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Energy gain and length
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Starting from the wave equation:

E = E(x, y, z) exp(i(kz � !t))x̂

For a solution of the form (fast oscillations only in z):

Leads to paraxial wave equation:
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Gaussian Focussing



w = w0

s

1 +

✓
z

zR

◆2

(beam waist)

R =

1

z

�
z2 + zR

2
�

(radius of curvature)

tan�0 =

�z

⇡w0
2

(Gouy phase)

@2E

@r2
+

1

r

@E

@r
� 2ik

@E

@z
= 0

Gaussian Focussing
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Gaussian Focussing
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At z = zR, I = ½ I0, so zR is effective interaction length
For w0 ~ 30 µm, λ0~1 µm, zR ~ 3 mm 

But for ne ~ 1018 cm-3, (λp ~ 30 µm), Ldeph ~ 3 cm



Plasma Propagation
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For a gaussian pulse of beam width R

Pcr ' 17 (ne/ncr)GW

P. Sprangle et al, PRL, 59, 202 (1987)
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Plasma Propagation
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Thomas et al., PRL 98, 095004 (2007)



Plasma Propagation

Thomas et al., PRL 98, 095004 (2007)

Focal spots after 3 vacuum Rayleigh lengths



Plasma Propagation
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Focussing in a guiding channel can be modelled with:

where the critical channel depth is defined by:

here re is the classical radius of an electron re = e2/me2c2

defocusing focusing
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Pulse compression
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Pulse compression

Schreiber et al., PRL 105, 235003 (2010)
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Photon Acceleration
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Photon Acceleration

Murphy et al., POP 13, 033108 (2006)



Etching and Power

red  
shifting →

compression
etching

Streeter et al., In preparation (2017)



Focussing Summary
Laser pulses in vacuum only have high intensity over a 
Rayleigh range 

Interaction can be extended for laser power P > Pcr or by 
using a guiding profile δn > δnc 

Laser pulses lose energy to wakefield, in extreme case being 
etched from the front. 

Compression can help maintain laser power even as laser 
pulse depletes.



Formula Summary

Regime a0 kpw0 �n/n0 kpLdeph kpLdepl �W �� �W/mc2
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