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IntroductionIntroduction

�� No No historicalhistorical recallrecall !!

�� TodayToday situation, and (far?) future  situation, and (far?) future  

�� ProbablyProbably optimisticoptimistic ! (! (biasedbiased ?)?)

�� TodayToday, , physicsphysics isis SM SM likelike, but SM , but SM isis
incompleteincomplete for sure. for sure. ThusThus QUESTIONSQUESTIONS
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DiscoveriesDiscoveries, , discoveriesdiscoveries !!

Imagine : Imagine : wewe are in 2013 ! are in 2013 ! WhateverWhatever the the 
scenario scenario atat LHC, the LHC, the PhysicsPhysics case for a LC case for a LC isis
richrich..

DiscoverDiscover whywhy the the HiggsHiggs existsexists and and whowho itsits
cousins are. cousins are. DiscoverDiscover effectseffects of extra of extra dimdim. or . or 
a new source of a new source of mattermatter--antimatterantimatter asymmetryasymmetry

HiggsHiggs particleparticle11

WhatWhat a LC a LC couldcould do :do :If LHC If LHC discoversdiscovers ::



01/03/200901/03/2009 SSééminaire SPP Mars 2009minaire SPP Mars 2009 77

DiscoverDiscover the the originorigin of of thisthis ZZ’’. . ConnectConnect thisthis new force new force 
to the unification of quarks to the unification of quarks withwith neutrinos, of quarks neutrinos, of quarks 
withwith the the HiggsHiggs, or , or withwith extra dimensions.extra dimensions.

A ZA Z--prime prime particleparticle, , 
representingrepresenting a a 
previouslypreviously unknownunknown
force of natureforce of nature

66

DiscoverDiscover thatthat thesethese eventuallyeventually decaydecay intointo veryvery weaklyweakly
interactinginteracting particlesparticles. . IdentifyIdentify thesethese «« super super WIMPsWIMPs »»
as as darkdark mattermatter..

HeavyHeavy chargedcharged
particlesparticles appearingappearing
as stable.as stable.

55

DiscoverDiscover itsits identityidentity as as darkdark mattermatter. . DetermineDetermine whatwhat
fraction of the total fraction of the total darkdark mattermatter itit accountsaccounts for.for.

MissingMissing energyenergy
fromfrom a WIMPa WIMP44

DiscoverDiscover the the numbernumber and and shapeshape of the extra of the extra 
dimensions. dimensions. DiscoverDiscover whichwhich particlesparticles are are travelerstravelers in in 
extra dimensions, and extra dimensions, and determinedetermine theirtheir locations.locations.

Evidence for extra Evidence for extra 
dimensionsdimensions33

DetectDetect the the symmetrysymmetry of of supersymmetrysupersymmetry. . RevealReveal the the 
supersymmetricsupersymmetric nature of nature of darkdark mattermatter. . DiscoverDiscover
force unification and force unification and mattermatter unification unification atat ultraultra--highhigh
energiesenergies..

SuperpartnerSuperpartner
particlesparticles22

WhatWhat a LC a LC couldcould do :do :If LHC If LHC discoversdiscovers ::



MachinesMachines

ILC and CLICILC and CLIC
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Basics of eBasics of e++ee-- colliderscolliders
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ColliderCollider(s)(s)

�� There There isis a worlda world--widewide consensus for a consensus for a 
machine machine withwith superconductingsuperconducting accacc. . 
cavitiescavities (2004)             (2004)             

�� SinceSince long, CERN long, CERN isis lookinglooking intointo a new a new 
acceleratingaccelerating technique : the 2 technique : the 2 beambeam
schemescheme.                                  .                                  
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ILC : ILC : todaytoday’’ss design design 

Reference Design Report : august 2007
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ILC ILC parametersparameters ((atat 500 500 GeVGeV))

Ecm adjustable from 200 to 500 GeV

Luminosity 500 fb-1 in 4 years

Energy stability and precision below 0.1%

Electron polarization of at least 80%

Machine upgradable to 1 TeV
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AcceleratingAccelerating cavitiescavities

�� AdvantagesAdvantages of of supercondsupercond. techno.. techno.
weakerweaker wakewake fieldfield
power transmission power transmission effeff..

