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Scintillator strip ECAL for ILD

e In an example of Model
e 25 absorber layers
e 3 mMm thick W = 21.5Xo
o plastic scintillator
e 5 mMm wide
e 45 mm length
,,,,,, K" « 2 mm thick

. « JER/VE < 30% @ /s =91 GeV
o : necessary.

/,
//
-

strips in odd layers are orthogonal
with respect to those in even layers.
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- 2160 channel prototype ( 10 x 45 x 3 mm?2 ) 2009 at FNAL,
- deviation from linear fit : < 1.5%,

- Energy resolution for electron (2-32 GeV) :
0e = (13.16+£0.05)%//E + (2.32+0.02)% < intrinsic beam spread

'good basic performance 3




granularity i1Is more important!
for PFA

1. Assume that n-th is an z-layer (fine segmented in z direction),
while nx1 layers are x-layers (fine segmented in x direction).

2. a shower comes from the bottom

3. split each strip in n-th layer into pseudo-square cells

Split method 4. energy depo_slt
In n-th layer is
distributed in
pseudo cells
referring

n+1 =X layer adjacent n+1th

n =z layer EVEIET

5. The position and
energy of
pseudo square
cells are fed into
PandoraPFA. .

n-1 = x layer
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granularity i1Is more important!
for PFA

1. Assume that n-th is an z-layer (fine segmented in z direction),
while nx1 layers are x-layers (fine segmented in x direction).

2. a shower comes from the bottom

3. split each strip in n-th layer into pseudo-square cells

Split method 4. energy dep0_5|t
In n-th layer is
distributed In
pseudo cells
referring

n+1 =X layer adjacent n+1th
layers.

n =z layer

L 9. position and
n-1 = x layer energy of

pseudo square

trip Splitting Algorithm |l
PandoraPFA. 8




A track like cluster

500 GeV muon+ going through top stave of SCECAL barrel

Before SSA

y

L.

 : center of hit cell

TPC track




A track like cluster with SSA

500 GeV muon+ going through top stave of SCECAL barrel

Before SSA

<
TPC track/

hits in even layers

After SSA

y

L.

 : center of hit cell

/,

- With SSA, a track appears
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Strip Splitting Algorithm

100 GeV Jet x 2: easy case
Before:SSA Recon.w/ SSA

+ PandoraPFA

A small shower looks a track=no difficulty



Strip Splitting Algorithm

100 GeV Jet x 2: more difficult case

Before:SSA Reconw/SSA -~
e - + Pandor‘aPFA.--'

.Fine layer

: :': l ... Longitudinal

e Tiadm

(*limit of colors mékés tt and y in
the same, but-they are separated)

Interval of scmtl in Iongltudlnal layers is 45 mm,

while fine segmented layers: 5 mm ( width of scinti. ) 12



Strip Splitting Algorithm

100 GeV Jet x 2: more difficult case

Before:SSA Recon.w/ SSA
AN . + PandoraPFA

.Fine layer

: :': l ... Longitudinal

" boow T B T R __.*_p:‘;.__q
a - a - a . a - ._.: -._1: -._.: -._.: = - .-_.: ]

" (*limit of colors makes 7+ and 7 in
the same, but they are separated)

Interval of scmtl in Iongltudlnal layers is 45 mm,

while fine segmented layers: 5 mm ( width of scinti. ) 13



JER of 25-layer SCECAL in ILD

- uds two-jet events
- cos( thrust ) < 0.7

SSA works well, but for 45
GeV jet, 45 mm strip

FPYEENS ScECAL w/o SSA does not
have so much degraded

30 ° energy resolution.

LOI45 GeV We need more sever case.
= higher energy,

10 = more jets in an events,
| —@— 45GeV w/ SSA
o T = More severe tune for

0

01620 50 40 50 60" 70 80 90 100 ScECAL so that SCECAL
Strip length (mm) also has energy
resolution near LOI level.

60

50

20

= instead of those ....
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How does Strip Si-ECAL work?

Because of difference of sensor thickness between
Si: 0.5 mm and Sc: 2.0 mm, layer structure of SCECAL
is different from Si-ECAL. This may leads different
JER between ScECAL and Si-ECAL.

