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Preface





I am an independent researcher; that is the part of this preface I am willing to be specific about. The rest is detail, and the detail is what this book is.


What follows is the long way round.




The pull toward the abstract


I was the kind of child for whom science fiction was insufficient because it didn’t go far enough. I wanted what was actually there at the edge of physics, even if I couldn’t yet read the equations. The first trapdoor through which this addiction entered my life was Freelancer, Digital Anvil’s mostly-forgotten space simulator from 2003. It is not the game you reach for if you want to be taken seriously about space. It has a small story, an arcade flight model, mining and trading loops a child can grasp on a Tuesday evening. But its world had names (systems, factions, a galaxy that was clearly a piece of a larger thing), and it taught me something almost no book had succeeded in teaching me up to that age: that the unknown is not just out there. It is organised. It has structure. You can map it.


That, give or take, is what I have been trying to do ever since.


A cousin handed me Half-Life soon afterward. The protagonist is a theoretical physicist, MIT PhD, working on materials science at a federal research facility in the New Mexico desert. I did not yet know what theoretical physics was. I knew only that this man wore an HEV suit, ran very fast, and was the kind of person whose job it was to understand what was actually going on. That, I thought, was a job worth having.







The Wikipedia years


What followed were long nights at the family computer, reading astrophysics articles on Russian-language Wikipedia by myself, in the dark, until I could no longer keep my eyes open. Supernovae. Neutron stars. The CMB. The redshift relations. Dark matter, dark energy, the cosmological-constant problem stated naı̈vely as “why isn’t the universe a hundred and twenty orders of magnitude smaller than it actually is.” The articles were not always good. Wikipedia in those years was not what it is now. But they were doors, and the doors all opened. I read them the way other children read fantasy novels.


When physics finally appeared on the school timetable, I was already fluent in its surface. I read ahead. I asked my teachers things I shouldn’t have been able to ask at that age. The class was easy.


And then it stopped being easy, in the way that things stop being easy when you are seventeen and the world has narrowed to a corridor. I will keep this brief: the last two years of school were eaten by depression, and the grades I left with were not what either I or my teachers had expected. Whatever else I want to say about that period belongs to a different book.


At graduation, my physics teacher, the one who had watched me ride the curve down, took me by the shoulder and asked for my word that I would still get a physics education. Whatever it took, whenever it came. I gave it.







The wilderness years


What followed were years that were neither education nor research nor anything you could put on a CV. I spent them, mostly, reading. In 2020 I stumbled onto the Fermilab YouTube channel, and Don Lincoln’s lectures became the spine of my evenings. There is a particular generosity to the way Fermilab explains particle physics on the internet: they take you seriously, they don’t gut the math, they walk slowly enough that you can keep up. By the end of 2021 I had a usable picture of the Standard Model, of the running of the couplings, of why the gauge sector is what it is, of why gravity refuses to be quantised the way the other interactions did. I had pictures. I had intuition. I had no way to do anything with them.


That last sentence is the one I need to dwell on for a moment, because it is the actual root of this book.


I could not code. I had never written a useful program in my life. Not Python, not Mathematica, not even a serviceable spreadsheet macro. Theoretical physics in the mid-2020s is not pencil-and-paper; it is computation, symbolic algebra, lattice construction, multi-loop sector decomposition, MCMC fits to public datasets, runs that take minutes and runs that take days. A theorist who cannot code, in those years, is a tourist holding a guidebook in a country whose roads he cannot drive. I had the maps in three languages and no way to drive.







The unlocking


Then came 2025. I tried, for the first time, to use a large language model as a research assistant. Not for chat, not for homework, but for the actual work: writing the script, debugging the integration, running the verification, reading the literature with me, arguing with me when my reasoning was loose. What had been a closed door for ten years opened on the first push. By the summer of that year I was running computations I would never have finished alone, on hardware I knew how to drive only because I had something patient enough to teach me how to drive it. The wilderness years were over, and I had not noticed they had ended until I looked back.


Several things I tried in late 2025 did not work. I will not name them; they are someone else’s research questions now, not mine. But by early 2026, after enough false starts, I made a decision that on paper sounds preposterous. I would build a theory of fundamental physics. Not toy models, not phenomenology of someone else’s framework, but a theory at the scale of string theory or loop quantum gravity, with its own postulates, its own mechanism, its own falsification semantic. I was not going to pretend it was anything else.







From SCT to CAT


The first form was Spectral Causal Theory. SCT, as I came to call it, sat squarely in the gravitational sector: a one-loop spectral effective action built on a master function φ(D2/Λ2)\varphi(D^{2}/\Lambda^{2}), parameter-free coefficients αC=13/120\alpha_C= 13/120 and αR(ξ)=2(ξ−1/6)2\alpha_R(\xi) = 2(\xi - 1/6)^{2} derived directly from the Standard Model field content, a no-scalaron theorem locking Πs(z,ξ)>1\Pi_{\!s}(z,\xi) > 1 at every Euclidean momentum and every value of the Higgs non-minimal coupling, a millielectronvolt-scale cutoff bounded from below by the LIGO gravitational-wave catalogue. It was a real theory. It also turned out, after a year of work, to be insufficient. There were too many things (flavour mixing, the modular structure of the cosmological constant, the value of the electroweak scale itself) that the strict 𝒮\mathcal{S}-layer of SCT simply did not see.


Causal Architecture Theory was what came after. CAT is not a replacement for SCT; it is the parent. SCT is the strict gravitational 𝒮\mathcal{S}-layer of CAT, and the rest (the branch package ℬ\mathcal{B}, with its Morgenstern algebra ℳ=ℂ⊕ℂ\mathcal{M}= \mathbb{C}\oplus\mathbb{C}, its cyclotomic modular field ℚ(ζ48)\mathbb{Q}(\zeta_{48}) at the period τ⋆=i2\tau_{\star}= i\sqrt{2}, and its 27-to-1 parameter census) is what I had to build to close the questions SCT couldn’t reach. The book in your hands is about both, and about what is still open in the program (the 𝒫\mathcal{P}-layer), and about what failed along the way, more candidly than most physics books permit themselves to be.







