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Phgjsics @ ILC

M. Battaglia et al. hep-ex/060301v1 [

CAL ‘ E
Calorimeter for IL

™ e*e collisions
Vs=0.25-1 TeV

¢ clean environment

e small xsections

e reconstruct ALL final states

need precise/ efficient boson tagging
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& PRA for ILC CAL(E
Separate W and Z di-jet decays '

LW < 0.027

my

~ 2.750 separation between W and Z peaks if Ogj/ Ej<3.8 %

Particle Flow Algorithm '

/
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D PRAforiLe CALi(
Separate W and Z di-jet decays ' |

'y
my

~ (0.027

~ 2.750 separation between W and Z peaks if Ogj/ Ej<3.8 %
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Particle Flow (ILD+PandoraPFA)

--------------------- Particle Flow (no confusion term)
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Calorimeter for |

3330—

* SiW: 5x5 mm? HCAL H * Steel Scint.
— Analogue
3x3 cm2 tiles

* ScintW: 10x10 mm?2

* MAPS: 50x50 ym? — I EE——
[

0 2348 2622 392 * Steel RPC
(Semi) Digital

TPC

Vertex Detector
* 3 Double Layers * 5 Single Layers ‘ *MPCD
i s | oo rewt B8 Readout
W * Digital

, * Analog

| Incident  Field Cage Anode: Amplification
Parti + Readout

.....................................................................................................
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calorimeters for ILC (CALICE) c A|_|G

Calorimeter for |

 m

2348 2622

* Steel RPC
(Semi) Digital
1x1 cm2

MPPC RIO

Y-Layer — —7
al a2l el ’1"
— T
Vel ‘/‘ /'/l ,'}.
f = —»
MPPC R/O w
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calorimeters for ILC (CALICE) c A|_|G

Calorimeter for |

 m

2348 2622

Designed for Particle Flow:

* Steel RPC
(Semi) Digital

* high spatial granularity
* hermeticity
e longitudinal compactness
e reduced non-active areas: electronics
integrated on detector wherever possible
> ASICS mounted on active material ., @
> SiPMs / MPPC mounted on
scintillators
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Calorimeter for ILC

HCAL

Steel Scint.
Analogue
3x3 cm?2 tiles

>
2348 2622 '/
/e 7
o Steel RPC
M (Semi) Digital

1x1 cm?2

I
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Calorimeter for ILC

Alveolar

structure . absorber: W

Fastening (R\=19 mm, Xo=3.5 mm, A=99 mm)
system

(rails)

~24 Xo within 20 cm

longitudinal segmentation: 30-40 layers,
varying W thickness

a0 :
.2 Dpetecto transverse segmentation: 5-10 mm?

SLAB

SiW ECAL ScECAL
esensitive material: Si esensitive material: Sci
stransverse segmentation: 5x5 mm? ecompact photosensors (MPPC)
20 layers of 0.6Xo (2.1mm) + 9 layers of stransverse segmentation: 10x10 mm?
1.2Xo «24 superlayers (3mm W plate, 2mm Sci strips,
*108 readout cells in total 2mm readout layer)
*2500 m? total sensor surface ©20.6 Xo, 172 mm in total

*107 readout cells
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Calorimeter for |

Alveolar

structure . absorber: W

Fastening (R\=19 mm, Xo=3.5 mm, A=99 mm)
system

(rails)

~24 Xo within 20 cm

longitudinal segmentation: 30-40 layers,
varying W thickness

Detecto transverse segmentation: 5-10 mm?
SLAB

SiW ECAL ScECAL
esensitive material: Si esensitive material: Sci
stransverse segmentation: 5x5 mm? ecompact photosensors (MPPC)
20 layers of 0.6Xo (2.1mm) + 9 layers of stransverse segmentation: 10x10 mm?
1.2Xo 24 superlayers (3mm W plate, 2mm Sci strips,
*108 readout cells in total 2mm readout layer)
*2500 m? total sensor surface ¢20.6 Xo, 172 mm in total

*107 readout cells

Physics prototypes built and extensively tested with beams
Technological prototypes being built
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@'Nm ScBCAL Phystes Prototype

MPC R/O with WLSF T .
: Scintillator strip

(45x1x0.2cm)

