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Toward Future Collider

» Precision measurements of the Higgs Boson is of
the most important issues for particle physics, and
we need a high energy electron-positron collider.
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» The candidates for the future electron-positron
collider

> The International Linear Collider

,',I,': international linear collider

» Future Circular Collider, Circular Electron

Positron Collider

» Circular Electron Positron Collider with plasma
injector

» Other advanced acceleration based collider
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Plasma Based Acceleration : An Important Option
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Consensus on plasma based acceleration

High-priority future ENERGY oo
Initiatives Advanced Accelerator
B. Innovative accelerator technology underpins the physics reach of high-energy Deve I Opm = nt Strategy

and high-intensity colliders. It is also a powerful driver for many accelerator-based
fields of science and industry. The technologies under consideration include high-field Report
magnets, high-temperature superconductors, plasma wakefield acceleration and other
high-gradient accelerating structures, bright muon beams, energy recovery linacs.

The European particle physics community must intensify accelerator R&D and
sustain it with adequate resources. A roadmap should prioritise the technology,
taking into account synergies with international partners and other communities
such as photon and neutron sources, fusion energy and industry. Deliverables fo
this decade should be defined in a timely fashion and coordinated among CERN
and national laboratories and institutes.
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Major Challenge for Plasma Based Collider : Positron Acceleration

High Energy
Over 42GeV acceleration in
85cm plasma
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Is there a stable, efficient and
uniform positron acceleration regime g

The next ten years of AAC research should focus on addressing common challenges identified
during the workshop:

1. Higher energy staging of electron acceleration with independent drive beams, equal
energy, and 90% beam capture;

2. Understanding mechanisms for emittance growth and developing methods for achieving
emittances compatible with colliders;

™ » =T realistic operational parameter
set for a multi-TeV collider, to gu1de operating specifications for AAC.

Advanced Accelerator Development Strategy Report, 2016
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Plasma Wakefield Positron Acceleration

> Blowout regime > Positron self-loaded acceleration
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Hollow Channel Plasma Wakefield Accelerator

» Hollow plasma channel » Experimental demonstration
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Positron Beam Loading in Hollow Plasma Channel

» How to achieve uniform, high efficiency, high gradient, high charge positron beam acceleration?

» Consider to accelerate 1nC positron bunch, using the drive-trailing bunch configuration in hollow plasma

channel.
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> Due to the nonlinear plasma response, it is hard to achieve this goal.
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Positron Beam Loading in Hollow Plasma Channel

» What about putting the positron bunch at the same location with the drive electron bunch?
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» Accelerate 1nC positron bunch with ~GV/m gradient, < 0.5% induced energy spread and ~50% energy

transfer efficiency. arXiv:2111.04319
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Stability Of Hollow Plasma Channel

» Another major challenge for applying
hollow plasma channel to high energy

acceleration : transverse instability.
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» Transversely asymmetric beam can
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suppress the BBU-like instability.
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Stability Of Hollow Plasma Channel

» Evolution and wakefields
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Unloaded Plasma Wakefield
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» Properties of plasma wakefields

> Ez is almost uniform in

transverse direction.

» At positron acceleration phase,

focusing force is quasi-linear.

Longitudinal wakefield at x-z plane
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> Results
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» Stable, uniform, efficient positron acceleration is the key challenge for applying plasma wakefield accelerators to

high energy physics.

» By making the electron and positron beam spatially overlapped, positron beam can obtain excellent beam quality.
» Atransversely asymmetric electron beam can drive a stable wake in hollow plasma channel, which can accelerate

positron beam with high efficiency and narrow energy spread.
» There are still a lot to be explored in hollow plasma channel, such as the two-bunch driver ......
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Thanks for your attention!
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