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scintiiator cal.

sandw1ch calorimeter

absorber : Tungsten

. short Xo=3.5mm, Aint=20cm,
RMoliere~9mm (90% of EMshower)

active material : scintillator

scintillator (organic)

fast but small light output
stable , reliable, robust, cheap particle

sc:lntlllatlon Ilght detectlon > sensor
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- sandwich cal.

. measured energy in scintillator ~
dE/dX FPC for 9 MPPCs ( 18 lines, 50 oh  m)

« SUM Of dE/dX ~ Eincident
. follow shower development

. Need separation layer by layer

Scintillator strips
+ tungsten frame

. PFA requires fine segmentation

. tOo reduce # of channels
. Strip structure
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8 sanawich cal g >

measured energy In scintillator ~

dE/dX
sum of dE/dX ~ Eincident

follow shower development

need separation layer by lay&t 1
PFA requires fine segmentatio|| [

of channels

to reduce
strip structure
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scintillator

transparent material . poly-styrol -
molecular energy
with dopant like PT, POPOP levels

charged particles deposit energy fransifon
as dE/dx - . -
excitation — transition — emission

scintillation light ~300-400nm .~

Q y Poly-styrol ~NS

C ——
|
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H POPOP C94 Hig N2 O9
p-Terphenyl (C1s Hi4, 1%)
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cintillator stri

Extrusion method

» sultable for strip scintillator

Dopants i / Ejj
Pellets

Scintillator strip
with reflector coating




Scintillator strip «

e e o

extrusion method has TiO2 cover & nole
for WLSF

WLSF : once absorb blue light

the]n emit green light in uniform direction
IN 1NS

must have uniform response along fibre

MPEC

Fiber readou

Entries
Mean x
Mean y

RMS x
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. improvement of uniformity ~°-

by removing T102 and putting
reflector film PET (25um)

Anchor layer
Evaporated Ag
TiO2cover reflector sheet il I Top el yLey
m Adhesive laye
b Evaporated Al

Extruded scint. PET(25pm)
Total 57pm thickness Kimoto

il reflector

mm . =

MPEC
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i strip 8

. MPPC : Tmm x Tmm square
Fiber

® WLSF -lmm dlam ~25% of MPPC

. add shading collar MPPC
Position dep. of light

MPPC re-ﬂectOr shading collar
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- WLSF and stri

R T TR

. relative position precision
. O.1um required

Transverse Longitudinal
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Wave Length Shifting Fiber
. wave length shifting fiber oS

absorb shorter wavelength

Y11 400nm 600nm

emit rather longer wavelength

emit
Kuraray Y1 |

ab b
absorption length ~ 10pm itied

emit light in uniform direction




scintillation light.

reflector effect

relevant for all surface

[

simulation N
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absorber plate

GLD-ECAL-Scintillator-layer model
~ Strip sceCAL e
A

1cmx4c
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® width : segmentation //

® thickness : charged track ——— i X
. . W MPC R/O with WLS
insensitive . - 1

® |ength :to reduce # E)f chaninte //

/
but not so long /// Z-Laye

® reflector sheet for each strig 4 zm!/

MPPC R/0O with W
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. small prototype of 500 strips
Ox9 cm? 26 layers

. tested at DESY 1-b6 GeV --r-Er-r-r-r-Ef-m.
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o DESY BT

Resolution
©

‘uniformity of a strip

~ ® non-uniformity gives rise const. term In
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® uniformity tested by MIPs Kuraray
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_ uniformity of a strip 3

® simulation with uniform and non-uniform

Strips
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strlp ECAL 2008 %?3
X
tested at Fermilab
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~__scintillator ECAL e

. strip ECAL 2000 ch
18x18 cm?

