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First test of ScECAL     
To establish extruded scintillator strip
Fi l i h l dFinal test with larger prototype and
various type & energy of beams  



strip scintillator calorim
sampling calorimeter

active material: scintillator
absorber: W/Fe/Pb

designed for PFA: fine segmentationdesigned for PFA: fine segmentation
scintillator strips ~1x4 cm2

orthogonal layers

each strip read out by MPPC
photon counting devicep g

built and tested small prototype
first test for scintillator + MPPCfirst test for scintillator + MPPC
check suitability for ILC ECAL

meter 

C calorimeterC calorimeter
L



exposed to 1-6 GeV e+ beam 
at DESY 03/07at DESY 03/07

TungstenTungsten
(3.5 mm thick)

Scintillator layery
(3 mm thick)



Detector setup, sci

MPPCsMPPCs
(1600 pixels)
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K

KK

Scintillator strip

Frame

fib
C
frp

(1 x 4.5 x 0.3 cm) WLS fibre fr

intillator types

3 types of scintillator strips:3 types of scintillator strips:

Kuraray (Megastrip)
- WLSF readout
- direct readout (simpler)

KNU/Korea (separate strips)KNU/Korea (separate strips)
- extruded scintillator (inexpensive)
- WLSF readout

CALICE readout electronics (LAL-Orsay) borrowed
from DESY CALICE A HCAL groupfrom DESY CALICE A-HCAL group



produced 3 half-modules (
with different scintill

tested 3 configurations
Kuraray (fibre) + Ku
Kuraray (direct) + Ku
E t d d (fib ) + KExtruded (fibre) + Ku

Kuraray megastrip (fibre readou

WLSF
3mm

CompWLSF Φ1.1 Comp

(13 layers each)
lator typesyp

uraray (direct)
uraray (fibre)

(fib )uraray (fibre)

ut)                extruded

pare performance of 3 configurationspare performance of 3 configurations



Beam line instrum
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MIP calibration
Strip beingStrip being
calibrated

Trigger onlygg y
Red strips have

non-pedestal signal
Blue strips haveBlue strips have

only pedestal signal

fit to Gaussian convoluted Landaufit to Gaussian-convoluted Landau



MIP response temperature dep
MPPC gain changes with temperature

pendence 
example: 18 strips in one layer

18.5          20.5
temperature

consistent for all channels
apply common correction



MIP response uniformity: 
detailed scan across single strip

extruded strips show significant
non-uniformity

R f MIP

strip MPPC

Kuraray fibreResponse for MIP

strip MPPC

Kuraray direct Extruded fibrey Extruded fibre

M
PPPC

M
PPCC

M
PPC



light cross-talk between ad

Mega-strip structure: strips not perfectlega s p s uc u e: s ps o pe ec

look at sig
when MIP
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liliight xtalk: different configurationsight xtalk: different configurations

much less light cross talkmuch less light cross-talk 
in extruded strips



runs with 
6 GeV e+,

x proj
tungsten plates

p j

y projy proj

range of e+ beam momentum: 1 >6 GeVrange of e+ beam momentum: 1->6 GeV

scanned front face of detector

apply calibration constants
temperature correctiontemperature correction
cross-talk correction

l k diff d ilook at different detector regions
quarter regions – most uniform
central region – least uniform, least leg ,

, center injection

jectionj

jectionjection

V/cV/c

akageg



energy response

reconstruct total energy 
deposited in calorimeterp

linear response

no strong effect ofno strong effect of
MPPC saturation
has been seen



Energy resolution o

l ti f fi ti iresolution of configurations sim

at centre of detector, extruded+
strip uniformity improtan

of 3 configurations 

il i t imilar in quarter regions

+fibre much worse:
nt in this region



Conclusion of the DES
A l i f DESY t tb d t iAnalysis of DESY testbeam data in

In uniform regions, detector worksIn uniform regions, detector works 
sufficient energy resolution for ILC

Non-uniformity and small light yield o
degrades performance.

In progress...
Some further data analysis (MPPC satSo e u t e data a a ys s ( C sat
Detailed simulation
Proceed to publication

SY Beam Test
d hn good shape

wellwell
C ECAL (σ/E ~ 14%/√E 2%)

of extruded strips significantly

turation correction...)tu at o co ect o ...)



