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The future must be prepared well in advance 

otherwise 

DESY ! 
SLAC ! 
FNAL ? 



European Strategy 
beyond HL-LHC next  

CERN based collider to 
be pondered in 2018. 

The BIG question for High Energy Frontier 
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The LHC case (2023++) is crystal clear. 
It needs not be discussed (I assume) : 

It is at the top of the top of all priorities, 
Worldwide. 



Global Strategy 
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European Strategy 
(update-1)   
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History tought us that the interplay between 
p-p & e-e & e-p colliders is intrumental  

in allowing progresses 
 in our understanding of Physics 

p-p e-e 

e-p 
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We should stay open-minded and filled with 
 curiosity: 

Exploration of Planet Higgs just began.  
10 Clermont-Ferrand, March 2013 

Just entering a new world with a potential for many big surprises  
We need the right tool 
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Physics Case for e+e- Collider  
(linear or circular)  



Invisible Higgs decays are made visible! 
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Allows absolute measurements 
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250 GeV is the entrance to Higgs world 



tt̄ threshold

Two simultaneous thresholds :  tt̄ and HHZ

350 GeV is the entrance to top world 
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350 GeV covers 250 GeV  
physics case as well 



Tour de force 

√
S = 500 GeV & L = 500 fb−1

σ[mtop] ∼ 50 MeV

σ[Γtop] ∼ 25 MeV

14 mMS
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500 GeV is the portal to the whole SM 
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base line energy 



Coupling Htt at about 5% 
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Coupling HHH: LC similar to LHC 
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1000 GeV is the Vector-Vector world A new regime  
for Higgs studies 



The direct 
measurement 
(syst. from Theory?) 

The top mass 

Higgs 
discovery 
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GiGaZ option leads to indirect mH at 10 GeV level 



• Now 8 but 13 TeV soon 
• Higher Luminosity  
• Detectors upgrades 
• Know-how improving 
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20% at 1000 GeV 

HL-LHC/LC comparison 
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20% at 1000 GeV 

HL-LHC/LC comparison 

And they nicely  
complement  
each other  
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HL-LHC/LC comparison 
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HL-LHC/LC comparison 

Similar statement for these 5 



A 500+ GeV Electron Collider can cover  
most accessible Higgs couplings  

Γtot

Γinvisible

Γgg

Γγγ

25 Clermont-Ferrand, March 2013 

! 

µ
20% at 1000 GeV 

The dream-machine 

A Quantitative & Qualitative  
difference between  

HL-LHC and LC 

5% at 500 GeV 
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LHC projections are realistic, but are: 
1) dealing only with subset of channels, yet, 
2) preliminary (more important things to do :-), 
3) cannot really assess experimental limitations to come, 
4) cannot foresee theoretical progresses (20 years from now!)  

LC projections realistic but are: 
1)  dealing with (full) Monte Carlo only, 
2)  often preliminary (lack of manpower), 
3)  not boosted by real data in hand 

A Quantitative & Qualitative  
difference between  

HL-LHC and LC 

exp&the systematics limited 

exp-statistically limited (but high stat.) 

reminder 



The dream-machine 

Clean Luminosity affordable 

Mature technology 

flexibility 

SU(2)L Full SM reach 

e-e collider 

LC collider LC collider LC collider 

LC collider 

LC collider 
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The Lepton Collider machines 
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Beam Dynamics 
is a panel from ICFA, 
It may hold whatever 
workshop it wishes. 

But these workshops are    
not “ICFA workshops” 
because there is no  
mandate from ICFA  

to do so. 



Appears technically reasonable, but with 
some issues (of course) 

Appears not that unreasonable, but with 
many issues (of course) 
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Facts Finding Workshop 

a) 

b) 

c) 
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By the way, a revolution might be under way for High power High Rep Rate Lasers 
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Linear Collider ? 



