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CALICE: Mission and Philosophy

* Development of highly granular “imaging” calorimeters for detectors at a
future Linear Collider

e Evaluate different technologies to find the best solution for a future experiment

* The physics benefit: Unprecedented 3D resolution of hadronic showers, will
help to improve hadronic shower models in simulations
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CALICE: Mission and Philosophy

* Development of highly granular “imaging” calorimeters for detectors at a
future Linear Collider

e Evaluate different technologies to find the best solution for a future experiment

* The physics benefit: Unprecedented 3D resolution of hadronic showers, will
help to improve hadronic shower models in simulations

The basis of it all: The Particle Flow Concept

* Four vector reconstruction for each particle in a
jet, with the best possible resolution

» ~ 65% of jet energy best measured in tracker!

» Particle separation (granularity) in the

calorimeters more important than resolution!
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The Technology Tree

PFA Calorimeter

digital

digital

o o - Micro
Silicon | |Scintillator MAPS Scintillator RPC GEM megas
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CALICE: The Collaboration

* A very dynamic, steadily growing collaboration
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Approximately 330 scientists and engineers from 57 institutes in |17 countries

Truly global: 4 regions (Africa, Americas, Asia, Europe)

* Last collaboration meeting: Lyon, September 2009

* the best-attended CALICE meeting so far (91 Participants)!
...and new institutes joining!
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Embedding into ILC Community

e R&D for Calorimetry across detector concepts

ILD SiD
FCAL FCAL collaboration
Vertex Many Pixel R&D groups
T oA sl LCTPC | — SiD Tracker
ECAL CALICE SiD ECAL 2
HCAL CALICE ]
Coil ILD Group SiD Group
Muons ILD Group SiD Group
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Embedding into ILC Community

e R&D for Calorimetry across detector concepts

FCAL
Vertex

Tracker

ECAL

HCAL
Coil

Muons

ILD SiD
FCAL collaboration
Many Pixel R&D groups
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Embedding into ILC Community

e R&D for Calorimetry across detector concepts

ILD SiD
FCAL FCAL collaboration
Vertex Many Pixel R&D groups
LCTPC A| ~ SiD Tracker
Tracker — TTHS
ECAL a ~ j[SiD ECAL o
e E—— —_
58
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Coil ILD Gfoup N SiD Group
Muons ILD Group SiD Group
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Embedding into ILC Community

e R&D for Calorimetry across detector concepts

ILD SiD

FC |

5. EVALUATION OF THE THREE CONCEPTS
Vi

5.1 ILD
T The ILD Collaboration has presented a LOI which documents the impressive quantity and
quality of work performed. A particular strength of the LOI is the very extensive R&D effort
E made in test beams with full-size prototypes of the calorimeter having been constructed and

operated at DESY, CERN and Fermilab. Indeed. alternative technologies for the calorimetry
are also being explored in the test beam program. Integrated with these calorimeter tests their
data have been taken with a *“tail catcher” for one of the possible muon system options. This

H large data set will allow ILD to validate the PF strategy which is central to their design. The
data will also enable ILD to revisit some of their parameter choices. for example the total
depth of their calorimeter.

In future, tests in a full strength magnetic field will be made. Initial layout of power and other
Y} components in the high field can be studied. Prototyping of the TPC is ongoing in other tests.
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...a crucial role in the validation of ILD!
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Test Beam Program: Highlights
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Extensive Test Beam Program

ECAL HCAL
Drift Chambers

Ch k

I A |
I e et _

Beam |_| ” I T —

Sc2

. \ST;:“/'SC?,
Scintillators

* Extensive test beam campaign
e DESY:2006
e CERN:2006,2007
e FNAL:2008,...

* Wide variety of beam energies and

Muon Trigger

particle species
* 2 GeV to 80 GeV
* muons, e*, 1, unseparated hadrons

o | HCAL, | TCMT, 2 ECAL Technologies
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The Physics Prototypes

* Testing of first generation of prototypes finished in May 2009

Structure 2.8 Structure 1.4
(2<1.4mm of W plates) (1L.amm of W plates)

Structure 4.2 2%,
(3x1.4mm of W plates) \ - 2,

. pcg  SCSI connector
2 Shielding

Metal inserts '
{(interface)

o - 4l
~ =,
(Chi /| W) < - " Silicon wafer

/-

/ " ACTIVE ZONE -
Detector slab (30) (18x18 cm?) 2.5 mm

Siw ECAL (2006-2008)
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The Physics Prototypes

* Testing of first generation of prototypes finished in May 2009

“ j : ]
Structure 2.8 Structure 1.4 - | B R L e bk be L (s
(2<1.4mm of W plates) (L.amm of W plates) - Yy <. > e
\ . ¥ 18 x 4 strips
o e \ \ e | ; qelEl PR AN T DG B P
(3<1.4mm of W plates) N 5 R e ; SRR R .

