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• Reprise of my laudation of Dimitri on the 

occasion of his Onassis Prize 
• Challenge to Dimitri for a fresh chapter of 

colliders



I have known Dimitri Nanopoulos since 1975.  At that 
time we were both at Harvard University. Dimitri was 
working with Steven Weinberg (Nobel 1979) and I with 
Carlo Rubbia (Nobel 1984).  Dimitri and I entered the 
world of elementary particle physics at the time and the 
place of a true revolution in science - the advent of the 
gauge theories to describe the world of subatomic nature.

A laudation of Dimitri Nanopoulus by Peter 
McIntyre



The measure of a scientist is his choice of problems.  
Many scientists have keen intellects and mastery of 
the science of the day.  But a challenging problem 
typically takes years of effort to master, and it is 
therefore imperative to choose those golden problems 
that have the potential to make a major breakthrough 
in how we view nature.  By this highest of standards 
Dimitri has shown his mettle, not once but now several 
times over.



• In 1990 Dimitri and his colleague John Ellis at CERN 
showed how one could use the newly conjectured gauge 
field of supersymmetry to unify the couplings of the 
three fields of nature that are at play within the 
nucleus: the strong field that binds the nucleus, the 
weak field that mediates radioactive decay, and the 
electromagnetic field that binds the atom and 
illuminates this picture. it had seemed that the 
strengths of these three corners of the subnuclear 
world behaved differently as they evolved from the Big 
Bang to our world of today.   

• When Dimitri and John took into account the 
conjectured field of supersymmetry, they showed that 
the three couplings could have begun as a single field in 
the first moments after the Big Bang! 



• Then in 1999 they shared with Nikos Mavromatos 
the Gravity Prize for work on another great 
problem: space-time itself may have a granularity if 
one could look on the smallest possible distance 
scale.  With the first hints of dark matter and dark 
energy, they were able to tie those ideas to the 
apparent acceleration of the universe on the largest 
scale.  And so they were awarded a second Gravity 
Prize in 2005. 



• Dimitri’s merit was recognized in 1995 by George 
Pheidias Paraskevopoulos Mitchell, one of the 
wealthiest Texas oilmen and a son of immigrants 
from Greece.  He endowed a Chair for Dimitri at 
Texas A&M and generously supported his research 
ever since. 

• In 2006 the Onassis Foundation awarded its 
Onassis Prize to Dimitri Nanopoulos. 

Now, it is my pleasure and honor to thank Dimitri 
for his adventures in our toy shop of physics!



Now for a new challenge for Dimitri…  
 
Can we push the energy of hadron colliders higher?  
Is there a compelling vision for what we might discover, 
and what energy it takes?
We have asked these questions before: 
• For proton-antiproton collisions in SPS and the Tevatron 

• Predicted and discovered W (80 GeV), Z (90 GeV) 
• Top quark (175 GeV) was a surprise to many, not to 

DN 
• For proton-proton collisions in SSC and LHC 

• Predicted and discovered H (125 GeV) 
But can we make a similarly compelling case for 
a next hadron collider? 
And what motivates the choice of collision 
energy?



The key challenges for a future hadron 
collider are feasibility and cost of 
superconducting magnets and tunnels

The cost and risk of a tunnel increases rapidly 
when its diameter exceeds ~10 km. 
Cost of superconductor: 8 T –  NbTi:           
$100/kg 
    16 T – Nb3Sn:       $1000/kg 
     >16 T -  Bi-2212: $10,000/kg

Is there a physics case for an LHC 
doubler? 
• Build a new magnet ring with 16 T 
• Install in existing tunnel 
• Use SPS as injector (using CIC 

dipoles)



Key to feasibility: cable-in-
conduit hybrid dipole technology

Fabricate inner winding of Nb3Sn where field is 
maximum. 
Heat treat the winding in finished form. 
Fabricate outer winding of  NbTi where field is 
minimum.
Incorporate a steel flux plate flanking the beam tube.  
The steel imposes a dipole boundary condition, suppresses persistent-current multipoles. 
That uniquely enables a 16 T dipole to provide quality field at 0.5 T injection. 
Inject directly from SPS – eliminate the cost of a new injector.



the cable , the high-strength structure,  forming 
compact end windings

winding a first dipole winding               cutaway of a 2-bore 
16 T dipole

We have developed the cable-in-conduit 
to readiness for high-field dipoles



Fabricating long-length CIC

Perforated 316SS center tube

Cable 15 strands of wire 
onto center tube

Apply 316SS foil over-wrap

Pull straight 150 m cable through 
sheath tube with loose fit

Draw sheath tube onto cable.

150 m finished 
CIC



So the challenge to Dimitri: is there 
a physics case for an LHC Doubler?

• The 16 T dipole technology could be 
readied in ~5 years for manufacture 

• No new tunnel, no new injector 
• 5 years to build the new ring 
• Ready to install after first long run of 
LHC-HL.



Of course if that is not enough… 
500 TeV collision energy,  
1036 cm-2 s-1 luminosity,  
2000 km circumference.

60 cm

1. Choose dipole field for 
least expensive $/TeV: 4 T 
CIC

2. Build the collider as a ring 
pipeline, neutral-buoyant at 
100 m depth, 2000 km 
circumference


