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CAlorimeter for the LiInear Collider E

ILC — electron-positron collider at CALICE Collaboration — R&D into calorimeter
500 GeV CME systems

30% /\[E |Gey 1€t energy resolution Calorimetry requirements for ILC detectors:

« Compactness (low cost, narrow showers)

* Fine fransverse and longitudinal granularity (high
position resolution)

* Hermeticity (whole solid angle)

The International Large Detector concept
Parficle Flow Algorithms
— increase measurement precision (Most

suitable subdetector) ECAL
— require perfect reconstruction of particle * Barrel modules are identical
frajectories even in calorimeters * Cracks b/w barrel modules at large angle

with respect to the radial direction
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The Electromagnetic Calorimeter

Si-W ECAL - A Silicon Tungsten sampling calorimeter

Absorber material: Tungsten
- small Moloiéere radius 9 mm
- small radiation length Xo = 3.5 mm

Half W incorporated into a
supporting alveolar composite
structure to reduce the dead area
Space left for detection units

24Xo to absorb electrons and photons e
(slabs) o slid in.

Sensitive material: high resistive silicon
- free choice of diode size (granularity)
- compactness and simplicity

- 3000 m2 surface for the final detector
Prototypes:

1. The first small physics prototype (current talk)
2. The next generation representative
tfechnological prototype — the EUDET module
(see the poster session)

Module ECAL

Prototypes are exposed to test beam to study
performance

40 couches !
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The Physics Prototype

3 stacks x 10 layers with different W
thickness increasing with depth,
24 radiation lengths in total

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

Structure 4.2

(3x1.4mm of W plates) pcg SCSI connector

Shielding

Metal inserts

(interface) Tailpiece

Front End
electronics zone

Y axis (Cfi | W)

=" ACTIVE ZONE
Detector slab (30) (18x18 cm?)

3 x 3 wafers
\ a wafer = 6 x 6 pads

apad=1x1Tcm

~ 10000 channels
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Active Layers .

Module

Wafers, each with 6 x 6 silicon
pads fixed to the PCB using
conductive glue EPOTEC 4110 FLC_PHY3

ASIC
Calibration
ASIC
e 2 !
5 Gain 1
9 Fit
N I T B R
S
R — - —
~"Measurement -~ * Pads are read out
0.5 b S I— by VFE ASICs
| * ADC is done by
0 off-detector electronics
0 1 2 4
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Slab Cdalibration

No beam (electronics noise)

Pedestal = RMS Cosmic muons
Noise = standard deviation MIP signal
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Similar studies
with muon beam measured
electronics noise
~13% of a MIP
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Calibration Constants

Extracted per channel from 18 M muon All channels — good stability in
events, only 0.14% dead cells time and uniformity across the
detector

Small differences observed for
different Si pad manufacturers
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Beam Test Setup .

ECAL prototype rotated at 45°
Modules are shifted to ensure

beam particles passing through
ECAL Testbeam: the active area \
» 2006 at DESY * Scintillator counters
« 2007 at CERN provide a frigger signal
« 2008 at FNAL
 Delay drift chambers for
frack reconstruction

CERN - October 2006

Scd . . _— Mel
Cerenkov Scl D3 De2 s DC1L o Se3 gz ECAL  HCAL  TCatcher -~
, =N sl 1458 -
1 1000 S BEL 58 8 B 5
25000 |32 170 L18|| 460 34 1427 [ 571 57 127 52
= 1476.5 ‘ ‘
= 2387 x=-2593 w = —BR0 =19
z=—2318 z=-3255 s = AR - r=4138 = =492375
==21333 97975
Zz =10
12,3
5c? is 30x30 _
FRONT Scl and 5c3 are 100100 = Ml is 10001000 All distances are in mm
Scd is 200x200

1060
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Response to Electrons

Electron selection:
Based on event energy:

— I
E aw Z hits O(Z-E i 15 GeV electron selection

:II"|IIII'IIII|"II|II"|IIII|'II|:

i CALICE 2006 data

a accounts for the absorber
thickness in different stacks

Events

Selected

p— —
i

10° : | E

]
|

Selection: 10°F

* Energy window: : ﬁw
125 < Eraw(MIP) / Ebeam(GeV) < 375 10

« Cherenkov detector on: ‘“ w ”HM ‘| ”!
Rejects pion contamination (yellow 11, | (I

areq) 07000 2000 3000 4000 suuu 6000
Er.w (MIPS)
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Energy Correction .

