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(AWA) to provide “plasma diagnostic”

-- possible types
1) Microwave cavity over an open section of DWA;
2) Interferometer (e.g. Mach-Zehnder) based;
3) Using Schlieren

1) the average plasma density is measured by the microwave resonator method
(probably at 12GHz);
2) to pass an IR or visible laser beam down the axis of the PDWA; 
the plasma would form a leg of an interferometer to count fringes;
3) some information about the radial electron density profile using schlieren
(advanced shadowgraph)

1)

3)

2)





one drive, 
or a few

outer radius of dielectric tube 600 microns
inner radius of dielectric tube 500 microns
relative dielectric constant, ε (fused 
silica liner)      

3.75

drive bunch charge 3 nC
drive bunch length, Lb (box 
distribution)

200 microns

drive bunch radius, rb (box 
distribution)

450 microns

drive bunch electron density, nb 1.47 x 1014 cm-3

nb/np 1/3

@ r=0.45mm



Configuration space (r, vertical; z, horizontal; dimension unit is meter) plot

of the electrons (left figure, tan shading representing computed discrete

dots for particles) at t = 26.7 psec; dielectric wall is shown in orange. In

the right figure, positive ions (green shading) are shown. The drive bunch

is at the right-hand side of the figures, and the wakefield trails left. The

transverse force has pushed plasma electrons to the wall in the wavy black

region adjacent to the wall that remains filled with positive ions, thereby

producing the periodic plasma wave. Plasma fills the entire unit up to the

dielectric wall.



OD of dielectric tube 10.22 mm
ID of dielectric tube 8.0 mm
relative dielectric constant, ε (fused silica) 3.75
drive bunch charge 1 nC
drive bunch length, Lb (box distribution) 2.0 mm
drive bunch radius, rb (box distribution) 2.0 mm
drive bunch electron density, nb 2.5 x 1011

cm3

plasma radius
nb/np

4.0 mm
1/3  

Thus, an experiment conducted at AWA could provide

validation of this concept as a high energy accelerator, even

though the predicted acceleration gradient is not high, but the

motion of test particles distributed at a typical witness bunch

location shows focusing action upon sample particles following

the drive bunch at the location of the witness bunch…
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1 -- Microwave cavity over an open section of DWA



The lower electron density limit can be improved by increasing

the cavity Q-factor. This follows from the fact that, at low

densities of free electrons, ne ~ BWξ . In our present setup, Q

~1000, and the minimum density ne, min ~ 108 cm-3; If one

works, however, with Q ~3000-5000, this will still allow us to

capture the processes on the micro-sec time-scale, yet to detect

ne, min 2÷4 × 107 cm-3.



2 -- Interferometer (e.g. Mach-Zehnder) based 3 -- Using Schlieren

The Mach–Zehnder interferometer's relatively large

and freely accessible working space, and its

flexibility in locating the fringes has made it the

interferometer of choice for visualizing flowin wind

tunnels[6][7] and for flow visualization studies in

general. It is frequently used in the fields of

aerodynamics, plasma physics and heat transfer to

measure pressure, density, and temperature

changes in gases.
From Wikipedia, the free encyclopedia

A typical application in gas dynamics is the study of shock

waves in ballistics and supersonic or hypersonic vehicles.

Flows caused by heating, physical absorption[6] or

chemical reactions can be visualized. Thus schlieren

photography can be used in many engineering problems

such as heat transfer, leak detection, study of boundary

layer detachment, and characterization of optics.

From Wikipedia, the free encyclopedia

https://en.wikipedia.org/wiki/Flow_visualization
https://en.wikipedia.org/wiki/Mach%E2%80%93Zehnder_interferometer#cite_note-Chevalerias1957-6
https://en.wikipedia.org/wiki/Mach%E2%80%93Zehnder_interferometer#cite_note-Ristic-7
https://en.wikipedia.org/wiki/Plasma_physics
https://en.wikipedia.org/wiki/Heat_transfer
https://en.wikipedia.org/wiki/Schlieren_photography#cite_note-6

