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Plasma acceleration |.

-- |t is estimated that the conventional radio-frequency microware
(RF) cavities can support the electric fields up to the 100 MV/m ,
but not higher than this order because of the electrical breakdown
of the walls etc.

-- For more than 30 years, plasma-based particle accelerator
driven by either lasers or particle beams have shown great promise,
because of its large accelerating electric fields.

E </ n, n=electron plasma density. If n=108 cm3, E=10%\V//cm



Plasma acceleration |l.
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-- Plasma wakefield set up by charged particle beams propagating through
the plasma is also shown and number of reviews on electron acceleration
by laser-driven or beam driven plasma waves have been published.

-- Early experiments produced beams with large energy spread.

There is a breakthrough demonstrations by three-groups in 2004,
producing mono-energetic electron beams with good emittance.

--Still the efforts are targeting on the improvement of beam quality, low
energy spread, low emittance, beam focusing.

-- How effectively accelerate the positrons in the plasma ? is question for
the electron-positron colliding system.



Very brief introduction of a paper on Nature
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The AWAKE ( Advanced WAKETfield Experiment)

-- The Advanced WAKEfield Experiment (AWAKE) is an accelerator R'D
project based at CERN.

-- Investigating the use of plasma wakefields driven by a proton bunch to
accelerate charged particles.

-- AWAKE uses proton beam from the Super Proton Synchrotron (SPS).
These protons are injected into a 10m plasma cell to initiate strong

wakefield.

-- The first proton beams were sent at the end of 2016.

From their homepage  https://home.cern/about/experiments/awake
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Electron source system
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Steps toward the electron acceleration

1. Proton bunch (400GeV) from SPS with the bunch length of 6-8 cm
is guided to the rubidium vapour source.

2. Laser pulse (120 fs) ionizes the rubidium , and then proton bunch
modulate into microbunches.
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3. Electrons (already accelerated to 18MeV) are injected to the cell
200 ps delay with respect to the laser.



Conclusion of this paper

Proton-driven plasma wakefield
acceleration is demonstrated.

The electron bunch is captured
within the proton micro-bunch, and
accelerated to 2 GeV with the
plasma density of 6.6x101% cm-3.
The energy spread is 10%.

“This technique has the potential
to accelerate electrons to the
teraelectronvolt scale in a single
accelerating stage.
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Fig. 4 | Measurement of the highest peak energies prpachieved at
different plasma densities nye, with and without a gradient in the
plasma density. The error bars arise from the position-energy conversion.
The gradients chosen are those that were observed to maximize the energy
gain. Acceleration to 2.0 £ 0.1 GeV is achieved with a plasma density of
6.6 % 10 cm~ with a density difference of +2.2% =+ 0.1% over 10 m.
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Comment

Small size (“table-top”) accelerator can be used for biology,
medicine, industry etc.

For high energy usage, the energy transfer, proton<--->electron,
has certain meaning as well as its size.

There are many reports from universities in China for this field.
( though | can not check them this time )



