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Atomic-scale TV/m wakefields in fiber-like nanostructured tubes are elucidated to be realizable us-
ing nonlinear tube surface electron “crunch-in”oscillations. Effective excitation of surface crunch-in
oscillations as tube wakefields can sustain electron density waves with wavebreaking fields that of-
fer many GeV energy gain in sub-millimeter nanostructured tube modules. A proof-of-principle
prototype is now within reach using the convergence of recently demonstrated near solid density
submicron particle beams and the emergent attosecond x-ray lasers with the advances in nanofab-
rication. Atomic wakefield module not only accelerates solid-density beams which stimulate the
realization of “TeV on a chip”but also opens up controlled radiation production using nanometric
beam oscillations in TV/m focusing tube wakefields.
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channels modelled with carbon ions

Corresponding Author: alexandre.bonatto@manchester.ac.uk

Hollow plasma channels can be modelled as shells of heavy ions, populated by pre-ionised electrons.
Although this model does not take into account the crystalline structure of a solid, hence neglecting
the properties emerging from such structure, it is adopted here as a simplistic approximation of a
carbon nanotube (CNT). This approach allows for the investigation of beam–driven wakefields us-
ing conventional particle-in-cell (PIC) codes. Simulation results for a single hollow-plasma-channel
show how such wakefields are affected by the hollow plasma radius and wall thickness. Moreover,
wakefield excitation in an array of hollow plasma channels is investigated. In this case, the effect of
changing the spacing between consecutive hollow plasma channels is also evaluated.
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Insight into axial channeling for particle steering
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Axial channeling consists of coherent orientational interaction of charged particles with the strings
of a crystal. In contrast to more known planar channeling, for which particle interaction occurs with
the planes, axial channeling occurs with particle trajectory is nearly aligned with the lattice strings.
In the case of a bent crystal, chaotic scattering on atomic strings is the basis of stochastic mechanism
of particle deflection.
The advantages of these effects w.r.t. the planar coherent effects are:
1) The axial field is several times stronger than the planar one, providing larger angle of deflection,
larger angular acceptance for the incident beam and increasing the intensity and hardness of radia-
tion;
2) Most of the particles under axial channeling are over-barrier (except a small percentage under hy-
perchanneling). Thereby, being mostly over-barrier, axial effects are effective not only for positive
but also for negative particles unlike the planar channeling effect.
We review the basic of axial channeling, highlight some newly achieved results and draw some con-
clusions.

Session 2 / 23

Channeling radiation and related phenomena in straight and bent
crystals as a tool for intense e.m. radiation generation
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Channeling and coherent interactions of charged particles in crystals have been known since the
60s and used as a tool for material analysis by low-energy ion channeling and for the generation
of linearly polarized γ-beams through coherent bremsstrahlung at electron accelerators. Here, we
report on a series of experiments carried out at the MAinzer MIkrotron with the aim of investigat-
ing the electromagnetic radiation generated by 855 MeV electrons in straight and bent crystals [1,2].
The results have been critically compared to Monte Carlo simulations, showing a strong enhance-
ment of emitted radiation if compared with standard bremsstrahlung. These results are relevant for
crystal-based intense gamma sources, beam steering as well as for the generation of e.m. radiation in
bent and periodically bent crystals, i.e. crystalline undulators. Furthermore, the intense channeling
radiation could be exploited for the realization of crystal-based positron source for future colliders
[3].
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Simulation models and worldwide experimental campaigns shows that coherent interactions be-
tween charged particle beam and crystals can be exploited at high-intensity particle beams at ultra-
high energy accelerators for efficient particle beam steering. Indeed, a properly shaped tiny silicon

Page 4



ACN2020 / Book of Abstracts

crystal can deliver the same steering effect which would be delivered by a multi hundred Tesla
dipole. As a result, crystals might play a relevant role for the development of new generations of
high-energy and high-intensity particle accelerators, and might disclose innovative possibilities at
existing ones. We describe the most advanced manufacturing techniques of crystals suitable for
operations at ultra-high energy and ultra-high intensity particle accelerators.
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