Once postpone to tune ScECAL layer structure and
PFA tuning to have the best performance.

To see the performance of SSA itself and to extract
any problems of SSA without being confused by
PandoraPFA tune, Strip SI-ECAL cases are studied.

for this purpose:

In Mokka sensitive material of SCECAL is replaced
with silicone 2.33g/cm3,

Similar layer structure to Si-ECAL default;
0.5 mm thick sensor,
20 x 2.1 mm thick W absorbers,
9 x 4.2 mm thick W absorbers.

1:5



Jet energy resolution of Strip Si- ECAL

depending on strip length

- SSA w_orks well for 45 mm
uds 45 GeV jets strip Si-ECAL

- with 90 mm Strip Si-Ecal,
e S S S still JER < 30%

o - LOI result is a little bit
better than my job.

60

¥ -difference of Geant4

physics Model?

AN
20

“LOI 45 GeV

-we heed to investigate the

| e 45GeVw/oSSA
| —®— 45Gevw/ SSA reason.

00 10 20 30 40 50 60 70 80 90 100

Strip length (mm)
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Jet energy resolution of Strip Si- ECAL
depending on strip length

- SSA works well for 45 mm
strip Si-ECAL

- with 90 mm Strip Si-Ecal,
e S S S still JER < 30%

wo oo geN St - LOI result is a little bit
better than my job.

60

30 e e _
'45 GeV Str,ps, -difference of Geant4

2 L_'l 45 GeV physics Model?
é —I—100Gve/oSSA

| 100 GeV w/ SSA -we need to investigate the
—o— 45 GeV w/o SSA reason.

+ 45 GeV w/ SSA

10

00 10 20 30 40 50 60 70 80 90 100

- For 100 GeV jets,
Strip length  (mm) SSA works well
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Jet energy resolution of Strip Si- ECAL
depending on the jet energy

- SSA works well even with

—O— 45mr;1 strip \;v/o SSIi\
—O&— SIECAL Default (5mm) :
—e— SIECALinLOI - With good layer geometry

and best tune of PFA,
ScECAL can have

comparable performance
with SIECAL

- a little degradation

appears as jet energy
Increases greater than
50 100 150 200 250 300 180 GeV.

Energy of One Jet (GeV)

(%)

o~
S
D
92
=
o
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Summary

- Scintillator strip ECAL has good basic energy resolution.
- Granularity is more important for Particle flow algorithm.
- Strip Splitting Algorithm is developing.

- To dedicate to see the performance of SSA, Strip Silicon
W ECAL has been studied.

e JER of 45 mm Strlp Sllcon ECAL has almost S|m|Iar JER
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hybridEcalSplitter

- hybridEcalSplitter written by Daneil Jeans can be used to
achieve SSA.

- It already exists in MarlinReco/trunk/Clustering/hybridEcalSplitter/

- You can try to use it, but not yet released
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Minimum distance between m*and
photon (+ e*) depending on jet energy

el - In 45 GeV jet, most of
RN minimum distances of clusters

RMS 27.22

180 GeV Jet sl are greater than 45 mm. This
mean 36.39 mm waalll leads that the JER w/o SSA

Integral 849

does not degrade so much.

100 GeV Jet ;
emn 55e 69e - In greater than 100 GeV jet,

cluster distances become
closer in 45 mm. still good

45 GeV Jet : ’
- 102.6 mm energy resolution with SSA.

- Cause of a little discrepancy
between 5x5 mm?2 SIECAL and
U g 45x5 mm?2 SIECAL w/ SSA for
50 100 150 200 250 300 350 400 Ial‘gel‘ energy Jet than 180 Gev
min.distance m*-(e*,y) (mm) will be investigated.
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Radius of 10 GeV photon in ECAL

Default SIECAL

450F -
- 400F

400F

ScECAL w/ (mm) Radius including 90% energy
or W Splitting 30.0

3501

350f | B |
C 1 300; - 22.5

300

- 250+
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200, | 0o 15.0

100} 100

505 J 502_ J 7.5
oLl L | Ol L | L]

0 10 20 30 40 50 60 0 10 20 30 40 50 60 70

£
z
5
B
a

Radius including 90% energy (mm)

-MPV of Landau-gaussian fit to
cluster radius including 90%
energy Is not so different
between SIECAL and ScECAL




CDAE (PFA) TEXRENhS
A MO EIE

oe/VE(GeV) = 30%
for 45 GeV Jet

PandoraPFA H5 DEK
45 GeV Jets EAMDEl < 5x5 mm?