At the last DESY Beam Test…
Res

f
Extruded scintillator strips show  
・ Low light yield
• Large non-uniformity

Uniformity of 3 differen

nt
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Uniformity of 3 differen

D
C

 c
ou

n
na

l (
A

D

Beam posit

Si
gn

Kuraray 
Fiber readout

Extruded
Fiber readout…

sponse
for MIP

Strip 

nt types of scintillators

Layer # #

uraray Extruded
nt types of scintillators

tion (mm)



Why the extruded
such low light yieldsuch low light yield

extruded

Too big fiber hole

fiber

extruded

The sensitive surface 
of MPPC

fiber – MPPC bad matching

d scintillator showed
d and non-uniformity?

Light leakage points

d and non uniformity?

Light leakage

・Some extruded scintillator strips              
have a bigger hole.have a bigger hole.

・Sometimes the hole isn’t 
correctly centerdcorrectly centerd.

・Some extruded scintillator strips 
h l k i thave leakage points.



KEK Be
(Nov-2007 at KEK Fu

• Extruded scintillator R&D is very i
scintillator production cost

(Nov 2007 at KEK Fu

scintillator production cost.
• Need to perform deeper study of 

strips by 2D scanning with MIPs.p y g
• Evaluate light yield, position depe

and compare various extruded st

eam Test
uji electron beamline)
mportant for reduction of 

uji electron beamline)

improved extruded scintillator

endence, strip-by-strip variation, 
rips with Kuraray strips. 



KEK Fuji B
・Electron beam-line from bre

B t i 3 4・Beam spot size: ~ 3 cm x 4 
・Beam energy : 1-4 GeV

R t 15H @ 3 G V・Rate: 15Hz @ 3 GeV

Beam-Line
emsstrahlung photons of KEKB
cm

beam



Setup
B
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Fiber Tra

Beam
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S i d t

Setup of side view
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Semiconductor
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12cm×6cm

Resol tionResolution
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Scintillator Assem

refl

frame9cm

refl
thspacer

9 strips for a layer 12cm

4.5cm

Fle
W

scintillator strips

4.5cm
scintillator strip size

MPPC

0.4cm1cm

mbly 

lector filmlector film
hickness 57μm

black sheet
exible Cable

With MPPC



Scintillator Strips
• 8 layers with different types of strips
• 4 strips per one layer were read out.

type Method Read-
out

Cover Th

A1A1
TiO2A2

Extruded
FiberB1

ReflectorB2

C Direct TiO2

D

Kuraray
Direct ReflectorE KurarayE

F Fiber

A       B    C     D     E     F

hickness
(mm)

No fiberNo fiber
good 

matching

A1,A2,….,
F

3
g

big fiber hole

matched 
beamhole

2

3 reference



Extruded scintillator
（（A

Type : A     
d ith TiO2covered with TiO2

A1 : fiber - MPPC bad matching
A2 : fiber – MPPC good matching

A1 A2

MPPCMPPC
sensitive surface

r strip with a fiber hole
）A,B）

Type : B 
d ith KIMOTO fl t filcovered with KIMOTO reflector film  

B1 : bigger hole
B2 : matched hole

bigger hole
B1

matched
hole      

B2



Response for MIP

extruded extruded
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Unif
extruded extruded exextruded
TiO2

No fiber
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Conclusion of the

● Result shows acceptable performan

– Type of reflector and position match

are very important.y p

– Extruded strip without fiber is not u

More detailed analysis will follow● More detailed analysis will follow.

– Comparison of absolute light yield

– Bias voltage dependence

● Feedbacks are provided to KNU cop

Quality of the extruded scintillator 

e KEK Beam Test

nce of the extruded scintillator strips.

hing between fiber and MPPC

useful, since attenuation length is so short.

lleagus.g

will be improved for FNAL BT.



The FNAL beam 
Establish the Scintillator strip• Establish the Scintillator-strip

– Test linearity of the ScE
Evaluate all the necessa– Evaluate all the necessa
using various beams (π,K

Combined test with the Anal• Combined test with the Anal

• Test π0 -> 2γ reconstruction (

M h d h• Measure hadron shower to te

• Th
la
(2

• Fu
E

MPPC R/O

• Ex

test in Sep 2008
p ECAL technologyp ECAL technology

ECAL with high energy beam.
ary performancesary performances
K,e,μ….) with wider energy range
log HCALlog HCAL

(hopefully)

i l i d lest simulation model

he 2nd prototype will be 4 times 
arger than the DESY BT module.
0 x 20 cm, ~30 layers)
ully adopt the extruded scintillators.

2000 d h lxpect > 2000 readout channels.



