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ILC Physics GoalsILC Physics Goals
• EWSB

– Higgs
• Mass (~50 MeV at 120 GeV)
• Width
• BRs (at the few% level) 
• Quantum Numbers (spin/parity)
• Self-coupling

– Strong coupling (virtual sensitivity to several TeV)
• SUSY particles

– Strong on sleptons and neutralinos/charginos
• Extra dimensions

– Sensitivity through virtual graviton
• Top

– Mass measured to   ~ 100 MeV (threshold scan)
– Yukawa coupling

• W pairs
– W mass
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Power of Constrained Initial State + Simple ReactionsPower of Constrained Initial State + Simple Reactions

500  fb-1 @ 500 GeV, TESLA TDR, Fig 2.1.4

Higgs recoiling from a Z, with known CM energy⇓, provides a powerful channel 
for unbiassed tagging of Higgs events, allowing measurement of even invisible 
decays (⇓ - some beamstrahlung)

•Well defined initial state
•Democratic interactions

Demands Precise Tracking
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The Electroweak Precision Measurements The Electroweak Precision Measurements 
Anticipate a Light Higgs Anticipate a Light Higgs –– Then What?Then What?

SLD comprised 
307 Mpixels with 
< 4 μm point resolution 
over entire system

SUSY (2 Higgs Doublet Model)

S. Yamashita

Measurement of BR’s is powerful 
indicator of new physics    

e.g. in MSSM, these differ from 
the SM in a characteristic way.

Higgs BR must agree with MSSM 
parameters from many other 
measurements.
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TESLA TDR, Fig 2.2.6

Is This the Standard Model Higgs?Is This the Standard Model Higgs?

Arrows at:
MA = 200-400
MA = 400-600
MA = 600-800
MA = 800-1000

HFITTER output

conclusion:
for MA < 600,
likely to distinguish

b vs. W
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ILC Experimental AdvantagesILC Experimental Advantages

Detector performance translates directly into effective luminosiDetector performance translates directly into effective luminosity ty 

Elementary interactions at known Ecm
* and ang. mom.

eg. e+e- → Z H               * beamstrahlung manageable

Democratic Cross sections
eg. σ (e+e - → ZH)    ~   1/2 σ(e+e - → d d) 

Inclusive Trigger
total cross-section

Highly Polarized Electron Beam
~ 80%     (+ positron polarization – R&D)

Exquisite vertex detection
eg.  Rbeampipe ~ 1 cm and σ hit ~ 3 μm

Calorimetry with Particle Flow Precision
σE/E ~ 30-40%/√E

Advantage over hadron collider on precision meas.
eg. H → c c
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Global Design EffortGlobal Design Effort

– 11km SC linacs operating at 31.5 MV/m for 500 GeV
– Centralized injector

• Circular damping rings for electrons and positrons
• Undulator-based positron source

– Single IR with 14 mrad crossing angle
– Dual tunnel configuration for safety and availability

ILC Schematic
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Global Design EffortGlobal Design Effort

• Overall parameters
– 2e34 peak luminosity
– 80% collider availability 500 fb-1 1st four years
– 9.0 mA average current during beam pulse
– 0.95 ms beam pulse and 1.5 ms rf pulse length
– 5 Hz operation and 230 MW power consumption

• Beam parameter ranges defined for operability
– 1000 to 5400 bunches
– 1e10 to 2e10 per bunch
– Beam power between 5 and 11 MW
– Bunch length: 200 to 500 um at IP
– IP spots sizes: σx ~ 350 – 620 nm; σy ~ 3.5 – 9.0 nm

ILC Parameters
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> 80%



11



12

•1e- and 1e+ ring in same tunnel
•Beam energy 5GeV
•Circumference 6.7km
•Requirements

•Bunch population 2x1010

•Number of bunches ~2600 
(max ~5100)
•Extracted beam

•Norm.emittance
εγx= 8μm, εγy= 0.02μm

•Bunch length 9mm
•Energy spread 0.13%

Damping Ring Schematic Layout
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Cavities
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detector
B

may be 
accessible 
during run

accessible 
during run Platform for electronic and 

services (~10*8*8m). Shielded 
(~0.5m of concrete) from five 
sides. Moves with detector. Also 
provide vibration isolation.