A word on the title


Schrödinger’s CAT is not a pun I am proud of. It is a pun I could not avoid. The acronym was already there. The resonance with the thought experiment was unavoidable. And the spirit of the book (a theory that, in one set of measurements, sits clearly alive in the box, and in another set of measurements, sits clearly dead) is the exact position from which I want to write.


Not all of CAT is alive. Not all of it is dead. A non-trivial fraction is genuinely in superposition, and the only honest thing to do is to open the box and report what was inside, including the parts that smelt of formaldehyde.







What this book is, and what it isn’t


What this book does not do is claim that quantum gravity has been solved. It does not claim to be the last word on anything.


It does claim that, within the canonical branch of CAT, twenty-seven free parameters of the Standard Model and cosmology collapse to one, and that this collapse is testable. It claims that the gravitational sector at one loop is parameter-free in a sense that can be checked against gravitational-wave bounds. It claims that several once-promising routes (measure-based dark energy in Cdiag,HSC_{\mathrm{diag,HS}}, linearised singularity resolution at the black-hole centre, asymptotic safety with CAT boundary conditions for the electroweak scale) are dead, and have stayed dead under attempts to revive them. The book is for the reader who wants to know which.


The chapters alternate between the formal physics (derivations, status taxonomy, theorem statements with their conditions) and naked notes: first-person, dated, honest interludes about what I thought a year ago, what made me change my mind, what scared me, what I still don’t know how to close. The naked notes are the spine of the book, in the sense that they are the part that explains why the formal physics has the shape it has.


This is not the book the field will eventually write about CAT. That book, if it gets written at all, will be written by someone else, after the dust settles. This is the book I could write, in 2026, with the door behind me still open and the work still in progress.


David Alfyorov










Prologue: What CAT does and what it doesn’t







The shape of the dissatisfaction


I came to this work having spent fifteen years reading, on and off, the two great cathedrals of theoretical physics that dominated the field through my entire intellectual life: string theory and loop quantum gravity. Let me say at the start of this book what I think of them, because everything that follows is a reaction to that thinking.


I admire string theory the way one admires a system of mathematics so deeply worked out that it has acquired a life of its own. Its internal consistency is real. Its mathematical depth is real. Its contributions to pure mathematics, and to the deep abstract discovery that quantum theories which look very different on the surface can secretly be the same theory in disguise, are not a marketing fiction. They are part of the permanent record of late twentieth and early twenty-first century theoretical physics. I do not believe what some of its critics believe.


But I also do not believe what some of its proponents believe. In nearly half a century, string theory has not produced a single falsifiable prediction at any energy scale that any present or planned experiment will reach. Its landscape (the menu of universes the theory says are mathematically allowed) contains something on the order of 1050010^{500} entries, and there is no known principle that picks out ours. The choices that distinguish one of those universes from another are, for the most part, not even principled distinctions; they are choices made for the sake of making the math tractable, with no inner mechanism demanding them. A theory whose answer to which universe is ours has to be “the one in which observers like us happen to exist” is not, in the strict sense in which I want to use that word, a physical theory of the world we live in. It is a theory of every possible world, with a footnote saying that ours is one of them.


Loop quantum gravity is the other cathedral. It is smaller, less crowded, and (I think) more honest about what it is doing. It begins with a clear move (try to apply the standard quantum mechanical recipe to Einstein’s gravity directly, without picking a fixed background of space and time first), and it pursues that move with discipline. I have a great deal of sympathy for what it is trying to be. But the question of how the smooth spacetime we actually see in everyday life emerges from this granular picture is, after more than thirty years, still not closed in a way that satisfies me. The way the theory talks to ordinary matter is not where one would want it to be. And the experimental handles are, again, indirect: predicted graininess scales for spacetime that lie far below anything we can currently measure, predicted distortions in how light of different colours travels through space whose magnitudes sit so far below current bounds that “not yet ruled out” is doing more work than it should.


I do not say either of these things to be polemical. I say them because I read both literatures with attention, in the years when I had nothing else to do but read, and I came out of those years with a particular kind of hunger. I wanted a theory of fundamental physics that could be killed. Not in principle, not at scales sixteen orders of magnitude above anything the LHC will ever reach, but killed by data we already have, or data we will have within a decade, or data the next gravitational-wave catalogue will hand us without asking.







The trade I was willing to make


CAT is what came out of that hunger, and CAT is built on a trade that is the whole reason the book exists.


I gave up, on day one, the ambition of writing down a complete theory of quantum gravity. That door is still closed in CAT. The biggest things any candidate theory of quantum gravity is supposed to deliver, the questions every serious framework on the market points at as its eventual prize (whether the math stays sensible at arbitrarily small distances, whether cause and effect hold up everywhere, whether probabilities still add up to one hundred per cent in every calculation, whether the singularity at the heart of a black hole gets smoothed away), are still being worked on inside CAT. Some of them I have made progress on. Most of them I have not closed. The book labels them as open and does not pretend otherwise.


