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• We are new to the FCC working groups, and we realize that others have 

been working for a long time on the present designs.  This presentation 
summarizes our effort to ‘come up to speed’ with your work, and to explore 
the potential impacts of one particular parameter – tunnel circumference – 
on the performance and cost of the electron and hadron rings of FCC. 

• We will found the discussion in one particular example site that could 
accommodate low-cost tunneling in favorable rock strata for a 270 km 
circumference. We recognize that there are likely multiple other sites in the 
world with similarly favorable conditions. 

• The purpose of this presentation is to document that there is at least one 
such favorable site, not to promote that particular site, and to evaluate 
what benefits a larger circumference could provide for the FCC. 

• This presentation reports work in progress to evaluate the accelerator 
physics and technology of the TLEP and FHC rings for a large-circumference 
site.  The concepts presented are not optimized, they are our best 
developments to date. 

Preamble… 



The FCC Collaboration has made the physics 
case for a large circular collider as a basis for 

the next generation of HEP: 

• e+e- high-luminosity factory  

– Higgs(240 GeV) 

–           (350 GeV) 

– explore the Higgs sector, test the Standard Model 

• pp colliding beams @ 100 TeV 

– dramatically extend the reach for new gauge fields 



Present design studies assume a tunnel 
circumference of 80-100 km. 

• 80 km tunnel circumference is fine for a Higgs factory, 
and we have one we would like to offer you… 

• 80-100 km circumference is a painful choice for a 
100 TeV hadron collider because it pushes magnet 
technology to 15 T, and has very high synchrotron 
radiation into the aperture. 

• Is that really the most cost-effective choice?  
Suppose one proceeded with an 80 km Higgs 
factory, and sought a larger circumference for 
the next step to an ultimate hadron collider… 



Tunnel cost depends strongly upon the 
rock in which you tunnel 

The example site near CERN is expensive. 
Example costs: 3 m LEP tunnel cost ~$11,000/m in 1981 

There is already an 80 km circumference tunnel in 
Texas – the SSC tunnel was nearly completed. 
The tunnel is contained in the Austin Chalk and the 
Taylor Marl – two of the most favorable rock types. 
Tunneling the SSC set world records for tunneling 
advance rate – 45 m/day.  That record holds today! 
A 270 km tunnel can be located at the same site, 
entirely within the Austin Chalk and Taylor Marl, 
tangent to the SSC tunnel as injector. 

270 km x $3000/m = $810 million 



We have explored what the FCC collider 
complex would be like in a 270 km tunnel 

•   pp collider requires 4.5 T magnets 

– RHIC dipole (5 T @ 4.5 K) is simple, single-shell dipole,  

– mfg. in industry, simple structure, modest forces 

– Option: Use Nb3Sn and operate at 10 K 

• eliminate liquid He from tunnel 

• reduce helium inventory by factor 25 

 



Options for 4.5 T Dipoles 

• The RHIC dipole is a design classic.  It is a single-shell cosq dipole 

– the idealization of cosq. 

• Lorentz forces are well-managed, collar and end provisions are 

ultimately simple and reliable. 

• Its aperture is a generous match to the requirements of a 100 TeV 

hadron collider with beam screen. 

• If we were to build single-bore RHIC dipoles for a 270 km FHC, 

the number of dipoles would be  

• 2pr/(10m) = 45,000;  Cost/dipole for RHIC was $110K;       

Total cost $10 billion. 

• We package 2-in-1 20 m dipoles, push to present conductor 

performance, still cost would be ~$5 billion. 



We have devised a way to combine the 
simplicity of the low-field superferric SSC dipole 

with Nb3Sn for high-field operation at 10 K. 
• It uses a 16 kA Nb3Sn cable-in-conduit, internally cooled by He 

gas flow. 

• The coils contains a total of 20 turns of cable. 

• Quench protection and gas flow are provided at one location 
at one end of each turn.  Tmax = 170K. 

• Total cross-section of superconducting strand in one dipole is 
4.24 cm2. 

• Total mass of superconductor in double-ring is 1500 tons. 

