
M_.. [GeV] M., [GeV] M., [GeV]
‘(s) s
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Comparison: R., =1843 vs R_., =1450 mm

ECAL ECAL
hKnownRecinvMrhonu1843 hKnownReclnvMainu1843
i) = T T l " Entries 8872 | ' ! ! Entries 2575
(lc) 015 Mean 0.8145 03 __ Mean 1.06
Lﬁ | RMS  0.3168 i RMS 02749
B 4 Underflow 0 o Underflow 0
[ N i :t:t
01K+ ++ Overflow 2831 02+ Overflow 1145
: Integral 1 B Integral 1
l ' ] - N T ]
B ‘ 4 i ]
0.05 _— [ ] : *‘ __ 01 | —]
SRS 1 ! + + ]
L 2* L) . B —— B
0 L uense®®®’ L terustasseaseatensttntets R g S
0 0.5 1 15 2 00 0.5 1 15 >
M. [GeV] | |
TY(s) M. [GeV]
(inner) =
Reca 1843 mm
(inner) —
Recal 1400 mm

Reconstructed tau jet invariant mass for known decay modes.

Slight difference between radii 1843 and 1450 mm.
(Same cuts are used.)
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Comparison: R

Nb of rec photons : pinu

ECAL

=1843 vs R

ECAL

=1450 mm

Nb of rec photons : rhonu

hMbGarsLefirhonu 1843
Entries 11892
Mean 5.035
RMS 3.305
Underflow D
Crverfiow 28
Imtegral

hMbGarsLetpinu1843 |
B Mean 2.451 0.3 B
0.6 __ RMS 3.802 =
e Underflow 0 i :
0.4 __+ Overflow 15 0.2 B
) - Integral 1 -
02 i 01
[]_|. Sttt e D_E"’
0 5 10 15
(inner) —
Reca 1843 mm
Reca ™" = 1400 mm
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Reconstructed 1° mass

R -1843 vs R

-1450 mm

alnu
rhonu

B pinu

R (inner)

ECAL

]
—
AN
)

—||||||||||| (@) |||||||||=-

3
3

ECAL ECAL
12 LI ' D 1200 F
= 1500 ~ = B
o) B alnu - QO B
> B rhonu . = 1000
L . Bl pinu 1 L -
1000 |- ~ 800 -
I (inner) — i
: Recal 1843 mm 600 [
500 | — 400 |
[ ] 200 |
O _I P PR SR T W TN N T T T O :| .
0 0.1 0.2 0.3 04 05 0

M,, [GeV]

© Nice peak photon-photon (11°) invariant mass
© tail due to high ®energies
©® Good signal/background
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Reconstruction efficiency

é — RICs =1843 mm RICs =1450 mm — é
ay (— 01 55 781 01 92 732 —fay
pV — 3.3 895 17.8 3.4 848 228 —{ pv
Al 911 21 0.7 911 33 05 — v

—— v v ay ™ v ay

SIM

Tau final state reconstruction efficiency
shown in percent

for R =1843 and R_.,.,=1450 mm

ECAL ECAL

Slight difference in term of efficiency for two ECAL models.
This is due to tighter angle between photons for reduced radius
BUT also: cuts are determined for R=1843 for the moment!
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Summary

® Tau decay mode reconstruction (E, , ~ 125 6eV which is equivalent to taus in ZH, H -

1 at 500 GeV cms) being investigated using Garlic v3.0.2 (ilcsoft v01-17-06).
© Nice mass peaks observed
© High reconstruction efficiency even with a reduced detector size
© Comparison between ILD with ECAL of radii 1843 and 1450 mm
shows slight difference! (up to 5% of in term of efficiency)
© Next steps:
* to look at ZH, H = 11 events (500 GeV)
* optimise cuts (1843mm || 1450mm)
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Backup
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Rec efficiency vs cosTheta
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Slight dependence on |cos6)|
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Effect of distance-energy cut

Inv. Mass Photons
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Events

Events

More comparison
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Effect of merging

010 510 —
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X € |
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