Metal inserts
(interface)

/ .- ACTIVE ZONE
Detector slab (30) (18x18 cm?) 2.5 mm

SiW ECAL (2006-2008) Scintillator-W ECAL (2008-2009)
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The Physics Prototypes

* Testing of first generation of prototypes finished in May 2009

¥¥ 18 x 4 strips

Structure 2.8 Structure 1.4
(2«1.4mm of W plates) (1L.4mm of W plates)

0
-

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

. e - - - RPN g . < - — -

Metal inserts
{interface)

38 layer analog HCAL
Scintillator-Steel
(2006-2009)
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The Physics Prototypes

* Testing of first generation of prototypes finished in May 2009

wr 18 x 4 strips

Structure 2.8 Structure 1.4
(2«1.4mm of W plates) (1L.4mm of W plates)

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

.- e - ST e . TN . - B —

Metal inserts |
{interface)

38 layer analog HCAL

Scintillator-Steel e e

(2006-2009) Tail Catcher Scintillator Steel
(2006-2009)
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The Data Set

* Successful data taking in several run periods on two continents
e ~ |5TB of raw data taken, close to 500 million events recorded

» hadron and electron/positron data, muons, calibration events w/o beam, in a
variety of different detector configurations
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The Data Set

* Successful data taking in several run periods on two continents
e ~ |5TB of raw data taken, close to 500 million events recorded

» hadron and electron/positron data, muons, calibration events w/o beam, in a
variety of different detector configurations

~ Integrated number of events versus time |
‘ «10°

D LLEL | CERN 2007:
- i | SIW ECAL

S
27/06 04/07 11/07 18/07 25/07 01/08 08/08 15/08 22/08
date
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The Data Set

* Successful data taking in several run periods on two continents
e ~ |5TB of raw data taken, close to 500 million events recorded

» hadron and electron/positron data, muons, calibration events w/o beam, in a
variety of different detector configurations

~ Integrated number of events versus time | _ Integrated number of events versus time |
10" x10°
[l e Tachnical ® Technica
H + caliation CERN 2007: i [ * cotnaton FNAL 2009:

data
gdid
]

e muon big Siw ECAL | Scint-W ECAL

muon small muon smal
only hcal | other

20

15

10

5

L - [ o at? |
27/06 04/07 11/07 18/07 25/07 01/08 08/08 15/08 22/08 1%."04 21/04 28/04 05/05 12/05 19/05
date date
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Selected Results: Si-W ECAL

(Emeas-Ebeam)/Emeas (%)
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* Good linearity: within 1%

e Resolution:

| 6.5% stochastic term, 1% constant term
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Selected Results: Si-W ECAL
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Selected Results: Scintillator-VWV ECAL

0.2 . .
* Energy reconstruction with electrons:

0.151 Good linearity of response!

13 12 25 32 GeV

J U /M\L AVAN

0 1000 2000 3000 4000 5000
Measured energy (MIPs)

0.05[7

Events (normalized)
o
T
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Selected Results: Scintillator-VWV ECAL

0.2 , ,
* Energy reconstruction with electrons:

- Good linearity of response!

13 12 25 GeV
AH e Demonstrated capability of T1°

detection:
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Understanding Hadronic Showers

rren oest v Fre o * The unprecedented granularity

LI slecirons

of the calorimeters allows

detailed studies of hadronic

showers: Close collaboration

with Geant4 developers

Y y
’h [Jetecrrons |
3%
masons
0 .
\ r]pmvorc
25 Lothfm :
13 :

QGSC_BERT QOSC_CHIFS QGSC_QGSC

= | OFETTTTTTTTTT M I el TTTTTY RS B

= ”L_j""“";"’ ¥ - VU"W";; t u'l;c!fons .
| I\ | M Lk J=~1 e Different shower components

can be disentangled:
electrons, mesons, protons,

nuclear fragments

off o ® B Nm
Do
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Understanding Hadronic Showers

e o rmaeny Fre o * The unprecedented granularity
gl BT : g |  of the calorimeters allows
,_ i detailed studies of hadronic
. : showers: Close collaboration
with Geant4 developers
) ; : o " QGSP _FTFP_BERT
IR RN 5L Aw | [[Telectrons F
: Bpw‘: 40;— [} mesons ‘
i - 352— protons F
30f others ‘
N 25 2
10
=5 2 a0 40 50 b0
Depth
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Selected Results: Pions in the Analog HCAL

n, CERN 2007

—_—
© © O
S O O

~ © o
o O O,

Mean shower radius [mm]
N
o

H i
ll lllllllll

' —e— Data

..................f .......... e li }{ l, i)

woien QGSP_BERT

H LU

llllillll.ll ll

'y
o

20 30 40

50

60 70 80
Beam energy [GeV]

Lateral R, [mm]

S

no
D
o

180

240
220

200(+

', CERN 2007

_! 12511 ! L PR L T T | s R ! L | —— Data
:' ................ : .................. = I .......... S l ri F P
o M OO OUPO | . @ QGSP_BERT

i H i i H :
lllllllll llllll llllll llllllllll

10 20 30 40 50 60 70 80
Beam energy [GeV]

e Mean shower radius, radius needed for 95% containment

CALICE
68. DESY PRC

Frank Simon (frank.simon@universe-cluster.de) 13



mailto:frank.simon@universe-cluster.de
mailto:frank.simon@universe-cluster.de

Selected Results: Pions in the Analog HCAL

. CERN 2007 n, CERN 2007
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* Longitudinal profile, measured from shower start point
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Selected Results: Combined Setup with Pions