August 2004 

November 2004 

March 2005 
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To make a long history short: 



Central Region Integration 

e- BDS 

e- BDS muon shield 
e+ main beam dump 

detector 

RTML return line 

e+ source 

Damping Rings 

3D CAD has been used to developed 
beamline layouts and tunnel requirements. 

Complete model of ILC available. 
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And the detector designs are ready 
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ICFA 

Linear Collider Board 
Sachio Komamiya 

Program Advisory 
Committee 

Directorate 
 Lyn Evan 

Deputy (Physics) –  
Hitoshi Murayama 

ILC  
Mike Harrison 

Physics & Detectors 
Hitoshi Yamamoto 

CLIC 
Steinar Stapnes 

Regional Advisors 
TBA 

FALC ? 
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An essential element is political 



(1) Physics studies shall start with precision study of "Higgs 
Boson" and will evolve into studies on top quark, "dark matter" 
particles, and Higgs self-couplings, by upgrading the 
accelerator. A more specific scenario is as follows:   

(A) A Higgs factory with a center-of-mass energy of approximately 
250 GeV shall be constructed as a first phase.  

(B) The machine shall be upgraded in stages up to a center-of-
mass energy of ~500 GeV, which is the baseline energy of the 
overall project.  

(C) Technical extendability to a 1 TeV region shall be secured. 
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Japan HEP community statement 

This is a quote,  
background 

picture included. 
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Japan: observer state of CERN  



Clermont-Ferrand, March 2013 41 



Clermont-Ferrand, March 2013 42 



Clermont-Ferrand, March 2013 43 

March 27th 2013 



And a similar statement was provided by Spain 

44 Clermont-Ferrand, March 2013 



(one billion          ) 
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These are misleading units 

1 
Cost 



Value estimate confidence level 

•  The Value estimate is a median estimate. In other words, we estimate that the probability that 
the cost of the ILC construction project will be equal to or less than the Value estimate is 
50%. 

•  Because some regional funding agencies may require an estimate with a higher confidence 
level, we also provide a “cost premium”.  

•  The cost premium is our estimate of the additional Value or Labor required to achieve an 
84% confidence level. 

•  Thus, the probability that the cost of the ILC construction project will be equal to or less than 
the sum of the Value estimate and the cost premium is 16%. 
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Median cost 

Cost premium 

16% of the 30 ILC 
projects will have a 
cost above this line. 

50% of the 30 ILC 
projects will have a 
cost above this line. 
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ILC TDR Value estimate 
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•  The Value estimate for the cost of the ILC design as presented in the Technical 
Design Report, averaged over the three regional sites, is 7,780 MILCU.  

•  This may be compared with the escalated RDR estimate: 7,266 MILCU.  
•  The overall cost growth between the TDR and the RDR, not attributable to inflation, 

is thus 514 MILCU, i.e, an increase of approximately 7%. 
•  The net cost growth is the sum of 

•  A cost decrease of approximately 9% in the total project cost, due to value 
engineering and cost optimization of the machine design, which was carried 
out after the RDR; and 

•  A cost increase of approximately 16% of the total project cost, due to a re-
estimate of the fabrication cost of cavities and cryomodules, which is based on 
extensive experience and studies not available at the time of the RDR. 

Region Value (MILCU) 
Americas 7,723 
Asia 7,982 
Europe 7,634 

Regional  
dependence 
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•  The explicit Labor estimate for the ILC design as presented in the Technical 
Design Report, averaged over the three regional sites, is 22,613 thousand 
person-hours. 

•  This may be compared with the RDR estimate: 24,427 thousand person-hours. 
•  The overall reduction of about 7% from the RDR to the TDR is due to  

•  cost-optimization of the machine design (reduction); 
•  re-estimate of the cavity and cryomodule labor (increase); and 
•  re-estimate of installation, management, administration, and system 

integration manpower (reduction). 