What I bought with that concession was something else. The gravitational sector of CAT (the part the book calls the 𝒮\mathcal{S}-layer) has a remarkably tight structure. The dominant correction to Einstein’s gravity at the simplest quantum level is fixed by a single number, αC=13/120\alpha_C= 13/120, which drops out of counting the fields in the Standard Model and is not a parameter I can tune. A theorem keeps a particular slice of the math positive everywhere it has to be, which means no fifth force can sneak into the lab through a back door, no matter how the Higgs particle is coupled to gravity. The only free energy scale in the theory, called Λ\Lambda, is already bounded from below by the gravitational-wave detectors at LIGO, Virgo and KAGRA, which have already ruled out any value smaller than about 8.50meV8.50\,\mathrm{meV}. And in the canonical version of the branch package, twenty-seven free numbers in the Standard Model and cosmology collapse to a single one, and that collapse is a check on the theory, not a fit.


This is not a theory of everything. It is a theory of fewer things, done in a way that the next round of experiments can disagree with. Every claim in this book sits on a falsification semantic that says, in advance, what would kill it. The atlas of those kill-switches is in the back. The book has been written so that, if you want to, you can turn to that atlas first.


That is the trade. The chapters that follow are an account of what I bought and what I gave up to buy it.







The theory-of-everything market


Let me widen the lens for a paragraph or two. The dissatisfaction is not only with the two cathedrals. It is with the modern theory-of-everything scene as a whole, and it is worth saying out loud what is wrong with it.


In the years I was reading, the field of fundamental theory did something strange. It did not converge. It bloomed. Asymptotic safety, causal dynamical triangulations, group field theory, spin foam models, twistor theory, emergent gravity, E8E_8 unification, every flavour of brane-world phenomenology and extra-dimensional construction, every flavour of holographic speculation, plus a long tail of bespoke frameworks each with its own postulates, its own moduli space, its own internal vocabulary. A lot of this is serious work by serious people, and I do not want to belittle any of it. But taken together they form a market, and the market has the characteristics of a market: more producers than consumers, more proposals than tests, more arXiv preprints per week than human attention can absorb in a year.


The deeper irritation is structural, and it is the same irritation in every case. Each of these programmes, taken individually, is consistent with current data, because current data is sparse exactly where the theories disagree. Each of them, taken individually, predicts that some delicate effect will appear at an energy or sensitivity scale we cannot yet reach. Each of them, taken individually, has a tunable parameter or a moduli choice that lets its predictions slide back into “not yet ruled out” the moment the data threatens. The result, viewed from outside the sociology, is that in 2026 we have on the order of a hundred mutually incompatible candidate theories of fundamental physics, and exactly zero of them are falsified. That is not what a healthy field looks like. That is what a stalled field looks like.


There is a separate sub-genre worth naming, because it deserves its own paragraph. In the last decade, a class of “computational” or “information-theoretic” theories of everything has acquired a public profile that wildly exceeds its technical content. Hypergraph rewriting systems sold as the substrate of physics. Cellular-automaton universes pitched as final theories. “The universe is a quantum computer” frameworks with no quantitative output. Constructor theory in its more inflated public-facing forms. The various it-from-qubit programmes when they overreach. Some of these contain genuinely interesting mathematics, and a few have serious researchers behind the technical content. None of them, at the time of writing, has produced a single quantitative prediction an experimentalist can take into a lab and check. I do not have the patience for theories whose primary medium of dissemination is the popular interview. Physics that is confident enough to talk to journalists before it has produced a falsifiable prediction is doing something other than physics.


CAT is not a reaction against any one of these programmes. It is a reaction against the shape of the whole landscape. The shape is this: too many candidates, too few tests, too long a horizon between proposal and verdict. I wanted, for once, the verdict horizon to be shorter than my own career. That is the design principle this book is written around.







CAT and SCT, and a thing I have to confess about gravity


Two acronyms run through this book, and the relationship between them is the kind of thing I would rather sort out on the first page than have you wonder about for two hundred. Before I get to the acronyms, though, I owe you a confession that frames the whole project.


I have never loved the idea that gravity has to be quantized.


To most physicists, this is the central unsolved problem of the field. Gravity, alone among the four known fundamental forces, has stubbornly refused to be made compatible with the rules of quantum mechanics that work so beautifully for everything else. There is a hundred-year-old hole in the textbooks waiting for somebody to fill it. There is an entire industry trying. And on a purely aesthetic level, I never wanted to be one of those somebodies.


The reason is, I think, easy enough to feel. Gravity, the way Einstein left it, is geometry. It is the shape of spacetime itself, smooth and continuous, the same way the surface of a trampoline is smooth even when something heavy is sitting on it and bending it down. Quantum mechanics, on the other hand, is the physics of things that come in pieces. Light comes in photons. Matter comes in electrons and quarks. Energy comes in lumps you can count. To take something as smooth and stately as the geometry of the universe and chop it into countable pieces feels, on the face of it, like a violation of the spirit of what gravity actually is.


But here is the trouble. Nature does not seem to care what I find aesthetic. Every single time, in the last hundred years, that we have looked closely at something we thought was smooth, we have found it grainy underneath. Light, looked at closely: grainy. Matter, looked at closely: grainy. The vacuum itself, looked at closely enough with sensitive enough instruments: grainy. The pattern, repeated for over a century now, is that the universe loves discreteness. Smooth is what things look like from far away. Lumpy is what they actually are.


So I made a tradeoff. I do not love the idea of quantizing gravity. But the universe seems to want me to, and the universe gets a vote. The version of that compromise I could live with is what I built first, in 2025, and I named it SCT.


Spectral Causal Theory, SCT, is the gravitational core of this book. It is not a complete quantum theory of gravity. It does not pretend to be one. What it is, instead, is a careful and conservative description of the small corrections that quantum mechanics adds to Einstein’s smooth picture, in the regime where those corrections first start to matter, in a form that can be checked against experiments we are already running today.