90

* With a simple energy density based

weighting (“Software Compensation™) very

70 Linearity of detector response

e single weights

good linearity over large energy range

60 e energy dependent

e 20% improvement in resolution with simple 50

40

reconstructed Energy [GeV]

weighting;
~ 50% stochastic term, 2.5% constant term 30

20

0.25

10

1III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

Energy resolution
e single weight
e energy dependent parametrization

90
beam Energy [GeV]

Fit: aNE® b® ¢ GeV/E
—a=61.3:0.1% b = 2.54:0.10% ¢ = 0.000=0.041 [GeV]

—a=49.2+0.4% b =2.34+0.12% c = 0.504+0.042 [GeV]
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Selected Results: Combined Setup, Calorimeter Depth

. .
A first study of the impact of ECAL HCAL TCMT

e Calorimeter depth 1A 4.5) 10 A

e post-sampling behind magnet coil

Energy Resolution 20GeV 7t~

N
00

CALICE preliminary
Assume a |.8 A thick magnet coil

He—

behind calorimeter system,

N
[N

RMS/mean(Percent)
N
(o))

then a possible post-sampler 22
20
18

16 .

| 1 | | I 1 | | 1 | | 1 1 | I 1 | | 1 | | 1 | | | 1 | | 1 | |
14 5 6 7 8 9 10

Thickness of Calorimeter System (Interaction Lengths)

N
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The Road Ahead
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A Digital HCAL Physics Prototype

* The concept:Active layers of glass RPCs
with | cm? pads, one bit readout per channel
* Proof of principle measurement at Fermilab:

e small prototype: 20 x 20 cm? active area,
8 layers (6 read out)

o |.2 Xo Steel/Cu absorber per layer

] | [
|
‘ L [}
VL LA A M A A i
‘.2\ ‘ ‘..f‘".; ” ::‘f /‘T;;::‘ /‘;".:;. . [ 7;' I
| M ¥ Y
W LANLAT A1 4 A '
Il A ¥ i
positron shower in the prototype
\ CALICE
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A Digital HCAL Physics Prototype

* The concept:Active layers of glass RPCs * ,
, X , Measurements with e*
with | cm~” pads, one bit readout per channel :
* Proof of principle measurement at Fermilab: |

e small prototype: 20 x 20 cm? active area,
8 layers (6 read out)

o |.2 Xo Steel/Cu absorber per layer

positron shower in the prototype
(T ‘D@ CALICE

68. DESY PRC

Frank Simon (frank.simon@universe-cluster.de) 17



mailto:frank.simon@universe-cluster.de
mailto:frank.simon@universe-cluster.de

A Digital HCAL Physics Prototype

a it
GeV

* The concept:Active layers of glass RPCs

Measurements with e*
with | cm? pads, one bit readout per channel )
* Proof of principle measurement at Fermilab: {eﬂ\ o
e small prototype: 20 x 20 cm? active area, ¢ L | 0 MC) wm 7
s .‘ Flons (from MGC).
8 layers (6 read out) /QU f { + (from MC)
e |.2 Xo Steel/Cu absorber per layer 20 ——
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Under Construction:| m3 Physics Prototype

e 40 layers with ~ | x | m? size:To be used in existing HCAL absorber structure
e Build up out of 3 RPCs per layer, 32 x 96 cm?
e | cm? readout pads: a total of ~ 400 000 channels

ASIC \
Communication

Front-End PCB \
[ F———link

Conductive Epoxy-Glye

Pad Board ~~__ \IL:O:I“I:D::

Signal pads
Mylar \

Resistive paint -'—:_'

1.1mm glass

1.2mmgas gap ——

Fishing line —
spacers
Resistive paint —

Mylar g

1.1mm glass

Aluminum foil
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Under Construction:| m3 Physics Prototype

e 40 layers with ~ | x | m? size:To be used in existing HCAL absorber structure
e Build up out of 3 RPCs per layer, 32 x 96 cm?

e | cm? readout pads: a total of ~ 400 000 channels

) X — A

\ . cation

. %2 Y s
= 2 ; '

RPCs and electronics (using DCAL Il chip)
under construction at ANL

y
o~ .

4 L=
E
=y F¢
vEy
&
-
Il 3

""""" e AT il

4,
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Under Construction:| m3 Physics Prototype

e 40 layers with ~ | x | m? size:To be used in existing HCAL absorber structure

e Build up out of 3 RPCs per layer, 32 x 96 cm?

e | cm? readout pads: a total of ~ 400 000 channels

\ . cation

’?’/} Q4 '8’/J4/20k
W > (4

RPCs and electronics (using DCAL Il chip)
under construction at ANL

-
10 |

i

lllllll

tttttttt

""""
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Alternative Technology: GEM Readout

* Robust, high-rate capable detectors
* Prototypes under construction, lead by UTA

Readout Board
330x500 mm?

