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“Dream” Collider: Choices
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• Far Future “Energy Frontier” assumes
 300-1000 TeV (20-100 × LHC) 
 “decent luminosity” (TBD)

• Surely we know: 
1. For the same reason there 
is no circular e+e- collider above 
Higgs-F there will be no circular pp
colliders beyond 100 TeV LINEAR
2. Electrons radiate 100% 
beam-strahlung (<3 TeV) 
and in focusing channel
(<10 TeV)  µ+µ- or pp



“Phase-Space” is Further Limited
• “Cost Feasibility”: for 20-100×LHC
 < 10 B$
 < 10 km
 < 10 MW (beam power, ~100MW total) 
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New technology should provide >30 GeV/m  @ 
total component cost  <1M$/m ( ~NC magnets now)

SC magnets equiv. ~ 0.5 GeV per meter (LHC)
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3. Only one option for >30 GeV/m known now: 
dense plasma that excludes protons only muons
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Paradigm Shift : Energy vs Luminosity
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fundamental problem : 

limited facility power 
Pb=IbE Ib=Pb/E
L ~ Pb/E



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

New Technology- Plasma 

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

First looks into “Plasma-Collider”: staging kills ! <E>~2 GV/m,ε
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1024 cm-3100 TV/m, λp~0.03µm 

New Approach: 
Acceleration in Continuous Focusing Channel

Synchtrotron radiation 
losses balance energy gain:

0.3TeV for positrons 
10 000 TeV for muons (+)
1000 000 TeV for protons

1022 cm-310 TV/m, λp~0.3µm 



What Do We Know about Crystals?

• Strong inter-planar  electric 
fields ~10V/A=1GV/cm

• Very stable, can be used for 
 deflection/bending (works) 
 focusing (works )
 acceleration (if excited)

T980 experiment  at Tevatron, N.Mokhov et al JINST 6 T08005 (2011) 

Vladimir Shiltsev –
Accelerators  – NIU, 

04/03/2014

7

~92.5+-5% efficiency 
Or l_d ~ 5mm/0.025 < 0.2m



4 mm Si in LHC
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~2 mrad at 7 TeV

~99.5% efficiency 
Or l_d ~ 4mm/0.005=0.8m



Collider considerations
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i.e. irrelevant



1 PeV = 
1000 TeV

nµ ~1000
nB ~100
frep ~106

L ~1030-32

“Dream” Collider = Muons + Acceleration in 
Crystals + Continuous Focusing (Channeling)
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Ways to excite the crystal (1)
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Crystal Excitation by X-Rays

Tajima,Cavenago, Phys. Rev. Lett. 59 (1987), 1440

• Need 40keV high peak power x-rays 
 now available from SASE FELs like LCLS

• Gradients >1GV/cm

• Muons preferred 
 No bremstrahlung, no nucl.

• µ+ rad length 10^9 cm
 total energy~10^9 GeV 



Ways to excite the crystal (2)
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Ways to excite the crystal (3)
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Ways to excite the crystal (4)
Controlled generation of dislocations



Nanotubes(1)
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Nanotubes (2)
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Excite nanotubes
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Proof-of-principle test of acceleration in 
Crystals/Carbon Nano Tubes (CNTs)

Y.M.Shin(NIU/FNAL), V,Shiltsev,
C.Thangaraj (FNAL), et al



Outline of Proposed Experiment at ASTA
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Y.M.Shin(NIU/FNAL), 
C.Thangaraj (FNAL), et al

Wakes compensate 
natural energy spread 
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Combine (funnel) Channels
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Bright Future
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HEP’s “Far” Future

V.Shiltsev | XBEAM 2017 - Ultimate Colliders24

• Good News
– options EXIST

• 300-1000 TeV muons in plasma/crystals

• Bad News
– It will be

High 
Energy
Low

Luminosity



Thank You for Your 
Attention!

V.Shiltsev | XBEAM 2017 - Ultimate Colliders25



V.Shiltsev | XBEAM 2017 - Ultimate Colliders26



V.Shiltsev | XBEAM 2017 - Ultimate Colliders27



V.Shiltsev | XBEAM 2017 - Ultimate Colliders28


	On “Ultimate”�Energy Frontier Colliders  �
	“Dream” Collider: Choices
	“Phase-Space” is Further Limited
	Paradigm Shift : Energy vs Luminosity
	Slide Number 5
	New Approach: �Acceleration in Continuous Focusing Channel
	What Do We Know about Crystals?
	4 mm Si in LHC
	Collider considerations
	“Dream” Collider = Muons + Acceleration in Crystals + Continuous Focusing (Channeling)
	Ways to excite the crystal (1)
	Crystal Excitation by X-Rays
	Ways to excite the crystal (2)
	Ways to excite the crystal (3)
	Ways to excite the crystal (4)
	Nanotubes(1)
	Nanotubes (2)
	Excite nanotubes
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Combine (funnel) Channels
	Bright Future
	HEP’s “Far” Future
	Thank You for Your Attention!
	Slide Number 26
	Slide Number 27
	Slide Number 28

