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International Linear Collider (ILC)

A Vision of the Future
RDR to ILC

B cvis Energy 500 GeV

B Foreseen Upgrade to 1 TeV
Acc. Gradient 31.5 MV/m
Overall Length 31 km

Luminosity 2x10434 1/cm”2s
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Three Generations of e*e- Colliders
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ILC Components

Electrons Positrons

l.ln-:lul:_i_l:nr

Main Linac Damping Rings Main Linac

» Electron Source (polarization 80%)
* Positron Source (polarization 30 to 60%)
« Damping Rings, 5 Gev
 Main Linacs 50-250 GeV
« Beam Delivery System
* Detectors (push-pull configuration)
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GDE -- Designing a Linear Collider

pre-accelerator
few GeV

/

damping extraction
| & dump
final focus !

Superconducting RF

Main Linac |
N & b 1|
Niobium, 1.3 GHz, He - 2K, 35MV/m
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RDR Design Parameters

Max. Center-of-mass energy 500 GeV
Peak Luminosity ~2x1034 |1/cm?3s
Beam Current 9.0 mA
Repetition rate 5 Hz
Average accelerating gradient 31.5 MV/m
Beam pulse length 0.95 ms
Total Site Length 31 km
Number of bunches ~2500

Total AC Power Consumption ~230 |MW

31.11. 2007 Mala Skala - Jaroslav Zalesak 7



2005 2006

ILC - Global Design Phase
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ILC R&D Program

Expression of Interest to Host

* Our technically driven time-scale is
— Construction proposal in 2010
— Construction start in 2012 — Construction complete in 2019
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ILC Physics Goals

E., adjustable from 200 — 500 GeV
Luminosity = jLdt =500 fb-1in 4 years
Ability to scan between 200 and 500 GeV
Energy stability and precision below 0.1%
Electron polarization of at least 80%

The machine must be upgradeable to 1 TeV
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Physics
LHC will open Terascale physics
* Deep significance to fundamental physics
 What is nature of EWSB?
* Are there hidden extra dimensions?
« Are there new symmetries of space and time?
« Dark matter particles

Dark Matter Mass from Supersymmetry (GeV)

a5 ag 90 92 94 96 98 100 102 104
| | | | | | | | |

ILC is needed to explore and| - :

« elucidate nature of Terascale
« Deeper look into Terascale questions .
* Precision exploration of new physics |

[ ALCPG Cosmology

0.06 — Subgroup

Fraction of Dark Mattar Dansity
[=]
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Precision Physics at the Terascale

elementary particles

well-defined

— energy,

— angular momentum

uses full COM energy

produces particles
democratically

can mostly fully
reconstruct events
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Single IR with Push-Pull Detectors

Large cost saving compared with 2 IR

— ~200 M$ compared with 2 IR with
crossing angles 14/14 mrad

Push-pull detectors
— Task force from WWS and GDE formed
* But need careful design and R&D
— For exam, need quick switch-over
* 2 IR should be kept as an ‘Alternative’

End of 2008 — waiting detector x
Two detector designs -~ ——
recognized for developmentto — _J

the engineering design phase working detector
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Goal of ILC Physics and Detector

ILC Physics is described in Physics chapter of DCR

* Opportunities of ILC experiments

— Clean, well-defined initial state,

— Trigger-less readout

— Low radiation field

=» ideal environment for precision studies and sensitive
searches for faint new physics

ILC detector design concentrate on measuring

partons with high precision

— Quarks/ gamma -2 Good jet energy measurement

— Leptons (e/m ) - tracking

— bl/c quarks ID - Vertexing
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Precision Physics at the ILC
®» e*e . background-free

but can be complex multi-
jet events

®» Includes final states
with heavy bosons W, Z, H

® But, statistics limited so
must include hadronic
decay modes (~80% BR)

-> multi-jet events

o 1b)

®» In general no kinematic %%
. events

fits -> full event

reconstruction

I':I 2 1 1 1
0 200 400 600 800 10D
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Parton Measurement via Jet Recon

5 . : ;

> ) @ Calorimeter jet

S ! adre h @ Interaction of hadrons with calorimeter.
T MY 25 B : . .