Double-GEM design
| cm? readout pads, read out with

Base steel plate, t=2 mm KPiX Chip

[1cm thick support Goal: Use 100 x 33 cm? large GEM

from G10 spacers

foils for unit chamber, currently being
optimized & produced at CERN

2mm F : board
1mm assiste strong back

CALICE

68. DESY PRC Frank Simon (frank.simon(@universe-cluster.de) 19
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GEM Tests: First Results

e 30 x 30 cm? double GEM detector

e central 8 x 8 cm? read out with a
64 channel KPix

e Tests with >>Fe (5.9 keV Y) and
10Ru (e, 3.5 MeV)

CALICE , ' :
68. DESY PRC Frank Simon (frank.simon(@universe-cluster.de) 20
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GEM Tests: First Results

| SampleValue_c37_b0 I SampleValue
e s Entries
2000 :;'asn
o .9 keV main N\ (BRMS _
2800 T"\‘ O 55
peak) P Fe
1600
1400 6§
1200
)
1000
Ar-escape
800
k)
600
400 A
200E- Al . N
0 1 1 i l i s 1 I,_l—l_ A A A -~
0 50 100 150 200 2!

Charge Value (fC)

e 30 x 30 cm? double GEM detector

e central 8 x 8 cm? read out with a
64 channel KPix

e Tests with >>Fe (5.9 keV Y) and
10Ru (e, 3.5 MeV)

Charge Histogram, Kpix=735, Charnel=40, Bucket=0, Range=0

Jlll'llllllllllllllIllllllllllllllIllllllllllll

CALICE
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GEM Tests: First Results

Effective Chamber Gain

5500

| 1 1 ]
5000 |- U ki aatesd 8 y 8.0
4500 |- fatti A 2 N
-
- =
4000 |- Exponential fit = S
B
3500 |- Il z
- : 7
3000 |- i
2500 | il
@
2()()() M 1 L 1 " 1 M 1
370 375 380 385 390 395
A('I M (V)
= RMWMS
.9 keV main Q)QQ S5F ~
peaky € "
™
<
S -
)
a
Ar-escape “
kP X
‘/\M’ .
5 ‘K

L 1 l 1

50 700 150 200 7
Charge Value (fC)
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Being Prepared: Studies for Higher Energies

* LHC might tell us we need higher energy: A multi-TeV Linear Collider, CLIC

* Calorimetry necessarily is a bit different at those energies: More depth
required to fully contain hadronic showers

- -

125 GeV Z 250 GeV Z 500 GeV Z

/ "

11eVZ

-

ILD-like detector, with 8 A deep HCAL (M.Thomson, ALCPGO09)

CAL' @ CALICE Frank Simon (frank.simon@universe-cluster.de) 21
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Being Prepared: Studies for Higher Energies

* LHC might tell us we need higher energy: A multi-TeV Linear Collider, CLIC

* Calorimetry necessarily is a bit different at those energies: More depth
required to fully contain hadronic showers

125 GeV Z 250 GeV Z 500 GeV Z 1TeV Z

R g

ILD-like detector, with 8 A deep HCAL (M.Thomson, ALCPGO09)

= e ———— — —

A key consideration: The cost of the magnet depends strongly on the radius
A compact calorimeter, meaning a dense absorber, is needed!

CALICE
68. DESY PRC
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Investigating the Tungsten Option

* Tungsten is very different from Steel: Material

A1 [cm]

* very different A/Xo ratio: em subshowers very short X1
0 [cm

e heavier nucleus: More neutrons in the shower dE /dx [MeV /cm]
it = _ — RAA 'CIT’

%; Simulation studies indicate that aVV HCAL is
|

possible, with slight deterioration of the
performance compared to steel

= Experimental verification indispensable!

—————— __ — —_ . —

,‘ Ll (GQ CALICE Frank Simon (frank.simon@universe-cluster.de)
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Investigating the Tungsten Option

* Tungsten is very different from Steel: Material Fe | W
. - A/ [cm] 16.77 | 9.95
* very different A/Xo ratio: em subshowers very short A IR
e heavier nucleus: More neutrons in the shower dE / dx [Mercm] 11.4 | 22.1
- ' - ' Rm[cm) 1.72 | 0.93

| S{mulation studies indicate tha a

| possible, with slight deterioration of the

performance compared to steel

& Experlmental verlfcatlon |nd|spensable'

—— s — —

The strategy: Modify the
existing absorber structure to 16 mm Al frame

hold W plates, test with calibration
AHCAL prototype active layers boards

front-end electronics

S AT CALICE . . .
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Investigating the Tungsten Option

e Tungsten is very different from Steel: Material e | W
. - N [em) 16.77 | 9.95
* very different A/Xo ratio: em subshowers very short o 776 1035
e heavier nucleus: More neutrons in the shower dE/dx [MeV/cm] | 114 | 22.1
_ , I — Rm[cm)] L2 || 0.93

| S{mulation studies indicate tha a is

| possible, with slight deterioration of the

performance compared to steel

& Experlmental verlf'catlon |nd|spensable'

—— s — —

The strategy: Modify the
existing absorber structure to 16 mm Al frame

hold W plates, test with calibration
AHCAL prototype active Iayers boards

" I Iater tests: 2nd generation eIectronlcs that

| provide time stamping and auto-triggering

Crucial to study the shower time structure!

