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Introduction

In mid-2002, spurious emission was detected from z-cut quartz windows during Raman
experiments under shock loading. This emission was comparable to the Raman signal intensity
and significantly reduced the signal to noise ratio in these measurements. Ambient
characterization did not reveal any bulk defects with these windows and ambient spectroscopy
measurements indicated no emission; the problem was only evident under shock loading. In the
following report we summarize the emission observed between mid-2002 and mid-2004, suggest
what may have caused the emission, and show the results of recent measurements with no

emission.

Results

Beginning with windows acquired from Boston Piezo-Optics under purchase order
F378180 and received 9/26/2002, extraneous emission was detected during shock loading and
unloading. The intensity of this emitted light was comparable to the quartz Raman signal, which
led to a severe reduction in signal-to-noise for Raman measurements. Characterization of these
windows at ambient conditions (density, sound speed, Laue X-ray diffraction) gave expected
results and did not indicate any problems with the material. Furthermore, ambient spectroscopy
measurements did not exhibit any emission.

Figure 1 shows a Raman spectrum of quartz at 5.0 GPa (shot number 00-041) taken with
windows procured before 9/26/2002. The Raman peaks are clearly seen against the background
and no emission was detected. The pressure-induced shifting of the Raman transitions is also
clearly seen.

Figures 2 and 3 show normalized Raman spectra of emissive z-cut quartz at peak stress
(5.6 GPa) and after unloading (shot number 03-050). Figure 4 shows a Raman spectrum of z-cut
quartz at 2.7 GPa peak stress, well below the HEL (shot 04-013). These spectra all exhibit a
large emissive background that significantly lowers the signal-to-noise of the Raman peaks.
Figure 5 is an emission spectrum from quartz without a pump laser taken at peak stress (5.5 GPa,
shot number 04-011). The presence of emission in this spectrum indicates that the laser pulse
used in Raman measurements is not the cause of the emission; the emission is stress induced. In
addition it is very broad with an apparent peak around 550 nm. (Without a rigorous intensity

calibration the actual peak of the emission cannot be firmly stated).
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After attempts by Chris Brooks to reproduce Dan Dolan’s water freezing experiments
using the newer quartz windows were unsuccessful, it was suspected that the emission may be
the result of a surface phenomenon. After contacting Boston Piezo-Optics, Kurt Zimmerman
determined that they had altered their polishing process. As a final step, the windows were
cleaned with Windex instead of alcohol. Cleaning of the emissive windows at ISP with various
alcohols and acetone was not successful in removing or abating the surface differences caused by
this process change. New windows were ordered, with a request that they be cleaned with
alcohol only. In addition, windows were purchased from a second vendor, Meller Optics, in
order to compare with those from Boston Piezo-Optics.

A Raman experiment at 5.5 GPa (shot number 04-561) performed 11/23/2004 using a
Meller Optics sample found no extraneous emission (see Figure 6). Similarly, a Raman
experiment with a newer Boston Piezo-Optics sample (5.5 GPa peak stress, shot number 04-
568), performed on 12/21/2004, also found no extraneous emission (see Figure 7). Based on
these two measurements, it appears that the emission was the result of the process change at

Boston Piezo-Optics.

Summary

Windows procured from Boston Piezo-Optics prior to 2002 and after October 2004, as
well as windows recently purchased from Meller Optics, do not produce the spurious emission.
The emission observed from z-cut quartz in Raman measurements from late 2002 through late
2004 was likely the result of a processing change at Boston Piezo-Optics. Thus, excluding
windows from late 2002 to mid 2004, z-cut quartz from Meller Optics and Boston Piezo-Optics

are suitable for Raman and other light-scarce experiments.
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Figures
Figure 1. Raman spectra of non-emissive z-cut quartz window acquired before 2002 at ambient

and peak stress (shot # 00-041, 5.0 GPa).
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Figure 2. Raman spectrum of emissive z-cut quartz at peak stress (shot # 03-050, 5.6 GPa).
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Figure 3. Raman spectrum of emissive z-cut quartz after shock unloading (shot # 03-050, 5.6

GPa peak stress before unloading).
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Figure 4. Raman spectrum of emissive z-cut quartz at 2.7 GPa peak stress (shot # 04-013).
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Figure 5. Emission spectrum of z-cut quartz under shock loading (shot # 04-011, 5.5 GPa).
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Figure 6. Raman spectra of z-cut quartz window obtained from Meller Optics at ambient and

peak stress (shot # 04-561, 5.5 GPa).
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Figure 7. Raman spectra of non-emissive z-cut quartz window from Boston Piezo-Optics,

acquired October, 2004, at ambient and peak stress (shot # 04-568, 5.5 GPa).
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