G ; @ Collection of calorimeter cell energies.

@ Particle jet

@ After hadronization and fragmentation.

o Effect of hadronization is soft = allows
comparison between particle and
parton jets.

1 |

“particle jer™

@ Parton jet

“parton jer”

@ Hard scattering.
o Additional showers.

q
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The Particle Flow Approach to Jet

Reconstruction

PFA Aim : I fo 1 correspondence between measured detector
objects and particle 4-vectors
-> Detector Jet == Particle Jet

-> combines fracking and 3-D imaging calorimetry

good tracking for charged particles (~60% of jet E)
-> 6, (tracking) <« o¢ for photons or hadrons in CAL

good EM Calorimetry for photon measurement (~25% of jet E)
-> o¢ for photons < o¢ for neutral hadrons
good separation of neutral and charged showers in E/HCAL
-> CAL objects == particles
-> 1 particle : 1 object -> small CAL cells
adequate E resolution for neutrals in HCAL (~13% of jet E)
-> o < minimum mass difference, e.g. M\, - M,
still largest contribution to jet E resolution
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The PFA Approach and Detector Design

PFA key -> complete separation of charged and neutral
hadron showers AE;, / By =5(Tracker) ® 5(EMCAL) ® 5(HDCAL)

@ o( Acceptance) @ o(Confusion)
Requires a calorimeter designed for optimal 3-D hadron

(and photon) shower reconstruction :
-> granularity << shower transverse size (humber of "hits")
-> segmentation << shower longitudinal size ("hits")
-> digital or analog readout?
-> dependence on inner R, B-field, etc.

uses optimized PFA to test detector model variations




Jet reconstruction will be crucial to our understanding of physics
at the ILC.

-> The PFA approach to jet reconstruction is seen as a way tfo use the
components of an ILC detector in an optimal way, achieving
unprecedented mass resolution from dijet reconstruction.

Dependencies on various detector parameters are now being
studied, which will ultimately influence our choice of technologies
for ILC detector component design - in particular the calorimeters.
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The Detector Concepts

LDC

©Rey. Hori

GLD
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The Concepts

Tracking | ECal Solenoid |EM Hadron Other
Inner Cal Cal
Radius
SiD | silicon 1.27 m o Tesla Si/W Digital Had cal
(RPC..) inside coll
LCD | TPC 1.68 m 4 Tesla SilwW Digital Had cal
gaseous or inside coll
Analog
GLD |TPC 2.1m 3 Tesla W/ Pb/ Had cal
gaseous Scin. | Scin. inside coil
4th TPC 1.4 m 3.5/1.5 crystal | Multi-fiber | Double
gaseous readout | Solenoid

31. 11.

2007
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Detector Concept for the ILC

. Four different detector
design concepts differing
in B-field, radius, tracking
systems

. Large detector Design
Concept (LDC)

. High B-field (4T), small
radius (6m), TPC

& Rey. Hori



LDC Layout

7450

Py

6450 - « Tracking Systems (VTX
.
- detector, central
" tracker, large TPC)
3550 | « Calorimeter (ECAL,
2971 | HCAL, forward cal.)
o . Magnet System (large
TeC 4T coil)
« Muon System (outside
VIX/ 2;; 22 | | 207 CcO | I )

SIT
4250 | 1150 | 2000
7400

320
160 T




Calorimeter for ILC

V. Calorimeters
&
CALICE
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CALi(eo Goals of the Collaboration

Calorimeter for IL!

To provide a basis for choosing To measure electromagnetic and

a calorimeter technology hadronic showers with
for the ILC detectors ﬁ ﬁ unprecedented granularity

Physics prototypes

Various technologies (silicon, scintillator, gas)
Large cubes (1 m3 HCALS)

Not necessarily optimized for an ILC calorimeter
Detailed test program in particle beams

Technical prototypes

Various technologies
Can be only partially equipped

Appropriate shapes (wedges) for ILC detectors
All bells and whistles (cooling, integrated supplies...)
Detailed test program in particle beams
To advance calorimeter g
technologies and our To design, build and test

understanding of calorimetry ILC calorimeter prototypes
in general

31.11. 2007
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PFAs and Calorimetry

F Particle Flow Algorithms improve energy resolution compared to calorimeter
act measurement alone (see ALEPH, CDF, ZEUS...)