Concept of IR hall with two detectors

The concept is evolving 
and details being 
worked out

detector
A

A. Seryi, Feb 4, 2007, Beijing
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Note – these costs are for the machine, and DO NOT include 
R&D, land, detectors, inflation, or contingency
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Next Steps for the Global Design Effort

couple of months



Jim Brau ILC                     C2CR07, Granlibakken March 1, 2007 22

Detectors for the ILCDetectors for the ILC

Detector Requirements are defined by Detector Requirements are defined by 
ILC machine parameters ILC machine parameters 
physics goalsphysics goals

ILC creates new challenges and opportunities, ILC creates new challenges and opportunities, 
different in many respects from the challenges and         different in many respects from the challenges and         

opportunities of the LHC detectorsopportunities of the LHC detectors

Physics motivatesPhysics motivates
TriggerlessTriggerless event collection (software event selection)event collection (software event selection)
Extremely precise Extremely precise vertexingvertexing
Synergistic design of detectors components:Synergistic design of detectors components:

vertex detector, tracker, calorimeters integrated for optimal jevertex detector, tracker, calorimeters integrated for optimal jet t 
reconstructionreconstruction

Advanced technologies based on recent detector innovationsAdvanced technologies based on recent detector innovations

Detector R&D to optimize ILC opportunity is Detector R&D to optimize ILC opportunity is criticallycritically neededneeded
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Event Rates and BackgroundsEvent Rates and Backgrounds

Event rates (Luminosity = 2 x 10Event rates (Luminosity = 2 x 103434))
e+e- → qq, WW, tt, HX

~ 0.1 event / train
e+e- → e+e- γγ → e+e- X

~ 200 /train

BackgroundBackground
6 x 1010 γ / BX (from synchrotron radiation, 

scatters into central detector)
40,000-250,000 e+e- / BX    (90-1000 TeV) @ 500 GeV
Muons:   < 1 Hz/cm2 (w/ beamline spoilers)
Neutrons:  ~3 x 108 /cm2/ yr @ 500 GeV

Ref: Maruyama, Snowmass 2005
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Linear Collider EventsLinear Collider Events

Simple events (relative to Simple events (relative to 
HadronHadron collider) make particle collider) make particle 
level reconstruction feasiblelevel reconstruction feasible

Heavy boson mass resolution Heavy boson mass resolution 
requirement sets jet energy requirement sets jet energy 
resolution goalresolution goal

    ,   νννν ZZeeWWee →→ −+−+

E%30E%60

This event shows 
single bunch crossing in tracker,
150 bunches in the vertex detector
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The ConceptsThe Concepts

LDC

GLD

SiD

4th

See Detector Outline Documents for details  - http://physics.uoregon.edu/~lc/wwstudy/concepts/
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The ConceptsThe Concepts

Had cal Had cal 
inside inside 
coilcoil

DigitalDigital
or or 
AnalogAnalog

SiSi/W/W4 Tesla4 Tesla1.68 m1.68 mTPCTPC
gaseousgaseous

LCDLCD

DoubleDouble
SolenoidSolenoid
(open (open mumu))

CompenCompen--
sating sating 
fiberfiber

crystalcrystalTPCTPC
gaseousgaseous

4th4th

Had cal Had cal 
inside inside 
coilcoil

PbPb//
ScinScin..

W/W/
ScinScin..

3 Tesla3 Tesla2.1 m2.1 mTPCTPC
gaseousgaseous

GLDGLD

Had cal Had cal 
inside inside 
coilcoil

DigitalDigital
(RPC..)(RPC..)

SiSi/W/W5 Tesla5 Tesla1.27 m1.27 msiliconsiliconSiDSiD

OtherOtherHadronHadron
CalCal

EM EM 
CalCal

SolenoidSolenoidECalECal
InnerInner
RadiusRadius

TrackingTracking
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SiDSiD (the Silicon Detector)(the Silicon Detector)

CALORIMETRY IS THE STARTING CALORIMETRY IS THE STARTING 
POINT IN THE POINT IN THE SiDSiD DESIGNDESIGN

assumptionsassumptions
Particle Flow Particle Flow CalorimetryCalorimetry will result in will result in 
the best possible performancethe best possible performance
Silicon/tungsten is the best approach Silicon/tungsten is the best approach 
for the EM calorimeterfor the EM calorimeter
Silicon delivers robust tracking with Silicon delivers robust tracking with 
excellent resolution in smaller volumeexcellent resolution in smaller volume
Large B field desirable to contain Large B field desirable to contain 
electronelectron--positron pairs in positron pairs in beamlinebeamline
Cost is constrainedCost is constrained
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/GeV105)/1( 5−×≤pσ

