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A grand vision on the long-term 
future of HEP (and some words 
supporting the CLIC project)
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Note: 
Fermi, in his 1954 Nobel lecture,speculated that by 
1994 we might need to build a planet-sized accelerator
The size of the LHC may be a deception, its center-of-
mass energy is not far behind what Fermi hoped for
The long-term future of science is hard to predict

   



  

Only the best is good enough
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Colliders have scooped up one SM particle after 
another (and HEP has collected one Nobel prize 
after another)

The stakes for the next collider are even higher. 
We have to be ambitious (without taking for 
granted that Nature will be kind to us).

Only the best is good enough... 
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Colliders have scooped up one SM particle after 
another (and HEP has collected one Nobel prize 
after another)

The stakes for the next collider are even higher. 
We have to be ambitious (without taking for 
granted that Nature will be kind to us).

Only the best is good enough…

for each of us (esp. students), 
for CERN (as the worlds’ best lab),
and for the global HEP effort 

   



  

How did we get here?
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Livingston’s law: a factor 10 increase every 6 years!

Not an adiabatic development of one technology; continued 
progress is the result of a sequence of breakthroughs: 
generator → cyclotron → synchrotron → collider → ?

Circular (hadron) colliders have dominated HEP in the last 
decades. It is hard to predict what will be the winning 
technology for the second half of this century. 

   



  

A long-term vision for HEP
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magnet

cavity

pp collider

 Linear collider

Do you have a 160 Tesla dipole 
magnet or a 300 MV/m 
accelerating structure?

From the Spanish input to the European strategy update (A. Pich, T. Rodrigo et al.):

o R&D in novel acceleration techniques is considered a must for the future of the field. 
The AWAKE program  should  be  completed and  complemented with  other  initiatives  
(plasma  wakefield acceleration, muon collider, etc.). A coordinated R&D program 
between CERN and the individual national initiatives should be consolidated in a timely 
manner. 

Long-term progress in HEP driven 
by technological progress…
Can we make colliders a factor 10 
better by 2050? 

Muon collider?
Astro-particles?

neither



  

Accelerator R&D: CLIC
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CLIC cavities reach 
over 100 MV/m today
(cf. SLC ~17 MV/m,
ILC ~ 35 MV/m)

In CLIC a drive beam 
provides power to 
warm RF cavities

Realistic prototype in CLIC test facility at CERN

R&D effort (at CERN and elsewhere) in the past decades yields results:
CLIC is catching up with more “mature” accelerator concepts  



  

SM physics at CLIC

Consensus: the next collider should be an e+e- 
collider (a.k.a. Higgs factory)
 
Operation above 250 GeV is required for top 
physics and ttH and HH production

Physics √s [GeV]

EW precision mZ 

Higgs factory 250 

Top physics > 2mt

Higgs trilinear > 500

Top Yukawa > 550 
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Robust measurement 
requires > 500 GeV

CLIC initial stage at 380 GeV 
→ Higgs AND top physics
CLIC runs at 1.5 and 3 TeV 
→ t Yukawa, H trilinear,...  

CLIC380 combines 
Higgs and top stages 



  

SM physics at CLIC
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Higgs physics at CLIC

380 GeV is a good energy for 
Higgs coupling measurements
See arXiv:1509.02853

High-energy runs bring top 
Yukawa coupling (3%) and Higgs 
self-coupling O(10%)

Apples-to-apples comparison with 
other projects are being prepared 
for Granada symposium

Model-independent fit to Higgs couplings, latest luminosity scenario 
CLIC summary paper, arXiv:1812.06018



  

SM physics at CLIC
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For all those top physics fans

EFT fit on top EW operators, LHC vs. ILC500 vs. CLIC380
Durieux, Perello, Vos, Zhang, arXiv:1807.02121
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BSM physics at CLIC

Marcel Vos, IFIC (UV/CSIC) Valencia

For Sven:

CLIC high-energy runs at 
1.5 and 3 TeV

Pair-produce new particles 
up to 1.5 TeV 



  

BSM physics at CLIC
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For Germán:

CLIC high-energy runs at 
1.5 and 3 TeV

Perform precise and 
sensitive measurements at 
very high energy

Discovery reach extends up 
to masses of tens of TeV  

“Sensitivity grows with energy for 
many EFT operators”
Durieux, Perello, Vos, Zhang
CLIC top and BSM papers

“Indirect discovery
reach in generic
Composite Higgs 
scenario”
CLIC top and BSM papers



  

CLIC
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CLIC benefits from an ambitious accelerator R&D effort: 100 MV/m achieved
CLIC first stage at 380 GeV is a competitive candidate for a Higgs (and top!) factory
CLIC drive-beam concept can open up the multi-TeV scale

CLIC CDR 
2012

CLIC baseline
      2016

CLIC summary 
2018  

Higgs
2016

Top
2018

BSM
2018

Arxiv:1608.06018
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