Use MlcroMegas to evaluate dlgltal performance

— — e

front-end electronics

CA l@ ::,I-D’Ifsli PRC Frank Simon (frank.simon@universe-cluster.de) 22
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The 2nd Generation Prototypes

Under construction: The next generation of prototypes

* Main goal: Demonstrate the possibility to build imaging calorimeters with fully
integrated electronics

» Meet the space constraints in a real collider detector!

: : Ll ‘ea A Frank Simon (frank.simon@universe-cluster.de)
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The 2nd Generation Prototypes

* Under construction: The next generation of prototypes

* Main goal: Demonstrate the possibility to build imaging calorimeters with fully
integrated electronics

» Meet the space constraints in a real collider detector!

== - —

'5§

e y .__--Aﬂ;_{___‘
(RS

&)

The Analog HCAL:

~.#_Cassette
design of a

complete module:
48 layers deep

Front-End ASICs

110 cm

HCAL Base Unit (HBU)
(144 channels)

absorber structure
(half-sector)

DAQ interface boards
DIF, CALIB, POWER
on Central Interface Board

HCAL ECAL Sector Connecting Plates (10cm)

Cabling Side-Module

Interface Board
m[]@ CALICE
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The 2nd Generation Prototypes

* Under construction: The next generation of prototypes

* Main goal: Demonstrate the possibility to build imaging calorimeters with fully
integrated electronics

» Meet the space constraints in a real collider detector!

HBU

Flexlead Central Interface Board
LED  r=e” ith DIF, CALIB and POWER
+ tiny connector \W' ' an

\ -\

The Analog HCAL:  SPIROC

design of a /
complete module: |
48 layers deep \

compact layers:
3 mm thicktiles+ |} % % U :
electronics in a
cassette

Cooling Pipe ~ Cassette

Tile with SiPM Bottom Plate

Reflector Foil

CALICE , ' :
68. DESY PRC Frank Simon (frank.simon(@universe-cluster.de) 23
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2nd Generation AHCAL

e Scintillator cells: 3 x 3 cm?, 3 mm thick

* Also under investigation:
fiberless readout with [P o
blue sensitive SiPMsand % | % _— _ ‘
specially shaped tiles ‘ j
—

CALICE
68. DESY PRC
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2nd Generation AHCAL

e Scintillator cells: 3 x 3 cm?, 3 mm thick

e HBU Board,
4 SPIROC chips

® Built-in LED

bra R R
calibration system B A e A

CALICE
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2nd Generation AHCAL

e Scintillator cells: 3 x 3 cm?, 3 mm thick

e HBU Board,
4 SPIROC chips

® Built-in LED
calibration system

* assembly with tiles

CALICE
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2nd Generation AHCAL

e Scintillator cells: 3 x 3 cm?, 3 mm thick

I |

TOC 0000000000009 999
R R R R R R R R R R R R R R R R R R R R R R RRRERREEEIIE
SRR R IR T ‘TEEEEEE
TII T { ] L ) BN
Pl P00 % s 000000‘0

ER R R R R R R R R R R R R R R R R R R R R R R R R R R R R D
AR RR R AR R R R R R R R R R R R R R R R R R Rl

§i=.| i 'HE

TDCounnﬁ(leﬁs)

LR B R ‘.3 " v v ’
- 49 98 " 49 W Nan

. f 1 channels {1..36) / events {1..16) [Ieft to rlght]

l !
90 . v SR Al |
959053909 59 II | Ill.l‘l
. T R F F JUR IR BORNR F 90 U
‘SRR L ‘TR EEL " ‘T

' ‘SRR R IR R L JOU000900

SEEEE R R R R I T ‘SRR L

| |
' 30 40 ’4 a0 100

 RRRRRRRRARRRRRRRRRRRR R R R R R R R R R R R ] D)
R RRRRRRRRRRRRRRRRRRRRRRRRRR R R ]

’ R R R R R R DD RR R R R D

R R R R R R R R R R R AR R R R R R
AR R AR R R R R R R R R R R R R R R R R Rl ] )

‘PR RS R RRRRRRRRER L '‘SRERERERE L ¥

9 v .9 sy A . ,
y ‘RERRRRRRR RIS R L PRLUNLLPLUILY 40-3_
‘SR RAREERREREEERE R L LU0 ' ¥
‘EERRE R AR R RN PR NI R IR 29NN
" IR B IR B IR ) g8 8 0 v ’ 200~
" ‘ERREREREEE I R 9.9 2222

S22 SR . 'R R IR 2 ‘2RI 1 S9N n

Jﬂ Ml m

ADC output (12 bits)

'R E R § 1#] ] [a3e 4 vy .8 0
‘TR Y B CRURNE IR IR IR IR IR IR IR B R R R R l CH D oU U lwt MU

«| ; | channels {1..36) / events (1..16) [Ieft to right]

I WMl of » bt -

* First signals with LEDs seen, standalone beam test coming up

68. DESY PRC
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Mechanical Structures for the 2nd Generation AHCAL

¢ Two vertical and one horizontal structure
o Test of tolerances, signal transmission, thermal issues, ...
e Beam tests with instrumented vertical structures:

* Small scale (2 k channels) instrumentation for electrons

* Large scale (40 k channels) for hadrons

CA I@ b Frank Simon (frank.simon@universe-cluster.de) 25

68. DESY PRC


mailto:frank.simon@universe-cluster.de
mailto:frank.simon@universe-cluster.de

2nd Generation SiVW ECAL

¢ Realistic W mechanical absorber structure

5 % 9.4 mm thick slits

|0 x 7.3 mm thick slits

W

CALICE
68. DESY PRC
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2nd Generation SiVW ECAL

¢ Realistic W mechanical absorber structure

§ 5 x 9.4 mm thick slits

|0 x 7.3 mm thick slits

Cu heat shield 400 ym

PCB [.2 mm (integrated electronics)

Glue 100 ym
Si sensors 325 uym

Kapton film 100 ym
WV absorber layer: 2.1 / 4.2 mm

CALICE , ' :
68. DESY PRC Frank Simon (frank.simon(@universe-cluster.de) 26
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2nd Generation SiVW ECAL

¢ Realistic W mechanical absorber structure

—

CALICE ) A ]
°—@+
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2nd Generation SiVV and Scint-W ECAL

e Construction Plan for SiW(within EUDET Framework)

e | completely instrumented tower (18 x 18 cm?, |15 short slabs, 30 layers)

)
N
(7))
o
(qv]
oo
o
O
)
O
)
)
)
o
o
)
)
>
o
()
a'd

* 3 fully instrumented long slabs

27

CALICE
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2nd Generation SiVV and Scint-W ECAL

e Construction Plan for SiW(within EUDET Framework)

Reduced detector pad size

e | completely instrumented tower (18 x 18 cm?, |15 short slabs, 30 layers)

* 3 fully instrumented long slabs

27

CALICE

Frank Simon (frank.simon@universe-cluster.de)
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2nd Generation SiVV and Scint-W ECAL

e Construction Plan for SiW(within EUDET Framework):

e | completely instrumented tower (18 x 18 cm?, |15 short slabs, 30 layers)

* 3 fully instrumented long slabs

Reduced detector pad size:
5x 5 mm?

s e e = =

"Plans for the Scint-W ECAL 2G Prototype:
| Exploit Synergies within CALICE

e Use SiW alveolar structure |
e Use modified AHCAL HBU boards: adapted |

for smaller cells ‘

» One active layer per slab (instead of 2 for |
L W) |

_

CAU@ CACES Frank Simon (frank.simon@universe-cluster.de) 27
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Pushing the Limits of Granularity: A Digital ECAL

* Extreme resolution needed to resolve every single particle within an
electromagnetic shower: Densities of up to 100 particles / mm? expected

» Readout granularity of 50 x 50 pm? required

Ll <% CALICE Frank Simon (frank.simon@universe-cluster.de)
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Pushing the Limits of Granularity: A Digital ECAL

* Extreme resolution needed to resolve every single particle within an
electromagnetic shower: Densities of up to 100 particles / mm? expected

» Readout granularity of 50 x 50 pm? required

go from here...

Ll ‘69 e Frank Simon (frank.simon@universe-cluster.de)
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Pushing the Limits of Granularity: A Digital ECAL

* Extreme resolution needed to resolve every single particle within an
electromagnetic shower: Densities of up to 100 particles / mm? expected

» Readout granularity of 50 x 50 pm? required

go from here...

to there...
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Pushing the Limits of Granularity: A Digital ECAL

* Extreme resolution needed to resolve every single particle within an
electromagnetic shower: Densities of up to 100 particles / mm? expected

» Readout granularity of 50 x 50 pm? required

I IIHIIII II II ITTTI Il Il Il[]ll'll

| | | 1 |

. 0.8 T
1/~(Photon energy) (GeV )

|

improvement in resolution: particle counting beats energy measurement: less fluctuations!

Ll ‘69 e Frank Simon (frank.simon@universe-cluster.de)
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DECAL Technology

* A challenging idea: A complete ILC detector would be a Tera-pixel Calorimeter!
* The technology: MAPS - A standard CMOS product

* Potentially significant price advantage over high resistivity Si diodes

e Tests of sensor prototypes at CERN in 2009: 8.4 x 8.4 mm? sensitive area

CAU@ A Frank Simon (frank.simon@universe-cluster.de) 29
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DECAL Technology

* A challenging idea: A complete ILC detector would be a Tera-pixel Calorimeter!
* The technology: MAPS - A standard CMOS product
* Potentially significant price advantage over high resistivity Si diodes

e Tests of sensor prototypes at CERN in 2009: 8.4 x 8.4 mm? sensitive area

| Electrons 40GeV |

W
-1

T

>
o
Ty

TTreTTe

Hit density (mm?)
w
oa s
l
D

-y 1 AT I AT T S S 1 J»A—‘—L—‘-L&L———l—.—l—*x—
00 1 2 3 4 5 6 7 8 9 10

Distance from shower centre (mm)

First measurements of hit density near the shower maximum of em shower
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DECAL Technology

