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. we use 0.5 mm thick scintillator layers to avoid
detail tuning of PandoraPFA in this talk.
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Energy Spectrum of 250 GeV
two jJets

total pfo energy fPFA
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Two Jet Energy Resolution
depending on the jet energy

= JER is significantly improved by

SSA (e — e ) especially for high
energy.

= Comparison of JER between
45 x 5 mm<2 ECAL with SSA and
15 x 15 mm2 ECAL (e— o)

@  SECAL 45mm x 5 mm w/o SSA shows also good performance
| —@— ScECAL 15mm x 15 mm
| —@— ScECAL 45mm x 5 mm w/ SSA|.

of SSA.

| —&— ScECAL 5mm x5 mm
B | | | | | | | | | | | | | | | | | | | | | | | |

Performance of 45 x 5 mm?

50 100 150 200 250 300 ECAL with SSA is close to that of

Energy of One Jet

(GeV) 5x 5 mm2 ECAL (00— @),
- Still a room to be improved
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More improvement
45 x 5 mm?2 + 5 x 5 mm? alternate

= One of the reason of degrading

y: JER with strip ECAL + SSA
381 comes from the two fold
3.6 ambiguity (ghost).
i - Easiest way to avoid this
s#pe e phenomenon is to put 5 x 5 mm?
3;_ ............ 45x5mm2W/SSA ...................... Segmentation Iayers in between
1 — @ X5 mm?+5x5mm?w " -
280 2 gsx.55mm2_ 5 5 _’SSA strip layers.
73X O O M M M—
050 100 150 200 250 300
Energy of One Jet  (GeV) S
= but 5 x 5 mm? is difficult:
tile-stripX-tile-stripZ-... " = use Si-layers for 5 x 5 mm?

all layers are scintillator sensors = use 10x 10 or 15 x 15 mm?2

cells with a special algorithm.
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How to use 15 x 15 mm?Z tile layers

In case we use 5 x 5 mm2 tile scintillator, every strip
energy is split into the virtual 5 x 5 mm2 cells, by
referring 5 x 5 mm2 cells in the nearest layers.

we do not use

the merit of

this location ~

of layers. ,

also OK, but this
means that we lose
some information.

1st step: ~aresplit  2nd step: are split
by referring strip hits by referring virtual tile hits
45x5 mm2 —

B5x45 mm?2 T B

BRI IR

T -

. \ I I % \I ¢
real hits

* virtual hit



Ghost rejection and Separation

. . -y separation on barrel
# of PF in 1 H
of PFO 00GeVjets  5g0Gev, 10 GeV
o A ENLE R B R B B
£ 800[ - =
-E I 5x5mm2: mean 24.6971, RMS 9.0643 ~ 100_
LL] B ssa v2: mean 25.6230, RMS 9.3721 ] ..‘L’
i | _ c
600 u j ssa :mean 27.0389, RMS 9.8107 | q>) 80_
: :5x5mm2 | 0
i []: 45x5mm?2 - =
400 w/ SSA e
D: 45x5mm?2 - % A
200 +15x15mm?2] g - | —e— ScECAL 5mm x 5mm
N w/ SSAZ2. Al ool-| —©— SCECAL 45mm x 5mm SSAv2 |
.‘KFF - o - —0— ScEECAL 4!5mm x55mm SESA
0 20 40 60 80 100 o 0 10 20 30 40 50 60
# of PFOs as photons Distance u-photon (mm)
# of photons are improved. Every method has 20 mm
ghosts are prevented_ separation. SSA2 does not

improve SSA.

Separation power is controlled

ECFA LCWS2013 KK & 7T Width of 45 x5 mm strips. 7



JER(100GeV)-strip length
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ss. | strip width = 5mm
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et _____________ _____________ ............. SSA2

3.202

RMS90/E

| S — .............

—®— ScECAL w/o SSA 28 '_ ............. ........... —e— SCECAL 5x5 mmA2
. . - —o— ScECAL w/ SSAv1
SCECAL W SSA 2.6 i) —©—|SCECAL W/ _SSAv2

20 40 60 80 2405640 60 80 100 120140 160 184 200
Length of strip  (mm) Length of strip  (mm)

: Jet energy resolution for
In g_g;AI?BD 100 GeV is clearly improved
by using SSAZ2.

- 30 mm long with SSAv2 is good choice(?)
- We even can make fiber ECAL(?)

Fiber scintillator is technologically realistic.
ECFA LCWS2013 KK & TT
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JER with

45 x 5 mm?2 + 15 x 15 mmé? alternate

=
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JER is Improved especially
up to 200 GeV

effect decreases as jet
energy increases.

