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ABSTRACT Alterative acceleration technologies are currently under development for cost-effective, robust, compact and efficient solutions. One such technology is plasma
wakefield acceleration, driven oy either a charged particle or laser beam. However, the potential issues must be studied In detall. In this paper, the emittance growth of the witness
peam through elastic scattering from gaseous media is dernved. The model Is compared with the numerical studies.

beam particles can undergo elastic and Inelastic scattering by the ions and electrons
forming a plasma. tlastic scattering affects the particle angles and vields an emittance
growth while inelastic scattering atfects both particle angle and energy.

EMITTANCE DIFFUSION due to the elastic
scattering of the withess beam from the neutral gas,
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—ollowing the success of LHC's pp collisions such as the Nobel Prize
winning discovery of Higgs boson, the next generation colliders for

ete— and ep colisions are vital to accomplish the tripodal scheme of
discovery, precision measurements and QCD studies. Generally each
successor colider should push the [Imits of the energy frontier further

Coulomb scattering cross-section The concept of plasma wakefield

i acceleration (PWA) introduced a
- new technological era in high
V energy collider design, also
nroposing to employ  existing
o et nrestructure [1]. Towerds  the
s Al @ %( 7 ) CCETEE realisation of a PVWA scheme, the

o advantages and the Issues must
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e explored,

This study Is focused on the interaction of the particles to be accelerated
with the surrounding media consisting of plasma and gas. In this scope,
as a first step, the growth In the emittance due to Coulomb scattering by
gaseous media was studied and presented.

TRACKING PARTICLES THROUGH THE PLASMA AND CONSTRUCTING THE PHASE SPACE In PWA, plasma is produced by ionisation of a channel througn a chamber
filed with a gven gas with a radius given by the ionisation laser specifications [3]. Thersfore particles traveling through the centre of the chamber may interact with the plasma ions
and electrons as wel as the surrounding neutral gas wnen they are scattered out of the plasma channel,

L7_f Coulomb scattering of a beam of 1000 electrons by cylindrically shaped neutral Li gas
/=3 a=6.941 g/mole) column with the radius of 100 mm,

% plasma density of 6 x 1014cm—3,

candidates such as Rb (£ = 37),

TZ LI was chosen due to its orders of magnitude low scatterng cross section compared to the other

M The beam was tracked through the gas column with the steps of 10 to 50 m,
IZ During the tracking the energy Is increased linearly at each stepwith a gradient of 0.5 GeV/m,
(Z ~hase space was reconstructed at various positions and the resulting emittance Is calculated.
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| M The constructed phase space is fed to the next step as the initiel condition,
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CONCLUSIONS AND OUTLOOK As an advanced accelerating technigue PVWA has ever-increasing prospects.  Therefore, the
ootentlal Issues of the scheme must be assessed carefully. This study was Initiated to seek out the Impact of interaction of a witness
oeam with the surrounding plasma formed to provide acceleration. [he emittance growth iInduced In the beam via beam-gas elastic
scattering was studied analytically based on the existing model 1or the beam-gas scatterng in damping rngs. [he prelminary results
of this novel study are presented In this paper. It has been shown that the beam-plasma interaction is expected to be significant in
the apsence of any means of focusing and the evolution of phase space can be feasibly studied by using GEANT4, In order to
ootain the most realistic representation of interaction between beam and plasma and a realistic estimation on the emittance growth,
several Improvements to the existing GEANT4 model are In progress. Conseguently, In the further studies the model will include an
electric field on the beam axis to simulate the linear acceleration instead of changing the beam energy at each step of simulation. In
addition a magnetic field wil pe introduced In a way to simulate the focusing component of the plasma waketield. A thin plasma
channel consisting of ionised gas and electrons wil be simulated within a volume of gas atoms to represent the configuration In an

actual plasma tank where ionisation occurs only In the Inner region illuminated by a laser
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