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• ‘Big’ HEP questions

1

• Overview LHC2FC and synergy effects

• LC technical requirements

• More detail on LHC and LC synergy

•Staged approach

•Summary
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• Many options and ideas for experiments

– Most are expensive, some ‘rather’ cheap
– Should cost be a criteria? Or diversity?

• Priority list needed
– Many lists exist (CERN strategy group, P5, UK 

roadmaps ) any bias ?roadmaps,…)                               any bias ?
• Big experiments require long term planning

– To which extent physics needs in advance predictable? 
Particle scales? Physics Models? …

• Can we really weight today all options?
– ILC, SLHC, LHeC, CLIC, �-fact, DLHV, �-collider,…. 
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• Physics: what are the ‘big’ questions?

– Define steps   ...   ‘physics milestones’
– Identify which models tic which question
– Common features: masses, couplings, spin, quantum 

numbers …  ‘verify at quantum level’y q

• Machine: next physics milestone achievable?
– Technical requirements can be defined
– Synergy with other experiments
– Flexibility required: the ‘unexpected’
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• Shortcomings of the Standard Model

•Establish electroweak symmetry breaking                        LC

•Hierarchy problem?                                                        LHC, LC

•Unification of  all interactions?                                            LC

•Embedding of gravity                                            cosmo,LHC, LC

•Baryon asymmetry in Universe?                  v-, cosmo, LHC, LC
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•Dark matter v-, cosmo, LHC, LC

•Neutrino mixing and masses                                v-, cosmo-exp.

• Why TeV scale?
• Protect  hierarchy between mweak and mplanck

• Dark matter consistent with sub-TeV scale WIMPs
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• Shortcomings of the Standard Model

•Establish electroweak symmetry breaking                        

•Hierarchy problem?                                                        

•Unification of  all interactions?                                            

•Embedding of gravity                                         

•Baryon asymmetry in Universe?                          

Higgs mass with respect  to 
large quantum corrections:
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•Dark matter

•Neutrino mixing and masses                                

• Why TeV scale?
• Protect  hierarchy between mweak and mplanck

• Dark matter consistent with sub-TeV scale WIMPs
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• Shortcomings of the Standard Model

•Establish electroweak symmetry breaking                        LC

•Hierarchy problem?                                                        LHC, LC

•Unification of  all interactions?                                            LC

•Embedding of gravity                                            cosmo,LHC, LC

•Baryon asymmetry in Universe?                  v-, cosmo, LHC, LC
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•Dark matter v-, cosmo, LHC, LC

•Neutrino mixing and masses                                v-, cosmo-exp.

• Why TeV scale?
• Protect  hierarchy between mweak and mplanck

• Dark matter consistent with sub-TeV scale WIMPs
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• long and fruitful  tradition

• J/� at SPEAR (e+e−) and
AGS (proton fixed target)

• �discovery at E288 (p fixed
target), precision B studies at
th B f t i
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the e+e− B factories
• top quark at LEP and Tevatron

• To be continued in the form of    

LHC and LC
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pp collider
composite particles collide
E(CM) < 2 E(beam)
strong interaction in initial state
superposition with spectator jets
LHC: �s = 10 14TeV

and of  e +e-(�e, � �) collider
pointlike particles collide
E(CM) = 2 E(beam)
well defined initial state
clean final state
ILC: �s = 90 GeV -- 1 TeV
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LHC: �s = 10-14TeV, 
used � = x1x2s few TeV
small fraction of events analyzed
multiple triggers
`no' polarization applicable

Main potential:                                                                  
direct  discovery

ILC: �s = 90 GeV -- 1 TeV
CLIC: �s  up to 3 TeV
most events in detector analyzed
no triggers required
polarized initial beams 

Main potential:          
precision discovery
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• ‘Famous’ 3 cases (cf. CERN strategy documents) :

– LHC not detected anything (-> cf. also WG2@LHC2FC)

– LHC only detected SM-like Higgs (-> cf. also WG1)

– LHC detected some new physics (-> WG3+4)LHC detected some new physics (  WG3 4)

• What  could  the LC do  

– in first ILC stage of 90 up to 500 GeV?

– in LC upgrades?

– in multi-TeV CLIC option?
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• Interpretation for ILC?

– ‘Top’ physics

– indirect searches in bb, cc, l l ( large ED, CI)

– ew precision runs from Z-pole data 

• But is then really 500 GeV as first ILC stage 

needed?

– or better 350 GeV?  High-lumi Z-factory? 
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mtop= 172.4 +- 1.2 GeV
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• Interpretation for ILC

– best-suited for studying Higgs properties

– precise determination of couplings: 

determination of Hbb is crucial!