- —0— 45x5 mm SSA

| —O— 45bx5 mm +15x15 mm : SSAv2
—@— 45x5 mm? + 5x 5 mm?; SSA

10 x 10 mm?Z tile layers can
be expected to make more

L —O— 5x5mm?_

R — effective improvement

0 50 100 150 200 250 300

Energy of One Jet

(GeV)
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Pandora PFA tune for 5x5mm?
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In Ecal cost reduction study:

ScEC
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SIW 0.5mm —_
----- ScW 2.0mm

— ScW 2.0mm Birks'
| |

50 100

John Marshall has succeeded to tune PandoraPFA
having 5x5 mm ScECAL performance comparable

with the SIECAL
ECFA LCWS2013 KK & TT

= |’l| introduce his tune.
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Applying to the strip HCAL
An event of 100 GeV muon without SSA

Before SSA : x - y plane Before SSA : y - z plane
100 GeV muon

10 mm x 90 mm strips in HCAL.
ECFA LCWS2013 KK & TT
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Application to the strip HCAL
Clear muon track in HCAL appears with SSA

after SSA : x - y plane after SSA :y - z plane
100 GeV muon

10 mm x 90 mm strips in HCAL. 12
ECFA LCWS2013 KK & TT



We need some tunes for 10 x 10 mm?2
tile HCAL

ECAL : ILD SiECAL pfoEnergyTotal {180<pfoEnergyTotal&&pfoEnergyTotal<220}
100 GeV uds two jets were injected. 177
' KK 1T0x10mm

Even after calibration with 10 GeV
photon and 10 GeV kaon, Jet 10° F
energy resolution by our 10x10 ;
mm? tile AHCAL has degradation L
from the default ILD o1 V5(DBD 10 E F '

version: 30 x 30 mm? tile AHCAL). ﬁ KK 30x30mm / Ib‘L 111‘"
| default |

. 1]
1F ‘J

AT ]
180 190 200 210 220
pfoEnergyTotal
ILD-DBD-AHCAL is 30x30 mm?2
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uds 100 GeV JER with 10 mm width
scintillator strip HCAL

Despite the problem of degrading

with 10 mm x 10 mm scintillator < e e e
. ] o - | —@— 10 mm width w/o SSA
strip HCAL, once we tried to a5 | @ 10mmuwidth w SSA |
measure JER of 100 GeV uds jets —C— 30 mm width /o SSA
Changing the length Of S‘l:ripS. g 4:_ ......... A A A A N A A SR
Strip width is 10 mm or 30 mm. g I T T T O T T O O O
=

So far, there is no discrepancy RS amhann
between w/ SSA and w/o SSA, or -

2-5 __ ......... ............. ........... RS ............. ............. ............. .............
rather degradation with SSA for - g"-—‘;” 'V5 Default
10 mm width strip HCAL (e ,® ). 102030 40 50 60 70 80 60 100

Length of strip (mm)
Surprisingly, JER is not so
degraded with 30 x 60 mm? strip
and 30 x 90 mm?2 strip HCAL

even w/o SSA (0).
ECFA LCWS2013 KK & TT 14



Summary

1. With alternate strip and 5 x 5 mm?2 square layers, jet
energy resolution is almost the same as we use pure

ZEI 5 x 5 mm2 square ScECAL.
O 2. With alternate strip and 15 x 15 mm?2 square layers,
'-5 jet energy resolution is improved by using new split
N procedure.

3. New method potentially have good ghost rejection

power, but does not improve separation power.

_1 4. SSA was applied to the strip AHCAL.
5 5. In current step PandoraPFA tune is more important
T than the granularity of HCAL.
8 = need better tuning of the PandoraPFA,

= severer test condition

ECFA LCWS2013 KK & TT
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Plan:

1.

2.

o1 B~

Study on alternate strip and 10 x 10 mm?Z tile cell
layers.

Study on alternate fiber scintillator layers (2 mm x
180 mm ) with tile scintillator layers.

. Study with severer conditions, for example more

multiple jets events

. PandoraPFA tune according to the John’s method,
. Test strip AHCAL with severer conditions.

ECFA LCWS2013 KK & TT 16



Backup

17



A famous plot in the LOI
(this is the reason why AHCAL tiles: 30 x 30 mm?)

100 GeV Jets have a room to > 5  b) i 45 (I;ev Jet; | l
make evaluation to use 10mm | /& 100 ey ote } -
x 10 mm segmentation, so | will B 0 * 250 GeV Jets /]
show the case we use 100 GeV £ | / :
uds jet events to evaluate the To4r B
performance. E — —-"i-’fé )
= -

PO TR TR [N TR TR T NN Y TN TN N TN SO SO N T |

0 2 4 6 8 1101
HCAL Cell Size/cm
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-+ Strip Splitting Algorithm
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SSA

-+ Strip Splitting Algorithm
E

V d
back layer [T T 111
scintillator this info.
[ T TTTTTTT] will be passed to
[ T T 11

strip layer 7/ PANDORA

forward \7‘ |
layer




SSA-II

-+ Strip Splitting Algorithm
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SSA-II

-+ Strip Splitting Algorithm

VdE

back layer \I\/I [ T T ]
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virtually
strip layer MEEEE. segmented
j/ this info.
forward HEREN will be passed to
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