T N

WLS fiber MPPC

x MPC R/O with WLSF

Extruded
scintillator strip

CALi(:

Calorimeter for ILC
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Calorimeter for ILC

[r———
MPC R/O with WLSF

MPC R/O with WLSF

§ X-Laver

A MPGC R/OQ with WLSF

Extruded
scintillator strip
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Cir SCECAL Physies Prototijpe CALi (e

Calorimeter for ILC

M

MPC R/O with WLSF

§ X-Laver

Tametamazm
PC R/O with WLSF

1 cmedcmizmm

k MPGC R/OQ with WLSF

Extruded
scintillator strip

[ < = I ] -
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c ScECAL Phystes Prototype CALi (e

Calorimeter for ILC

MPC R/O with WLSF

k MPC R/O with WLSF

Extruded
scintillator strip

scintillator strip

e \ 2
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Calorimeter for ILC

CALICE ScECAL preliminary

c
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C. Carloganu EPS HEP 2009  Krakow, 18.07.09 Electromagnetic Calorimetry for ILC 9



ScECAL Physies-Prototype: Testbeams
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2007 @ DESY
468 channels
1-6 GeV et

Tungsten
(3.5 mm thick)

C. Carloganu

Scintillator layer

(3 mm thick)

EPS HEP 2009

Krakow, 18.07.09

CALIG

CALICE ScECAL preliminary

e
=)
=)

IIIIIIIIIIIIIIlIIII|III[|IIII|I

arbitrary normalisation
o
o
(2]

%" " 100

2008, 2009 @ FNAL
2160 channels
e*/e- (1-32 GeV)
/1r/1° (1-60 GeV)

fiber + direct
quarter regions

P I ... 1
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ScECAL - MIP caltbration C ALl G

Calorimeter for |

B MIP Response
100 — MIP Response Entries 2160
- Mean 158.5
- RMS 30.81
80 mean calib ct over 5 dead channels
- the whole detector (0.23%)
60 160 ADC counts/MIP
40 —
- 14_
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0 2 4 6
Beam Momentum(GeV/c)
Non-linearities within 2%
Stochastic term: ~14%

Constant term: ~3.3%

)

9}, 6CALICE preliminary  Quarter region

Py w/o zero const.

© 4r

GCD B

= 2r

_I B A

£ o S

o -

= -2r

(e L

o -4 I 1st config w/ corr.

H B .
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5 -61 ~3rd config w/ corr.
[ | \ \ |

a
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ScECAL-Linearity § Resolution CAL
Quarter region # # Calo}irmieter for |
I n
N N
: :
;;;;T;;;Ji 9cm
i
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Electromagnetic Calorimetry for ILC
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Q‘!Z‘EP ScECAL - ° reconstruction c A,L,l

ieter for ILC
o
<
N /
2 Surface of first layer (0.0.0) tareet
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P SIWECAL Physics Prototype CA L1 G

Calorimeter for |

60 PCBs (30 layers)
216 channels/PCB (centre)
108 channels/PCB (bottom)
9720 total channels

W structure draped in carbon fibre
3 modules with different W thickness
24 X, in total

: = Front End chip
g 18 ch/chip '~

PCB 13 bits dynamic | . 6 active wafers
14 lavers range R 36 Si PIN diodes
2.1 nzlm thick -._ / diode size: 1x1 cm

/.| wafer size: 62x62 cm
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éaloéiimeter forILC

SIWECAL AHCAL TCMT

CERN H6
june 2007

Beam
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SIWECAL AHCAL TCMT

Calorimeter for |
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éélo}irmeter for IL
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SIWECAL AHCAL TCMT

T
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SIWECAL HCAL TCMT

SIWECAL- TestBeams

location/date |nb channels |particles

DESY, 2006 |5184 e (1to 6 GeV)

CERN, 2006 |6480 e, e* (6to 45 GeV)
", T (6 to 60 GeV)

CERN, 2007 |9072 e, e* (6to 90 GeV)
T, T (6 10180 GeV)

FNAL, 2008 9072 e, e* (1to 30 GeV)

EPS HEP 2009

C. Carloganu Krakow, 18.07.09

Electromagnetic Calorimetry for ILC

CAL

Calorimeter for |

", T (1 to 60 GeV)