Detector R&D RequiredDetector R&D Required

• Performance requirements for ILC Detector exceed state-of-the-art
– Calorimeters with ~100 million cells

• Jet resolution goal    ~ 30%/ √Ε
– Pixel Vertex Detector with     ~109     ≤20 μm pixels

• Impact parameter resolution       5 µm ⊕ 10µm/(p sin3/2θ)
• Sensitivity to full 1 msec bunchtrain

– Tracking resolution
• TPC
• Silicon microstrips

– High Field Solenoid     ~ 5 Tesla
– High quality forward tracking systems
– Triggerless readout

• R&D Essential
DISCOVERY OPPORTUNITY IS GREAT

- limited by detector performance 
small cross sections/significant backgrounds

- advances different from LHC required
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Example of ILC Detector R&D:Example of ILC Detector R&D:
Silicon/Tungsten EM Silicon/Tungsten EM CalorimetryCalorimetry

SLAC/Oregon/BNL/Davis/Annecy
Dense, fine grained silicon tungsten calorimeter 

(builds on SLC/LEP experience)
Pads: 12 mm2 to match Moliere radius (~ Rm/4)
Each six inch wafer read out by one chip
< 1% crosstalk

Electronics design
Noise < 2000 electrons 
Single MIP tagging (S/N ~ 7) 
Dynamically switchable feedback capacitor 
scheme achieves required dynamic range:       0.1-
2500 MIPs – 4 deep storage/bunch train

Passive cooling – conduction in W to edge
ρ-> π+πo
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Example of ILC Detector R&D:Example of ILC Detector R&D:
ChronopixelChronopixel (CMOS)(CMOS)

Completed Completed MacropixelMacropixel design last yeardesign last year
⇒ Key feature – stored hit times (4 deep)

645 transistors
Spice simulation verified design
TSMC 0.18 μm ⇒ ~50 μm pixel

Epi-layer only 7 μm
Talking to JAZZ (15 μm epi-layer)

90 nm ⇒ 20-25 μm pixel
January, 2007January, 2007

Completed design – Chronopixel
2 buffers, with calibration

Deliverable – tape for foundry
Near Future (dependent on funding)Near Future (dependent on funding)

Fab 50 μm Chronopixel array
Demonstrate performance

Then, 10-15 μm pixel (45 nm tech.)

Yale/Oregon/Sarnoff

563 
Transistors
(2 buffers

+calibration)

50 μμm x 50 μμm
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Detector Roadmap (the future)Detector Roadmap (the future)

DETECTOR ROADMAP PROPOSAL DETECTOR ROADMAP PROPOSAL 
UNDER DISCUSSIONUNDER DISCUSSION (not yet implemented)(not yet implemented)

2008 2008 –– Two detector concepts selected to initiate    Two detector concepts selected to initiate    
engineering design effortengineering design effort

20092009--2011 2011 –– Development of two technical designs, Development of two technical designs, 
produce first engineering design report for the overall detectorproduce first engineering design report for the overall detectors,s,
which will be followed by additional volumes which will be followed by additional volumes 

(detailed technical reports on subsystems)(detailed technical reports on subsystems)
Detector R&D continuedDetector R&D continued

Presented by WWS at ILCSC meeting in Valencia, Nov 11, 2006Presented by WWS at ILCSC meeting in Valencia, Nov 11, 2006
and again at Beijing ILCSC meeting  February 8, 2007and again at Beijing ILCSC meeting  February 8, 2007
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CONCLUSIONSCONCLUSIONS

The last 2 years have produced The last 2 years have produced 
a reference design with a cost a reference design with a cost 
estimate for the ILCestimate for the ILC

Physics and Detector communityPhysics and Detector community
prepares in parallel with the Globalprepares in parallel with the Global
Design Effort for the experimentalDesign Effort for the experimental
programprogram

Next steps for machine and detectors Next steps for machine and detectors –– Engineering Design completed in Engineering Design completed in 
~2010, and construction start soon after~2010, and construction start soon after

Thank you Thank you –– K. K. YokoyaYokoya, T. , T. RaubenheimerRaubenheimer, A. , A. SeryeiSeryei, L. , L. Lilje G. Dugan, G. Dugan, 
B. B. BarishBarish, and my colleagues in the World Wide Study, and my colleagues in the World Wide Study
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backupbackup
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• Bouncer type modulator
• Multibeam klystron (10 MW 1.6 ms)
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Effect of Tracking Resolution
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