Progress 2
Why investigate the optical properties, and what makes it complex
When a particle hits the liquid Xenon it either results in an electron or a photon. The VUV experiment will focus on the released photon. Because the photon cannot be forced towards a detector, detecting it will depend on the direction it is released in. Reflecting the photons would increase the chance of detection. Therefore, we build an experiment looking into the properties of used detector materials measuring their reflectance and transmission. This because little is known about these materials in the region of VUV. The reason this is not done often is the difficulty of creating the same conditions as in the xenon experiment itself. For example, the VUV wavelength is difficult to generate and scan through a spectrum of possible wavelengths needs special equipment. Also the VUV gets easily absorbed by all sorts of materials including some types of glass and oxygen. When these hurdles have been overcome, we have the final hurdle of detecting the photons. I will take you through the design and how we tried to build this experiment taking the difficulties into account.
What does the design look like
On the slide now, you see the overall CAD drawing of the experiment. Where we have the vacuum chamber, this is where the samples of detector material for the experiment will be placed. This is a modular design such that it can be changed when different parameters need to be variable. Next to the vacuum chamber is the monochromator with deuterium lamp, which gives us the ability to select different wavelengths in the region 100 to 200 nm. And lastly the vacuum pump which will bring the whole setup to around  mbar, so we can have an oxygen free environment. I will go into detail of the different parts later in this presentation.
CAD drawing of the complete VUV experiment with the modular table
Because of the custom designed setup, we also need a custom designed table to house this experiment. We decided on line 5 profiles, this gave us the option of completely customizing the table with the ability to change it later down the line. It will give flexibility when changes need to be made later on.
Presentation outline
We will go through the whole setup and see how the design translates to real life and if some design aspects did not go as expected or where we decided to change things. During the presentation the part where I am talking about will be highlighted in the right top corner. And when talking about data acquisition I will show this image of a raspberry Pi.
The Deuterium lamp
As light source we use a Hamamatsu L15094 which is a new model designed for use in vacuum and producing Vacuum UV light. The light produced by this lamp is between 115 to 400 nm. And the window of the lamp is made from  (magnesiumfluoride) to reduce the absorption of the light in the low range. The mount of the lamp is custom made by McPhearsons to fit their monochromator. Which brings us to the monochromator.
The monochromator
Because the deuterium lamp emits a spectrum of light, we need to use the monochromator to reduce the spectrum to a single wavelength. Because we can isolate a single wavelength, we can really measure the optical properties of detector materials for the wavelength found in the experiment where the material originates from. The wavelength can be selected using this knob on the side or using the build in stepper motor to let a computer of controller change the wavelength. The vacuum I spoke about will be created using a pumping station. And the pump will be connected to the bottom of the monochromator.
The pumping station 
To create the oxygen free environment and make sure enough VUV lights makes it to the sample we want a vacuum of  mbar, we use a two-stage vacuum pumping station. We use the Pfeiffer HiCube 80 Eco, within this pumping station is a pre-pump pumping from atmosphere to  mbar and a turbopump making the last step towards  mbar. This pumping station has its own pressure sensor, and this sensor will be used in data acquisition and other monitoring software to indicate the pressure within the experiment.
Vacuum Chamber
Then we get to the star of the show. Which really makes this experiment modular. The IdealVac 12x12x6 inch modular vacuum chamber. There is a base frame to which all sorts of different plates and adapters can be connected to create the needed feedthroughs and options for your experiment. Here we see the CAD design next to the real chamber in the lab. And one of the specialized parts we see is the 3x DN-40 holes where we will use 9 pin Dsub vacuum feedthroughs to get the signals from temperature and light sensors form the vacuum to the data acquisition. 
On the inside we have lots of threaded holes to, if we want fix a setup within the vacuum. We did not realize upfront they would have so many holes with the depth they have, and all this extra surface could become a challenge for the vacuum pump. In this slide we also seed the bottom feedthroughs which will be used to connect a rotary feedthrough to the sample.
The Monochromator will be connected to the vacuum chamber using a DN-50 connection. Which will be placed on the front of the chamber, as seen in the drawing. Because of missing adapters, I was not able to install the plates yet. 
There is a variety of adapters going from 12x12 inch to 4x 6x6 inch, which we use at the bottom of the experiment. Or from 12x12 to x2 12x6, and 12x6 to 2x 6x6. And these 12x6 to 6x6 are on backorder. 
 We see in this image the O-rings, another great reason using this brand of chamber is that they use this special angle on the parts that connect together which makes that we don’t need any grease to make a better seal. And prevent any seals from contacting table tops when working on the parts. Which makes for less product to mess up our vacuum.
To increase ease of access and make it easier to change samples we will make two plates into quick access doors. Which makes that we need les tools and, reduce the amount of things to unscrew significantly. For this we order hinges at IdealVac, unfortunately the delivered hinges don’t take into account the adapters and therefore don’t fit. So I redesigned the hinge and it is being made by the workshop as we speak.
And finally, I want to show you one of these specialized parts. Which is the cooling feedthrough, which will be used to spot cool the sample and sample holder. You can add nitrogen to the internal container using this tube, which will cool this block on the inside of the vacuum to which parts can be connected.
Table
To house all the modular and custom parts we also custom designed our table, with again modular parts so things can be added or changed in the future.
Building the table had its difficulties, the screws for connecting were difficult to reach and the manual did not gave a clear instruction of the needed tools and how to assemble the table, thus we had to figure it out along the way. At the end the table did not really felt stable enough, so we hoped adding the table tops would add stability.
With the table tops it looks nice but it did not add enough stability so we need to make some additions to the table before we can use it in the experiment.
This last picture shows where we are, all the holes for feedthroughs are made and the vacuum chamber is positioned. 
New sample holder design
Parallel to all the parts getting delivered and assembled I also made a new design for the sample holder. Which will be placed inside the vacuum chamber so we can manipulate the sample without breaking the vacuum.
Testing accessibility 
We also tested the accessibility of the designed sample holder with a mockUP in the vacuum chamber. To check if we have the space for the tools needed. And we found that we can access everything as planned with the correct tools, as of this design.
Data acquisition
The last thing I want to show is the parts of the data acquisition and what we made and tested. We first assembled everything on a breadboard connecting with small connectors to the pins of the Pi, these connections were not tight and sometimes got loose. Therefore, I modified one of the screw connector plate we had to fit the Pi so we could secure the cables better to the pins. 
So we now have an easy way to connect everything, and all the components on the breadboard have been soldered into the easy to handle sensor. So when we have some software to measure something we have the hardware ready to go.