How do they work?

Particles in jets Fraction of energy | Measured with Resolution [0?]

Proons (2% [ecawniowie_[oore, 1okl
Neutral Hadrons ECAL + HCAL with 50%/NE | 0.162 E,,

- The real challenge < 0.042 (goal)

Minimize Maximize segmentation of the Can PFAs
confusion term calorimeter readout e (T
. ILC goal?
High O(<1 cm?) in the ECAL 9
segmentation O(~1 cm?) in the HCAL

— O(107 — 108) channels for
entire ILC calorimter



CALICE Test Beam Activities

2006 — Fall 2007

DESY celectrons 1 — 6 GeV

Silicon-ECAL

Scintillator ECAL Lqo¢  CALICE CERN Running 2006 - Events in Physics Runs
Scintillator HCAL "

TCMT 6 === Combined Running

Ahcal+TCMT Standalone

Integrated Events
(51

CERN electrons and pions 6 — 120 GeV

Ecal Standalone

Silicon-ECAL Y,
Scintillator HCAL

TCMT (complete) CERN 2006
FNAL protons at 120 GeV

10 20 30 40 50 60 70 80 90
3 RPCs Days of Operation

1 GEM
10 RPCs+4 GEMs




Silicon-Tungsten ECAL

STRUCTURE 1
STRUCTURE2 (W14 mm) |
(W 2.8 mm) A

STRUCTURE 3 \ ﬂf N
(W4.2mm)

ACTIVE ZONE

(18x18 cm?)
DETECTOR

SLABS

1 X,(W) = 3.5 mm

Physics prototype

3 structures with different W thicknesses
30 layers; 1 x 1 cm? pads

12 x 18 cm? instrumented in 2006 CERN tests
— 6480 readout channels

Tests at DESY/CERN in 2006

Electrons 1 — 45 GeV
Pions 6 — 120 GeV

-5' "it- :#:!:
Electronic Readout
Front-end boards located outside of module :i .;'é‘ e
Digitization with VME — based system (off detector) ; e
;. ;;

Hadron, 30 GeV e
Run 300189 Event 1080



Scintillator-Tungsten ECAL

Offers the possibility of hardware compensation

Physics prototype

26 layers
1 x 4.5 x 0.3 cm3 scintillator strips
Read out with Hamamatsu MPPCs

| - Tungsten + Scintillator-HCAL electronics
| (3.5 mm thick)
Scintillator layer
(3 mm thick)

Tested different set-ups

WLSF and groves
No WLSF (direct coupling)
WLSF in extruded scintillator

/TN




Scintillator HCAL

First calorimeter to use SiPMs

Physics prototype

38 steel plates with a thickness of 1 X, each
Scintillator pads of 3 x 3 — 12 x 12 cm?
— ~8,000 readout channels

Electronic readout

Silicon Photomultipliers (SiPMs)
Digitization with VME-based system (off detector)

Tests at DESY/CERN in 2006

23/38 readout planes
Electrons 1 — 45 GeV
Pions 6 — 50 GeV




Tail Catcher Muon Tracker (TCMT)

TCMT

Steel absorber: layers 1 - 8:t= 2cm
9-16:t=10cm

Scintillator strips of 5 x 100 x 0.5 cm3

Alternate x, y orientations

Complete TMCT in October 2006 CERN run

Electronic readout

SiPMs as for scintillator HCAL
Same electronic system as scintillator HCAL




Active elements considered

Resistive Plate Chambers (RPCs): R&D (virtually) complete
Gas Electron Multipliers (GEMs): R&D ongoing
MicroMegas: R&D initiated

RPCs and GEMs were tested in FNAL test beam

Physics prototype

{16 mm steel plates + 4 mm copper (cooling) } x 38
Re-use stack from scintillator-HCAL

Electronic readout system

1 x 1 cm? pads with digital (single-bit) readout

— Large number of channels (400,000 for physics prototype)
One-bit (digital) resolution with on-detector ASIC
Currently preparing Vertical Slice Test

— if successful initiate construction of physics prototype




Towards Technical Prototypes

Composite part
with metal inserts

Silicon — Tungsten ECAL Module ckness - /(15 mm thick

Designing the alveolar structure
Many studies: cooling, gluing, production...

