
TABLE 1. Breakdown Experiment Parameters

Beam Charge (Q) 3 nC Outer Dielectric Radius (b) 162 µm
Beam Energy 30 GeV Dielectric Relative Permittivity (ε) ∼ 3
Beam Radius (σr) 10 µm Peak Decelerating Field 8 GV/m
Beam Length (σz) 100 - 20 µm Peak Accelerating Field 12 GV/m
Inner Dielectric Radius (a) 50 and 100 µm Peak Field at Dielectric 22 GV/m

changes were not resolvable in this experiment. The primary signature of high field
wakes in this first phase of the experiment was the detection of dielectric breakdown.

This dielectric wakefield experiment is unique in that it produced fields comparable to
those in earlier laser breakdown studies. We are particularly interested in differentiating
material breakdown in wake-excited, relatively long wavelength (> 50 µm photon)
systems, as compared with optically (laser) excited systems. Quantum absorption of
photons to produce free electrons in the material is known to be an initiator of avalanche
ionization [4]. This mechanism should be mitigated in the wake experiment, since the
individual photon energies are lower than in the laser case, perhaps allowing higher
fields to be tolerated. In the case of optically excited fields, the breakdown limit for a 70
fs pulse is less than 2 GV/m in fused silica [4]. As discussed below, it seems that surface
fields higher than 2 GV/m where sustained in our dielectric wake experiment at similar
pulse lengths.

The dielectric tubes for this experiment were modified from off-the-shelf synthetic
fused silica capillary tubing (ε ∼= 3), which we procured in 100 and 200 µm ID sizes.
Samples were prepared from this bulk product by cutting pieces to length, removing
the outer polyimide jacket, polishing the cut ends, and coating the outside of the tube
with vapor deposited aluminum. Groups of ten samples were packaged together for the
experiment in modular mounting blocks. The 1 cm wide, by 5 cm long, by 0.5 cm high

FIGURE 2. OOPIC simulation results for parameters Q = 3 nC, beam energy 30 GeV, σr = 10 µm, σz
= 20 µm, a = 50 µm, b = 162 µm, and ε = 3. This contour plot shows the z component of the electric field
(Ez) throughout the simulation region. The electron pulse is moving the right and its centroid coincides
with the sharp peak of Ez near z = 2 mm. Note how the wake oscillations retain the sharply peaked field
distribution.
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