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and, in some extreme cases, can block the beam completely.14,18,19,30

Most studies in the past of the skimmer effects were dedicated to
continuous beams, and the findings (skimmer shape and
placement) were copied to the pulsed beams without changes.
There are several major differences between a pulsed beam
propagating through a skimmer and a CW beam. The first point
is that the background pressure during the pulse is low enough to
move the bow shock wave (zone of silence5) to many cm from
the nozzle. The second point is that pulsed beams are usually
colder (1 K) than a CW beam (5 K) because the restriction of
limited pumping is removed and higher flows can be obtained.31

Thus, the radial velocity component of atoms is lower in the
pulsed case (∼100 m/s for helium). The short duration of the
pulsed beam (that reaches 30 μs for a helium pulse at the
skimmer inlet, 200 mm from the nozzle) limits the distances to
the surfaces that are involved in the skimmer interaction, to a few
(3) mm in the radial direction. There is no time for a pressure to
build up inside the skimmer. Thus, slim skimmers (that remove
the shock wave from the skimmer tip) can be used more freely.
The DSMC program is ideally suited to visualize the flow in the
regime of the extrapolated densities from a shaped nozzle.
Figure 9 shows the flow of a 1 K helium beam moving at
1750 m/s and a beam density of 3 � 1022 atoms/m3. The grid
used for the simulation is fine enough to allow a skimmer tip
definition of 3 μm only. Skimmer angle is 25� (total), length is
50 mm, and its opening diameter is 3 mm. The shock wave is
weak at the tip, but the gas is still heated as can be seen in

Figure 10. The local hot spot (2 K in this case), formed near the
skimmer inlet, causes the gas to expand radially at an angle of
0.1 Steradians, lowering the axial beam density as it leaves the
skimmer base. The simulation allows us to plot the axial beam
density attenuation as a function of skimmer opening, as shown
in Figure 11.

We could simulate and quantify the beam blocking occurring
in small skimmer entrance diameters and large incoming beam
densities. Even at large diameters (4 mm), skimmer transmission
is not higher than 60% and can be much lower (the transmission
is defined as the ratio of the on axis beam densities at the skimmer
entrance to its base density). The densities are those generated at
a distance of 200 mm from a high-pressure (100 bar) pulsed
nozzle with 0.2 mm and a 50� conical nozzle.

Figure 12 shows the effect of the edge sharpness of the
skimmer. It is recognized that skimmers have to be sharp, but
how sharp do they have to be? Our simulations show that an edge
sharpness of 3 μm is required to eliminate the heat soaking effects
of the gas passing through the skimmer. A blunt (100 μm edge)
skimmer can cause a rise of 100 K in the beam that affects the
beam spread upon leaving the skimmer and may harm fragile
clusters that can be in the beam. As can be seen from Figure 12,
there are still collisions in the beam, even at a large distance of

Figure 9. Density map of a CW flow around a slim skimmer with large
opening.

Figure 10. Translation temperature map (logarithmic scale) of a CW
flow for a slim skimmer.

Figure 11. Skimmer transmittance for several openings and beam
densities.

Figure 8. Neon jet from a 40� conical nozzle. The neon glows by a
pulsed electrical discharge in the nozzle.