ILC TDR Labor estimate 

Region Labor (M person-hours) 
Americas 22.37 
Asia 22.89 
Europe 22.58 

Regional  
dependence 
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Response to the ILC International Cost Review (already incorporated 
into the Value estimate numbers) 
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Increased 
cavity premium 
by 15% 

Increased test infrastructure cost to 50% of 
estimated facility capital value 

Add costs of power consumption for CM tests, scaled from AMTF 

Increased 
manpower rate 
for modulator 
fabrication 

Added Value to Asian civil estimate for warehouses 
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Circular Collider ? 
(so far just a set of unchecked but nice ideas) 
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Let’s pick up one number, and refer to the LEP-3 preprint 
(Note that the two rings together produce 50MW of gamma rays above 1.3MeV) 
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We have limited the total power loss in the ring 
due to synchrotron radiation to 100 MW (50 MW 
per beam). This would roughly equate to a wall 
power consumption of 200 MW (assuming a 
50% power efficiency of the RF system). This 
figure is high, but not abnormally so. Currently 
CERN has a 200 MW contract with France’s 
electricity provider EdF. Energy consumption 
figures of the proposed LHeC project are also 
similar. Projected linear collider power 
consumptions are up to three times higher 
(admittedly for higher ECM, which is however not 
needed for Higgs production). a typo? 



Clermont-Ferrand, March 2013 57 

163 = 105 (cryo, etc.) + ILC TDR ILC MW more than 
 three times less 
   (not higher) 

At 500 GeV 
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We have limited the total power loss in the ring 
due to synchrotron radiation to 100 MW (50 MW 
per beam). This would roughly equate to a wall 
power consumption of 200 MW (

). This 
figure is high, but not abnormally so. Currently 
CERN has a 200 MW contract with France’s 
electricity provider EdF. Energy consumption 
figures of the proposed LHeC project are also 
similar. Projected linear collider power 
consumptions are up to three times higher 
(admittedly for higher ECM, which is however not 
needed for Higgs production). 

another typo? 
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Should be about 600 MW (SCRF only) 

And it doesn’t cover the Physics case… 

At the same time it is beyond Europe financial capabilities 

As of today : no TDR, no CDR, no costing, no external review for a new type of machine. 
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Luminosity:  
(10^34 cm-2 sec-1 unit) 

ILC (500 GeV)        :  1.5 
TLEP (350 GeV(*)) :  0.65 (unrealistic: unaffordable MW) 
But 2 (4?) IP’s mitigate part of the large reduction to come.                               

(*) when running at 350 GeV, ILC luminosity is 0.9 

The main point is that TLEP doesn’t cover the Physics case… 
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LEP3 should not be dismissed… for the worst case scenario 

But, it remains a very interesting set of ideas ! 
TLEP might be technically feasible  
and it would provide a link towards 

a possible ultra-high energy hadron machine. 

This link might prove very useful, in case: 
New Physics is discovered at LHC 

and  
ILC does not materialize  

and  
CLIC does not materialize 

CDR needed (and foreseen)  



1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 
20 12 20 13 

Open Symposium 
Sept. 10-12 (Krakow) 

Strategy Group drafting session 
January 21-26 (Erice) 

Community Planning Meeting 
Oct. 11-13 (FNAL) 

LCWS 2012 
Oct. 22-26 (Arlington) 

eLCWS 2013 
May 27-31 DESY  

HF 2012 
Nov. 14-16 (FNAL) 

Community Summer Study 
Early August “Snowmass” 

LP2013 
June 24-29 (S.F.) 

LCWS 2013 
fall (Japan) 

LCB takes charge 
Feb. 21 (Vancouver) 

European Strategy 
Jan. 21-26 (Erice) 
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ILC TDR and 
DBD Reviews 
start Dec. 15 

Timeline for HEP Global roadmap: 24 busy months  

TDR official release 
June 12   

World Wide Event 
(ask Perrine) 



We must dare 
to make up  
our mind: 

time is ripe! 

63 Clermont-Ferrand, March 2013 