Feb Mar Apr May
Schedule toward

Feb Mar Apr May

Beam Test Simulation study

Detector frame and
tungsten assembly,

A

Readout cable

i

Extruded scintillator
production & test

i
MPPC mass measurement

Build gain monitoring system

Jun Jul Aug Sep
d the FNAL BT

Jun Jul Aug
Shipping

Sep

Assemble 
&

Test
n Japan

Beam Test
@ FNAL

n Japan

Prepare analysisPrepare analysis



Concu
● Scintillator-ECAL R&D i

● The DESY beam test prov
and gave lots of experiencand gave lots of experienc

Analysis of the data is in 

● The result of KEK beam t
f f d dperformance of extruded s

● At the FNAL beam test v● At the FNAL beam test, v
technically establish the S

usion
s ongoing in good shape.

ves performance of ScECAL 
ces to usces to us.

almost a final phase.

test told us how to improve 
i ill iscintillator strips.

various tests will be done tovarious tests will be done to 
ScECAL.



Bacckups



Trigger & Veto countter event selection



Energy resolut
0   1   2   3   4

gy
(fibr

10mm

6 G
clear evidence of lateral shower 
leakage in outer two regions

tion in different detector regionsg
re+direct, with absorber)

1 GeVGeV



energy per strip @ 6 GeV



longitudinal shower pro

quite smooth, a couple of small
reason still under investigreason still under investig

ofiles

lish discontinuities
gationgation



Energy re

quarter regions         

stoch. term(%) const term(%

fibre+direct: 13.98 +- 0.07        1.96 +- 0.1

direct+fibre: 13.83 +- 0.07        2.58 +- 0.0

extruded+fibre: 14.61 +- 0.08        2.35 +- 0.1

contributioncontribution
from shower lea

solution

                         central region

%)            stoch. term(%) const term(%)          

12                       13.39 +- 0.05        2.57 +- 0.07

09                       13.70 +- 0.06        3.39 +- 0.05

12                       14.52 +- 0.09        7.26 +- 0.05

non-uniformity

akage



Tracking detector alignm
determine drift velocity and relative
each chamber measures x,y position

chamber    0            1        

x

yy

hit residual/mm

ment
e positions of 4 drift chambers
n

    2             3

before
(after)( )
alignment



Energy response unifor

lateral sh
leakage

high re
M

~11%

near M

~11%
low res
from M

45mm
9mm

lateral sh
leakage

MPPC

reconstructed energy [MIPs]

rmity, direct+fibre, 3 GeV

hower 

esponse
MPPCMPPCs

ponse far
MPPCs

scanned 1/3 detector
hower 

scanned 1/3 detector

can alternate orientation
to minimise this effect



extruded+fibre @ 3 GeV: ene
energy responseenergy response

~30%

energy response [MIPs]   

ergy response vs. position

2-3 times more variation that
direct+fibre configuration

extruded strips are less uniform



Simulation
simulation shows 4% lateral energy gy

(central beam

n studies
leakage, 1% longitudinal leakageg , g g

m injection)

simulate a larger detector
(2x larger in each direction)

resolution of 1st configuration 
(real data)

i l i f dsimulation of our detector
26 layers x 9x9cm2

simulation of larger detectorg
52 layers x 18x18 cm2:
no constant term!

shower leakage causes constant 
term of around 2.6%



measure xtalk across each strip boup

correction of cross-talk

in each layer, define matrix with m

undaryy

measured xtalk probabilities (~10%)

use this matrix to unfold theuse this matrix to unfold the
cross-talk



Comparison of Kurar
and KNU 

● Casted and machined
Kuraray

•● Casted and machined 

● High accuracy for the hole 

•
•

size and position

E i
•

● Expensive

•
•

ray scintillator strips
extruded

Extrusion

KNU Extruded

Extrusion
Simultaneously the fiber hole 
i d d i till t t iis made and scintillator strip.
Can be covered with TiO2

at the same time.
CheapCheap
Low accuracy for the fiber 
hole size and the positionhole size and the position



Extrud
The pictures were taken 

at Misung Chemical Company,at Misung Chemical Company,
Korea. 

die
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Response
V i ti fVariation of 
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Th l t h th i tiThese plots show the variatio

e for MIP
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All collected events 
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f t i b t i i bion of strip by strip is big.
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These plots show the uniformity o
However light yields are not same

ormity
f strip by strip

strip＋reflector film
tching
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of these strips is not so big. 
e.