The shape of SCT is tight enough to describe in one paragraph. There is one master function (a particular curve, computed once, that controls how gravity behaves at short distances). There is a parameter-free number, αC=13/120\alpha_C= 13/120, that drops straight out of counting up the fields of the Standard Model and is not something I can tune. There is a theorem locking out the worst kind of unwanted side effects, the ones that would show up in the lab as a fifth force pulling on objects in ways gravity is not supposed to. And there is a hard lower bound on the only free energy scale in the theory, Λ\Lambda, that comes straight out of the gravitational-wave detectors at LIGO, Virgo and KAGRA: any value below Λ>8.50meV\Lambda> 8.50\,\mathrm{meV} is already ruled out by data on the shelf. I was happy with it when I finished. I am still happy with it. It is what shows up in this book as the 𝒮\mathcal{S}-layer.


Then I tried to push SCT outward, and that is where I lost. The Standard Model has flavour, the property that distinguishes a muon from an electron and a strange quark from a down quark, and SCT did not see flavour. The cosmological constant has a value (the small but nonzero amount of energy that fills empty space and drives the universe to expand faster), and SCT had no way to predict that value. The electroweak scale, the energy at which the weak nuclear force changes its character, exists, and SCT had no mechanism for it. I spent a couple of months in early 2026 trying to make SCT cover those things, and I lost cleanly. SCT was the wrong-shaped tool for those questions. So I built a bigger one around it.







Who doesn’t like CATs? We certainly do.


Causal Architecture Theory, CAT, is what came out of that. SCT sits inside CAT as the gravitational layer. Around it sits the branch package, an algebraic and modular structure that turns the flavour question and the cosmological-constant question into theorems, conditional on a single choice. Around that sits the open program, the things CAT cannot yet do, which I will not pretend it can.


When I say “the theory” from this point on, I mean CAT, with SCT inside it. That is the order I built them in, and that is the order this book reads in.







The S/B/P stratification


CAT has three layers. They have different epistemic statuses, and the book treats each of them differently. Pretending that all three sit at the same level of certainty would be a kind of dishonesty I do not want to commit one.




[image: Figure 1 from Schrödinger's CAT — frontmatter (described in adjacent text)]




The first layer is the gravitational core. The 𝒮\mathcal{S}-layer. Everything in it has been derived, verified, and stress-tested to the level a journal referee would expect: the one-loop coefficient, the no-scalaron theorem, the cutoff bound from gravitational waves, the limits back to general relativity and the Standard Model and quantum mechanics. If you read only Part I, you will read the strongest part of the book. It is the part I am most willing to defend in a hostile seminar room.


The second layer is the branch package. The ℬ\mathcal{B}-layer. Here the statements are still theorems, but they are conditional: they hold given a choice of which branch we are on, and the canonical branch is the one this book uses. On that branch, the flavour structure of the Standard Model assembles cleanly out of a small algebraic skeleton. The modular layer fixes the mixing angles to numbers I did not choose. The cosmological constant comes out as an arithmetic expression. Most strikingly, the parameter count drops from twenty-seven free numbers to one. Part II is about this layer. It is the most surprising part of the book, and it lives or dies on the branch choice.


The third layer is the open program. The 𝒫\mathcal{P}-layer. This is where the things any serious theory of quantum gravity is expected to do are still being worked on. Does the math stay sensible at arbitrarily small distances (what physicists call full UV-finiteness)? Does the structure of cause-and-effect hold up everywhere across the manifold (global Lorentzian closure)? Do probabilities still add up to exactly one hundred per cent no matter how baroque the calculation gets (all-orders unitarity)? Does the singularity at the centre of a black hole stop being a singularity (full nonlinear singularity resolution)? Can the energy at which the weak nuclear force changes its character be computed from first principles instead of measured (the vEWv_{\mathrm{EW}} derivation)? I have tried each of these. I have made progress on some. I have failed on others. None are closed. CAT does not pretend they are closed, and Part IV is an honest inventory of where each one stands and where I think it might or might not go from here.


So the three layers come down to this: the part you can rely on, the part that depends on the branch, and the part I am still working on. Every nontrivial claim in this book carries one of six status tags (proven proven, verified verified, conditional conditional, heuristic heuristic, speculative speculative, open open question). If a claim is not tagged, I have not yet earned the right to make it.







The naked-notes promise


One last thing before the formal chapters start.


Inside almost every chapter you will find italic interludes set off by thin rules above and below, prefixed Naked notes. These are the personal voice of the project. They are dated. They are in the first person. They report failures, abandoned routes, things I believed a year ago and no longer believe, intermediate states of mind that turned out to matter to the eventual physics in ways that, if I cleaned them out, would make the formal chapter shallower than it ought to be.


Most physics books polish the failures out, and the reasoning is respectable: a textbook is a finished object, and the dead branches of the tree do not belong in a finished object. I have a different intuition for this book. The shape of a fundamental theory, in its first written-down form, is not understandable without the abandoned shape that came before it. The naked notes are an attempt to keep that visible instead of throwing it away.


A small discipline. Footnotes are reserved for citations and short technical asides only. Anything that would otherwise have been a personal comment, a memory, a confession, or a methodological remark goes into a naked-notes block. The parts of the book that are claims about physics and the parts that are claims about how the physics got made are not in the same paragraph, on purpose.


If you are reading this for the formal results and find the naked notes intrusive, skip them. They are visually marked and easy to skim past, and the chapters stand without them. But I would suggest reading at least the first two or three before you decide. They were written for the reader who wants to know not just what the theory says, but why it has the shape it has.










How to read this book





This is a hybrid book. It carries the skeleton of a serious work of theoretical physics, with eight verification layers behind every verified  result, and the prose of a popular-science book, in which the math is explained rather than demanded. The two registers do not interfere; they are layered the way a good film score is layered behind dialogue. You can listen to either, or both.


What follows is a short menu of the routes through the book, so the reader who is short on time, or who is here for one specific question, does not have to read the whole thing in order to get their money’s worth.