* A challenging idea: A complete ILC detector would be a Tera-pixel Calorimeter!
* The technology: MAPS - A standard CMOS product
* Potentially significant price advantage over high resistivity Si diodes

e Tests of sensor prototypes at CERN in 2009: 8.4 x 8.4 mm? sensitive area

| Electrons 40GeV |

— 5
€ _ FE
£ 45—
S -
2 4
e |
< 3.5
T 3'; |
25 |
2 J
15—
E o
1{: a
) 3
0.5— e o
- | > o—0—0 o
-t 1 L1 2 1 313 33 1, ' IS e S A A A | 1 1;_;_‘_;_‘_@___1_._1____;_
00 1 2 3 4 5 6 7 8 9 10

Distance from shower centre (mm)

First measurements of hit density near the shower maximum of em shower

Funding for further developments in the UK still unclear...
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A Semi-Digital HCAL

* The motivation: Avoid the limited dynamic range of a digital HCAL, keep the
simplicity of a gas detector readout

e 2 bit per cells: 3 thresholds

Ll (69 D Frank Simon (frank.simon@universe-cluster.de)

68. DESY PRC



mailto:frank.simon@universe-cluster.de
mailto:frank.simon@universe-cluster.de

A Semi-Digital HCAL

* The motivation: Avoid the limited dynamic range of a digital HCAL, keep the
simplicity of a gas detector readout

e 2 bit per cells: 3 thresholds

=5

)
=

4 Digital 0.2MIP
® Semi-digital:0.2,5,170MIP

2
2
c
0
=
S
0
M
®
[ d

L ]
0.8 09 1
1/sqrt(E)

Simulations show the potential for
significant improvement of resolution
at high energies
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A Semi-Digital HCAL

* The motivation: Avoid the limited dynamic range of a digital HCAL, keep the
simplicity of a gas detector readout

- e —

- Concept so far unproven, depends on

e 2 bit per cells: 3 thresholds

detailed response characteristics of the

e}
=
o
©
=
| “

o
=
\

® Semi-digital:0.2,5,10MIP

s Digital 0.2MIP | detectors: Test required!

= e —

Resolution(%)

ASIC
PCB

P8

Pads (copper, 1 em2)

Insulation (Mylar)

Anode coating

Glass plate (0.7mm)

\ \\
4 - - - — -
" rrl Chamber wall (1.2mm
0.8 09 1
1/sqrt(E) N\ Glass plate (1.Imm)
Cathode coating

Simulations show the potential for Gas

significant improvement of resolution ~ ~ . . concept: glass RPCs Rhaceti(HshIng tncs)

at high energies and/or Micromegas

) (
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SDHCAL: First Beam Test Results

* Beam test of a small multi-layer

prototype and a | m? chamber at
CERN in 2009

CALICE , : '
' D@ 68. DESY PRC Frank Simon (frank.simon@universe-cluster.de) 31


mailto:frank.simon@universe-cluster.de
mailto:frank.simon@universe-cluster.de

SDHCAL: First Beam Test Results

* Beam test of a small multi-layer

prototype and a | m? chamber at
CERN in 2009

)
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SDHCAL: Micromegas

2 mm steel

ionisation

Front-end ASIC

o Successful beam tests at CERN with one detector prototype and varying absorber
thickness (2 cm stainless steel plates)

o Also tests with stacks of detectors with different readout electronics (both digital

and analog)

3GeVe =3fC
24 1C

number of hits

L AN WA ODN®®

2 4 s 8 10 12 14
number of absorbers

S AT CALICE . . .
CA_T@ 68. DESY PRC Frank Simon (frank.simon@universe-cluster.de) 32


mailto:frank.simon@universe-cluster.de
mailto:frank.simon@universe-cluster.de

Electronics: Common Development

* Readout ASICS for all technologies

SPIROC

Analog HCAL within CALICE

(SiPM) .

36 ch. 32mm? Developed at Orsay, supported by

June 07 EUDET

1 | HARDROC
| Digital HCAL
| ¥ (RPC or pmegas) S
f 64 ch. |6mm?

| Sept 06

SKIROC
ECAL
(Si PIN diode)

36 ch. 20mm?
Nov 06

TSR TS RAS 1A

—~1“!1=9i!!l!!!!!i!ill!!!!!!f!?!!!!!!!.

L T R T

‘ll I‘klu::l‘ ll‘tvll i :-.: ’

¥ | it
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New Generation of Electronics: First Results

* Successful tests of HARDROC (Digital / Semi-Digital HCAL)

I'rigger Efficiency

25 S0 75 100 125 150 178 200
I'hreshold in 1C

e Same for SPIROC / SKIROC

SiPM 753 SPIROC HG 100fF 50ns external hold

380 400 420 440 460 480 500 520 540 560

SPIROC out (mV)
("Allfes cALcE
> "LIC 68. DESY PRC

Trigger efficiency for a 100
fC signal as a function of
threshold:Very
homogeneous performance

e usedin | m?

beam test at
CERN

of all channels in a chip
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New Generation of Electronics: First Results

* Successful tests of HARDROC (Digital / Semi-Digital HCAL)