= 100 GeV Jets
- 180 GeV Jets
* 250 GeV Jets

PR I TR T R T
2 3

ECAL Cell Size/cm : HCAL £JL 3¢cm x 3 cm BEE
Geant4 base @ simulation by M.Thomson




Jet energy resolution
depending on Scinti. length

Js = 200 GeV 2 jet events

Split /&l Vs = 200 GeV TH
BEFE

isolate ignore ;£ Tl
Energy resolution »' center
ElckhED
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° w/ spllt (Center) method

00 10 20 30 40 50 60 70 80 90 100

Scintillator length (mm)
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Jet energy resolution
depending on Scinti. length

/s =360 GeV /s =500 GeV

: Ccé)nveérteéd fc}r dne .éJet éReséqu'icion : Cénveérteéd fc§>r dne Jet iReséqu’icion
o Correspondmgto]SOGeVJet o Correspondlngt0250GeVJet
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- o w/ spllt (Center) method - o w/ spllt (Center) method
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00 10 20 30 40 50 60 70 80 90 100 00 10 20 30 40 50 60 70 80 90 100

Scintillator length (mm) Scintillator length (mm)

/s = 500 GeV X T Split EN BN THIEZHER




Energy dependence of
the Jet energy resolution

(%)

Jet Energy resolution @ Jet
energy CX9 2k7FE
PandoraPFA DRFEE&EDIER &
H-H>THD, PandoraPFA DEETE
INGRA—5 DGR E T, FTHARD
ERZNETEZS0EEZTRE
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100 150 200 250 300
Energy of One Jet (GeV)
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Scintillator [CX U TBABLIEICHKFZA
B UROAERRE MC truth hS5DXL

/S 10 GeV 1000 photons

o | histogram D& FAFIEZRT KENDEICKTIE
20 40 e : ‘
Position in Z of strip (mm) %%E%’i I\)I’g:t fu?ffff‘

nist
Entries 976
Mean -0.02131= 0.03154
RMS 0.9853
Integral 976
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MHMEA A X —5 D3hEE

e

BB AR—TVTHOYX—F" ¢ -

- WML = U SR Y —&hFEICHEb
= ~cIVI /7RI EEND

DAL NTWLWEWCAL Calori- | ¢ ction | o /E x JE(GeV)
meter
Calori- ;
oo fraction | o /E x VJE(GeV) HCAL | 10% 559
HCAL| 72% 55% » ECAL | 30% 15%
ECAL | 28% 15% Track (o ?/’ E é( 521(%?;/2)

LEP best o /E ~ 65%//E(GeV) = ILC ¥IEDER 30%//E(GeV)
Particle Flow Algorithm &Rl dnh 3. 29




CALICE Prelimi_

¢ fterrip. f-Iuc._ 1 9-27°C
¢ :w/ temp. corr

PN R B PR I B ; ;
10 15 20 25 30 ; ) : : . : 0.7 0.8
Beam momentum (GeV/c) (GeV/c) 12

- 2160 channel prototype ( 10 x 45 x 3 mm?2 ) 2009 at FNAL,
- deviation from linear fit : < 1.5%,

Energy resolution for electron (2-32 GeV) :
0e = (13.16+£0.05)%//E + (2.32+0.02)% < intrinsic beam spread

good performance 30
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- 2160 channel prototype ( 10 x 45 x 3 mm?2 ) 2009 at FNAL,
- deviation from linear fit : < 1.5%,

- Energy resolution for electron (2-32 GeV) :
0e = (13.16+£0.05)%//E + (2.32+0.02)% < intrinsic beam spread

'good basic performance 31