The five-minute reading. Read this page, the preface, and the canonical-numbers appendix. That is everything the theory gets right, with status tags and chapter references, in three pages. If you want one number from this book, that is the page that has all of them.


The thirty-minute reading. Read the prologue, Part I, and the epilogue. The prologue tells you what kind of theory this is. Part I is the strongest sector, with αC=13/120\alpha_C= 13/120 derived from first principles. The epilogue lists ten kill-switches: specific things that, if measured, would falsify the theory. One tight pass through the engine.


The full reading. The book in its intended order. Part I (gravity, theorem-grade), Part II (the branch package and the twenty-seven-to-one census, theorem-grade conditional on the canonical branch), Part III (cosmology), Part IV (the open frontiers), and Part V (the method: how I know when I am right and how I avoid fooling myself). About two evenings, at the pace of a cosy non-fiction read.


The reader who is here for one thing. Three short paths for specialised readers.




	For the gravity story: Part I (Chapters 1 through 6).



	For the flavour predictions (PMNS, CKM, ΩΛ\Omega_{\Lambda}): Part II (Chapters 1 through 4).



	For the methodology and the LLM-era authorship question: Part V (Chapters 1 through 4).






The naked notes. Inside almost every chapter you will find an italic, dated, first-person interlude, set off in a tinted box and prefixed by the words Naked notes. These are deliberate: they mark the moments where I want you to know what the author was actually thinking, not just what the published version says. If you treat them as optional asides you will still get the physics. If you read only the naked notes, in order, you will get a different book: a methodological diary of how the work was done. The pop-science prose and the diary are co-equal, and the book asks you to take both seriously.
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SCT: Gravity (𝒮\mathcal{S}-layer)


Six chapters about gravity, told roughly in the order I figured them out. A single curve, computed once, that controls how the quantum world modifies Einstein’s smooth picture at very short distances. A perfect-square structure that rules out a fifth force on the next two pages. A small rational number, 1313 over 120120, that falls cleanly out of counting up the kinds of particle in our universe. A bound from the gravitational-wave detectors that puts the only free dial of the theory in the millielectronvolt range, with the next decade of measurements lined up to either confirm or kill it. A chapter on how to recover all of this from inside a discrete network of events, with a new observable that detects the ripples of gravity where the standard tools cannot reach. And a final, optional chapter on the handedness hidden inside the heat-trace calculation that underlies it all. If you read only one part of this book, this is the part.



★ ★ ★




The shape of gravity, up close




The miracle of the appropriateness of the language of mathematics for the formulation of the laws of physics is a wonderful gift which we neither understand nor deserve.


 Eugene Wigner, 1960





Two numbers are going to come out of this chapter, and the rest of Part I hangs on them. The first is a single parameter-free coefficient, αC=13120,\begin{equation*}

  \alpha_C\;=\; \tfrac{13}{120},

\end{equation*} that fixes the most important quantum correction to Einstein’s gravity in the regime where I can actually compute things. The second is a coefficient αR(ξ)\alpha_R(\xi) that depends on a single dial ξ\xi, the way the Higgs particle is coupled to gravity, and has the shape αR(ξ)=2(ξ−16)2.\begin{equation*}

  \alpha_R(\xi) \;=\; 2\!\left(\xi - \tfrac{1}{6}\right)^{2}.

\end{equation*} That second formula is the seed of the no-scalaron theorem in Chapter 2 and the gravitational-wave bound on the cutoff Λ\Lambda that closes Part I. Both numbers fall out of nothing more than the field content of the Standard Model. They are not parameters I picked. They are not parameters anyone gets to pick.
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Where Einstein leaves off


At the scales where humans live — a dropped apple, the moon’s orbit, the slow inspiral of the Hulse–Taylor binary pulsar PSR B1913+16 over decades — gravity is what Einstein wrote down a hundred and ten years ago. Spacetime has a shape. Mass and energy bend the shape. Things follow the bent shape from inside it. The math works to ten significant digits everywhere we have ever checked.


But Einstein’s theory, like every theory in physics, has a regime of validity, and the regime gets narrower as the scales get shorter. At ten centimetres, perfectly fine. At ten micrometres, fine. At ten nanometres, still fine. By the time you get down to what physicists loosely call “short distances” (somewhere between the size of an atom and the energy frontier of our particle accelerators, or, equivalently, between everyday energies and the energies a collider like the LHC reaches), the smooth picture has to start cracking, because quantum mechanics is real and quantum mechanics insists on lumps.


What does the cracking look like? That is the question this chapter is about, and that is the question CAT is built to answer in a particular, restricted, but verifiable way.


Most candidate theories of fundamental physics give an answer of the form “We do not know, but here is a set of free parameters that will let us fit whatever turns up.” The strict gravitational sector of CAT does not work that way. It says: here is a single curve. The curve has one free energy scale on it. The shape of the curve is not a parameter. The shape of the curve is what falls out of summing up the field content of the Standard Model and asking, on rigorous mathematical grounds, what gravity does in the presence of those fields at the simplest possible quantum level. The free energy scale, called Λ\Lambda, is bounded from below by experiment. The shape of the curve is a prediction.


That is what the rest of this chapter is for. To explain what the curve actually is, in pictures, before the rest of Part I starts pulling consequences out of it.







Form factors, by analogy


Drop a stone into a still pond. Ripples spread from the splash. How fast they move, how their amplitude falls off with distance, what happens when two of them meet — in a perfectly clean pond, this is high-school physics: a single-frequency wave with a known dispersion relation.


Now make the pond more interesting. Put leaves on the surface. Add swimming fish. Stir up a current. The ripples are still ripples, but their shape now depends on what is in the pond. The high-school formula is no longer enough on its own. You need a correction that knows about the leaves, the fish, the current. Physicists call this kind of correction a form factor.


