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The same home…



Future Circular Collider Study - SCOPE 
CDR and cost review for the next ESU (2018)

Forming an international 

collaboration to study: 

• pp-collider (FCC-hh) 

 ultimate goal defining 

infrastructure requirements 

• e+e- collider (FCC-ee) 

as potential first step  

ECM=90-400 GeV

• p-e (FCC-he) option

• 80-100 km infrastructure 

in Geneva area

~16 T  100 TeV pp in 100 km

3



• 2 main IPs in A, G for both machines

• asymmetric IR optic/geometry for ee
to limit synchrotron radiation to detector

common layouts for hh & ee

11.9 m 30 mrad

9.4 m

FCC-hh/

ee Booster

Common

RF (tt)
Common

RF (tt)

IP

IP

0.6 m

Max. separation of 3(4) rings is about 12 m: 

wider tunnel or two tunnels are necessary 

around the IPs, for ±1.2 km. 

Lepton beams must cross over through the 

common RF to enter the IP from inside.

Only a half of each ring is filled with bunches.

FCC-ee 1, FCC-ee 2, 
FCC-ee booster (FCC-hh footprint)

FCC-hh
layout
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Sharing the FCC experimental caverns
(Prelim. layout as of FCC-Rome meeting) 
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• FCC-ee may serve as spring board for the FCC-hh 100 TeV pp collider, 
bringing a large tunnel, infastructure, cryogenics, time, addt‘l physics 
motivations + performance goals for FCC-hh    Zimmermann
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FCC-eh requires an additional ERL
but profits from the -- then existing --
FCC-hh, 
and, perhaps, 
from considerable RF of the
-- then dismantled -- FCC-ee
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Preliminary layout of CDR (work in progress) all to be printer-ready by end 2018!

FCC overview

Overview of the 
project. 
The big physics
questions and how 
FCC will address them. 
ee,hh, AA, eh,HE
physics capabilities
and 
complementarities

M. Benedikt
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A particular view of the big picture

Andrea Wulzer



Proposed physics topics to be used in the study of 
synergy/complementarity  among experiments at FCC-hh/ee/eh

Complementarity

Subject ee hh he

Higgs Physics

precision studies
higher dimension operators 
composite Higgs
rare and exotic decays
multiple Higgs production
extra Higgs bosons

Interface with Cosmology
Dark matter
baryogenesis
right-handed/(almost) sterile neutrinos

Electroweak Sym. Breaking
WW scattering
supersymmetry
extra dimensions
composite models

Flavour Changing 
rare H,Z,W,top decays
lepton flavor violation 

Extensions of the SM
extra vector-like fermions
SU(2)R models
leptoquarks

QCD
Perturbation theory, structure functions
Modelling final states

EW/SM precision issues
precision measts (mZ,mW,mt,,s(mZ),sin2W.Rb...
higher-order EW corrections
W,Z triple and quadruple couplings
top (anomalous) couplings
charm/bottom flavor studies
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Higgs Physics

The only known spin = 0 elementary particle
We must study it as well and thoroughly as we can

Aram Apyan
Michelangelo Mangano
Biagio Di Micco
Fady Bishara
Ennio Salvioni
Masahiro Tanaka
Gilad Perez





HF2012 summary  Physics-- Alain Blondel  16-11-2012 Fermilab 

The LHC is a Higgs Factory !

Difficulties: several production mechanisms to disentangle and 
significant systematics in the production cross-sections prod .  

Challenge will be to reduce systematics by measuring related processes. 

if 
observed  prod (gHi )2(gHf)

2 overall normalization by H  required
H                    this is also true for FCC-hh and FCC-ep



e+

e-

Z*

Z

H

FCC-ee
H signal in missing mass

ILC

total rate  gHZZ
2

ZZZ final state  gHZZ
4/ H

measure total width H  and gHZZ

empty recoil = invisible width
‘funny recoil’ = exotic Higgs decay
easy control below theshold

UNIQUE!
The ability to measure the Higgs cross-section
without seeing the Higgs is crucial for this. 
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epH->bb
observed  prod (gHww )2(gHbb)2

H

because H bb~ 0.6  H sensitivity to gHbb is
reduced by factor 1/(1-0.6) =2.5  
0.4% meast of x-section 0.5 % on gHbb coupling

 for complementarity study,
suggest to include bb, cc  in global fit with ee results

simillarly for HH result



HF2012 summary  Physics-- Alain Blondel  16-11-2012 Fermilab 
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H 1%

NB 1. for  or  FCC-hh can normalize to H-> ZZ which is very well measured at FCC-ee
NB 2. for tth normalize to ttZ and use top couplings to , measured at FCC-ee
For FCC-hh need to ascertain the effect of pile-up of 200/1000 events.

