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High Light of the HEP-Year 2013

ATLAS event display: Higgs => two electrons & two muons

FCC-ee: 

A Study for the next Generation High Energy e+/- Collider



Future Projects 
Recommendations from European Strategy Group

#1

#2

Proton –Proton Colliders => e+/e- colliders

LHC / HL-LHC, FCC-pp CLIC / FCC-ee



Z W H tt

Beam energy [GeV] 45.5 80 120 175

Beam current [mA] 1450 152 30 6.6

Bunches / beam 16700 4490 1360 98

Bunch population [1011] 1.8 0.7 0.46 1.4

Transverse emittance e
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-Vertical [pm]

29.2

60

3.3

7

0.94

1.9

2

2

Momentum comp. [10-5] 18 2 0.5 0.5
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Beam size at IP s* [mm]

-Horizontal 

-Vertical

121

0.25

26
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22
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45
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Bunch length [mm]

-Synchr. radiation

-Total

1.64

2.56

1.01

1.49

0.81

1.17

1.16

1.49

Energy loss/turn [GeV] 0.03 0.33 1.67 7.55

Total RF voltage [GV] 2.5 4 5.5 11

design & optimise a lattice 

for 4 different energies

Interaction Region layout 

for a large number of bunches

Δs = 6m (LHC = 7.5m)

small hor. emittance

increasing with reduced energy

εy / εx =10-3

extremely small vert. beta

βy=1mm

 high chromaticity

 challenging dynamic aperture

high synchrotron radiation losses

include sophisticated 

absorber design in the lattice

FCC-ee: e+ / e- Ring Collider 

The „global“ view



Next Steps

Geometric / Geologic Layout considerations

• Detector cavern requirements, 

• dump caverns, shielding requirements

• Where & how to dig the tiny tunnel

• E.g. shaft locations

5John Osborne (CERN GS-SE) 

LHC

FCC-ee: e+ / e- Ring Collider 

The „global“ view

FCC



Rock properties in Geneva Region

Moraines

Glacial deposits comprising gravel, sands silt and clay

Water bearing units

Molasse

Mixture of marls, sandstones, intermediate composition

Considered good excavation rock:

Contains layers are zones of weakness, Faulting and fissures

Limestone, etc

6Court. John Osborne (CERN GS-SE) 

FCC-ee: The tunnel



The Physics Motivation

Luminosity vs Energy

Court. John Ellis, FCC-ee physics study group: arXiv:1308.6176



What Next: A Higgs Factory?

To study the ‘Higgs’ in detail:

•The LHC

– Consider LHC upgrades in this perspective

•A linear collider?

– ILC up to 500 GeV

– CLIC up to 3 TeV

•A circular e+e- collider?
Wait for results from LHC @ 13/14 TeV

Court. J. Ellis
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FCC-ee: The Storage Ring 
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Optics & Cell design in the arcs  determine the emittance
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Basic Cell: 900/600 (at present), l=50m

Half Bend dispersion suppressors at 12 (?) straight sections

-> RF, Injection, Extraction, Collimation, Detectors

see Bastian Haerer 



Q(δ) = Q0 + Q’ δ + Q’’ δ2/2 + …

FCC-ee: The Mini-Betas & Chromatic Properties

Required Momentum Acceptance (beam srahlung) δ = Δp/p ≈ ±2%

 correction of Chromaticity up to third order 

required 

Court. B. Haerer

Natural (i.e. uncorrected) Chromaticity4 Mini-beta-Insertions :

based on standard doublet structure

matching section / DS

L*   = 2m)

β*x   = 1m, β*y =1mm

βmax = 10 km



Chromaticity

11

The first three orders, as derived by A. Bogomyagkov:

(A. Bogomyagkov: “Crab waist interaction region for FCC-ee and the arc second attempt”, presentation in 

the FCC-ee meeting no. 13, 09 Febuary 2015)
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FCC-ee sextupole scheme

Even number of sextupoles per family!

Sextupoles grouped in pairs

Phase advance between the couples = π

Multi-Family optimisation

Phd  Bastian Haerer



W functions for 1 quarter
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Montague Function W describes the 

detrimental effect of chromaticity

to the phase space ellipse



“Corrected” Chromaticity

Nat. 

Chrom.

Corr. Chrom. ΔQ (+/-5E-

4)

Qx 502.16 502.16

Qx’ -603.80 5.7e-05 2.83e-08

Qx’’ -8.3e+03 3.5e+03 4.41e-04

Qx’’’ -1.4e+08 -5.5e+05 -1.14e-05

Qx’’’’ -2.1e+12 -8.5e+09 -2.20e-05

Qy 334.28 334.28

Qy’ -2044.43 2.8e-01 1.39e-04

Qy’’ -8.4e+06 -1.2e+04 -1.53e-03

Qy’’’ -2.0e+11 -3.4e+09 -7.00e-02

Qy’’’’ -6.5e+15 3.6e+10 9.25e-05

(4 IPs, chromaticity correction 

with arc sextupoles)

Chromaticity budget too high for a even sophisticated sextupole compensation in the arcs

 Local Chromaticity compensation needed (ILC/CLIC designs)



The Mini-Beta and local Q’ compensation

L*=2m

β*x =1m, β*y =1mm

Doublet structure combined with local chromaticity compensation scheme 

-> create dispersion directly after the IP

-> install sextupoles in order to local suppress the W-function 

A. Bogomyagkov et al



Momentum Acceptance

Required momentum acceptance due to beam strahlung:

Δp/p = +/- 2%

Combining the local chromaticity compensation 

with the optimised sextupole scheme in the arcs 

15 families, 

optimisation up to order Q’’’

WE ARE (NEARLY) THERE !!

Q(δ) = Q0 + Q’ δ + Q’’ δ2/2 + …



required: εy / εx =1*10-3

horizontal ... defined by energy, cell length and focusing properties

vertical ... defined by orbit tolerances (magnet misalignment & coupling)

The Challenges: Orbit Tolerances & Emittances

Dx = Dy =150 mm

orbit tolerances add up to very large distortions and are amplified by the extreme 

mini-beta concept

court. Sandra Aumon

assumed magnet alignment tolerance (D. Missiaen)

Immediate consequence:

This ring needs a Linear Collider like Alignment and stabilisation system



The Challenges: Dynamic Aperture

Unprecedented high chromaticity needs strong sextupoles

 Lead to reduced dynamic aperture

 Optimisation needed via careful phase adjustment & balance of 6-pole strengths

Court. Luis Medina



Design Parameters FCC-ee

E = 175 GeV / beam

L = 100 km

Parameter List is determined by Luminosity needs and synchrotron light losses 

FCC-ee: e+ / e- Ring Collider 

Synchrotron Radiation

DU0(keV ) »
89 * E 4(GeV )

r

DU0 » 7.55 GeV



The Challenges: Beam Separation & Synchrotron Light



Conclusion

FCC-ee is an extremly challenging Storage Ring

flexible layttice needed 

to be optimised for (at least) four flat top energies

running at the radiation loss limit 

pushing for highest possible luminosity 

and accordingly highest chromaticity

combination required between sophisticated storage ring design 

and linear collider concepts.


