Fang Fang
(Presented by Chris Clayton)

Advisor: Professor Chan Joshi

Department of Electrical Engineering, UCLA

Thank to: Chris Clayton, Ken Marsh. Joe Ralph. Art Pak
Wel Lu, Frank Tsung




Introcluction

» The complete nonlinear evolution of a plasma wake driven
by an intense laser pulse 1s of great interest.

« Subtle and continuous changes 1n the properties of the
channeled laser pulse will affect the phase velocity of the
trailling wake.

« We investigate these subtle changes of the leading edge of
the plasma wake: 1n particular, the velocity and amplitude
of this so-called “wave-front .
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| 00ols and Parameters

Diagnostics. ..

Time/space resolved shadowgraphy.

Time/space resolved interferometry (low n,).

Time/space/m resolved transverse Thomson scattering (high n,).
Forward-scattered pump-laser spectrum.

Forward-emitted electrons.

T1i:Sapphire Laser and He gas. ..

2TW <Py <3TW: w,=10 um: t=45+31s; 1,=55+51s
1.3x10%¥<I,<1.9x 108 W/cm™
0.96<a,<1.2

n, = 1.3 x 10 cm~ (low ne).
— 1.5mm gas jet

n, =35 x 10 cm= (high ne).

6
— 2.0mm gas jet
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Hign n, setup
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Hign n, setup
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Hign n, results
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Data points are clearly deviating from linear V.. But again,
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Hign n, resulis (rep

3 . 1
 n,=5x10"%m>= 2mm

Substantial slippage with respect to v, may be
correlated to where EPVW amplitude becomes large.

Shadowgraphy
(z-resolved).

Shadowgraph intensity
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Hlign n, results (replotted)

N, =5 x 10"%m=, 2mm

Substantial slippage with respect to v, may be
correlated to where EPVW amplitude becomes large.

Thomson-scattered Shadowgraphy
intensity (z-resolved) (z-resolved).
Thomson-scattered intensity = dw (671.16nm--704.72nm ) Shadowgraph intensity

vertical position (pixels)
vertical position (pixels)
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Wave-front appears to move ‘super-

luminal’ at first: consistent with self-
focusing.

SDG and TS slippage (um)

Similar motion of front of wake seen in

3-D simulations of our parameters.
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Conclusions

 We have observed the evolution of the plasma “wave-front” in a
high density (5 x 10”cm?) plasma.

« Four regions are 1dentified
— Self-focusing region where the wave-front moves superluminally.
— A region where the plasma wave 1s building up.
— A turning-down ot the wave-front velocity from V. correlated to the
onset of strong Thomson scattering.
— A final, rapid drop in the wave-front velocity, perhaps associated with
pump depletion.
* The mtegrated slippage of the wave-front at Z=800pum 1s ~ 8 A
and therefore must have a major impact on electron dephasing.
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