Neniries/4 ADC counts

Sitweceal callbration

CAL ‘ E
Calorimeter for IL

IN2P3
Les deux infinis
Cosmic Lab calibration o
= muons Beam calibration
300 [—
= ml mg = -1.3+ 0.3 ADC counts Mean noise measured to be
250— H
= electronic ' g = 8.8+ 0.3 ADC counts 12.9 =+ 0.1 % MIP
200 = noise | II MPVL_ . =77.1+ 0.4 ADC counts
190" il L oo =62+ 0.3 ADC counts Noise cell-to-cell spread:
100 — Il [ 11 68, = 9.0+ 0.5 ADC counts 9% of the mean noise
= [ ] 1
50 — I | ”II
- I
OL: o .]:,[11” -III . IIIIIIIII?IIIII{:IFJ&II.IIIILHI[:':-‘ e Eroz t Only 014% dead Ce”S
-50 0 50 100 150 200 250 300

Amplitude (ADC counts)

 Calibrations in lab & in situ well

700F
600F
500F
400F

Mean 45.48 + 0.03 £ 100¢

/0.5 ADC counts

300F
200F

n

5 oElL ) L |
=z 25 30 35 40 45 50 55
] G, (ADC counts)

correlated g
* Very stable over the different TB o
periods 2
 Response level depends on 3
— Production series (black-blue) 38E
— Manufacturer (black/blue — green) 30§— Entries 6471
255- RMS 2.47 +£ 0.02
204000 2000
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SLWECAL - posttion resolution
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| Position Resolution |

Resolution (mm)

Resolution better in x than y
due to the x staggering

10 GeV electron shower

4
_ Calice Preliminary * x Position, Data
L Xy Position, Data
B ~— x Position, MC
3.5 — y Position, MC
3 )}
2.5
2r
_l 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1
15 1 > 3 7] 3 .
Energy (GeV)

187.95

u +5.2
+1.3 +2.6 +3.9
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SIWECAL- Profile of the ElLm Showers C ALiCE

Célofimeter for IL

IN2P3
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data

1.4 — MC

Y function: ¢ *t* * exp(- B * 1)

0.8

0.6

energy weighted hits / event [GeV]

0.4

0.2

0 10 20 30 40 50 . 60

layers weighted by tungsten thickness = CALICE 2006 data

Monte Carlo

Radial energy
distribution

Energy deposit (MIPs/mm)
o]
o

S
o

N
o

1 1 ‘ LI -

[t

\\\\‘\\\\‘\\\\ [ a e uin alenls !
00 10 20 30 40 50 60

Radius (mm)
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SiweEcal -Bnergy reconstruction c ALié

Calorimeter for ILC'

Entries 36892
x2 / ndf 23.45/19 2/

=TT T T T T T T T T X ndf 17'64/32
_.g 2200: \ Constant 2026 + 15.1 ’UT 160007\\‘\\\\‘\\\\‘\\\\‘\\H T 1T Prob 0.9812
© 2000 Mean 7924+ 2.6 % 1 - CALICE 2006 data a 96.25 = 11.13
- 1800 Stoma 259; 25 — 000: B 266.5 + 0.4802
- l CALICE 2006 data-| S 120001 -
1600 - Gauss Fit ] UJE 000: * .
— — Monte Carlo - - s :
14005 ] 10000 ]
1200 = C ]
1000 30GeVe - 8000r ' ]
800 g 6000 - ) .
600 R i * )
: 4 4000 e -
400 - i i
: ] - e e
200 . 2000~ . 7]

r - 7
I R R R R 7 Loolvoa b b b b b b b b |

0 7000 7500 8000 8500 9000 9500 5 10 15 20 25 30 35 40 45

Eec (MIPs) beam (GeV)
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Siw BCAL Linearity § Resolution CAL G
Calofirmietér}(; IL

