
Y a-t-il un futur après 
le LHC ?

Oui, c’est un collisionneur 
leptonique

Pierre Lutz                           Irfu/SPP et IN2P3/LAL



Context of this talk
 The energy frontier : entering the 

terascale

 LHC start-up : promises and limits

 The Standard Model is well alive ! But 
needs some modifications.
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Tevatron@Fermilab A first glimpse 1.96 TeV

LHC @ CERN exploration 7  14 TeV

Next collider Zoom in to reveal the most
important features

???



Summary
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Outlook

• Complementarity between hadron and 
lepton colliders

• Things we’ll never do with the LHC

• LC Physics case as robust as ever

• Comments on different LC technologies

• The need for a vigorous detector R&D

• Irfu/SPP & SEDI studies
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What do we expect to find ?

Certainly : the Higgs particle(s), or 
whatever takes its place

Possibly : provide the dark matter that
fills the Universe

Perhaps : more distant cousins of these
might even be responsible for the dark
energy that drives the Universe apart

Clear connexion with the Cosmic Frontier
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LHC and its 4 scenarios

i. A higgs particle (and anything else)

ii. No higgs particle (and anything else)

iii. Events with missing energy (SUSY)

iv. Some more exotic signal of new 
physics

Hard to imagine any LHC discovery which
would not trigger the start of an e+e-

program.
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Timescale for the LHC
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Gianotti
2007

Oddone
2010



Hadron vs lepton 
collider
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Why e+e- ?

 Two distinct and complementary strategies
for advancing in particle physics with the help 
of colliders

 High energy : direct discovery of new 
phenomena

 High precision : quantum effects of new 
physics at high energies through precise
measurements at lower scales

 Both strategies have worked well together : 
much more complete understanding.
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Why e+e- ?
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Key features of e+e- (what does not work with hadron collisions)

 precisely defined and known centre-of-mass energy of hard process
(machine requirement : low beam energy spread, low beamstrahlung)

 tunable centre-of-mass energy
(machine requirement : flexibility, high luminosity)

 polarized beams
(machine requirement : do it !  - detectors : measure it !)

 clean, fully reconstructable events
(detector requirement : jet flavour, lepton reconstruction, hermeticity)

 moderate backgrounds  no trigger  unbiased physics



LC exclusive

29/06/2010 Pierre Lutz - Séminaire SACM 12



Things we’ll never do with LHC
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1)   Ultraprecise mass determinations from threshold scans

Top quark mass with ~100 Mev precision Chargino production at threshold



Things we’ll never do with LHC

29/06/2010 Pierre Lutz - Séminaire SACM 14

2)   Directly disentangle chiral structure with polarized beams

Test fundamental
SUSY  relations 
[ G. Moortgat-Pick]



Things we’ll never do with LHC
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3)   Reconstruct the invisible

Recoil mass distribution for a 180 GeV
spin 1  WIMP           [J. List et al.]

[Schumacher and many others] 



Constraints for the 
machine
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What any LC needs to fulfill

 The baseline : e+e- LC operating from 150 to 500 GeV,

tunable energy, e- polarization 80%,

beam energy stability and precision 10-3 or better

at least 500 fb-1 in 4 years (L~2x1034cm-2s-1)

 Upgrade : to ~1 TeV with 1 ab-1/3-4 years

 Options : 
o e+ polarization >  50%

o GigaZ (high luminosity running at MZ and 2MW)

o , e , e-e- collisions

Choice of options depends on LHC+ILC results
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What any LC needs to fulfill
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Remarks :
e+e- cross sections at 500 GeV are small
: O(10-100 fb), and multi-fermion
processes even smaller.

500 fb-1 at 500 GeV represent « only »
• 40000 HZ events
• 2500 HZ, with Z  ll
• 5000  smuon pairs (m = 140 GeV)
• 200 HHZ events

By far most measurements at LC will be
statistics-limited

Possibly will have many thresholds to 
scan.

Luminosity requirement of 2x1034 is a lower limit



LC physics case
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Higgs physics

 LHC trigger :
 Any discovery of a Higgs-like state

 Or absence of Higgs and absence of strong WW 
interactions

 LC objective :
 Precise and model-independent measurement of Higgs

properties

 Discrimination of different Higgs models

 Consistency of visible Higgs sector with electro-weak
precision measurements
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Higgs physics
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Dominant production processes at LC

dominant at
high energy



Higgs physics : model independent
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Anchor of LC Higgs physics : why LC is qualitatively different from LHC

[Li et al. 2009]

Select di-lepton events, 
consistent with Z  ee/
Calculate recoil mass

Model independent
Decay-mode independent



Higgs physics : precise measurements
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[M.Battaglia, G.Borisov, and others]

