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I   Title for Dissertation 
[bookmark: _GoBack]The density of exchange of quantum information in given matter as criterion of classification of it to non-living or living matter.
II       Abstract
The criterion of differentiation between non-living and living matter from the common sense point of view can appear quite simple, at first glance. Nevertheless, philosophers as well as other scientists struggle to find a universal criterion, which can provide the undoubtable answer to this question. As matter is a thing common for entire Universe, such a criterion should resist not only for Earth or for Solar stellar system definition of living matter, but also for any new possible forms of living matter. This research provides the attempt to present such universal criterion, based on the notion of density of the exchange of quantum information in the given matter. 
     In the first part of the project, an overview of existing classification in philosophy and science will be provided. In addition, the common features for living matter will be analyzed, as well as the more general approach to define such features for all living things in Universe. A separate attention will be given to the state of the art of the attempts to create the synthetic or artificial kinds of life, including protocells. The second part of this dissertation will be dedicated firstly, to the basic standard scientific view on matter and energy on atomic and subatomic levels as well as the new interpretation of their interaction in terms of exchange of quantum information. Secondly, the presentation of main philosophical problems, which I plan to address in this project and a possible answer to them. In the third part of my project, I will focus on significance of this project to the current debate on this topic and what possible answers can be provided to the addressed questions, based on the proposed criterion. Also I will show that proposed criterion resists the correct classification of all natural kinds of living matter from non-living matter of natural kind origin as well as all known kinds of artificial cells or AI. The bibliography with short relevant explanation how I am going to use it will be provided in last part of this review.   
III  Philosophical Context
The question of classification between living and non-living matter has a long history. Pre-Socratics’ philosophers questioned the basic elements of Universe and firstly proposed the atomistic concept of matter. Aristotle developed and enriched this approach by contending that each physical object is bounded by the unity of matter and form, what unifies this matter into this single object. Both of this object’s constituent parts have to obey his presented account of changes. The Aristotelian view on human life as some special unity of form and body, was refuted by Descartes’ dualistic separation of the independently existing mind from its body, interpreted as a machine. In this case, obviously the criterion of life automatically coincides with his thesis of his own existence as a mind. Main impact on the need in distinguishing dead matter from living one appears with Darwin’s theory of evolution of living matter on Earth. By the middle of XXth century, the biologists proposed and philosophers formulated some criteria to help distinguishing living matter. Such criteria contain some features, which given matter has to present in place to be classified as living matter such as replication, energy generating, consisting of cells and others. The analysis of such universal criterion will be presented in the dissertation and the sources are presented in last part of this work.       
Some new approaches to formulating the criterion for living matter appear from the need to explore the flourishing idea that life did not appear on Earth incidentally and there are many possible worlds where life exists. Therefore, such criterion has to resists the possibilities of new forms of life in Universe, unknown to science yet, but which logically can be possible. American biologist and philosopher Steven Benner developed such an approach and presented the universal threefold definition of Life in Universe. Nevertheless, due to abundant development of science towards creating synthetic life from dead matter in the form of protocells even such universal definition of life has challenged. The state of the art on synthetic biology based on researches of Martin Hanczyc shows that protocells possess all required  by S. Benner features of live in Universe, but does not represent living cells. 
In my view, the presented approaches in defining the criterion for living matter miss two important points from philosophical perspectives. Firstly, the concept of natural kinds does not appear as the requirement for such criterion. The logical necessity for integrating this concept follows from the genuine formulation of principles of Evolution of life on Earth, formulated by Charles Darwin. Secondly, formulated approaches appeal to the molecular and atomistic level of elements contained in living matter. The pre-Socratics and other philosophers, who do not have in their time scientifically proved theories for using lower levels of constituency of matter. Nowadays the quantum mechanics’ view on chemicals bonds on subatomic level are well developed and scientifically proved. In my view, the use of quantum events on subatomic level can be useful for distinguishing living matter from non-living one. To show the usefulness of such approach I will employ the philosophical discourse “What is Life?” written by Erwin Schrodinger, one of the founders of quantum mechanics. 
IV   Focus of Research
In my project, I am aiming to address following philosophical problems.
First, philosophical problem that rises straightforwardly from the topic of my research: what makes matter alive, what means in terms of fundamental laws of nature to be living matter, how it differs in same manner from dead matter? Second, the answer to the above philosophical problem unveils immediately a new problem, referring to the explanation of phenomenon of Life in Universe. I will address also the problem of definition of phenomenon of Life in Universe, and how the presented approach in differentiation between living and dead matter can possibly answer this problem. Third, the reasons of setup of answers to both previous questions reveal the shadows of central philosophical problem of ontological unity of things and phenomenon in Universe, including such philosophical concepts as matter, life, minds, consciousness, and Universe.
The evolution of life on Earth represents a universal law of nature not only for our planet, but also for entire Universe, of course with particularities for given exoplanet. I will provide the conditions under which the proposed criterion for living matter can help to work out an argument for such universality of evolution of life in Universe. 
To construct the premises of my argument I will employ knowledge and data from different scientifically proved theories, which are the following. First, this is particle physics, demonstrating that all known matter in Universe consists of recently discovered full set of elementary particles and all known behavior of matter on subatomic level, formed from this set of particles, follows the laws of quantum mechanics. Also data from quantum chemistry about quantum nature of chemical bonds in forming all known substances in Universe. The physical and chemical interactions between molecules, atoms and particles will be described from the point of view of the known quantum effects such as quantum entanglement, quantum superposition and quantum tunneling.
Second, based on the state of the art data in quantum biology and in biology of the living cell and genetics, knowledge and statistical data about complexity of all chemical reactions and processes of living cells and organisms of different nature will be referred. It is a lot of data to be processed for the need of correct formulating of premises of my argument, which will refer to complexity of all known life forms, including plants and bacteria as well. Some special life form such as viruses will explained separately.
Third, I will formulate my definition of density of exchange of quantum information used for purposes of my argument and provide examples how this density can be calculated for given matter, living or non-living as well. After that, I will formulate my argument, which finally represents the proposed criterion of differentiation between living and non-living matter and the use of this criterion for definition of life in Universe. 
To enhance the universality of the conclusion of my argument, as well as to present some hints for possible answer to the above addressed philosophical problems, in this part of my dissertation I would like to make a parallel between the geometry of phenomenon of life in Universe and such branch of mathematics as fractal geometry. This parallel will help me to show the link between the pattern of appearance of such different objects in our Universe as clusters of galaxies and clusters of neurons in human brain.  The similarity of topological patterns described by fractals on different levels of magnitude, with similarity of topological patterns of mentioned objects, can be viewed as clue for possible unity on quantum information level of all matter in Universe. However, such argument can be discussed further. 
How the criterion works out the answer for synthetic life as protocells as well as for viruses, will be provided in the concluding paragraph of the dissertation.
V  Significance of your Project
There are twofold significance of this research project, which I will formulate as following. Firstly, this project will offer one possible criterion of classification of matter in Universe, based on unified set of elementary particles of all known chemical elements and on their interaction on quantum level, during chemical and biological evolution of living and non-living matter. The proposed approach in differentiation of living matter resists to the mentioned challenges from synthetic forms of life as protocells and by that, it also shows the significance of concept of natural kinds for evolution of life in Universe.
Secondly, the conclusion of possible unity on level of quantum information exchange of all forms of existing matter in Universe can be traced.  
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