Ao 5 [ ‘ T T ‘ T ‘ T T ‘ [ ‘ T T ‘ [ [ [ T 1] —_— 97‘ T ‘ T T ‘ T T ‘ T T T ‘ XZ/ ndf 30.69/32
N r 7 o L
= 4~ ™  CALICE2006data % 4 CALICE2006 data s 16.53+0.14
§ . = Monte Carlo ] o 8- Monte Carlo c 1.07 = 0.07
I.IJE 30 — mg B D e
N C n = e
& ol 4 ~ 7 % Q .
I.LI§ - 1 Te Q/‘e@lh S
I 10 - g 6 ef)f -
8 r o j‘ . 2
Fo L. b 4. B |
W T . 5- o E
Bt . - e ]
2 E 4 :
—3— non linearity within 1% £ - e
e e i
= - ;/ | ‘ I N ‘ I N | ‘ I T | ‘ I T | ‘ I N ‘ [ \7
Ll ‘ [ ‘ Ll ‘ [ ‘ [ ‘ [ ‘ [ ‘ [ ‘ [ ‘ L1 2
-5 5 10 15 20 25 30 35 40 45 0.15 0.2 0.25 0.3 0.35 04
E,.... (GeV) 1/ Epeam(GeV)
16.53 £ 0.14(stat) £ 0.4(syst)

AE_E (%) = ® (1.07 + 0.14(stat)  0.1(syst)) %

V E (GeV)

B )= T gy T @ (0.82£0.09(stat) % (simuiation
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The tests with beams validated the CALICE physics prototypes:
e know how to build them
* easy to operate
e very stable in time
* robust calibrations, low noise
e uniform response to MIPs
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C. Cérloganu

Concluston

The tests with beams validated the CALICE physics prototypes:

e know how to build them

* easy to operate

e very stable in time

* robust calibrations, low noise
e uniform response to MIPs

They also showed the necessity of improvements...

EPS HEP 2009  Krakow, 18.07.09 Electromagnetic Calorimetry for ILC
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IN2P3

The tests with beams validated the CALICE physics prototypes:
e know how to build them
* easy to operate
e very stable in time
* robust calibrations, low noise
e uniform response to MIPs

They also showed the necessity of improvements...

=30 3 18¢ 10
E CALICE 2006 data !16 £ 16
~— B [
> 20 . s ._J" K 14 8 1a-
(W) .L_. : 120 Ol on u |
10 g 12 F 10
.o l‘.'- i 10
0 r
8 ]
8
-10 of- _ 1
e 4
-20 ..;-.:.:__'-'::‘ . i F
1y, et .
-30 - — 2 ) I I
00 2 4 6 8 10 12 14 16 18

ad index
-4050 240 -30 20 -10 0 10 20 30 40 © P

X (mm)
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C. Cérloganu

Concluston

The tests with beams validated the CALICE physics prototypes:

e know how to build them

e easy to operate

e very stable in time

 robust calibrations, low noise
e uniform response to MIPs

They also showed the necessity of improvements...
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The tests with beams validated the CALICE physics prototypes:
e know how to build them
e easy to operate
e very stable in time
e robust calibrations, low noise
e uniform response to MIPs

They also showed the necessity of improvements...

The first results from the (ongoing) analysis of the testbeam data

on linearity, resolution
* the physics prototypes meet the ILC requirements
e reasonable agreement with simulation
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Conclusion c ALl E

Calorimeter for ILC'

The tests with beams validated the CALICE physics prototypes:
e know how to build them
e easy to operate
e very stable in time
e robust calibrations, low noise
e uniform response to MIPs

They also showed the necessity of improvements...

The first results from the (ongoing) analysis of the testbeam data

on linearity, resolution
* the physics prototypes meet the ILC requirements
e reasonable agreement with simulation

Coming soon:
* VERY DETAILED shower development studies

e tracking performance
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Calorimeter for |

Next (ongoing) step: build technological prototypes which
* integrate the mechanical, thermal and electric constraints for
an ILD ECAL module
* include an embedded readout electronics
* allow for a realistic study of the construction processes.

EuUSIDDOET

Physics prototype Technological Prototype
# Structures 3: (10x1,4mm + 10%2,8mm + 1: (20%2,1mm + 9x4,2mm)
10%4,2mm)
) & 24 ~23
Dimensions 380x380x200 mm3 1560x545x186 mm3
Thickness of 8.3mm (W=1.4mm) 6 mm (W=2.1mm)
slab
VFE Outside Inside (zero-suppressed r/0)
# channels 9720 45360
Cellsize 10x10mm? 5x5mm?
Weight ~ 200 Kg ~ 700 Kg
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