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Plasma accelerator

2D representation of a wakefield plasma accelerator
from an OSIRIS simulation
TED-X@CERN talk
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The AWAKE experiment MS|: p+ beam self-modulation™
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The AWAKE experiment MS2: electron acceleration™
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The AWAKE experiment Run 2 in preparation

Run 2 A (> 2021)
Acceleration of electron beams and quality preservation

Propagation of self-modulated beams in long plasmas

Run 2 B (>> 2021)
Acceleration in very long plasmas

Bunch compression, increased acceleration e” spectrometer

e (~100s fs, > 20 MeV) e- emittance

10m plasma
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Project FCT : CERN/FIS-TEC/0017/2019
Task 3: Direct current discharge plasma source (in progress)
Objectives: long Ar / Xe plasmas (> 10 m) high density precision (~ 0.25 %)
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Plasma discharges
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Accelerator tube geometry

cathode anode

C """" N """""" : Test tube parameters D
.......... ; 1o
R G~0.15m
d Rc D ~ 10 mm
: : C ~ 40 nF
oW — Ve ~ 1-10 kv
VA Ra ~ 20-80 Q
. c -
: T ~ 1-15 ps
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Test of an heater switch
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Heater circuit stage
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Over voltage prot.
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Scaling for long tubes
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.ignition + heating

20 A x 120 kV + 1250 x 10 kV
2.4 kW + 12.5 kW
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lgnition flyback circuit
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lgnition + keep + heater circuit
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lgnition + keep + heater circuit
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Common cathode tube geometry

2 x plasma length
ground tube ends
HV pulses @ middle

block for N tubes
preliminary test

multiple ferrites

estimated ~ 40 Q resistance
at 100-500 MHz

e.gAi =1A~-> AV =40V
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Plasma density interferometry diagnostic
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* New interferometry to be developed at IST under this project

- igniter + heater scheme, double plasma, >10 m, real time density control

* High precision density characterisation of plasma source @ CERN

CW laser - time resolved
multipass & quadrature - precision
fast response - real-time control

slides along plasma

- combines high-precision plasma tube (CERN & IST) + Ignition+heating circuit + Axial interf. (Imperial)

* Real-time plasma density control information for high precision density

- combines transverse interferometry with advanced heating circuit
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Hydrogen contamination

Plasma spectrometric measurements show release of H2 in the plasma
Detected in first high-stability tube at IC (2017-2018)
Likely cause is release from glass walls after plasma ion bombardment
Problem under study by CERN plasma group
Possible solutions..

.. high temperature (400 °C) degassing of glass tubes

. tubes made of quartz and degassed at high temperature (900 °C)
. change gas from Argon to Xenon (w/ lower ionisation potential than hydrogen)
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Summary

Project in progress aiming delivery of prototype plasma sources for AWAKE run I
Plasmas tubes with up to 3 m long tested

Aiming to develop 10 - 20 m long plasma

Aiming to double the length with common cathode geometry

lgnition + keep + heater circuit in development

Interferometry diagnostics in development (collab. IC)

Tubes for high-purity gas and high stability in development (collab. CERN)
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