T 30p e

E = CALICE 2006 data 16
* Active layers are shifted | J20-
in X to reduce energy 1ok
P\ leakage through passive i
pp——F—— || areas o
| * Passive areas in y 100
w overlap i
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Energy Response

Entries 36892 The mean energy response for
x? I ndf 23.45/19 : ;
% 2200 T TT | Constant 20264 15.1 various beam energies
@ 2000 Mean 7924+ 26
Lﬁ B Sigmﬂ 259+ 25 ~— 16000 TT T T T T[T T T T[T ITT[TTTT T thndf 17.64/32
1800 = 0 3 Prob 0.9812
- B CALICE 2006 data’] o CALICE 2006 data o 96.25 + 11.13
16(]0: - Gauss Fit . E—- 14000 p 266.5 + 0.4802
B — Monte Carl ] g - i
14005 onte Carlo : E 12000 o
12000 = w - T
1000 , - 10000 P R
800 | = 8000 » :
600 ' ] - L :
3 6000[ -
4001 1 ]h = A
- ; i ) ) ]
2000 \ . 4000 . g
2 ﬂr‘ 1 | Ll 1 L1 | | : i _." i
0™ 7000 7500 8000 8500 9000 9500 2000~ -~ -
Erec (MIPS) _I | | | L | 1111 | 1 1 | | (I | L | | | 1 1 | | 1 1 L | | | 1 1 ]
5 10 15 20 25 30 35 40 45
, E, __(GeV)
30 GeV electrons A mean energy fit to beam
Energy spectrum E,mean = B E,oeam - a
Fit fo Gaus {-o; +20} Global MIP to GeV calibration factor

B =267 MIP/GeV
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Linearity and Energy Resolution

-5-0-55""'|""|"'|"'|"'|"' T — 9 |||||'f!ndf 19.65/ 32
3 0.4 " CALICE 2006 data = 2 s 16.59+0.14
E 0.3 @ 8 — . CALICE 2006 data ¢ 105007
g - g ufw -0 MC .
W o2 = o Wes
0 = . -~ 7 +'

E - ] i B .."" a
5 0.1f + + l - g - - :
% 0 c _-] + _ | - o4 . w 6 [ -
o - T + ' ‘ [ < L )2 :
T o1 = 5 & -
0.2 1 i A :

4 [~ " E

0.3} - - o _

- . - o -

_0_45— E 3 __"5. ’ -

_0 5_|||||| |||||||| ||||| || ||||| 1 |||| 1 [ Z" :

’ 5 10 15 20 25 30 35 40 45 2 T SR IEAAE N G
E (GEV) 0.15 0.2 0.25 0.3 0.35 0.4
beam
1/\| Epeam(GeV)
Datq: AL _ 166%0.1 &11+0.1 %
Seﬁlduclfr fo Illphelor;’g/ E E(GeV)

NiNearity withnin 17 Monte Carlo: AE __ 17.3+0.1 ®05+0.1 %

E ~ VE(GeV)

Kaloyan Krastev, Si-W ECAL Physics Prototype, 11th Pisa Meeting on Advanced Detectors, 2_



_U
O
8
=
O
»
J
D
w»
O
-
=
O
™)

S [ calice Preliminary > Fosiion, Data
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2
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energy weighted hit positions Energy (GeV)
. . The worse resolution in y is
Tracks reconstructed in drift explained with the passive
chambers used as a areas overlap in y

reference
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Longitudinal Shower Profile

data

— MC

—— function: ¢ * t* * exp(- B * 1)

energy weighted hits / event [GeV]

40 50 60
layers weighted by tungsten thickness

The longitudinal energy distribution for 20 GeV electrons
against the calorimeter depth, t
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Conclusions

* A Si-W electromagnetic calorimeter for particle flow is under development by
the CALICE collaboration

* A physics prototype was already constructed and fested

* The performance has been studied in terms of stability, linearity and energy
resolution

» Current results are well within the International Linear Collider Reference Design
Report requirements

« Additional position resolution and shower profile measurements are necessary
to verify tThe particle flow capabilities of the facility, studies are ongoing

* A fechnological prototype is under construction (see poster session)
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