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Future energy frontier colliders in the US 
and critical accelerator technologies



Future Energy Frontier in US 
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• Post LHC - 40-500 TeV cme pp colliders:
– finish 87km SSC tunnel, 16 T magnets = 50 TeV cme
– 233 km VLHC, 2 T superferric magnets = 40 TeV cme
– 4.5T small SC, 270 km “Texas-tron”/1900 km “sea-tron” = 100/500TeV

• Post ILC - 1-10 TeV cme e+e- colliders:
– 1 TeV ILC upgrade with “novel SRF technology”
– 3 TeV CLIC-type NC RF 
– 1…3…10 TeV plasma beam/laser driven

• New Branch - 3,6,…1000 TeV cme μ+μ- colliders:
– “traditional” with 20T SC magnets (Fermilab site filler)  6 TeV cme
– 16T SC +pulsed magnets in LHC/SPS/PS tunnels 14 TeV cme
– Same with Low-Luminosity “no cooling scheme”
– Far-far-future Crystal/CNT acceleration 100-1000 TeV cme, low-L

• Accelerator R&D:
– What we do now
– What we might need to do 4/8/2017



SSC
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* 23 km out of 87
were bored
* 6.6 T dipoles prototyped

Recently:
• Cheap tunnel  270 km
• Cheap magnets 4.5T

4/8/2017



1900 km submerged option
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VLHC-I: 
20+20 TeV p-p
233 km 

V.Shiltsev - FNAL - 07/02/135

Chicago

Lake
Michigan

FNAL-TM-2149
(2001)

also 100 km ring P.Bhat , et al, arxiv 1306.2369



ILC: 0.5TeV, 230 MW  1 TeV, ??
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Item Parameters

C.M. Energy 500 GeV

Length 31 km

Luminosity 1.8 x1034 cm-2s-1

Repetition 5 Hz

Beam Pulse  Period 0.73 ms

Beam Current 5.8 mA

Beam size (y) at FF 5.9 nm

SRF Cavity G. 
Q0

31.5 MV/m
Q0 = 1x10 10

main linacbunch
compressor

damping
ring

source

pre-accelerator

collimation

final focus

IP

extraction
& dump

KeV

few GeV

few GeV
few GeV

250-500 GeV

Nano-beam Technology

SRF Accelerating Technology
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Key Technology
(upgrade  gradient, Q_0, cost)



NC RF/Klystron based NLC
1 TeV e+e-, 30 km, 250MW

V.Shiltsev - FNAL - 07/02/137

Snowmass 2001      CDR 

Two beams concept 
CLIC: 3 TeV e+e-, ~60 
km, 560 MW… then 
klystrons again



Idea- Tajima & Dawson, Phys. Rev. Lett. (1979) Plasma wave: electron 
density perturbation

The picture can't be displayed.

Laser/beam pulse  ~ λp/c 
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Option B:
Short intense laser pulse

~1018cm-3, 50 GV/m over 0.1m

Plasma Waves

Option A:
Short intense e-/e+/p bunch
Few 1016cm-3, 6 GV/m over 0.3m

“Plasma-Collider” studies: staging kills ! <E>~2 GV/m,ε
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Futuristic: Crystals & Muons

V.Shiltsev | 
APS-DPF-

  

1 PeV = 1000 TeV
nµ ~1000

nB ~100
frep ~106

L ~1030-32
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n~1022 cm-3, 10 TeV/m 
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• Accelerator and Beam Physics
– Experimental R&D at IOTA/FAST 
– Beam physics, theory, design, modeling

• Advanced Accelerator Concepts
– Wakefield collider design/analysis, exp’ts

• Particle Sources and Targets
– High-power targetry R&D

• High-Field Magnets and Materials 
– SC magnets (16 T) and materials (doped)

• RF Accelerator Technology
– Cost-effective SRF R&D (G, Q, NbCu, Nb3Sn), NC RF R&D (300MeV/m)

4/8/2017

Accelerator R&D at FNAL/US

• What we might need to explore: 
– Low field HTS magnets
– Pulsed/fast cycling magnets

– Muon sources
– Acceleration in Xtals/CNTs
– Graphene/borophene conductors
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