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Welcome to my presentation where I will tell you more about my master thesis project. “Building a sample chamber for measuring the optical properties of detector materials at VUV wavelengths.
Dark matter, what do we think it is and how are we trying to detect it?
Estimates are that around 27% of the energy in the universe is dark energy and 85% of the matter dark matter. But what is it really? Honestly, we do not know yet, but in the experiment, I am collaborating with we assume the WIMP (Weak Interacting Massive Particle) the best model too describes the dark matter particle the best. And the idea of dark matter is that our universe, (seen in orange in this picture), is in this spherical halo of dark matter particles. It therefore can happen that a dark matter particle hits the earth, due to the movement of both the universe and planets within this mist of particles. And when this alleged dark matter particle hits the earth, we try to detect its via interaction with xenon. On screen the XENON1T experiment at Gran Sasso laboratory in Italy. Where a large xenon tank is installed within a large water tank, to catch these dark matter particles.
Because we expect the WIMP particle to interact with liquid xenon in such a way that it either releases an electron or a photon. So, to explain this more clearly, when a WIMP interacts with xenon, the xenon ionizes or excites. 
Are VUV photons reflected on the detector wall before reaching the photon detectors?
When the xenon ionizes this releases an electron, this electron can be detected giving information about the interaction. The xenon can also excite and when the xenon is excited and deexcites back it releases a photon with a wavelength between 170-180 nm. And the photons will be detected using Photo Multiplier Tubes. All the detectors are placed at the top and bottom of the experiment, (as can be seen in this image).
Both the electron and photon will be released in a random direction, the electron however can be manipulated towards the detectors using an electric field. The photons can unfraternally not manipulated to guide them towards detectors. So, at first only photons released directly into detectors will be detected. But what if the photons could reflect around the inside of the detector, that way the changes of a photon hitting a detector increase. Thus, the idea came to improve the search for dark matter using xenon to get a better understanding of the optical properties of detector materials. The current detector is lined with PTFE (Polytetrafluoroethylene).
The optical properties: reflection and transmission of photons on PTFE
Because we cannot build a new xenon experiment overnight, a logical step is to start and characterize the optical properties of the materials in the current version of the experiment. And the experiment I am working on will not be the first to be looking at these properties. The results of these different experiment vary, and multiple parameters result in lots of different conclusions. The reflection has been correlated to be dependent on wavelength as can be seen in this image. But also, on the temperature of the experiment. But has not looked at the combination of the two. The experiment I will (partially) design will therefore try to incorporate all the different parameters at the same time, so a better understanding of there influences can be measured. 
Designing the experimental setup and what makes it challenging
Wanting to be able to change lots of different parameters and being able to adjust the experiment, created the need for a modular experimental setup. In this way, parameters can be added and removed from the experiment as future measurements will hopefully point out. And we want to be able to recreate the environment from the experiment as good as possible. So we need light in the VUV spectrum, 170-180 nm to be exact. To be able to create these wavelengths without exciting some xenon needs specialized equipment. Next the photons in the VUV spectrum get absorbed by almost every material, including oxygen. We therefor need to create an oxygen free environment with as little obstructions as possible for the photons. Also, we want to be able to change the angle of incidence of the samples without breaking vacuum as well as changing between a test and reference sample without breaking the vacuum. We decided to build this experiment using a deuterium lamp and monochromator to give us the correct photons and being able to change the spectrum. And placing the detector samples on custom designed sample holders in a vacuum to have no oxygen around the sample. The sample holder must be installed in such a way it can be manipulated from outside the vacuum.
What would the experiment look like on the inside of the vacuum chamber?
Here we see the idea of how to measure reflectivity and transmission of photons hitting sample material. The idea is to have the option to manipulate the angles for the sample as well as the detector. And flip it completely around to measure a reference sample without having to stop the experiment.
To what research questions lead these problems
· Are the specifications to which this experiment is designed correct?
· Will the experiment give the same results as previously done experiments?
· What is changed as per previous experiments that changes the outcomes of the current experiment?
· Using the standard prefabricated vacuum components, what configuration of the vacuum chamber can fulfil the specifications?
· Do we need custom-made components?
· If so, what must they look like?
· What is the best way to record data from temperature and photon sensors located inside the vacuum chamber? (Here storage is not the crucial but more how to place the data acquisition on the experiment without blocking the path of light and movement mechanisms)
· What kind of data acquisition system is suitable?
· How will PTFE that is cleaned with different methods reflect or absorb VUV?
Optional:
· How will coated samples reflect or absorb VUV? (Extra? I think the focus starts with the PTFE samples)


Solving the problems of the photon generation
To generate the photons, we use a deuterium lamp, which creates a spectrum of photons between 115 and 400 nm. The deuterium lamp is connected to a monochromator, which reflects the light from the lamp in such a way that only one selected wavelength exits the monochromator, and we can do experiments at a very specific wavelength. Both the lamp and monochromator are designed for photons in the VUV region and thus absorb as little photons as possible.
Solving the problem of oxygen and other introduced particles
To eliminate the oxygen, we decided to operate this experiment at a vacuum of  mbar. This is not to difficult to reach with a pumping station using a pre pump to get to  mbar and a turbo pump for the final jump. The sample chamber is being made from a system which is like Lego. We have all these different parts we can put together to create the vacuum environment which will suit our needs. And we can add feedthroughs and other specialized parts to our liking. But most important using this system we can create a seal using only O-rings and do not have to use any other sealant to close the system. This eliminating upfront a possible introduction of particles into the system. To get our data in and out we have three 9 pin dsub feedthroughs on the side. And to manipulate the sample and detectors we use specialized rotary vacuum feedthroughs.
I designed a sample holder that will hold a sample and a reference sample without breaking vacuum
For the samples to be placed correctly inside the beam of incoming photons. A custom sample holder was designed. The sample had to be mounted at the correct height and placed in such a way that whenever rotated the beam will always fully hit the sample. Also creating this holder must not introduce any new particles into the system, so grease and some plastics cannot be used because of outgassing. It was therefor decided to clamp the sample in place. Because in future research temperature will play a role the sample holder will be made from two copper pieces clamping the sample together. The clamping will be provided by spring loaded copper screw, just so any deformation due to temperatures will have as little as possible influence on the location of the sample. Because of outgassing 3D printing was difficult and to make sure that the mount was machinable this was cut in two pieces which will screw together.
How usable would the sample holder be when installed?
To check if what is designed, would work in real life. We made a muck up of the design and worked on it as if it was the real thing. Can we reach every screw hole, do we have enough space for our hands and tools? Is the size such that we can manipulate screws and tools while using gloves?

What lies in front of the experiment?
The largest answer to that question is assembly. Parts are dripping in, and it all has to be put together. Looking at the specialized parts and see how it all fits together in practice to decide if the design still works on the real part, not only in the design. And it feels good to be able to do so, parts being difficult to get, and long shipping times are not strange to us. For example, on screen here we see the special flash cooling part to which we have to connect the sample holder. Thinking about it before you have the piece is possible but being able to put it all together and get a good spatial feeling does help with the design process. At the same time data acquisition must be set up to be able to connect to and read out sensors connected to the experiment. This we will do using these holes in the side of the experiment. Special electric vacuum feedthroughs will be used as seen in this picture. Commissioning the setup that everything is read out correctly and that every bit and bob works as it was designed to do. This all will go hand in hand with making field adjustments because of the forementioned difficulties with the delivery of parts. But seeing the vacuum chamber assemble last week was a real milestone.
