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Figure 1.1 Sequence of SEM images of Al+XeLiF sample showing film sensitivity to
the electron beam. Between each image the sample was irradiated with the electron beam
(3 keV, 50 pA) for approximately 1.5 minutes.

While this visible level of deterioration may not be significant to overall reflection (it has yet

to be tested), the resulting roughening of the surface may be catastrophic if Al+XeLiF were used

on HWO. From an arbitrarily assigned error budget it was derived that there would be a limit of

1 nm rms roughness on the primary mirror [7]. More recently H. Philip Stahl et al. [8] discussed

that the limiting factor for the acceptable near-angle scatter of the coronograph is a combination

of the correlation length with the rms roughness on the primary mirror. As the exact error budget

and roughness limitations become more precisely determined, it will be essential to understand

the potential roughening that will occur in orbit. Many of the larger features seen in Fig. 1.1-4 are

approximately 200 nm in diameter. Depending on their height, they may be the cause of scattering

significant enough to disqualify LiF for use on HWO.
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1.2 Environment at L2 Orbit

Charged particles in space come from several origins, mainly the solar wind, coronal mass ejections

(CME), and galactic cosmic rays (GCR). Depending on the orientation of the telescope and levels

of shielding, different sources will be more prevalent. Minow et al. [9] used a model they developed

entitled the L2 charged particle environment (L2-CPE) model, to estimate the fluence of charged

particles in the sunward and anti-sunward directions at the L2 orbit. Fluence is the total flux per unit

area integrated over a period of time. In the case of electron bombardment on a surface in space, the

fluence would be the number of electrons per unit area over a set period of time. Fig. 1.2 shows the

modeled max electron fluence (electrons/m2 at L2 Minow et al. reported, over a year period for

both sunward and anti-sunward facing surfaces.

Figure 1.2 Log-log graph of the max one year electron fluence (integrated flux) at the L2
orbit for sunward and anti-sunward facing surfaces.

As might be expected, Fig. 1.2 shows that surfaces facing the sun experience higher fluence of

electrons. However, anti-sunward facing surfaces have the same order of magnitude of fluence as

sunward facing surfaces, so they can be treated as roughly the same since the data is viewed on a
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log-log scale. This means simply pointing the telescope away from the sun may be insufficient in

protecting mirror surfaces.

Also of note is the distribution of electrons across the energy spectrum. There are several orders

of magnitude more low energy electrons than high energy. Understanding if the electron energy has

an affect on film degradation will be crucial in this experiment.

1.3 Effect of Low Energy Electrons

High energy particles (on the order of 1 MeV) are often of more concern as they can penetrate deep

into materials where they deposit the majority of their energy. This is the case when considering

shielding requirements for electronics or protecting astronauts on a mission. However, low energy

particles (100’s of eV) are more concerning for mirrors and thin films because they will deposit

their energy within the thin mirror coatings. Fig. 1.3 shows Monte Carlo simulations of electron

interactions in an Al+XeLiF sample. The simulations were done using Casino V2.4.8.1 software

with the film thicknesses of this study. The AlF3 and LiF film thicknesses match what would be

done on HWO. Fig. 1.3 demonstrates that electrons at 700 eV and lower will have their entire

interaction volume contained within the LiF layer. It also shows that electrons with higher energy

(5 keV or more) will interact and deposit the majority of their energy in underlying layers with

fewer interactions in the LiF. This is cause for concern since the majority of electron fluence seen in

Fig. 1.2 is <1 keV.


