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Quantum Field Theory- a theory combining elements from quantum mechanics and Einstein’s relativity theory, it attempts to explain the behavior and interactions of subatomic particles. (quantum field theory | Definition & Facts | Britannica, 2022)

Quantum Mechanics- Science that deals with the behavior of matter on an atomic and subatomic scale ranging from the properties of molecules and atoms to light. (quantum mechanics | Definition, Development, & Equations | Britannica, 2022)

Quantum Entanglement- Where two particles are linked together no matter the distance, the individual states of these particles are indefinite until the moment of measurement.  (Oup.com, 2020)
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The Specific topic I will be covering in this project is Quantum Physics, specifically the areas of Quantum physics that have been raised in literature from the new materialities movement regarding nuclear technology. 
This project won’t be utilizing primary research methods, as such there are no participants and no experiment, it is a literature review with the aim to act as guide for myself in the future with my dissertation, which I am aiming to cover the new materialities discussion on nuclear weapons and disasters, perhaps even generalizing this to cover nuclear technology. 
The literature I have focused in on for the purpose of this project is primarily hard science books on quantum physics, however, I have also used books from the new materialities debate to display the clear link between both areas of research and illustrate why doing this project will be beneficial to my dissertation. 
The body of the project itself is going to be split up into the core themes that I identified in my research, these themes being the most referenced areas of quantum physics in the new materialities literature I have consumed so far. By going through each area individually and showing these links I will be clearly able to show how these two subjects are intertwined and display why it was important for me to do this literature review. 
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In our modern-day nuclear technology has become ever more prominent to discuss. For months it has dominated news headlines and channels, be it discussions into the prospects of building more nuclear power plants amidst a growing energy crisis, or as threats of nuclear warfare arise in the midst of war. 

With these discussions what’s often overlooked is the disasters past. 

For nuclear power plants there were the two only incidents to ever be rated as a max severity incident by the international nuclear event scale, Chernobyl and Fukushima.
Chernobyl is known as the worst nuclear disaster yet because of the casualties and cost that stemmed from the core meltdown and consequent reactor explosions at the facility in 1986. The true number of casualties relating to the fallout itself is unknown but estimates usually place it in the thousands. (Chernobyl disaster | Causes, Effects, Deaths, Videos, Location, & Facts | Britannica, 2022)
Then there’s the Fukushima Daichi incident, where loss of power and subsequent cooling for the reactors was lost due to tsunami damage, even now the reactors continue to leak, and many residential areas are still too dangerous for locals to return. Although no deaths were connected directly to the reactors itself, there were over 2000 disaster related deaths connected to this incident. (Fukushima accident | Summary, Date, Effects, & Facts | Britannica, 2022)
And when discussing nuclear arms, there is the atom bomb. Two of those bombs were dropped by the USA during WW2, the first was dropped on Hiroshima on August 6th, 1945, the second fell on Nagasaki only three days later. These bombs killed anywhere between 129,000 and 226,000 people. (History.com Editors, 2009)

When we talk about all these tragedies and the fear of anything similarly happening today, it’s discussed strictly from the perspective of hard science. It’s the numbers of how many victims, how much the damages cost, and so on. Which is why the New materialities perspective is so interesting, what researchers like Barad have highlighted is that something very complex and unique is occurring and has occurred on a subatomic level throughout all these events. By forcing ourselves to look at this topic from the idea of entanglement it forces us to put ourselves into that web and humanises these incidents. I believe it’s necessary to move away from weighing up something so potentially destructive as nuclear technology from pure science. In all these tragedies, there are stories that go ignored in favour of statistics and we should be listening as to ensure history can’t repeat itself.  
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At its core this project is a Literature review where I have also utilized thematic analysis to structure my project and keep it concise and relevant to my specific scope of research, that being new materialities and nuclear technology. As such my project is purely secondary research as I am reviewing published literature in order to gain a better understanding of my subject. 
	
Focusing on thematic analysis to begin with, I used this method in order to identify the reoccurring themes within the sample of new materialities literature I had been reading. These themes being in relation to what Quantum Physics was being referenced within these works. By identifying these common threads, I was then able to narrow down what areas of that subject I had to focus on for now, this to avoid me getting lost in a quite dense subject that I do struggle with as it is out of my disciplines of Anthropology and History. 
After this coding system I had identified the following themes, which I will break down fully within the findings section later; Quantum Field Theory, Quantum Mechanics and Entanglement (which can constitute as quantum mechanics).