�� CavitiesCavities
Niobium Niobium atat 2K2K
FrequencyFrequency 1.3 GHz1.3 GHz
Gradient = 31.5 MV/mGradient = 31.5 MV/m
((samesame as for XFEL)as for XFEL)
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AcceleratingAccelerating cavitiescavities

�� AdvantagesAdvantages of of supercondsupercond. techno.. techno.
weakerweaker wakewake fieldfield
power transmission power transmission effeff..

�� CavitiesCavities
Niobium Niobium atat 2K2K
FrequencyFrequency 1.3 GHz1.3 GHz
Gradient = 31.5 MV/mGradient = 31.5 MV/m
((samesame as for XFEL)as for XFEL)



01/03/200901/03/2009 SSééminaire SPP Mars 2009minaire SPP Mars 2009 1616

the the twotwo beambeam schemescheme
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CLIC CLIC parametersparameters
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ILC vs CLIC : ILC vs CLIC : differencesdifferences

�� TimelineTimeline
ILC TDR in 2 phases : 2010 and 2012ILC TDR in 2 phases : 2010 and 2012
CLIC TDR CLIC TDR foreseenforeseen for 2015for 2015

�� EnergyEnergy
first phase first phase atat 500 500 GeVGeV for for bothboth
max max energyenergy : 1TeV (ILC), 3 : 1TeV (ILC), 3 TeVTeV (CLIC)(CLIC)

�� Time structureTime structure
�� BeamBeam--inducedinduced backgroundbackground
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Time structureTime structure

ILC : no hardware 
trigger !!! 
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The The priceprice of of highhigh lumilumi : : beamstrahlungbeamstrahlung

Electrons radiate against the coherent field of the other bunch, 
generating beam-beam interactions : it reduces the effective c.m.s

ILC 500
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BeamBeam--inducedinduced backgroundbackground

CLIC energy spectrum

But also :

Muon background from

upstream linac

Synchrotron radiation

Beam tails from linac

Backscattered particles

�



01/03/200901/03/2009 SSééminaire SPP Mars 2009minaire SPP Mars 2009 2222



DetectorsDetectors

TwoTwo , in push, in push--pull modepull mode
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Detector configuration : TWO for ONE IP 
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Some detector design criteria
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We do not know how to 
built such a VDET !

Many R&D on various
technologies :

CCD, MAPS, Depfet, 3D

b and c b and c taggingtagging

Want to measure BR(H�cc) !

Have to tag 4-b final states !

0.5
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MomentumMomentum resolutionresolution
Recoil mass to a Z seen in 2 leptons  
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Design driver for 2 detector concepts : PFA
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Challenge in Challenge in calorimetrycalorimetry

The W/Z separation, in processes like WWνννννννν or ZZνννννννν needs an 
unprecedented energy resolution (jet energy)
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DoesDoes PFA PFA workwork for for highhigh--energyenergy jets?jets?



01/03/200901/03/2009 SSééminaire SPP Mars 2009minaire SPP Mars 2009 3131

The three ConceptsThe three Concepts

SID
ILD

ILD is a « merge » of LDC and GLD
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ILD
3.5T

DC with
cluster 
counting



PhysicsPhysics

1)1) A SM scenarioA SM scenario

2)2) HintsHints towardstowards darknessdarkness
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A Higgs boson analyserA Higgs boson analyser

�� ILC ILC isis not not meantmeant as a Higgs hunteras a Higgs hunter

�� ILC ILC willwill not not bebe a Higgs boson a Higgs boson factoryfactory
((likelike a muon a muon collidercollider) ) despitedespite a a highhigh rate.  rate.  
atat ECM = 500 GeV, ILC ECM = 500 GeV, ILC willwill produceproduce

> 30k Higgs (120 GeV) > 30k Higgs (120 GeV) everyevery 300 fb300 fb--11

�� ILC ILC isis meantmeant to to bebe a Higgs analysera Higgs analyser
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WhichWhich analyses ?analyses ?