Gravity, in Einstein’s original picture, is the pond when nothing else is in it. Pure geometry, pure ripples, pure mathematics. The moment you remember that the rest of physics is also there (the electron, the photon, the quark, the Higgs, the entire matter content of the universe sitting inside spacetime), the gravitational ripples acquire a form factor. The form factor tells you how the matter inside changes the way the ripples look at short scales.


CAT computes this form factor. It does not propose it; it does not parametrise it; it does not leave it as a fitting parameter. It computes it once, from the field content of the Standard Model, in the simplest quantum regime where the question makes sense.







The master function


The output of that computation is a single curve, the same curve everywhere in the theory, which I will call φ\varphi (phi). It is the spine of the gravitational sector of CAT. Everything else in this part of the book hangs off it. Its formula is φ(x)=ⅇ−x/4πxerfi(x2),\begin{equation}

  \varphi(x) \;=\; \ee^{-x/4}\sqrt{\frac{\pi}{x}}\,

                   \mathrm{erfi}\!\left(\frac{\sqrt{x}}{2}\right),

  \label{eq:phi-master}

\end{equation} where erfi\mathrm{erfi} is a standard mathematical function (the imaginary error function, found in any handbook of special functions) and xx is a dimensionless ratio: the energy scale you are probing, divided by a single energy Λ\Lambda that is the only free dial in the gravitational sector of the theory.


You do not need to read the formula to understand what it says. What it says is this.


At long distances, φ\varphi goes to one. This is the limit x→0x \to 0, where you are probing scales much larger than the inverse of Λ\Lambda. In this regime the form factor turns off and gravity reduces, exactly, to what Einstein wrote down. verified The Taylor expansion at x=0x=0 is φ(0)=1\varphi(0)=1, φ′(0)=−1/6\varphi'(0)=-1/6, smooth and analytic, with no surprises. This is why Einstein’s theory works so well in the lab and in the solar system: the cloud-correction the master function carries is invisible at the scales where humans live.


At short distances, φ\varphi falls. As xx grows, the master function decreases, and the form factor turns on. The quantum cloud of Standard-Model matter starts to affect the way gravity propagates. The change is not a free knob anyone can turn. It is dictated by the formula above.


The transition happens at a single energy scale, Λ\Lambda. This is the only free parameter the gravitational sector of CAT contains. Everything else gets computed once and for all. Λ\Lambda is bounded from below by experiment: the gravitational-wave catalogue from the LIGO, Virgo and KAGRA collaborations already gives us verified Λ>8.50meV\Lambda> 8.50\,\mathrm{meV}, a bound several orders of magnitude away from any current laboratory or particle physics measurement. Chapter 4 is about that bound, what it means in everyday terms, and why it is a real prediction the theory was forced to make.


That is the whole content of the master function in three paragraphs. One curve, one free scale, two end behaviours. Out of this single object, the theory builds the form factor; and out of the form factor falls every result in the strict gravitational sector of the book.







Two coefficients


The form factor is not a single number; it is two numbers, because the gravitational field has two natural pieces. Knowing this small piece of structure makes the rest of the chapter make sense.




The Weyl piece, and the number 13/120


The first piece of the gravitational field is what physicists call the Weyl part. In picture terms, it is the part of gravity that lives between massive bodies. It is the geometry of the ripples themselves, the part of the field that propagates out into empty space far from any matter. It is what gravitational waves are made of. It is the part of gravity that LIGO sees.


The coefficient that fixes how this piece of gravity is modified at short distances, summed over the whole field content of the Standard Model, comes out of the central computation of the strict gravitational sector. The answer is


verified  αC=13120.\begin{equation}

  \alpha_C\;=\; \tfrac{13}{120}.

  \label{eq:alphaC-canonical}

\end{equation} A rational number. Three small primes in the numerator, two small primes in the denominator. Not adjustable. Not scheme-dependent. Not the result of a fit to any data. It comes out of counting how many scalars, fermions and gauge bosons live in the Standard Model spectrum, weighting each one with a known coefficient that one can look up in any handbook of one-loop gravity, and adding everything up. Chapter 3 unpacks where the thirteen and the hundred-and-twenty actually come from. For now, all you need to know is that the answer is parameter-free and that this is unusual.







The Ricci piece, and the perfect square


The second piece of the gravitational field is what physicists call the Ricci-scalar part, written R2R^{2}. In picture terms, it is the part of gravity that talks directly to whatever matter is sitting in the spacetime: the piece that couples to ordinary stress–energy, the piece that, if it propagated as an independent particle, would show up in a laboratory as a fifth force pulling on objects in ways that ordinary gravity is not supposed to.


The coefficient that fixes this second piece is αR(ξ)\alpha_R(\xi), and unlike αC\alpha_C, it depends on one number. That number is the parameter ξ\xi that controls how strongly the Higgs particle is coupled to gravity. The result, derived in the same one-loop computation that fixed αC\alpha_C, has a particular shape:


verified  αR(ξ)=2(ξ−16)2.\begin{equation}

  \alpha_R(\xi) \;=\; 2\!\left(\xi - \tfrac{1}{6}\right)^{2}.

  \label{eq:alphaR-canonical}

\end{equation}


It is a perfect square. It is non-negative everywhere. At one specific value of the Higgs–gravity coupling, namely ξ=1/6\xi = 1/6 (called conformal coupling, because at that one value gravity coupled to the Higgs is invariant under local rescalings of distance — a deep symmetry that pulls the coefficient down to nothing), the coefficient αR\alpha_R vanishes exactly. Off conformal coupling it is small but not zero, growing as the square of how far you sit from ξ=1/6\xi = 1/6.


