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Future Circular Colliders (FCC) study: Introduction  

A. Ball, F. Gianotti, M. Mangano 
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From European Strategy deliberations 
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CERN Management set up a FCC project, with the main goal of preparing 
a Conceptual Design Report by the time of the next ES (~2018) 
 
CDR main scope is to describe technical feasibility (e.g. tunneling, magnets),  
design (e.g. machine, experiments), cost, and physics motivations 
 
Project Leader: Michael Benedikt (BE-OP) 

 A kick-off meeting is planned on 12-14 February 2014  
    (in full clash with ATLAS week … date driven by DG availability)  
 Location: University of Geneva 
 Preparatory group (Steering committee) put in place  

Emphasis on (and design driven by) high-energy pp collider requirements.  
An e+e- machine (previously known as “TLEP”) and/or an ep machine could be  
built in the same tunnel if justified by physics in the international context 
(e.g. no ILC) 
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Machine parameters: √s vs ring size and magnets 

Nomenclature: 
FHC = Future Hadron Collider (pp part of FCC) 
FEC = Future Electron Collider (e+e- part of FCC, previously known as TLEP) 
FEHC = Future Electron Hadron Collider (ep part of FCC) 

Facility        Ring (km)       Magnets (T)           √s (TeV) 
 
(SSC)               87                6.6                       40  
 
LHC                 27                 8.3                      14   
 
HE-LHC           27               16-20                 26-33  
 
FHC                 80                 8.3                      42 
          80                  20                      100 
                       100                 15                      100  

Note:  
 big jump in technology from 15-16T magnets (Nb3Sn) to 20T magnets (HTS) 
 the latter may require many more years of R&D than the former  
 optimum balance between tunnel size (cost ?) and magnet technology (time and cost ?) 
 for a cost-affordable and technically-viable (big) machine need “routine” industrial 
     production of magnets …  
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Physics case and goals Will need to be studied in detail in the years to come …  

Other goals:  
 “Bread-and-butter” SM physics: W, Z, top, QCD (with general-purpose experiments   
      and perhaps also dedicated experiments ?) 
  Physics case for dedicated HI and B-physics experiments ? LHCb (T.Gershon) and  
      ALICE (A. Dainese, S.Masciocchi, W.Riegler) are looking..  Others at FHC ? 
  “Intensity-frontier” type (LFV, etc.) smaller-scale (fixed-target) experiments beyond  
       present worldwide program with SPS and/or LHC extracted beams ?   see D.Coté’s talk  
 FCC could become a facility …  

Explore High-E frontier look for heavy objects, including high-mass VV scattering: 
 requires as much integrated luminosity as possible (cross-section goes like 1/s) 
      maximising mass reach may require operating at higher pile-up than HL-LHC 
 events are mainly central ATLAS/CMS-like geometry is ok 
 main experimental challenges: muon momentum resolution up to ~50 TeV; size of 
    detector to contain up to ~50 TeV showers; forward jet tagging; pile-up 

Precise measurements of Higgs boson (beyond HL-LHC and FEC/ILC-if-any): 
 would benefit from moderate pile-up 
 light-objects (Higgs !) production is “flat” in rapidity  
 main experimental challenges: higher acceptance for precision physics than ATLAS/CMS:  
    tracking/B-field and good EM granularity down to |η|~4-5 ?; forward jet tagging; pile-up 

Likely, 2 main goals (quite different in terms of machine and detector requirements):  

First ideas about detector layout:  see D.Fournier’s talk 
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After discussion with the machine experts on the Steering Committee, we  
agreed on the following baseline parameters for kick-off meeting  
(they give similar pile-up as HL-LHC  can extrapolate physics studies) 

In parallel and longer-term: optimize machine parameters for highest possible  
integrated luminosity with smallest possible pile-up: considering bunch spacing  
down to 5 ns (can detector benefit from bunch spacing smaller than 25 ns ?) 
Note: likely long bunches (14 cm ?)  to be optimised by machine and experiments together  

Average 
pile-up: 
~140/xing 

Bunch-spacing: 
25 ns 
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Physics/detector studies for kick-off meeting 

 Use LHC and HL-LHC studies as much as possible, scaled by √s and acceptance as  
     obtained from MC generators (PDF should be good enough for this purpose) 
 
 E-frontier studies: mass reach for few benchmarks, e.g. q*, W’/Z’, SUSY (squarks-gluino); 
     VV scattering is a must … 
     Detector: understand most promising magnet configurations (central and forward)  
     and Muon Spectrometer size vs B-field 
 
   Higgs measurements: few relevant benchmarks: HH, ttH, rare decays  
        optimise detector coverage vs physics acceptance (e.g. high-pT vs inclusive Higgs) 
      Detector: forward tracking and EM calorimeter granularity/technology; trigger !        

pT > 30 GeV Note: forward jet tag expected  
to be crucial for both, Higgs  
and VV scattering studies 

Maximum jet rapidity vs s 
(from an old US-VLHC study) 

VBF Higgs  
production 
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Longer-term: studies vs √s needed: 
 comparison with HE-LHC 
 if cost forces machine staging 

Projections to 100 TeV made by hand by 
Anna Sfyrla starting from original Stirling’s plot 

Process    R(100 TeV/14 TeV) 
 
W                  6.7  
Z                   7.2 
WW              9.6 
ZZ                10.3 
 
tt                 32.5     
bb                 ~ 3 

M. Mangano 
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Higgs cross 
sections 
(LHC HXS WG) 

SUSY  cross sections 
(Anna Sfyrla) 
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A.Ball, F.Gianotti, M.Mangano, 
M.Benedikt, J.Gutleber 

Preliminary work breakdown structure 
(should also match CDR chapters) 
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Preliminary work breakdown structure 
(should also match CDR chapters) 

A.Ball, F.Gianotti, M.Mangano 
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From E. Fermi, preparatory notes for a talk on  
“What can we learn with High Energy Accelerators  ? ”  
given to the American Physical Society, NY, Jan. 29th 1954 

Fermi’s extrapolation to year 1994: 
2T magnets, R=8000 Km (fixed target !),  
Ebeam ~  5x103 TeV,  cost 170 B$ 

Fortunately we have invented colliders  
and superconducting magnets …  
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No heavy simulation work needed until kick-off meeting, rather intellectual  
exercise capitalizing on what we learned from ATLAS, CMS and LHC plus 
simple (mainly generator-level) simulations 

Next meeting (26 November): main focus will be first “cross-section x acceptance  
results” for SM and new processes and organisation of physics studies for kick-off  
meeting 
 
People involved in physics studies (as far as I know): M.Baak, M.Duehrssen, J.Ferrando,  
D.Froidevaux, F.Gianotti, H.Gray, C.Helsens, M.Mangano, F.Moortgat, A.Sfyrla, … 
PLEASE JOIN ! 

PLEASE  JOIN ! 

Subcribe to the following mailing list:fcc-experiments-hadron@cern.ch 
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Extrapolating this plot to √s = 100 TeV: 
σ (W, Z) : x 10 
σ (tt)      : x 30 

Higgs  
cross 
section 

Longer-term: studies vs √s needed: 
 comparison with HE-LHC 
 if cost forces machine staging 

J.Stirling 