• Total cost of superconductor ~$1.25 billion. 

• High energy physics then approaches the goal of helium 
independence, and cuts operating cost of cryogenics x3. 



Nb3Sn Cable-In Conduit Superferric Collider Dipole 
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We originally developed the structured cable 
to make a robust cable using Bi-2212 wires 

The structured cable contains solid 
wires and hollow perforated tubes 
within an armor sheath. 
The tubes provide internal flow of 
cryogen during operation and for 
purge gas during heat treat. 
They also provide internal stress 
relief, so that the superconducting 
strands can re-arrange without deformation during heat treatment, 
bending of coil ends, and bypass of Lorentz stress. 
  



For the Nb3Sn superferric dipole, we cable a 
pattern of superconducting strands and flow 

tubes around a central Cu stabilizer wire 

3 He flow tubes 

Solid Cu core 

6 Nb3Sn/Cu wires 

Monel sheath 

The central wire provides the Cu necessary for reliable quench protection. 
The 3 tubes provide He flow paths so that He enthalpy is in direct contact with the 
superconducting wires. 
 
The sheathed round cable provides a robust, stable package for winding a low-
inductance coil.  The strands are transposed with twist pitch just as with 
Rutherford cable. 
 
Because this conductor is similar to the solid conductor used in high-power motors 
and transformers, there is a world of industrial expertise in coil fabrication. 



Superconductor cross-section vs. field 
for example collider dipole designs 

__ NbTi 
__ Nb3Sn 
__ Nb3Sn/Bi-2212 hybrid 



The 10 K gas-cooled superferric dipole is a 
departure from conventional collider designs. 
• Many of its design elements will require R&D to build, test, prove, 

and optimize. 

• One example: jc of Nb3Sn changes ~30%/K with temp; 10 K is choice 
for the design shown; what is optimum choice? 

• Another example: we have designed a method to integrate a 
quench heater into a segment of the end region of each turn of the 
winding.  It would drive a very quiescent quench. 

• We have to develop the cable, integrate the quench heaters, and 
show that it can work as designed… 



Parameters of the lepton and hadron colliders for medium and large circumference 



Luminosity leveling for FHC 

• Synchrotron damping dominates the evolution of 
tune shift and luminosity for the 300 TeV case. 

• Beam begins x/y symmetric, and damps in y within 
~30 min – y tune shift increases, luminosity increases 

• Program by to maintain ~constant xy ~ .01 

 

0

2

4

6

8

10

12

14

16

18

20

0 1 2 3 4 5

L 
1

0
^3

4
 

time h 

Luminosity 

0

0.002

0.004

0.006

0.008

0.01

0.012

0.014

0.016

0 1 2 3 4 5

Y 
tu

n
e 

sh
if

t 

Time h 

tune shift 

ho x

ho y

LR



Benefits of a large-circumference tunnel for FCC 
 

• e+e- @ 350 GeV: half the rf voltage 
   same luminosity for less synch rad power 
   larger momentum acceptance, smaller Ec 
   beam lifetime >hour @ 350 GeV operation 
   injector in separate tunnel 
• pp @ 100 TeV: industrial magnet technology 
   1/3 synch rad power 
   injector in separate tunnel 
   Bcol/Binj = 0.3  no field issues at injection 
   10 K cryogenics  x3 more efficient cryogenics 

   Luminosity 6x1034 cm-2s-1 for 24 hours 

• pp @ 300 TeV: 25 years to develop 15 T magnet technology 

   Bcol/Binj = 0.3  no field issues at injection 

   Luminosity ~1035 cm-2s-1 for 4 hours 



We solicit thoughts, criticisms, 
suggestions from the FCC community 

• This is a time of opportunity for launching a next generation 
of discovery machines for high energy physics.  It is a 
monumental undertaking, and one for which we need to seek 
a way for all nations of the world to contribute and to benefit. 

• A particularly important step in that direction is to try to 
develop a technology basis for the machines that can be 
manufactured in every industrialized country. 

• That is a very big challenge indeed. 