(0.5%)

1.8%

some

0.15%
0.2%
1.5%

13%*)
0.4%
0.5%
0.7%
H  ?
6.2%

H ?
ee->H 100%?

30%**)
<0.45% inv

1%

*) from tt threshold loop
**) from ZH threshold loop
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YES!

to be ascertained

to be ascertained

W.i.Progress
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can we expect the same once 
FCCee will have its needs?

Michelangelo



This is the right attitude! 
can we synergize?

EW precision measurements will need full three loop (exponentiated) 
to match 10-5 precision on sin2eff

w , 0.5 MeV on mW, 0.1 MeV on mZ, Z etc…

Synergy between theory and experiment and accelerator

Michelangelo
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McCullough



1/20/2017 Alain Blondel Physics at the FCCs  23

-- need to understand how measurement of Rb would reduce model dependence of
extraction of s from Rhad -- also meast from Ws. 

-- FCC-ep can also contribute at level of 3 10-4
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McCullough comprehensive assessment of impact
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EWPO

Another example of Synergy
while ee covers a large part of space very cleanly , 
its either ‘white’ in lepton flavour or the result of EWPOs etc
Observation at FCC –hh or eh would test flavour mixing matrix! 

detailed study required for all FCCs – especially FCC-hh to understand feasibility at all
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Long Lived Particles will be hunted actively!

CurtinNB this is recent – there was no mention of this at the kick-off meeting 
in Geneva! 
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Dark matter searches

‘sterile neutrinos’ 

’invisible Higgs’ decay work in progress: what systematics are needed at FCC-hh to match 
the e+e- measurement. Can one improve on either (tag ZH with Z-> light quarks + inv)  

‘LSP searches etc…’ FCC-ee unbeatable for SUSY like couplings
– do we understand the  gaps etc…? 



20.01.2017 30

Will improve these by large factors!

(Giudice)

N = 0.0004?
from e+e-Z

h,inv /tot <0.19%



1/20/2017 Alain Blondel Physics at the FCCs  31



Proposed physics topics to be used in the study of 
synergy/complementarity  among experiments at FCC-hh/ee/eh

Complementarity

Subject ee hh he

Higgs Physics

precision studies
higher dimension operators 
composite Higgs
rare and exotic decays
multiple Higgs production
extra Higgs bosons

Interface with Cosmology
Dark matter
baryogenesis
right-handed/(almost) sterile neutrinos

Electroweak Sym. Breaking
WW scattering
supersymmetry
extra dimensions
composite models

Flavour Changing 
rare H,Z,W,top decays
lepton flavor violation 

Extensions of the SM
extra vector-like fermions
SU(2)R models
leptoquarks

QCD
Perturbation theory, structure functions
Modelling final states

EW/SM precision issues
precision measts (mZ,mW,mt,,s(mZ),sin2W.Rb...
higher-order EW corrections
W,Z triple and quadruple couplings
top (anomalous) couplings
charm/bottom flavor studies

table to be completed and revised!



The combination of the FCC machines 
offers outstanding discovery potential 
by exploration of new domains of
-- both direct search, 
and 
-- precision

-- at high energy and 
-- at very small couplings

We are making significant progress towards a demonstration that
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Synergy and Complementarity

Complementarity is like «you have the bread and I have the ham»  MMcC

Or rather « you have the steak and I have the barbecue»     MLM

But Synergy is when we take the bus together to go eat at the same place!  AB

Conclusion: 

Complementarity can be very painful without synergy!

On wednesday we had this rather inspired exchange:

LETS WORK TOGETHER TOWARDS THE CDR!


