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Objective:
We presentin this paper a pedestrian,pedagogical introductionto thebasicconcepts,
physicalmechanismsandrecentbreakthroughsin theuseof plasmawakefieldsasa
completelynewmethodof particle acceleration.This newmethodis attractive becauseit
offersthepossibility of really compact acceleratorsaselectron, protonandion beam
sources; althoughherewe focuson electrons. We describe theoriginal ideas, basic
equations andrecentexperimental results. Since themedicalphysics communityis more
familiar with RF microwavetechnologyandconceptsthanthoseof plasmaphysics,we
believethis primer would beusefulandinstructive.

Summary:
Findingnew waysto accelerateparticleshasbeen a Holy Grail eversinceit wasrealized
25 yearsagothatRF technologycould only get to a theoreticallimit of 100MeV/m field
gradient. Pastthat,waveguideelectrical breakdownandbeaminstability are
insurmountable(1). Theseminal work of Tajima-Dawson(2-3) showedhoweverthat
plasma,beingfully ionizedmedia cansupportmuchhigher gradients,andwhenexcited
by short, high-intensitylaserpulseor similar electromagneticpulse, can generate
wakefieldsthatcantrapandaccelerate theplasmaelectronsto fields ashigh as
10GeV/cm. With such high acceleratingfields, particlescangainhugeenergy oververy
shortdistance.The2-mile SLAC acceleratorcanthusbeshrunkinto a few meters,a
medical linac “waveguide” into abouta millimeter.

We describethebasicequationscharacterizinga plasma,its parametric instabilities,and
dispersion relations asresponseto any incomingdisturbance.We derivethe
ponderomotive force(fig.1-3)(exertedby theincident laser/electromagneticpulseon the
plasma), which generates thewakefields (muchlike a movingboat would generatewakes
alongits trail) andshowanalytically how these wakefields trapandacceleratetheplasma
electrons.Finally, we describeseveral importantbreakthroughs(4-6,fig.4) asproofs-of-
principle andadvances towardsa real,practical acceleratordevice.