Moving on to discuss the literature review as part of my methodology I should first assert that my work stems from Karen Barad, it was from her article “No small Matter” that I began this project as all. Through reading around I did come to realize that Barad’s work is unique in the sense that it focuses incredibly hard on the scientific basis for her theories, as such most of the other anthropological sources I looked at don’t quite approach the topic of nuclear technology in the same way. But despite this there are clear connections which I will show as I work through each theme, for example while Barad discusses the idea of entanglement quite heavily from the scientific definitions and theories, both her and Anna Tsing reference the idea of the entanglement of a mushroom cloud and matsutake mushrooms. 
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Now to discuss my findings I will addressing each theme I had identified earlier in my methodology section in turn, these being Quantum Field Theory, Quantum Mechanics, and Entanglement (Which can constitute as Quantum Mechanics). At the end of these themes, I will also be discussing a lot of the criticisms I have regarding the material, this being done in general reference to my quantum physics research as my key critiques revolve around how inaccessible the topic is, but that will be highlighted later. 

We’ll begin with Quantum Mechanics, which is the umbrella theory that connects the themes, as they either develop from traditional quantum mechanics or are a part of it. 

The development of quantum mechanics is exemplified by Schrodinger’s equation in the 1920s, which essentially stated that particles can be here or there but never here nor there, there are certain things that are possible and certain things that aren’t. (Nazarov and Danon, 2022)
However, this beginning was only a partial theory, as it didn’t account for Einstein’s relativity, nor did it account for the quantization of classical fields. Nowadays we have fully moved on from Schrodinger’s theories in Quantum Mechanics, especially since the study of Schrodinger’s cat is a gross simplification of quantum mechanics and plainly false. (Fermilab, 2022)

There are four key parts to understanding this topic that I identified. 
The first is that quantum mechanics is dealing with the motion and interaction of subatomic particles. 
The second is that quantum theory is kept strictly to the subatomic realm via the use of Planck’s constant, which is a very tiny number. (Fermilab, 2022)
The last two steps are linked and revolve around the Wave Function, a mathematical function that resembles sine waves. (Timpson, 2022)

The first component of this function is that by squaring this function you can locate the probability where a particle is found, the larger the waves the higher the probability. (Peebles, 1992)
The second is that at the moment of detection, as this particle is naturally not everywhere, the collapse of the wave function is triggered by pinpointing this particle’s exact location. It’s called the collapse of the wave function as the wave function has collapsed from being in many places to just one point. (Peebles, 1992) 
With this theory there is the universal agreement that the wave function, when squared, tells you the location of subatomic particles and what probability. (Fermilab, 2022) Also, that when this is detected the wave function collapses. However, the debate comes in with the fact we don’t know what the wave function is, we know how to use it to predict, but we don’t understand it’s nature. (Peebles, 1992)
This has sparked many debates that theorize over the nature of the wave function.
Ranging from it being an ontological construction from philosophers to it just pushing particles around (known as pilot waves) and finally the idea that once you cause the collapse of the function you create several universes in which each of the possible outcomes occur. Naturally no one knows which of these is right, it’s still being debated even today. (Fermilab, 2022)

This theory appears near constantly in all examples of the materialities literature I have read so far. 
One example of which is in the article “Marie Curie’s fingerprint” by Kate Brown from “Art of Living on a damaged planet”. On G36/37 she discusses the idea that the radioactive isotopes present in the Chernobyl disaster were following the natural properties of their life through radioactive decay. It’s one of many connections Brown makes in this article to the idea of particles having agency and being able to generate knowledge of itself exclusive from the humans, this reoccurring on G42. (Brown, 2017) The idea of agency in particles I believe fits under the umbrella term of quantum mechanics, at least it applies more to this section rather than the other very specific themes that will follow. 

Another example of this theme occurs in both, “The mushroom at the end of the world” by Tsing and in “No small matter” by Barad. Both pieces of literature reference the idea that particles have multiple possibilities or futures that can occur, in Tsing’s this occurs on pg. viii and references the later theme of QFT. (Tsing,2015)
As for Barad it is reasserted throughout the article with her theory of particles containing infinitesimals of futures and histories in connection with her discussion of haunted landscapes. (Barad, 2017)


Next, Quantum Field Theory (QFT). This theory develops on from Quantum Mechanics, the history of which I discussed in the section above. QFT follows on from the second quantization revolution, which came shortly following Paul Dirac’s work in the 1930s. (Nazarov and Danon, 2022) 
What QFT states is that all space is full of fields for all known subatomic particles, and on these fields are localized vibrations that occur from each individual particle. Particles can therefore interact through the vibrations interacting on these fields thus also explaining how particles are both created and destroyed. (Teller, 1995)
There are some criticisms of this theory, namely that it’s hard to mathematically calculate any of this process, but that’s also been a reason for its praise and popularity, as QFT as a basic idea is simple to visualize. (Fermilab, 2022)
Where this theory has most prominently been used in the new materialities literature is within Barad’s article “No small Matter” specifically she discusses QFT under the section “Quantum Field theory: How big is an infinitesimal?” on G112 in “Arts of Living on a Damaged Planet”. (Barad, 2017) 
What she discusses within this takes from how QFT establishes that Particles can be both created and destroyed within these fields, which barad uses to discuss both the notion of a Void presence which she believes is part of everything. In this section she also uses this idea to discuss spacetimemattering, which is a term she exclusively uses and is a reoccurring thread throughout the whole article, as it is tied to QFT I have brought it up here. (Barad, 2017)
 For Barad it’s clear to see she looks at subatomic matter differently to how physicists do, to her these particles contain an “infinity of possible configurations of spacetimemattering” and describes matter itself as “haunted” by these histories. (Barad, 2017)
 It’s clear to see that Barad doesn’t challenge QFT in the slightest, instead the theory is acting as a basis for her own discussion, which displays on a small scale why I made the assertion in saying at the start of this project that Quantum Physics acts as the base for the new materialities discussion, hence why I find it important to study even a fraction of the quantum theory here within this project and sample of new materialities literature. 