Heat shield: 100+400 pm
(copper)
Chip without packaging

glue: 100 ym
(needs tests)

ground foil:
100 pm

Chips and bonded wires
inside the PCB




Conclusions

Test beam activities with physics prototypes

+ further R&D, technical prototype designs, construction & testing...
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SiPMs for calorimetry

« Multipixel Geiger Mode
Photodiodes

— Gain 109, bias ~50V, size 1
mm?

— Insensitive to magnetic fields

2 { ndf 1106 / 1220 . . .
OB e B 0.9914 3x3 cm scintillator tile
1 pixel Ag 3.086e+04 + 271 . .

6096+ 055 with WLS fibre

2.758e+04 = 303
1348+ 0.7 e
59.05+0.76
1.83e+04 + 291
1682+ 1.0

65.53+ 1.31 1156 p/')(e/_s' with

9958 + 282.8 B} ! i
673122 17 individual guenching
6153+ 244.7

2057+ 2.8 resistor on common

84.85+4.26

5 substrate

250

200

150

100

\ll\lll\lIll\Il‘llIll\lL

50

|

N I NN W
1000 1200 1400

o by by v b by b
1600 1800 2000 2200 2400 2600
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Readout and v.

Readout: follow integrated apporach
for ECAL and HCAL

— Synergies in ASIC development
— Standardized system downstream

Smgle Photon Response

Calibration: use MIP scale Pt
— inter-calibration and long-term 1 Bece-ta
variations ok 1 pixel
Monitoring: auto-calibration m;_ | D n
— SiPM gain variations directly : ’
observable (~2%/K) ol
— Also needed for non-linearity 100 [
corrections
("] | . i PR [ S I
= = ADC channel
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Tile HCAL testbeam prototype

1 cubic metre
38 layers, 2cm steel plates
8000 tiles with SiPMs

Electronics based on CALICE
ECAL design, common back-end
and DAQ |

Tile sizes op timized:
for cost reasons N
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Physics Prototype (PPT)

1 LED per 18 SiPMs
1 PIN diode per LED

H O O e

. 1m°’ device consisting of
38 planes of scintillating

12 LED ,./' | ’

tiles
. SiPM readout, altogether

En ;

>
” F
3 about 8000 channels
B g . Each plane equipped
| 7e with LEDs and

= appropriate light

@ = Temperature sensor
(read by slow control and central DAQ)

distribution system



Calibration and monitoring

« SiPM response varies by ~ 5% / K (depending on AV)

« The test beam prototype has a highly versatile and
redundant LED based monitoring system (electronics:
Prague)

— 1 LED illuminates 18 tiles via fibre bundle

— PIN-diode controled LED reference signals

— Low light intensity for gain measurements (single p.e. peaks)
— Large dynamic range for long-term test of saturation

— Temperature sensors
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CALICE installation at CERN
SPS

July - Nov. 2006
CALICE detectors installed in the H6b
experimental hall at the CERN SPS

_ successful commissioning
Common
VME DAQ Hadron (electron) beam
18’000 ch 6 - 100 (50) GeV
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pion runs

combined system needed to study hadronic showers

ECAL Hits: 302 Energy: 1446.42 mips

from 50 GeV secondary beam:

40 GeV nt o s ey smaiees ., E Pion |E Electr
i El | [GeV] [GeV] |on
gt 80 ~1.2M |45 ~600 k
...... Lo £ 3
60 ~1.2M (40 ~600 k
— =z 50 ~1.2M |30 ~600 k
o 40 ~1.2M | 20 ~600 k
5 30 ~1.2M (10 ~600 k
Z L . from 10 GeV secondary beam:
=== = w4 (ER E Pion |E Electr
-f..-:i'j_i;jgéf. | 20 ~120k | 20 ~50k
N o m;:i 15 ~300k |15 ~200k
| 1 10 ~100k |10 ~120k
data collected at 0° incident angle onl ~ .
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