That perfect-square structure is the fingerprint of a hidden symmetry. Most of the particles in the Standard Model, the electrons and quarks of everyday matter, the photons of light, the gluons and W and Z bosons of the nuclear forces, all preserve a certain symmetry called conformal invariance at the simplest quantum level in four dimensions. Conformal invariance means, roughly, that whether you look at the math from a millimetre or a micrometre away, the equations look the same up to an overall scaling. Particles with that symmetry contribute zero to αR\alpha_R. The only matter field in our universe that breaks conformal invariance is the Higgs, and it breaks it by exactly the amount (ξ−1/6)(\xi - 1/6). Squared, because the contribution is the modulus squared of an interference and we are summing positive things. That is the entire derivation of the formula, in five lines of English.


This perfect-square structure is the seed of every single result in the rest of Part I. It is why no scalar particle propagates in the gravitational sector of CAT (Chapter 2). It is why the gravitational-wave bound on Λ\Lambda comes out as clean as it does (Chapter 4). The whole gravitational story rests on the fact that one perfect square and one rational number are enough to determine everything.










Why you can rely on these numbers


A coefficient like αC=13/120\alpha_C= 13/120, written down in a pop-science book by an independent researcher with no institutional letterhead, is the kind of thing you should be suspicious of by default. I would be suspicious of it. So would any practising physicist who knows how easy it is to convince oneself, with sloppy work, that some number one wanted to be true is true. Before the rest of Part I starts pulling consequences out of these numbers, here is what was done to make them trustworthy.


Internally I have been calling the procedure the eight-layer verification pipeline. The full story sits in Part V; what follows is the short version.




	Layer 1, analytic. Dimensions, limits, sign conventions, pole cancellations: the math works out to the rules every physics textbook teaches.



	Layer 2, numerical. The same expression, evaluated by an independent computer-algebra path to over a hundred digits of precision, agrees with the analytic result.



	Layer 2.5, property fuzzing. A thousand random configurations are thrown at each formula, checking for violations of properties (positivity, monotonicity, consistency under parameter changes) that the formula has to obey on general grounds.



	Layer 3, literature. The intermediate quantities the calculation passes through also appear in published papers by other authors, working on adjacent problems. The numbers I get and the numbers they published agree, when both are translated into the same conventions.



	Layer 4, dual derivation. The same final answer is produced by a second derivation that follows a different path through the math. If a sign or a factor went wrong in the first path, the dual catches it.



	Layer 4.5, triple computer-algebra. Three different computer-algebra systems (each one written by a different team, each with its own bugs and quirks) produce the same intermediate symbolic expressions and numerical values.



	Layer 5 and Layer 6, formal proof. The key rational identities are translated into a formal proof assistant and checked by a machine that has no intuition, no taste, and no way of being talked into the wrong answer. If a logical step went wrong in a way humans miss, the proof assistant flags it.






If you read only the chapters in Part I, you are reading the part of the theory that has been put through this entire pipeline and came out clean. None of the results in this Part are conditional on a branch choice. None of them are speculative. The status tags next to each result will say verified  or proven , and they will mean it.


For αC=13/120\alpha_C= 13/120, the pipeline ran clean across verified the combined Standard Model computation, extensively cross-checked across all eight verification layers. For the no-scalaron theorem in Chapter 2, the verification was at the linearised level with a separate triple-redundancy audit. These checks are worth mentioning, even in a pop-science book, because they are the honest answer to the natural question, “how do I know this is not just one person being convinced of something he wanted to be convinced of.”


★ ★ ★




2026-04-29.


The first time I computed αC\alpha_C at the end of 2025, I was sitting at the kitchen table with a laptop and a cold cup of tea, and the symbolic algebra system was running through what I think was its third independent re-derivation in a row. I had told myself I would be happy with anything that fitted onto a single page of A4 paper. In my head, I was expecting a long irrational expression with logarithms, possibly a polylogarithm or two, and a coefficient that depended on the renormalisation scheme.


What came out was a fraction. Thirteen over a hundred and twenty. No logs. No polylogs. No scheme dependence. Three small primes in the numerator, two small primes in the denominator, and a structure that, when I traced it back through the per-spin contributions, was visibly dictated by the field content of the Standard Model in a way I had not put in by hand.


I sat at the kitchen table for a while after that, because if you have ever been an independent researcher with no institutional backing, and you are looking at a clean rational answer that you did not steer toward, you spend a few minutes doubting that you did the calculation correctly. I re-ran the calculation in three more ways before I let myself write the number down anywhere permanent. I re-ran it a fourth way the next morning. By the third week, I had it inside the formal-proof assistant with two independent backends agreeing. By that point, 13/12013/120 had become as solid an object as anything I had ever computed.


I am writing this Part of the book around that number. If at some point in the next few years a careful experimentalist measures the gravitational form factor in a regime sensitive to the αC\alpha_C coefficient and finds a value cleanly inconsistent with 13/12013/120, the strict gravitational sector of CAT is dead. I have to be honest that this is the deal.










What’s coming in the rest of Part I


Chapter 2 takes the structure αR(ξ)=2(ξ−1/6)2\alpha_R(\xi) = 2(\xi - 1/6)^{2} and shows that it is enough, all by itself, to rule out any real scalar particle in the gravitational sector of CAT. There is no fifth force. Not because I assumed it away, but because the structure of the form factor forbids it.


Chapter 3 unpacks αC=13/120\alpha_C= 13/120 in detail: where the thirteen comes from, where the one hundred and twenty comes from, and what would happen to the number if you replaced one of the Standard Model’s fields with something else. Some replacements break the prediction. Others do not. We will see why, and what the size of the safety margin is.