1OOF
SO

é GOF
-

H
£ 40

20} |
1
.\i |
" F A ' A

() 25 S0 75 100 125 150 175 200
I'hreshold in €

e Same for SPIROC / SKIROC
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Trigger efficiency for a 100
fC signal as a function of
threshold:Very

homogeneous performance

e usedin | m?

beam test at
CERN

of all channels in a chip

* Auto-trigger, analog storage, |2bit
digitization and token-ring readout

* SiGe 0.35um AMS BiCMOS technology

* Include power pulsing : <| % duty cycle

' Power Consumpi:
HARDROC: 7 yW/Ch |
 SPIROC: 25 yW/Ch |

Frank Simon (frank.simon@universe-cluster.de)
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2nd Generation Data Acquisition

* Designed to use commercially available components where possible

* Highly generic: Can incorporate a variety of different subsystems

» CALICE is an ideal testbed: Different calorimeter technologies, small area tracking

DAQLL IF Detector
e e __—T i
LDA }
IE Detector
j Control Unit
Etoragej g
. it ) | | Detector
’ Unit
DAQ PC /M LDA t
___|oDR l— \DIF Detector
L. Unt
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2nd Generation Data Acquisition

* Designed to use commercially available components where possible

* Highly generic: Can incorporate a variety of different subsystems

» CALICE is an ideal testbed: Different calorimeter technologies, small area tracking
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2nd Generation Data Acquisition

* Designed to use commercially available components where possible

* Highly generic: Can incorporate a variety of different subsystems

» CALICE is an ideal testbed: Different calorimeter technologies, small area tracking
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- Current status: {nit

'y,

* All custom modules prototyped ‘

* Significant fraction of firmware developed nit
* Hardware ordered to ensure a sufficient amount of available units ]4

lector
* Debugging of links and units under way (it
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commercially available components custom made detector
specialized firmware interface: detector specific
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Test Beam Roadmap: First Generation

ompletion o e test beam program for the first generation proto (SN
e Complet f the test b prog for the first g tion prototyp

e Digital HCAL with RPC readout: 2010 at FNAL (total of 14 weeks including setup)
running with TCMT, potentially also with SiW ECAL (contingent on funding)

e Digital HCAL with GEM readout: Replace a few RPC layers with GEMs in the
prototype: 201 | at FNAL

e Constraint: AHCAL movable stage has to leave US by 04/201 | for tax reasons
» Possible continuation of tests at CERN

* Analog HCAL with Tungsten absorbers: 201 | at CERN, with existing layers

e Digital ECAL, test foreseen for 2012 at CERN

Ll (% e Frank Simon (frank.simon@universe-cluster.de)
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Test Beam Roadmap: Second Generation

* Program for the second generation prototypes

e SiW ECAL:
* First tests in electron beam with a single ASU expected in 2010

* Tests of complete prototype in 201 |, together with SDHCAL
e SemiDigital HCAL with RPCs and / or MicroMegas:

e | m?layers in 2010 at CERN

e | m3 physics prototype in 201 | at CERN
* Analog HCAL

* First module tests 2009 at DESY

* Layer test (horizontal test) in 2010

e Vertical test with electrons in 201 |

Ll (% e Frank Simon (frank.simon@universe-cluster.de)
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Test Beam Roadmap: Second Generation

* Program for the second generation prototypes
e Siw ECAL:

* First tests in electron beam with a single ASU expected in 2010
* Tests of complete prototype in 201 |, together with SDHCAL
e SemiDigital HCAL with RPCs and / or MicroMegas:
e | m?layers in 2010 at CERN
e | m3 physics prototype in 201 | at CERN
* Analog HCAL
* First module tests 2009 at DESY
* Layer test (horizontal test) in 2010

e Vertical test with electrons in 201 |

— — e e = _ ]

- A common feature: All prototypes will use power-pulsed electronics:
| Special requirements on the time structure of the test beams! ~

—— S——
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Test Beam Roadmap: Second Generation

* Program for the second generation prototypes
e Siw ECAL:

* First tests in electron beam with a single ASU expected in 2010
* Tests of complete prototype in 201 |, together with SDHCAL
e SemiDigital HCAL with RPCs and / or MicroMegas:
e | m?layers in 2010 at CERN
e | m3 physics prototype in 201 | at CERN
* Analog HCAL
* First module tests 2009 at DESY
* Layer test (horizontal test) in 2010

e Vertical test with electrons in 201 |

— — e e = _ ]

- A common feature: All prototypes will use power-pulsed electronics:
| Special requirements on the time structure of the test beams! ~

—— S——

... and the schedule is contingent on the funding situation.
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Conclusion & Request

* CALICE has successfully completed the first round of test beam campaigns at
CERN and at Fermilab

e A rich dataset has been collected, detailed studies of hadronic showers with the

potential to constrain shower models are beginning

* A variety of different second generation prototypes are under preparation

* Fully integrated electronics, power pulsing adapted to the ILC time structure

* A program is now ready to start testing these new prototypes

We ask the PRC for
* Endorsement of this program, in particular of the technological breadth
e Continued support by DESY:

e for test beam campaigns at Fermilab and at CERN

* mechanical and electronics engineering support

®* computing resources

Ll (Gg e Frank Simon (frank.simon@universe-cluster.de)
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