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Now is the time for CERN to plan for a 
Future Circular Collider !



• A very large circular hadron collider seems the only approach to reach 100 TeV
c.m. collision energy in coming decades

• Access to new particles (direct production)  in the few TeV to 30 TeV mass 
range, far beyond LHC reach.

• Much-increased rates for phenomena in the sub-TeV mass range

Drive: pushing the energy frontier of a factor 10!   



Future Circular Collider at CERN
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• Increase critical current density

•Obtain high quantities at
required quality

•Material Processing

•Reduce cost

•Develop 16T short models

• Field quality and aperture

•Optimum coil geometry

•Manufacturing aspects

• Cost optimisation

C o n d u c t o r  R & D M a g n e t  D e s i g n

Examples of Key Technology R&D for FCC
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Synchrotron radiation/beam screen

Synchrotron radiation load  
for protons @50 TeV:

Photon energy (eV)
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~ 25-45 W/m (@16 T)
(LHC <0.2W/m !!) 
5 MW total in arcs



Overall optimization of cryo-power and vacuum 
Termperature ranges:   40K-60K,  100K-120K
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Beam-screen temperature, Tbs [K]

Tcm=1.9 K, 28.4 W/m
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Cryo-power for cooling of SR heat



Image charges flow on the surface of the beampipe. Power dissipation from wake 
fields is                                           where           is proportional to the convolution of the 
surface impedance        over the beam power spectrum.
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Impedance: image charges

Wakefields have an effect on beam stability, in particular the transverse plane
risetime of instabilities depends on the surface impedance of the material

Copper at 50 K may not guarantee a large enough stability margin of the beam 
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The beam will be made of bunches of 1011 protons, 8 cm long

Frequency spectrum

Beam instantaneous image current

Frequency spectrum

Time evolution at a fixed point



Nb3Sn, T=4.2K

Re(Zs)
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Nb, T=4.2K

Cu 50K
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High Temperature Superconductor at low fields present 
a Surface Impedance much lower than Copper  at 50K!!! 

FCC calculations for a Cu beam screen 
lead to                                   (peak value)
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HTS Surface Impedance will still be well below
copper in the assumed frequency, field, 

temperature and current regimes ??? 

But…the HTS film should operate in a 16T magnetic field and 
present Jc >> 2.5∙108 A/m2 over a 100Km long narrow tube!  
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If ,                 vortex «flux flow» regime is activated, the sample dissipates
power with an equivalent resistivity :
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Superconductors in high fields : Abrikosov Vortices

Nobel 2003
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Gittleman and Rosenblum: - Phys Rev. Lett. 16, 734 (1966)
- J. Appl. Phys. 39, 2617(1968)

At Bo>>Bc1  repulsion forces between fluxon lines are higher in respect to the pinning
forces. The fluxon array moves rigidly and feels a periodic force of the form :

d

)( crf JJ 

)
2

( ocJ
d

k 


kxf p 

2

2

1
)( kxxU 

R.f operation ( for applied d.c. field Bo>>Bc1)
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( ρf is the same as that of a superconductor in flux-flow regime )

S. Calatroni, R.Vaglio : IEEE Trans. Superconductivity
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General expression for the surface resistance of a superconductor in presence
of a rigid vortex array, with the rf current perpendicular to the magnetic field
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Average value of Rsf over the FCC frequency spectrum
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to a step function, we get :
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Calculations performed using high quality HTS (YBCO) 
parameters show a large Rsf reduction in respect to Copper
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HTS Tc Bc2(50K) Anisotropy 
Substrate  

requirements 

Y-123 90 K 40T ~ 7 
High quality, biaxial 

texture 

Bi-2212 85 K 
70T 

(very low Birr) 
>20 

No special texture 
requirements 

Tl-1223 125 K 80T ~ 8 
No special texture 

requirements 

 

Possible HTS materials:



Solution 1: YBCO tapes glued on the beam screen

YBCO

buffer layer deposition

buffer layer deposition

YBCO deposition

YBCO deposition on Ni–W alloy rolling-assisted biaxially textured tapes (RABiTS))



Segmentation should also reduce 
potential problems due to persistent
currents generated during field ramping



T = 50K , f = 8.05GHz

Copper

CC providers 1 – 5

Preliminary measurements performed on small samples 
from 5 different providers, show reasonable agreement 

with the theory and extremely encouraging results! 
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REBCO

Copper (beam screen)

Beam

One dimensional thermal model :                                                    + Kapitza interface terms
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An increase in T due to the rf power increases the superconductor surface
resistance Rsf(T) that produces a further increase in T. The process leads
to a surface equilibrium temperature T > T1, or can lead to a thermal runaway !

Prf (T) is the average power per unit surface disspated by the beam. 

CERN-FCC calculations estimate   Prf ~ 1W/m2 for copper, since

RnCu = 1mΩ (at 0.65GHz),    a=10-3 W/Ωm2
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A possible problem  for YBCO tapes : thermal runaway 
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Solution 2: Tl 1223 directly grown on the Copper beam screen 
(with a Silver buffer layer)



Susanne Tönies, Harald W. Weber, Gerhard Gritzner, Oliver Heiml, and Mario H. Eder,

IEEE TRANSACTIONS ON APPLIED SUPERCONDUCTIVITY, VOL. 13, NO. 2, JUNE 2003

(TU-WIEN)

Comparison: Y-123 and Tl-1223 Critical Currents

Y-123 : coated conductor, PLD on IBAD-YSZ buffer layer

Tl-1223 : film by screen print on a monocrystalline substrate

B(T) B(T)

T=77K T=77K
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Calculations performed using high quality Tl-i223 parameters
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YBCO Tl1223

PROs • Industrial developement
of high quality tapes

• Very high Tc
• High Jc
• Very high Bc2

• Very tolerant for out 
stoichiometry

CONs • Very expensive and 
complex preparation on 
large scale 

• Possible thermal
problems

• Weak links effect on Jc may
not be overcome at the 
desired level





New Labs for safe Tl manipulation have been set up at SPIN-Ge



• There is a very strong motivation for HTS coatings for FCC beam screens, 
with potential for drastically reducing beam impedance.

• Theoretical calculations based on standard models show a potential 
significant advantage in using HTS in place of copper

• No experimental data are available in the FCC regime, however the 
theoretical model well describes experiments performed in close regimes.

• The HTS film has to be set/grown on a 100Km long, 3cm diameter tube. 
Two solutions have been considered:
- YBCO tapes (industrial) 
- Tl-1223 electro-deposited on Ag (development at CNR-SPIN under way)

Work is in progress to test samples in the FCC 
regime and to identify the best technical solution

Summarizing :


