Starting point
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We are not the first to start doing research into the optical properties of detector materials, and then specifically PTFE (PolyTetraFluoroEthylene). Like me students in Munich, and here at NIKHEF tried to characterize the optical properties in similar experiments. Both the students at NIKHEF and TUM in Munich were supervised by dr. Tina Pollmann. The graph on screen shows the intensity of reflected light on PTFE for different wavelengths. And I want to build a similar experimental setup but measuring under different conditions. Prior to my arrival at NIKHEF a different student, Jeroen, already did some research and calculations into this new experimental setup. 
There are two things we take from the experiment in Munich without altering, this is the deuterium lamp (although we have a newer model) and the monochromator. These two pieces of equipment are needed for generating the needed wavelengths in the region 100-200 nm. 
I will take over Jeroens design of the vacuum chamber, and will redesign the sample holder. Which will hold the sample, and its geometry and how we can manipulate it will determine what we will measure.
We want to be able to measure the reflectivity and transmission properties of PTFE under certain conditions. And we want these measurements in the vacuum ultraviolet light region of 100-200 nm. Because this is the wavelength region of light produced by scintillated xenon. We want to do this for different but specific wavelengths in this region, hence the monochromator which allows us to control this wavelength. 
And because the light in this VUV region gets absorbed by oxygen, we must create an environment without any oxygen so as little light as possible will get absorbed, in our experiment we chose to do this by creating a vacuum. The light will then be detected by a Silicon photo multiplier, or SiPM. Which will count the photons and will give a value for the intensity of the light. Because we do not know what different variables and parameters, we want to research in the future we want a modular vacuum chamber which allows for adjustments as we see fit. Jeroen therefore settled on a modular vacuum chamber from IdealVac (change image)
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This vacuum chamber is large enough for easily working inside, but small enough that it doesn’t take to long to get a vacuum. Here on the front, we have a KF50 port where the monochromator will be connected, this will be the entrance of the light into the chamber. On the side we have two KF40 ports which will be used for feeding through data cables and on the bottom four KF16 ports which will be used for a mechanical rotary feedthrough to manipulate the sample and the detector angles in relation to the beam of light entering the vacuum chamber. For ease of access this chamber has two vacuum doors which can be opened when there is no vacuum with just a handle, so we do not need to unscrew everything.
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For the sample holder with the mount, we wanted to be able to install the sample (point at part) without touching the front or the back so an open structure was needed. Also, in the future the sample will be cooled and therefore the holder is made of copper for its thermal properties and the holder is made from PTFE with a grating reducing conduction to the feedthrough. The front of the sample (indicate front) always needs to be at the same distance to the light entrance, regardless of what sample thickness is in the holder. Therefore these holes are made on the side so the whole holder can be rotated for different thicknesses on the mount.
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Together with a drawn arm for the detectors it was drawn into the chamber as seen on this image, where this is the entrance point of the light, this is the front face of the sample, this is the detector array, and this is the horizontal angle from which we measure the angle. We do this because it is an easy to determine angle from which we can calculate the angle of incidence of the light on the sample.
The one thing that would be most important throughout this design and building process, is that we are very aware of what materials we introduce into the vacuum. Outgassing is something we have to take very seriously because any outgassing from hydrocarbons from grease or screws or any material brought into the vacuum can settle on the grating of the monochromator and the window of the deuterium lamp changing its properties and how well it performs. If this happens these materials will have to be professionally cleaned to bring them back to there original state, which is something we cannot afford in the time we have.
Comparing the dispersion measurements and calculations of the excitation light beam
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When I first started to look at the dispersion of the light beam it was clear there is a large discrepancy between the measured values and the calculated values. To find the reason of this mis match in order of magnitude, I redid the measurements together with Vikas to see if any mistakes were made which would explain this gap.
	Distance to slit
	Jeroen
	Casimir and Vikas

	50 [mm]
	2.0 [mm]
	1.5 [mm]

	80 [mm]
	2.9 [mm]
	2.7 [mm]

	100 [mm]
	3.0 [mm]
	3.0 [mm]

	130 [mm]
	3.3 [mm]
	3.4 [mm]

	150 [mm]
	4.0 [mm]
	4.1 [mm]



But our measurements were not far of from the values Jeroen found, which shifted my attention to the calculations and expect maybe a mistake in the calculated value. So I recalculated the values in python, and in doing so found a possible mistake in one of the assumptions of Jeroen. 
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Jeroen assumed the distance of the grating from the monochromator entrance and exit slit to be equal. But upon inspection of the manual, I found this not to be the case. There was some confusion of what the values should be, as can be seen by the images from the manual. On one page the entrance arm is the longest and a page later the exit arm is the longest. I decided to run the calculations and look at all options to see what would change and if maybe one would be a perfect fit. 
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It all finally resulted in the following image, where we decided to take the highest value in two error bars and plot a function from there, also shown in the image. This would now be the function to describe the diameter of the beam measured from the exit slit of the monochromator.