�� The Higgs boson The Higgs boson isis a a particleparticle, , itit hashas

a mass, a a mass, a widthwidth, a spin, , a spin, ……

�� It It generatesgenerates all masses in nature by all masses in nature by 
itsits couplingcoupling to the to the particlesparticles, fermions , fermions 
and bosonsand bosons

�� The Higgs boson couples to The Higgs boson couples to itselfitself

ILC goal ILC goal isis to to measuremeasure all the all the aboveabove
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Higgs production Higgs production atat the ILCthe ILC

fb

Copious production : each 10 fb-1 will deliver > 1000 Higgs bosons

The higher the energy, the higher x-section, but more and more from
fusion process.
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Background sourcesBackground sources

•Most background sources are well
known from LEP (exception of top-
pair and other top related)

•But the H bosons themselves (or 
new physics like SUSY) can be a 
source of background : 
Higgstrahlung to fusion
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MeasuringMeasuring the the HiggstrahlungHiggstrahlung xx--sectionsection

•Reconstruct the di-lepton as 
a Z boson

•The recoil mass

spectrum is used to select 
the Higgs boson events.

•Simple counting, independent
of the Higgs decay modes 
(INCLUDING INVISIBLE)

•BG is mainly from ZZ

(500fb-1@350)
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MeasuringMeasuring the Higgs boson massthe Higgs boson mass

Signature : llqq qqbb llWW qqWW

Kin. fit         4C                    5C                          4C                             5C

(500 fb-1 @ 350)
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A A scalarscalar Higgs boson Higgs boson 

near threshold

• For J = 0 , σ ~ β

J = 1 , σ ~ β3

J = 2 , σ ~ β5

• Threshold scan with 20 fb-1 per 
point is sufficient to have the 
answer

• ECM = 215, 222 and 240 GeV

• signal ZH � llqq
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Higgs boson total Higgs boson total widthwidth ΓΓHH
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Higgs selfHiggs self--couplingscouplings
very low x-sec. : 2*0.15 fb for 130 GeV H

δλ/λ ~ 22%
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Higgs Higgs decaydecay rates rates 

Needs an excellent vertex detector
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Light Higgs off top quarkLight Higgs off top quark

One obtains δδδδgHtt/gHtt = 5.5% for mH = 120 GeV @ Ecm = 800 GeV
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SM versus MSSMSM versus MSSM

ILC running at 500 GeV 
with an integrated lumi. 
of 500 fb-1 has the 
sensitivity to probe 
indirectly the tgββββ ~ 5 
region and tell a SM 
from a MSSM Higgs.
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The The HiggsHiggs sectorsector of the MSSMof the MSSM

The Higgs profile can be
entirely determined, even
close to the decoupling
regime

Deviations of the 
couplings of the h 
from the SM 
predictions : 95% of 
all MSSM solutions 
can be distinguished

from the SM case if 

MA < 600 GeV
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SummarySummary

Barry Barish
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Pour en savoir plusPour en savoir plus

�� FromFrom the LHC to a Future the LHC to a Future ColliderCollider, , 
workshop workshop atat CERN (9 au 27 fCERN (9 au 27 féévrier) vrier) 
http://indico.cern.ch/conferenceDisplayhttp://indico.cern.ch/conferenceDisplay
.py?confId=40437.py?confId=40437

�� En particulier :En particulier :

Brian Foster : Brian Foster : TechnologyTechnology progressprogress
report of the ILCreport of the ILC

Klaus Klaus DeschDesch : ILC : ILC PhysicsPhysics casecase


