
𝜎′′(𝑧) + 𝐾𝛽
2 −

𝜀𝑔
2

𝜎4 𝑧
𝜎(𝑧) = 0

𝑞2

2𝑚𝑒𝜖0𝑐
2
∙ 𝑛𝑝𝑒(𝑧) −

𝜀𝑁
2

𝛾(𝑧)𝜎4(𝑧)
= 0

matching condition

focusing term ion column
defocusing term 
(divergence)

ENVELOPE EQUATION 



DENSITY STEP

PLASMA EXIT

“screen”

plasma exit



DENSITY RAMP

𝑞2

2𝑚𝑒𝜖0𝑐
2
∙ 𝑛𝑝𝑒(𝑧) −

𝜀𝑁
2

𝛾(𝑧)𝜎4(𝑧)
= 0

PLASMA EXIT

“screen”

plasma exit



EFFECT OF ACCELERATION (no energy spread)

𝑞2

2𝑚𝑒𝜖0𝑐
2
∙ 𝑛𝑝𝑒(𝑧) −

𝜀𝑁
2

𝛾(𝑧)𝜎4(𝑧)
= 0

no plasma

matched



EFFECT OF ACCELERATION (no energy spread)

matched



PLASMA ENTRANCE
laser pulse – electron beam time misalignment may cause mismatch  beam is not injected at the waist: σ’ (z0) ≠ 0

no plasma

matched (injection at the waist)

mismatched (injection before the wait)



PLASMA ENTRANCE

no plasma

matched (injection at 
the waist)

mismatched (injection 
before the waist)

mismatched (injection 
after the waist)