– distinction: SM- versus SUSY Higgs
– t t H  and  trilinear Higgs coup.  challenging

• But is then really 500 GeV as 1st step needed?
– Optimize running scenarios (tunable energy, 

polarization,  use of calibration Z-pole data)
LHC, LC,…@Ambleside 08/09                              Gudrid Moortgat-Pick                14



P
o
S
(
L
C
P
S
2
0
0
9
)
0
0
5

;�����!���!��'����������������;�����!���!��'����������������;�����!���!��'����������������;�����!���!��'����������������

LHC, LC,…@Ambleside 08/09                              Gudrid Moortgat-Pick                 15

LHC input for optimal choices of running scenarios  ! 

Klaus Desch@LHC2FC
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Klaus Desch@LHC2FC
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Only Higgs @LHC
No hints for SUSY
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• SUSY-like signals (many tics at big questions!)
– At least partial spectrum accessible at ILC 
– Ideal playground for synergy effects
– Hints for CP-violation in new physics

• Extra gauge bosons and/or large extra g g g
dimensions (some tics at big questions!)
– High precision in indirect searches allow model 

distinction and couplings determination

• Which running scenarios and design issues? 
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At LHC
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• Often (ab)used: Manhattan plots

• 13 SUSY ‘benchmarks’  scenarios out of millions …
really a true representative choice ?
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really a true representative choice ?
• heavy masses often mass degenerated: no resolution 

(beamstrahlung!) has been taken into account… 
really a reliable ‘counting’ ?

• experimental verification of properties not studied …
really a useful basis for future decisions? 

Physics or just propaganda, that’s the question….
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• High statistics needed

– L = 2 x 1034 cm-2 s-1

• Clean experimental environment
– low beamstrahlung (�ave=0.048)
– precise luminosity (�L<10-3) and 
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energy (�sqrt(s)<200 ppm) measurement

• Excellent detector resolution
– b-, c-tagging (even the charge if needed)
– �-polarization 
– 4	 – 
 angle coverage
– exloitation of angular distributions, BR’s, T’s
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• Threshold scans
– Tuneable energy allows to vary energy around the mass 

threshold of new particles
– Cost luminosity
– Optimization of required energy steps a priori possible via

rather accurate continuums measurements
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• Beam polarization
– Polarized e- with P(e-)~90% expected
– Polarized e+ with P(e+)~60% (even in baseline ~30% 

expected !)
– Enable to reveal underlying structure of new physics
– Enhance statistics

8���������A�"��8���������A�"��8���������A�"��8���������A�"������ �!"���!"���!"���!"��&&&& #�����#�����#�����#�����
Comprehensive overview in hep-ph/0507011, 
Phys.Rept.460 (2008), GMP et al.
– executive summary: http://www.ippp.dur.ac.uk/LCsources/
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• Definition: Helicity �=s * p/|p|       ‘projection of spin’

• Chirality = handedness is equal to helicity only of m=0!
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• Assume LHC provides mass of  a SUSY particle:

– Important  input  for  threshold scans: 
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Reliable dark matter prediction possible
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• High precision in parameter determination 

required for reliable DM prediction
– Parameter ranges where abrupt changes of

neutralino character happen
V. Morton-Thurtle

– Precise determination of M1,M2….required
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precise parameter determination allows also accurate  
prediction of heavy gaugino states
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SUSY provides many new sources for CP-violation

at LHC
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at  ILC

Use CP-odd observable:
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• Study today:
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• CP-asymmetry
based on

• Hints for CP-violation at LHC Tattersall et al.
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LHC input: observed monojets 
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On possible design features:
• energy scale(s) of  a LC

• running scenarios (when GigaZ?  # of steps in scans? )

• e+ polarization degree (45% ,60%,?)

• detector concepts ?

– impact on physics? On # of lumi data? bb,cc?..

• options (e-g, gg, e-e-,high lumi GigaZ)

• # of interaction regions (push-pull, two or one IR’s) ?
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• reasonable to plan LC in several stages

– ILC at 500 GeV design ‘ready to go’
– upgrade to 1 TeV foreseen
– maybe even multi-TeV ‘upgrade’ 

• already baseline design provides polarized e- (90%) and 
e+ (30%~45%, option of 60%) beamse (30% 45%, option of 60%) beams  

• tuneable energy from �s=90 to 500 GeV
– 2 x 1034cm-2s-1 and   beam energy stability 
– beam energy+precision below tenth of percent level

• ILC technology ready for industrialisation phase …
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Cf. Scope 
documents ‘
03+’06 !!!
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Klaus Desch@LHC2FC
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Conclusions
• LHC input important for ILC-2-CLIC physics

– motivate running scenarios (threshold scans, 
polarization, low energy runs)

– detector capabilities (flavour charge tagging)

and do not forget the top!
…

– motivate upgrade options 
• LC = discoveries at the precision frontier asap

– ‘understanding’ of underlying structure at quantum level
– fulfill requirements of scope documents

• Staged LC  approach most reasonable start now 

– Goal:  ILC, ���� = combined design ….     
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