Chapter 4 turns to data. The cutoff Λ\Lambda that controls when the form factor turns on is the only free parameter in the gravitational sector. The current gravitational-wave catalogue gives us Λ>8.50meV\Lambda> 8.50\,\mathrm{meV} already. We will see what this number means in everyday terms, what it means for the existence of new physics at scales below it, and what observations would tighten the bound further as the next runs of LIGO and Virgo come online.


open Part I does not cover the open program: the nonlinear extension of the no-scalaron theorem, the all-orders ultraviolet behaviour of the theory, the Lorentzian-closure problem. Those live in Part IV, which is labelled as open program for a reason.










No-scalaron, and the absence of a fifth force




I have done a terrible thing, I have postulated a particle that cannot be detected.


 Wolfgang Pauli, 1930





The previous chapter ended on the formula αR(ξ)=2(ξ−16)2.\begin{equation*}

  \alpha_R(\xi) \;=\; 2\!\left(\xi - \tfrac{1}{6}\right)^{2}.

\end{equation*} This chapter is about what that formula does. The single perfect-square structure, together with one short positivity argument, is enough to rule out the existence of any real scalar particle in the gravitational sector of CAT. There is no fifth force in this theory. Not because I assumed there isn’t one, but because the math forbids it.


The result is a theorem. It is not a guess. It has been proved at the linearised level in the field equations, with the Standard Model matter content and explicit numerical robustness margins, and audited three independent times. I will state it precisely later in the chapter. The status tag attached to it is proven .




What a fifth force would have looked like


Before I can explain why CAT does not have a fifth force, it is worth a paragraph on what a fifth force is, and why theorists have been looking for one for nearly half a century.


In the standard textbook picture, the gravitational field has only one kind of propagating particle: the graviton, a massless spin-2 quantum that carries the ripples of curvature from one point of spacetime to another. In any theory of quantum gravity that goes beyond Einstein’s, however, there is a real risk that one accidentally introduces an extra particle on top of the graviton. The most common extra particle is something physicists call a scalaron: a single scalar quantum, no spin, just a number at every point of spacetime, that would propagate alongside the graviton and would couple, in some way, to ordinary matter.


If a scalaron existed and were light enough to propagate at laboratory or astrophysical scales, it would show up in measurements as what physicists call a fifth force: a force, distinct from gravity, electromagnetism, and the two nuclear forces, that would pull on objects in ways the four known forces do not. Decades of high-precision experiments (torsion balances, lunar laser ranging, Cassini-spacecraft tracking, atom interferometry) have looked for exactly such a fifth force and have not found one. The current bounds say: if a fifth force exists at all, it must be much weaker or much shorter-ranged than ordinary gravity at every scale we have ever probed.


A theory of quantum gravity that predicts a low-energy scalaron is therefore in trouble with the data. Any candidate theory has to either suppress its scalaron explicitly, hide it behind some mechanism, or, ideally, show from first principles that no such particle is allowed in the first place.


CAT does the third thing.







Where the perfect square comes from


The starting point is the formula at the top of this chapter. The total contribution of the Standard-Model matter to the R2R^{2}-coefficient (the part of the form factor that controls the Ricci-scalar piece, the piece that talks to ordinary stress–energy) is exactly αR(ξ)=2(ξ−1/6)2\alpha_R(\xi) = 2(\xi - 1/6)^{2}. The number ξ\xi is the only adjustable knob: it controls how strongly the Higgs particle is coupled to gravity.


Where does the perfect-square structure come from? It is worth spelling out, because the cleanness of the answer is the cleanest hint in CAT that something deep is going on, not just a numerical coincidence.


The fermions: electrons and quarks, the matter of everyday stuff. At the simplest quantum level (and we are working in our four familiar dimensions of space and time), all the matter particles that everyday objects are made of (electrons in atoms, the up and down quarks inside protons and neutrons, plus their heavier cousins) respect a special symmetry called conformal invariance. Loosely, conformal invariance says that whether you look at the math from a millimetre or a micrometre away, the equations look the same up to an overall rescaling. Any field with this symmetry contributes nothing to the R2R^{2} piece of the form factor. verified Per-particle contribution to αR\alpha_R from any Standard-Model fermion: zero, exactly.


The force-carriers: photons, gluons, and the W and Z bosons. Same story. The particles that mediate the electromagnetic, strong, and weak nuclear forces (collectively called gauge bosons) are also conformally invariant in four dimensions, at the simplest quantum level. They contribute exactly nothing to the R2R^{2} piece either. verified Per-particle contribution to αR\alpha_R from any Standard-Model gauge boson: zero, exactly.


The Higgs particle, alone in its category. This is where things get interesting. The Higgs is the only field in the Standard Model that does not respect conformal invariance for generic values of how strongly it is coupled to gravity. The strength of that coupling is what physicists call the non-minimal coupling, written ξ\xi, and you can think of it as a single dial. There is, however, one special setting on the dial, ξ=1/6\xi = 1/6 (called conformal coupling, for historical reasons), at which the conformal symmetry comes back even for the Higgs. Off that special setting, the Higgs contribution to αR\alpha_R is not zero, and it works out to be exactly verified 12(ξ−1/6)2\tfrac{1}{2}(\xi -

1/6)^{2} per real scalar field, growing as the square of how far the dial sits from 1/61/6.


Now sum over the Standard Model. There are four real scalar fields that come from the single complex Higgs doublet, so the contribution sums to 4×12(ξ−1/6)2=2(ξ−1/6)24 \times \tfrac{1}{2}(\xi - 1/6)^{2} = 2(\xi - 1/6)^{2}. The fermions contribute zero. The gauge bosons contribute zero. The total is


verified  αR(ξ)=2(ξ−16)2.\begin{equation}

  \alpha_R(\xi) \;=\; 2\!\left(\xi - \tfrac{1}{6}\right)^{2}.

  \label{eq:alphaR-canonical-restated}

\end{equation}
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