Couplings to bosons, up- and down-type fermions
Mass and total width
Quantum numbers JPC (incl. sensitivity to CP violation)
Measurement of HHH (not so precise, but unique)



Higgs physics – what precision is good for
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For medium tanb LHC alone
has a very limited reach for 
the heavy MSSM Higgs

At e+e- colliders these
bosons are visible up to (at
least)   

ILC500 is touching the 
interesting region

ILC1000 is covering large 
parts of it



29/06/2010 Pierre Lutz - Séminaire SACM 25



Supersymmetry

 LHC trigger :
 Evidence for excess of missing energy events consistent 

with existence of new particles of mass < Ecms/2

 Or observation (ie mass reconstruction) of RPV SUSY 
particles with mass < Ecms/2

 LC objective :
 Precise and model-independant measurement of 

properties of (kin. accessible) sparticles.

 Determine pattern of high-scale unification

 Determine properties of datk matter candidate
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Supersymmetry
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May well be fun at LC in spite of 
all « Cassandre »

Cross sections are 10-1000fb

To disentangle this chaotic
pattern, the various LC options 
are vital, in particular :
 tunable cms energy
 tunable beam polarization
 high luminosity



Supersymmetry : sleptons
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Easy spin measurement

Simple 2-body kin. and  beam-constraint
allow for mass meas. of both slepton and 
lightest neutralino



Supersymmetry : precision
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LHC alone

LHC and ILC

[Bechtle et al.]



SUSY and dark matter

29/06/2010 Pierre Lutz - Séminaire SACM 30

Is dark matter linked to the Lightest Supersymmetric Particle (LSP) ?

Complementary views :

WMAP/Planck : 
sensitive to total 
density of dark matter

LC (and LHC) : identify
DM particle and 
measures its mass.



Gauge bosons couplings
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LHC trigger :
 discovery of heavy gauge boson (m <~5 TeV)
 or absence of Higgs boson and evidence for 
strong WW interactions
 or most other « surprises »

LC objective :
 (contribute to) determination of the properties
of the new states
 new physics through loop-level tests of SM 
processes at all energies
 shine some light into the deep multi-TeV region



CLIC vs ILC
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ILC vs CLIC : differences

 Timeline

ILC is « ready » : TDC in 2010/2012

CLIC is not : preliminary TDR in ? 

 Energy

first phase at 500 GeV for both

max energy : 1 TeV (ILC), 3 TeV (CLIC)

 Time structure

 Beam-induced background
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Time structure
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Does LC technology matter ?



The price of high lumi : beamstrahlung
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ILC 500

Impact on kinematic fits

E/E = 2.4% / 7% / 29%
ILC500 / CLIC500 / CLIC3000



Backgrounds

 Background sources are similar for CLIC 
and ILC

 Due to the higher beam energy and 
smaller bunch sizes, they are 
significantly more severe at CLIC

 VTX : O(10) times more bkgd at CLIC

 TPC : O(30) times more bkgd at CLIC
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What about a muon collider

 No beamstrahlung !


+ -
 H°  anything is accessible

 Incredible precision on mH, perhaps not 
necessary

 You have experience (antiprotons ) for 
collider based on a secondary beam : for 
muons, you must do it in 20 msec !

29/06/2010 Pierre Lutz - Séminaire SACM 38



Constraints on detectors
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Some detector design criteria



Vertex detector : b & c tagging
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Tracker : momentum resolution
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Example:

Recoil mass to a 
Z into 2 leptons



Calorimetry : the challenge
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Calorimetry : particle flow
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Does PFA work for high-
energy jets ?
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R&D at Irfu

Very small group

(only 2 permanents SPP)

TPC à lecture Micromegas

Monolithic Active Pixel Sensors
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TPC à lecture Micromegas
Vers la résolution ultime
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La TPC en test
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TPC : large prototype
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Data analysis results
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B = 0 B = 1T
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Collaboration IPHC/IRFU



Next step : using 3DIT
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Conclusions
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 Hard to imagine any LHC discovery which
would not trigger the start of an e+e-

programme
 Staged approach to LC seems politically
more realistic and physically more sensible
 Watch out carefully for « tiny » 
differences between different collider
technologies



Backup
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The three frontiers
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Main reports
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ILC : ILC Reference design report, Vol. II, 
arXiv:0709.1893 [hep-ph]

CLIC : Physics at the CLIC multi-TeV linear collider, 
hep-ph/0412251

Muon Collider : Prospective  study of Muon Storage 
Rings at CERN, CERN-99-02