. tested at Fermilab

G

! o AR L
e R b S s
e . Tmeitet 0l0 DOY (C .
L NG ] Y ARINRAVASW
B AN ¥ . RN AT
a8 : & Jok




) LY MOCHN, e T A
L <
Rt I y
o o
3 rese y ' ,' -\ :‘:.54;’;
Nra T : . J T LS
3 TS MUY AL
. AT

"« sandwich calorimeter measures part of the

Incident energy
we need factor to go back the actual energy

MIP will be used as a constant unit

I MIP : particle passing absorber &
scintillator pair

count number of MIP by 1GeV electrons

-24 MIP/GeV
TS
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'sandwmh calorimeter measures part of the
Incident energy

we need factor to go back the actual energy
MIP will be used as a constant unit

I MIP : particle passing absorber &
scintillator pair

count number of MIP by 1GeV electrons
~24 MIP/GeV
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ow to meas. MIP

. particle traverse the strip without
Interaction except dE/dX by ADC

. at FNAL : muons, at DESY positrons

MIF calib. constant MIP cally. constant

o7 MIP dE/dX ™ crres 316

200 RKS 20.81

pedestal f4 MIP peak

Number of Events

14m 1 1 ] | 1 1 I1m 1 1 1 | Em
MIP callb.constant [ADC counts]
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I\/IPPCS saturate with limited number
of pixels, when 1t receive many lights

calorimeter response may suffer
Result of GEANT4 simulation

dE/dX of each strip (6 GeV e*) w5y
for 6GeV 74MIPS

maximum energy / strip”
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- ECal results

I photons=pixels
——measured

. electron response
. linearity corrected -
. response curve b T

N... photons in

2s88d I“E:Ffﬂé'“ﬁ"“

0.2 e
Electron energy spectra Linsarity |

Emeasured (MIP)
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'ECal uniformity
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. energy resolution

. different location of det. £

Resolution : sgri{pow(([0]*x).2)}+pow([1].2})
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~ Reconstruction of Invariant Mass |

nilan

clusterl
I(X15 Y15 2 )‘Z/
R

1n 2 v system

/ Surface of first layer ( 0, 0, 0)

b

target

y_—

- beam

¢
cluster2 /(y/

70
__V

(X5, Yo Z, 7~<Distance of ScECal and target ~185cm

Center of the target

(Xp Yo Z¢)
=(0,0,-185)

( Invariant Mass ) = sqrt( 2*E *E,*(1-cos(¢) ) )

In case two gammas have equal energy,

Energy of n° (GeV)

3

10

Distance of two clusters (cm)

16.7

5.0
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B scECAL (218

pI-zero production
target to produce pi-zero

an event of pi-zero

o i oot b0 e M

Reconstructed Invariant Mass |

Reconstructed_Mass_Corrected

Number of events

300

Illll
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|Ill

Invariant

Mass

Entries
~Mean
JRMS
%2 { ndf
p0

pi

p2

p3

pd
p5

p6

4551

1171

1004

61.36 / 69
1025+ 6.5
1289+ 0.8
14.38 = 0.99
3458 = 1341.2
7.706 = 0.922
60.77 = 4.00
246.7 =~ 16.4
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|n situ calibration

other than CRs

by hadrons as MIF’S.\40

tracks in jets = TT—
dE/dx /strip

. | Lo
no selection i e e vy

. 260 270 280 290 300 310




_alibration & monitor !

" @ selection of hadronic MIP tracks

® each strip needs 100 hits for 5% precision

" £tvb 1180
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® |00 hits / strip is achieved at Z pole
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~ Calibration & monltor“

® auto-calibration of MPPC gain at p.e.
® monitoring system of whole system

LED lights distribution through clear
fiber

® with notches
ADC distribution E ,foca:z;ooo
niries
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LED monitor

® triggered by LED flash timing

e o S i

® can detect any shift scintillator; VLS fiber,
MPPC, amp & electronics response

® enough # of photons

0.2mm.deep notch 0.4mm deep notch O plical fibe

LED."-‘ s 313 318 3 A N KN ) 0
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- Further segmentation

o 5mm width is favored by current PFA study
® VWLSF-less configuration =
® which looks promising v
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~ scintillator ECAL

.

scintillator i1s one of the key issue

we need to understand Its nature
and light transition in the
scintillator including reflection

scintillator calorimeter is robust
and reliable with fine segmentation

good candidate of ILC detector

SCECAL for calo - school 2009 @ CCAST TT.



~___scintillation light

. if reflection of scintillation Ilght S|mulat|on
occur very high efficiency, px\\/\é&ﬂ

= mirror fibers

assume no
absorption in scinti.

finally
absorbed by fiber

good uniformity
maintained
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