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Outline

« Externally excited 1on waves.
— Calculation of terms and moments of the
kinetic equation.
* Incoherent detection and 1dentification of
waves.

— Use of the phase-space cross-correlation
matrix.

» Electron wave-particle interaction with
Alfven waves.
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Fluid Dispersion relation
2

a)pi k2 o 1
) Y
0, A

w = kC



Kinetic Dispersion Relation
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(For the case of a maxwellian f(v))
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Generalized Hilbert Transform
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E(u)
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-8 Wave Amplitude Spectrum

From the CVK spectrum (G-transform)
at a single spatial location.

From a FFT of the plasma
perturbed density.
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Number of resonant particles:

N=Fw/k)AT3 (&V)

N~2CIs+ell (w/k)

So this approach 1s
problematic for Te>>Ti



Second order perturbations
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Wave Field from f1
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First term: df 1s'dt Nonlinear df/dt E(w=0)
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Phase-space correlation function : C

T1.,To, U1, U9: T) = <(5]L(f1 U1 . f)(Sf(Tg Uo, T — T,)>t

C (i1 21 il w2 ;0)=Cxdl 2l w2 vl ;—17)

For a set of velocities w=w; the matrix C(w, @, @,) is
Hermitian

C (1 xdl ,vil w2 w)=C(xl 21 02 ,vil ;w)T*



Photon Counting
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Kruskal-Oberman Energy Density
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LIF power density
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SVD Strength
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Singular Value Strength
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f = 1650 Hz: data evec #1
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= 1650 Hz; Strongest SVD's Eigenvalue
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Alfven wave-particle interaction with electrons.

This gives the dispersion relation for the perturbed electron current:
U=w/k
e=14+(VIAT2 —uT2 ) /vitT2 1/kIxT2 672 (1+{Z(¢))
c=u/V2 vit



The LAPD generates a linear magnetized plasma.
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* Length: 16.6 m * n,=10% cm3

* Diameter: 50 cm e T.,=2¢eV

* Duration: 10 ms * v,=3.4x10%cm/s

* Repetition rate: 1 Hz * B=3.4x10°><m_/m.

° F|” gas: H2 * Vte/VA= 0.18 (Can prOduce
* B,=1800 G NEGEIWELRRYENES



LAPD setup for generating Alfvén waves
and measure g.(v)).

Side View

Not To Scale O OO O O B,—>

Plasma Column

ASW antenna launches Whistler probes (W1, Note: In the LAPD,

Alfvén waves. W2) record ge(vll ). Z is the parallel
direction.



I/, cannot be measured directly.

. E,/E, ~0.003

» Calculate £, using Faraday’s law.
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Whistler mode damping is measured
with two dipole antennas.

II_-.APID) Plasma
Transmitted Whistler Wave Received

amplitude A; I\/\/\'W amplitude A,

AR — ATG_(kWZi>Z



Measured background
geO

* Asymmetry from cathode source

Background Distribution g
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Amplitude of modeled and

measured oscillations agree.
d. Amplitude

x107"

-100 5 0 50 100
Sign(vz) x Electron Energy (eV)




IS more Alfvénic during
expeg'@g@gl)s with the inductive antenna.
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harmonics suggest nonlinear
g. (v, yave-particle interaction.

Electrostatic antenna Inductive antenna

« No harmonics above noise « Harmonics above noise
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Conclusions

» Velocity sensitive diagnostics allow direct
substitution of data into the Vlasov equation.

 This validation is a strict test of physical
processe as well as of systematic effects in
the diagnostic.

* The many electromechanical degrees of
freedom of the Vlasov equation can be
observed experimentally.



Acknowledgements

Graduate students doing LIF: Sean Mattingly,
Jorge Berumen, Feng Chu, and Ryan Hood.

Gradute student on electron acceleration: Jim
Schroeder.

Collaborators on LAPD: Craig Kletzing, Greg
Howes, Troy Carter, Seth Dorfman, Steve
Vincena.

NSF, DOE.



