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This document describes the core apparatus available to do the transmission measure-
ments through the DVCS PbF2 crystals, how to setup the commercial software to take the
data and the simple pieces of code we wrote to do the analysis.
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When a flux light (F ) is incident on a medium, a part R of this flux is reflected by the
medium surface, an other part A is absorbed by the medium and the remaining part T is
transmitted through the medium such that:

T + A + R = F (1)

This document describes how to measure the transmission coefficient τ defined as

τ =
T

F
=

L− A−R

F
(2)

even though the actual quantity of interest (for the radiation damage point of view) is the
absorption A. Curing is not supposed to affect the reflectivity of the surfaces, and with this
hypothesis measuring the effect of the curing on τ is a good indication of the variation of
the absorption A. Nevertheless, this means that even with no absorption τ would not be
100 %. Actually, a rought calculation of the reflection fraction using the Fresnel equation
gives a reflection fraction of 8.5% (air index of reflection =1, PbF2=1.82 at 400 nm). Such
that τ measured at 400 nm, should not exceed 91.5%.
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1 Apparatus and setup

1.1 Hardware

Figure 1 is an exert of the Ocean Optics catalog [1] describing the core apparatus we are
using. It consist of a Deuterium-Tungsten (DT) halogen lamp and a High-resolution (HR)
Spectrometer analyzing the spectra of the lamp. The apparatus is provided with a system
of fibers, collimating lenses and lenses fixture for sampling. Figure 3 shows the wave length
analyzer of the photo-spectrometer and figure 2 gives the specifications of the DT lamp.
Figure 4 shows the spectrum measured by the combination of the DT lamp and the HR.
Finally, to do the transmission measurements through the DVCS crystal, a 2 pieces wood
support is provided. The goal of the support is double: level the crystal with the fibers,
and insure that the fibers stay perpendicular to the crystal.

Tips and recommendation

- The DT lamp takes 1/2 hour to warm up and reach its stated stability (see figure 2).
But the bubles inside the lamp have a ”short” life time. The Deuterium lamp last
800h∼1 month. So it is just better to turn off the lamp when not in use.

- The intensity and even shape of the DT spectrum measured by the HR is very sensitive
on how well the fibers are attached to the two devices and the fiber holder. For reliable
results make sure the fibers are screwed all way in.

- Remember that the ADC counting the intensity of the spectra does saturates at
2.1016=65536.

- The fiber holder is less sturdy than it looks at first. Make sure while taking the
data that its legs do not brush the side of the wood support. This would distort the
spectrum you are measuring. Actually it was what was giving us transmission greater
then 100% at first.

1.2 Data acquisition

The HR is read by a commercial software called SpectraSuite. SpectraSuite is a modular,
Java-based spectroscopy software platform that operates on Windows, Macintosh and Linux
operating systems. We have been using it under Linux only. The CD of the software contains
the executables as well as a copy of operating manual.
The software can control any Ocean Optics USB spectrometer and device. So far, we have
been using it only for setting up the integration time of the ADC (usually 500µs) and to
save the data when prompted with a Crtl-S signal. Figure 5 shows the configuration we
have chosen for saving the data as well as how to access this configuration window.
Tips and recommendation

- The HR needs to be plugged to the USB port of the computer before starting the
software.
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- We were unable to check that the memory of the ADC was cleared out after each
reading but it seems to us that it is not. Make sure to let the software cycle through
a bunch of acquisition before saving data if you go to a new configuration.

- SpectraSuite doesn’t keep track of the number of files it already has saved. That is if
you close SpectraSuite, then re-open in the configuration shown on figure 5, the first
file number it will save is 00000. There is therefore a risk of overwriting previous data.
To avoid that, we have been changing the directory in which the data are saved daily.
There migth be a smarter way to do that.

2 Taking data

In practice, to measure the transmission τ of the light through the block, one computes the
following ratio:

τ(λ) =
S(λ)−B(λ)

L(λ)−B(λ)
(3)

where λ is the wave length, L(λ) is the intensity of the light source at a given wavelength,
B(λ) is the intensity of the background and S(λ) is the intensity of the lamp after going
through the block. This means that one need to provide three measurements to evaluate
the transmission: one with the lamp obstructed (B), one with the lamp on but no block
(L) and finally one with the block in the path of the light (S).

Tips and recommendation

- When measuring the background B, one should be careful to block the light coming
out the DT lamp which is not the same as blocking the light getting into the HR:
the background B has a contribution from the HR ADC pedestal but also potentially
from the ambient light of the room where the data are taken. For the lab we have
been working in (brightly illuminated by a white fluorescent light), we have evaluated
the contribution of the ambient light to be 0̃.5 % of L−B.

- In order to check that the direct light spectra L is stable through out the data taking,
we have taken the habit to measure L both at the beginning and at the end of the
exercise. Only one measurement of B is needed.

- For the data we have taken, we used the sticker on the crystal as a reference. We put
the sticker up and use it to signal the end of the crystal marked as location 0 cm.

3 Analyzing the data

We have written two simple codes to analyze the data produced by SpectraSuite. Both code
use the class onedatafile.h (.C) that reads and manipulate the data from one data file from
SpectraSuite.
The code check.C compares an arbitrary number of spectra (from different files) together.
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Figure 6 shows both the text and graphic output of the program check.C.
The code analysis.C computes the transmission of the light through the crystal measured
at different location along the crystal. Figure 7 shows both the text and graphic output of
the program. This figure also shows the input file necessary to run this code.

References

[1] Ocean Optics, Inc, http://www.oceanoptics.com
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Figure 1: Typical transmission tools proposed Ocean optics. This picture is extracted from
the 2006 Ocean Optics catalog.
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Figure 2: Deuterium-Tungsten lamp specification. Note that we own two lamps a DT-MINI
and a DT-MINI-GS. The DT-MINI is the version preceeding the DT-MINI-2 This picture
is extracted from the 2006 Ocean Optics catalog.
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Figure 3: Diagram of the ”HR” optical bench used in the HR4000 high-resolution Spectrom-
eter. It shows how light moves through the symmetrical crossed Czerny-Turner design of the
bench. This picture is extracted from the 2006 Ocean Optics catalog.
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Figure 4: Deuterium-Tungsten lamp spectrum measured by the HR spectrometer. This spec-
tra is obtained with the thiner binning delivered by the HR spectrometer (∼ 0.3 nm/bin).
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Figure 5: Suggested configuration for saving data within SpectraSuite. Choose: ”Save every
scan” and ”Stop after 1 scan”. To be analyzed using the software we wrote, choose to save
under the format ”Tab Delimited”. Note also on the lower portion of this window, how to
open the window and save the files.
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Figure 6: Text and graphic outputs of the software check.C. This code lets you compare the
spectra (from different SpectraSuite files). Note these outputs are produced for data taken
with the broken lamp which explains the lack of counts below 500 nm
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Figure 7: Text and graphic outputs of analysis.C. This code computes the transmission
coefficient of the crystal along the crystal position. The lower right window shows the input
file use to produce these outputs.
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