New design of the sample holder and mount
Version 1
	[image: ]
	[image: ]


From the calculations and measurements, we got a general idea of the dispersion of the beam which would help with the design of the sample holder and mount. One added requirement was being able to maybe measure two samples in one vacuum run so to say. Or without breaking the vacuum to change the sample, this way we could do more measurements more easily. I also thought the rotation of the holder on the mount was too prone for human error and would make future calculation maybe unnecessary difficult. So, I decided to go for a design, which is similar to the design of Jeroen but mirrored around the rotation axis. And the front part of the sample holder fixed to the mount. This would keep the face of the sample at the same distance regardless of the thickness of the sample. This by accident create a plateau which would probably make the placement of the sample in the holder easier.
But when discussing this design, I found that it was favored in to have the cooling down the center in between the two holders instead of having it mounted to each face independent. And because it was very important not to cool down the rotary feedthrough, I would also have to add the grating to minimize conduction to the lower part of the mount.
Version 2
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I now knew which feedthrough we wanted to use and I could specify my design to this. I added the space between the two holders from where we could connect a cold element to the two holders. And added the grating to the bottom part of the mount to thermally isolate the feedthrough as good as possible. One error I made is in the middle section where it is now impossible to place a screw, because the spacing is 1.2cm. We therefore decided to completely remove the vertical holder support and assume the four screws in the horizontal part together with a small support notch around the center would do the job of holding the holder in place. But before designing a third version I wanted to look into the beam in the chamber and the position of the sample to reduce any other uncertainties.
Angle of incidence the sample makes with the beam of light
(Image in slide)
(Draw in Jeroens setup) This is a top view of the vacuum chamber at the location where the sample will be placed. Because I now changed to a double holder on the mount my space to swivel it around would be limited and I had to move the mount to one of the different feedthroughs. Where I started to do my analyses of what angles of incidence would be the maximums before loosing any light on the side of the sample. With a sample of 2cm wide the maximum angle upward would be 45 degrees and 25 degrees downward (draw a sketch of this). To see how and how much these values would change with a larger sample size and maybe an offset I ran two other setups giving larger results but would limit me by making the mount even wider. I also found that the face of the sample not being in line with the axis of radiation added a layer to the math which could be designed out and I would assume make the up and down angle more alike, they will never be equal due to the divergence of the lightbeam.


Version 3
[image: ]
With this I also took al closer look to the outside of the vacuum chamber and found we needed an adapter to connect the feedthrough to the chamber because the flanges don’t match. This lowered the feedthrough which made me draw up a beginning of the third version last week looking like.
Data acquisition
[image: ][image: ][image: ][image: ]
Parallel to designing the sample holder and mount I also started looking into the data acquisition. And found that the system used in Munich performed good. So instead of reinventing the wheel we looked at the system to see if it was applicable to our case or that we changed to much on the setup. But it would appear not. So we would also use a raspberry PI to connect to the sensor through the D-sub feedthroughs, of which we initially had two be we changed to three because we would most likely need a lot of cables for the sensor array. Which would store it as one measurement run, but would also give us the opportunity to look at the measurements live using a monitor to see the status. The PI would also be connected to the motor of the monochromator via an Arduino. So we can do multiple experiments for different wavelengths automatically without changing the wavelength manually. The only parameter we would have to change manually in a measurement run would be the angle of incidence of the light and the position of the detectors. And we want to keep track of the temperature to get a feeling for the amount of dark noise the sensor will generate, the cooler the better results.
Designing the table supporting the experimental equipment being able to work in a preferred ergonomic posture
[image: ]
[image: ]
Together with Vikas I started to look into the design of a table on which we would assemble the different parts of the experiment. Here we measured what would be an ergonomically preferred height to work on without losing the ability to reach for the most far away part of equipment. Here we agreed that the vacuum chamber will be the part on which we have to work the most and thus will be placed at the ideal height, being 1 meter from the floor. The monochromator will be placed lower which is fixed by the connection it has to the chamber making it 10 cm lower. And on a bottom part the pump will be housed which again is on a fixed distance due to the top connection to the monochromator. The right side of the table will be free for all other equipment to be placed such as the monitor of still unforeseen equipment.
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