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Opportunities with Crystal Technology for Accelerators
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Channeling Acceleration Concepts

e Laser-Driven Acceleration

Lattice Structure

— T. Tajima and M. Cavenago, Phys. Rev. Lett. 59, 1440 1987
e Particle species: proton/muon

e Driving Source: External Laser Pumping
e Required Laser Specs
- Diffraction Resonance (A, < g, a: lattice constant)
- Energy: 40 keV (hard X-ray)

- E,<E <E, (E: Energy Loss, E,: Atomic Binding
Energy) - Power: >3 GW

e Beam-Driven Acceleration

n: electron charge

o o = density in a crystal
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— P. Chen and R. J. Noble, AIP Conf. Proc. 156, 222 1987

* Particle species: electron/positron

e Driving Source: Particle Bunch (Self-Acceleration)

e Required Beam Specs

- Bunch Length: < A

- Spot size: > kp



CNTs for Channeling Acceleration

Nanostructure (e.g. CNT) vs Crystal

(1) A size of a channel is readily controllable up to
micron. The larger channel can
—-> decrease de-channeling rates
-> increase acceptance angles
- mitigate laser energy/power requirement
(2) Thermally and mechanically stronger than crystals,
steels, or even diamonds (sp2 bond > sp3 bond)

-> Higher durability in extremely intense channeling
radiation/acceleration
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Zoran Miskovic, “Prospects of on channelling through carbon
nanotubes”, REM talk

Nanotubes for HG Accelerator Application
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Gain Analysis of Low Density at 50 MeV

- Beam Energy = 50 MeV - Bunch Length (RMS) ~ 2 um

- Bunch-to-Bunch Distance = 10 um - Channel Charge Density = 10%° cm
- #of Bunches = 10 - Channel Length = 100 um
Simulation: Vsim (VORPAL 6.25): “Beam-Driven Wakefield Simulator”
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Gain Analysis of High Density at 200 MeV

- Beam Energy = 200 MeV - Bunch Length (RMS) ~ 27 nm
- Bunch-to-Bunch Distance = 0.267 um - Channel Charge Density = 1.6 x 10** cm
- #of Bunches =10 - Channel Length = 2.67 um
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Fabrication of Test Devices

Anodic Aluminum Oxide (AAO) Template Technique (MWCNT)

Annealed Carbon Layer
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Exposed MWCNT Array NONE SEl 3.0 kV X40000 100 nm WD 8.7 mm

The AAO film has uniform and straight nano-size channels with a tailored length and diameter.
The length, diameter, and density of the as-synthesized CNTs can be uniformly tailored because
of the controllability of the pore texture of AAO template.

—>Width: ~ sub-micron Tao Xu of NIU (Dept. of Chemistry) has a full set of hands-on
—Length: 50 ~ 100 micron equipment to process growth of MWCNTs on an AAO template.
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Experiment Layout

(a) 50 MeV Beamline
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Micro-bunch Generation: Slit-Mask

¢ Slit-Mask Method

Exp. Parameters @ BNL-ATF
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P. Muggli, et. al., PRL 101, 054801 (2008)

e Slit-Mask Microbuncher @ ASTA — 50 MeV Beamline
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Micro-bunch Generation Technique (2): IFEL

¢ IFEL Method

Electron Beam Microbunches
~ 200 MeV
o,~ cmm IFEL Wiggler Crystal Plasma
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Beam Parameter/Personnel Involved/Other Opportunity

e Personnel Involved (TBD)

e Required Beam Parameters (TBO)
Planning | Experiment Diagnostics Analysis Simulation
Y. M. Shin Vv Vv \' Vv
T. Xu Vv
J. C. Thangaraj Vv
V. Shiltsev Vv \Y
D. Still
K. A. Carlson
A. Vv Vv
Grabenhofer

Y. M. Shin: Accelerator Physicist

T. Xu: Nano-Fabrication Expert

J.C. Thangaraj: Beam Diagnostics/Microbunching Experimentalist
V. Shiltsev: Crystal R&D Expert

K. A. Carlson/D. Still: Engineering Physicists

A. Grabenhofer: NIU Graduate

e Other Opportunity — Coherent THz Source Development

Phase-| Phase-ll

- Collaboration with Muonsinc/Jlab (F. Marhauser, G. Flanagan, R. Johnson)



Summary

- Why Channeling Acceleration Research is important....??

- Because It Offers New Opportunities for Accelerator Technology in Energy Frontier
* TeV/m Acceleration Gradient = Stable High Energy Gain
e Strong Beam focusing
 High Energy/High Intensity Beam Control - Fast Cooling
- Why ASTA...??

= Because it Supplies High Quality Electron Source for Advanced Accelerator R&D
e High Brightness Beam

* Wide Range of Beam Shaping Flexibility (EEX, Flat Beam Formation, etc)
e Stable Operation

- What Next...??

= Plan, Design, Assemble, Install, Test, Analyze....
- Crystal Channeling Accelerator Can be a Breakthrough for future PeV Collider!
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