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Evaluation in all

2012-2014

Future HEP: The Three Frontiers  

After the Higgs discovery
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Will concentrate here on the Energy Frontier

Evaluation in all
regions: Europe
Asia, the Americas

�European strategy group
�Snowmass study and IP5
�Japan strategy group



Europe Strategy Group
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Europe Strategy Group
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Similar recommendation from the Snowmass studies in the US



=> The CERN Roadmap
F. Bodry , March 2015
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A

~15% of the Run-1
luminosity!

2015
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2016

2016 luminosity>  
2012 luminosity



The LHC Upgrade
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~3000 fb-1

7-8 TeV 13-14 TeV

Splices 
fixed

Injectors
upgrade

New 
low-β*
quads

Run 1 Run 2 Run 3
HL-LHC

F. Gianotti, April 2016

The LHC Approved LHC Roadmap
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~100 fb-1
~300 fb-1

Approved program at CERN to collect 3000 fb-1 with the LHC (HL-LHC)
Maximize the reach for searches and for precision measurements (eg Higgs) 
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16 TeV vs 14 TeV 28 TeV vs 14 TeV

High-Energy LHC

F. Gianotti
FCC meeting
Rome April 2016
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Various options, 
with increasing 
amount of HW 
changes, technical 
challenges, cost, 
and physics reach

WG set up to explore technical feasibility of pushing LHC energy to:
1) design value: 14 TeV
2) ultimate value: 15 TeV (corresponding to max dipole field of 9 T)
3) beyond (e.g. by replacing 1/3 of dipoles with 11 T Nb3Sn magnets)  
� Identify open risks, needed tests and technical developments, trade-off 

between energy and machine efficiency/availability
� Report on 1) end 2016, 2) end 2017, 3) end 2018 (in time for ES) 

HE-LHC (part of FCC study): ~16 T magnets in LHC tunnel (� √s~ 30 TeV)
� uses existing tunnel and infrastructure; can be built at fixed budget
� strong physics case if new physics from LHC/HL-LHC
� powerful demonstration of the FCC-hh magnet technology



Beyond the LHC
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�Proton-proton machines at higher energyI

�Electron-positron machines for high precisionI

�Both? And allowing for electron-proton collisions..?

New projects will take 10-20 years before they turn
into operation, hence need a vision & studies now!  



C. Grojean

FCC-hh: THE machine for direct 
search at the higher energy scale.  

Future Colliders? 
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search at the higher energy scale.  
Theorist view on future colliders

The study of the Higgs Boson(s)

The search for massive new physics

Hadron colliders main themes:

Precision measurements



High Energy Hadron Hadron

Colliders
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Colliders

Thanks to M. Benedikt, M. Mangano, W. Riegler Y. Wang, F.Zimmerman,
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FCC General Yearly Meeting April 2016
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Second meeting
First meeting was in DC 2016
Next we take Berlin (spring 2017)
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This hit the news 
end if 2015!

What is all about??
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Y. Wang



2012-2014:  idea

The CEPC/SppC Design (China)
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2015 pre-CDR
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Pre-CDR numbers
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Physics and Detectors for 

Hadron Hadron Colliders
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Hadron Hadron Colliders
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FCC-hh: Searches for New Particles

Searches for pair produced SUSY particles FCC-hh
-Reach sparticle masses 
search up to about 20 TeV
for gluinos and 10 TeV for 
stops for 30 ab-1

-Excited quarks probe the 
structure of quarks down to  

Searches for New Physics
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structure of quarks down to  
4x10-21 m
-Discovery of resonances up 
to masses of about 40-50 TeV
- Break through the neutrino-
wall in dark matter searches

A very huge discovery potential 



M. Klute, EPS 2105Relative cross section

Plenty of Higgs Bosons at the FCC-hh
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Di-Higgs Production: Prospects
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Dark Matter Searches within SUSY Scenarios

Dark Matter Studies at the FCC-hh
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Collider reach for neutralino DM Electroweakino
cascades



• Precision measurements in EWK, top, Higgs, QCDI

• EWK radiation of W’s and opportunities

• New high mass scalar resonance sensitivity

• Production of exotic coloured states

• Flavor physics opportunities

FCC-hh: More Topics Under Study 
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• Quadruple Higgs production and quartic couplings

• EW interactions at multi-TeV (eg WW scattering)

• Coloured and neutral naturalness

• Composite Higgs, twin-HiggsI models

• Heavy Leptons and Leptoquarks

• Heavy Ion program

• I Lots of opportunities for studies



Future e+e- Colliders
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Thanks to E. Perez, F.Zimmerman



40



41



42



43



44



45



46



47



Precision Measurements @ FCC

48



Precision Measurements Top Sector

49



Indirect Searches for New Physics
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Direct Searches for New Physics
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Future electron-hadron

Colliders
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Colliders



FCC-he: the Electron-Proton Option
�Future possible hadron-lepton colliders will be excellent QCD explorers
�High luminosity (1034-1035) and/or energy lepton-hadron colliders 
->Dedicated facilities studies include the LHeC (Europe) and EIC (US) projects

and now FCC-he 

ep: 60 GeV x 7 TeV

Fcc

ep: 60-175 GeV x 50 TeV

FCC-eh: The Electron-Hadron Option

54

FCC-eh: Use FCC-ee ring or 
Energy Recovery Linac



Two 1 km long, 10 GeV

SC LINACs with 

3 accelerating and 

3 decelerating passes in 

CW operation 

Super Conducting Recirculating Linac with Energy Recovery

Choose ⅓ of LHC circumference �

1034 cm-2 s-1 Luminosity reach PROTONS ELECTRONS

Beam Energy [GeV] 7000 60

Using an Energy Recovery Linac
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CW operation 

�SRF sees 6*current 

at the IP  (≈ 4ns spacing)

� Q0 = 1010 requires 

cryogenic system 

comparable to LHC 

system! Q0 > 1010

� 944 cavities; 59 cryo modules per linac

� ca. 9 km underground tunnel installation

� more than 4500 magnets (same magnet 

design as for RR option)

Beam Energy [GeV] 7000 60

Luminosity [1033cm-2s-1] 16 16

Normalized emittance γεx,y [µm] 2.5 20

Beta Funtion β∗x,y [m] 0.05 0.10

rms Beam size σ∗x,y [µm] 4 4

rms Beam divergence σ∗x,y [µrad] 80 40

Beam Current @ IP[mA] 1112 25

Bunch Spacing [ns] 25 25

Bunch Population 2.2*1011 4*109

Bunch charge [nC] 35 0.64



Electron-Proton Collider
Always a useful complement to a hadron collider
eg via measurement parton distribution functions

FCC-hh + Energy Recovery
Linac for the electrons

FCC-eh
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�Access to specific Higgs couplings
�Reach for new physics eg Leptoquarks, CIsI 



Higgs at the LHeC/FCC-ehHiggs at the LHeC and FCC-eh
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A Muon Collider?
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A Muon Collider?A Muon Collider?
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A Muon Collider?
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Muon Collider: Traditional Design
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New Idea

Don’t use a proton beam but create muon pair “at rest” in e+e-

Muon Collider: the new idea
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e+e- Driven Muon Collidere+e- Driven Muon Collider
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Use a fixed target with an 45 GeV e+ beam (from FCC-ee?) 



Layout for muon sourceLayout for the Muon Source

Initial ideas: much work needed to work to a full design
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Backup
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Backup
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