The final key theme identified was that of Entanglement, now it’s important to note that Entanglement is a core concept for the materialities movement, therefore this overlap was quite noticeable. 
From a strictly quantum standpoint, quantum entanglement is an offshoot of quantum mechanics. Where quantum mechanics deals with the behavior of atoms and subatomic particles, quantum entanglement allows for quantum behaviors to be seen on a scale as big as humans. (Fermilab, 2022)

What quantum entanglement is exactly is where there are two particles described by a single wave function. How this occurs is that the parent particle has a spin of 0, so when the two daughter particles are measured, they must be the opposite of each other e.g., one is up so the other is down. (Timpson, 2022)
It's important to know that distance doesn’t matter in entanglement, so long as nothing else interacts with one of the two we can be certain of their measurements always being the opposite of each other (Tomasz F Bigaj, 2006)
This leads me into the final key idea within this theory, and that’s the disproved notion that the final measurement of the two particles is determined at the moment of entanglement. This is false. What’s the case is that quantum information travels faster than the speed of light, so the information is exchanged between the two at the moment of measurement. (Timpson, 2022) The speed of quantum information exchange has been called “spooky action at a distance” by Einstein when this was first being debated. (Fermilab, 2022)

In new materialities the concept isn’t too different from this science but is more so used to discuss the entanglement of all things to each other and moves a little more broadly beyond the transfer of information between linked particles. For example, in the book “Mushroom at the end of the World” on page viii Tsing references the idea that life itself is an entanglement, which displays the broader way materialities looks at the concept. (Tsing, 2015)

Barad also approaches Entanglement in a broader scope because while she does incorporate a lot of scientific theory, she moves beyond just the specific interactions of particles, and instead looks at the entanglements of the micro and macro world with each other, for example on g109 from “Arts on Living on a damaged planet” she writes the following, 
“We are stardust…. the largest of spacetimematter measures, the smallest of spacetimematter measures: all contained inside the other, each threaded through the other. A strange topology.”  (Barad, 2017)
Which I think perfectly displays her ideas of entanglements, that it spans both the scale of matter and her concept of spacetimemattering and is displayed within us as humans as well. 

To conclude my findings, I am going to expand on my criticisms of researching this subject at all. For a good week I had busied myself with published books that I’d found via the library, and for that whole week I found myself completely frustrated and at a loss. The books are overwhelmingly impossible to understand if you are just entering the subject as they all assume you know the basis of each theory. From a complex writing style to an over emphasis on the heavy mathematics formulas that frankly don’t apply to basic explanation of the concepts anyway, it was just impossible to try and learn anything. 

After a week of this I’d turned to watching seminars on YouTube, and finally managed to stumble upon a verified channel run by a particle physics and accelerator lab group called Fermilab in America. By watching everything I could on the concepts from those videos I grasped the concepts near immediately, which only served to add my annoyance. 
The concepts are simple when broken down appropriately and not gatekept with needlessly complex language and theory, if it wasn’t for those videos with simple language and examples with visual explanations, I likely would still be unable to understand a sentence of those published physics books. I have linked both the website and channel in my references, for this reason. 

My criticism has proved one thing to me though, and that is how valuable this project has been. When I encounter these theories again in the new materialities literature as I inevitably gather bigger samples for my dissertation, I will have this project to guide my understanding. I have no doubts it will prove invaluable for seamless research in the future, because I had grossly underestimated how needlessly complex scientists and academics had explained these concepts. 
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To conclude this project, I want to reassert what I keep referring to, the quantum physics theories I have looked at have a clear foundation in new materialities literature. At the end of each section on these themes I made sure to show where they’d crossed over, like with Quantum Field Theory and Barad or Entanglement and Tsing. 
This clear link should hopefully now make clear why I did this project. I am not a physicist, nor I am studying anything related to the hard sciences, these concepts were painfully out of my field of understanding. So that’s why I prepared myself now, I’ve tackled the major points of quantum physics as it occurs in New materialities literature around debates of nuclear technology so that when I zone in on this area for my dissertation, I’ll be able to immerse myself in this discussion without much of an issue. 
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