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Calorimater for IL

Thickness : 1 mm

scintillator case
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silicon case
Thickness : 1 mm




silicon pixels

* silicon pixel ~bmm x bmm
100Mch

» scinti. strip 5mm x 40mm
10Mch

silicon

_—
W Heat shield: 100+400 m W Heat shield: 100+400 m
struct (copper) struct (copper)
—— *C5: 1200 m (with FE embedded)

(with FE embedded)

MPPC
glue: 75 m t
W ‘ « X » strip
slab :

wafer: 325 m 2000 m

, — « Y » strip
Kapton™ film: | 2000 m
100 m

Thickness of slabs :
6,8 mm (W=2,1 mm)
8,9 mm (W=4,2 mm)

Thickness : 10,7 mm (W=3 mm)



silicon Ecal R&D
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Structure 4.2
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Detector slab (30) (18x18 cm?2)

elex. in layers 2010 power pulsing

e realistic structure

module O S

large proto.
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power pulsing test tungsten + carbon

Demonstrator : 9 cells structure




silicon Ecal R&D

Structure 2.8 Structure1.4
(2x1.4mm of W plates) (1.4mm of W plates)

small proto

Structure 4.2
(3x1.4mm of W plates)

small prototype
proof of principle 2005~2009 "Gy

s Lasic >

SKYROCK gl —=" | W
large prototype I~ —

Detector slab (30’) C(_”””ll’(}'slxz%;;nZ) L
elex. in layers 2010 power pulsing 5 Wi,

e realistic structure

module O

largepprotope

Short detector

: slabs (<14)
power pulsing test tungsten + carbon \

Demonstrabor 9 cells structure
Long detecror slab (1)

Complete Tower
of 4 wafers = 18%18 cm?




silicon Ecal results
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CALICE 2006 data stochastic 16.69 + 0.1253
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scintillator Ecal
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scintillator Ecal sensor
K o HB/INBY (FER) Xttt — ' MPPC

< | mm > # of p.e. 123456789

/ o) = # of pix |
oo AT AT T p :
AT AT I AT AT o.

4 1
200 300 400 500 600

MPPC pict . |

MPPC signal (ADC counts)

high gain ~ 107
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blue sensitive
low Voltage ~<100V

small ~ 1 mm
Insensitive to mag.
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scint. Ecal results
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- Slope 145 28 + 0.01 ( comblned )
- Slope 147 83+ 0.01 ( center )
- Slope = 142 37 +0.01 ( unlform )
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ECAL near future
e 3|EH UISEER O—SFICIBALTFRAK “77HE
« MPPCZHZE : 22 t)L1t 20um
'SWnFQV?b—%E%WK?ZF

A

extrusion

¢« ARUYWT VYIRIDITPDNE

5|1 = UEiEiR




HCAL

* analog scintillator 3cm

* digital

HBU

SPIROC Lep Flexlead
\ \ + tiny \connector

/Mch

(RPC/MPGD) Tcm
/0OMch

Central Interface Board
\with DIF, CALIB and POWER

\

Tile with SiPM

HCAL ECAL
Cabling

; Cassette

Front-End

HCAL Ba
(144 cha

absorber str

(half-sector)

DAQ interface boairrt
DIF, CALIB, POWEI
on Central Interfac

Sector Connecting Plates (10cm)

Side-Module
Interface Board




PR
e —

-

B e

..
Wy

...* 1l
s i
Gl |

2,

.-‘\\I
L
b

-
O
%,
X
™
D

Jil
0
%)
S
<
S
<
S

wdr D U

J

)

T
» SPIROC(1A)

)
[z

illator t
23

©
O
L
O)
O
©
-
<

b

* scint
IPM(

. S
. 3




AHCal results

0.06

*8 GeV
*10 GeV
*12 GeV
*15 GeV
18 GeV
*20 GeV
25 GeV
30 GeV
*35 GeV
40 GeV
60 GeV
*80 GeV

resolution
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entries/(event x 0.1 GeV)

Energy resolution HCAL contained showers
e single weight
e energy dependent parametrization
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HCAL Energy Density > 4.5 MIP/
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Total HCAL Energy [MIP]
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DHCal results
« RPC/mMegas ] '
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energy (eV)
e L Z
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B proto. 20x20/16x6 i
" 20104 z

[X/ndf_ 5.219

1 GeV

L | | I | | L | 1 L l 1 L |
[ X/ndf 15.95
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| l Il L Il
| X'/ndf 5755

4 GeV

L l | L |
[ X'/ndf 93.23
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| x¢/ndf  67.61

16 GeV

T00 120
Number of hits




HCAL future plan

 AHCal for realistic proto.

3cm x 3cm analog

e DHcal ;: [RIBIRIFERFE 5%
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* PFA [CEB=N/cAHOUX—Y AR
 FHEL

o B v+ — ! silicon / scinti. ~5mm

* hadron> + "J— ! scinti. / digital MPGD

3cm / 1cm

» 201 2FFEB5e 7 FE




HESRmETDIRED
e BIE : 2012FP(C FFMEREZEL
« IR

VTX : FPCCD / CMOS / DEPFET
TPC : GEM / microMEGAS

ECAL : silicon / scinti. strip
HCAL : scinti. analog / MPGD digital
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EDFEED

B1Z : 20124

» SRORE

P(C SFRETEZE

@& QgD power pulsingeintegration

VTX : AIEZS E BIEORFAE. EME =1L
TPC : ZAEZESRDB UM A VT — K~

ECAL : silicon {

1% / strip clustering

HCAL : SIPMEE / Im37 0514 TJH

analog / digital
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Callbratlon(l )

in situ calibration

I

other than CRs
by hadronic MIP

lIllllIlllIl

tracks in jets

x ECAL | HCAL ''!!
dE/dX /Str'ip 240 250 260 270 280 290 Suu

e 0000 -

nlg selection




calibration(2)

. scintillator monitoring

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

LED lights distribution through clear fiber
with notches

ADC distribution | E foc"jf;;ooo
niries
adc=MPP(C [Enries 100000

‘ - RMS 234.9
p.e.
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current problems

« Sllicon : cost Issue
. scintillator ; saturation of MPPC

 Wafer Size
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. DCcoupl. 4" o
| : @ 1'
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Cost/Area [ $/cm’ ]
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Silicon

bump bond

M Breidenbach

ECAL in US-SiD
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Si Detector

17.50 +/ 0.04

6.20 +/0.04

~

/ Sooo S \\\\ to pixels

Bump Pad Array, v2.1

16 traces I(ma>(|mum) b J DetilB Unit mm
rom pixels to a typlca ump pad row .
Taata M ide Traces to bump pads, typical
=1814 =Yaiala 8/28/03 R. Frey

read out

apton Data Cable

1 mm

Kapton

Heat Flow

read out electronics Kpix problem




ECAL digital MAPS

Monolithic Active Pixel Sensor incoming
Integrated Sensor and Readout
501.m’pixel with digital readout

Diodes particle

>
Epi-Layer
(up to 20 pm)

Wafer (~300 um)

CMOS

-

Electronics _
Adjacent

Bias:
n-Well 1.8/1V
*Diodes: 1.5V

Epi-Layer
Substrate (left floating)

Stave Controller

Tunasten with optical link




Event display

CAu(ed CALICE combined BT
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Shower from ECAL Hits: 302 Energy: 1446.42 mips . Time: 05:39:16:985:771 Thu Oct 19 2006

20 GeV «n
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