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For the stars that died before anyone was watching,

and for the astronomers who taught us

how to read the light they left behind.



And for everyone who has ever looked up

and felt the universe looking back.

 


Author’s Preface: A New Way of Listening

This book began with a question that seemed, on the face of it, too simple to be interesting: do stars have rhythms?

The answer, as anyone who has spent time with variable star catalogues or pulsar timing data will tell you, is obviously yes. Stars pulse. They oscillate. They brighten and dim and brighten again on timescales ranging from fractions of a second to thousands of years. This is not controversial. This is basic astrophysics, documented in catalogues that run to hundreds of thousands of entries.

But the question I kept returning to, the question that eventually produced this book, was a more specific one: what are those rhythms for? What biological analogy, imperfect as all analogies are, might help us understand the pattern of rest and activity, of expansion and contraction, of energetic outburst and deep quiescence, that stellar objects display across the full span of their lives?

Chronobiology is the study of biological rhythms, the field that gave us the understanding of circadian clocks, seasonal cycles, hibernation, and the remarkable ways that living things organize their activities in time rather than simply in space. Stellar chronobiology, the framework I am proposing in this book, asks whether the language of rhythmic biological organization, adapted and translated carefully into the physical terms that stars actually operate in, illuminates aspects of stellar evolution that the standard narrative of stellar physics, excellent as that narrative is, tends to underemphasize.

I want to be clear from the beginning about what this book is and what it is not. It is not a claim that stars are alive in any biological sense. Stars are not conscious. They do not sleep in the way that animals sleep. They do not have circadian rhythms in the way that humans have circadian rhythms, because they do not have the specific molecular clock mechanisms that biological circadian rhythms depend on.

What I am arguing, more carefully and more specifically, is that stellar objects display patterns of periodic and quasi-periodic variability across their full life cycles that have a structural resemblance to the patterns of biological rhythmicity, and that thinking about these patterns in the framework of chronobiology, the science of biological time, generates questions and perspectives that the standard stellar physics framework does not naturally produce. Whether those questions and perspectives are ultimately productive is something that the scientific community will need to evaluate over time. This book is the argument for why they might be.

The book draws throughout on real astrophysical data, real observations, and the genuine current state of stellar physics. I have tried to be scrupulous about distinguishing what is established science from what is my interpretation or synthesis. The chapters on pulsar timing, variable stars, Cepheid physics, and white dwarf cooling draw on a rich and well-established observational and theoretical literature. The interpretive framework I apply to this literature is my own, and I hold it with the appropriate combination of conviction and humility that scientific speculation requires.

I hope you find the journey worthwhile. The universe has been timing itself for 13.8 billion years. We have been watching for less than a century, with instruments that have existed for even less. We are, in the most literal sense, just beginning to understand the rhythm of things.

 


Table of Contents

Author's Preface: A New Way of Listening

Table of Contents

Prologue: The Night the Universe Breathed

Chapter One: What Is Stellar Chronobiology?

Chapter Two: The Rhythms We Already Know

Chapter Three: Variable Stars and the First Clues

Chapter Four: The Heartbeat of Cepheids

Chapter Five: Red Giants and Their Long Slumber

Chapter Six: The Pulse of Pulsars

Chapter Seven: White Dwarfs: The Long Cooling Dream

Chapter Eight: The Architecture of Stellar Time

Chapter Nine: Supernovae and the Final Awakening

Chapter Ten: Black Holes and the Endless Night

Chapter Eleven: Galactic Rhythms and Cosmic Clocks

Chapter Twelve: The Universe as a Living System

Chapter Thirteen: What This Means for Everything

Epilogue: Reading the Sky Differently

Glossary of Key Terms

A Note on Sources and Further Reading

Acknowledgments

About the Author

 


Prologue

The Night the Universe Breathed

On the night of August 11, 1975, the sky over the northern hemisphere contained a star that had not been there the night before.

Nova Cygni 1975 appeared suddenly in the constellation Cygnus, bright enough to be visible to the naked eye at magnitude 1.7, comparable to the stars of Orion's belt. It had been a binary star system, a white dwarf and a companion, quietly accumulating hydrogen on the white dwarf's surface for hundreds of thousands of years. And then, in the specific and catastrophic way of novae, the accumulated hydrogen had ignited in a thermonuclear explosion that briefly made the system ten thousand times more luminous than the entire Sun.

Astronomers around the world turned their telescopes toward it. Photometry, spectroscopy, radio observation: the tools of modern astrophysics were deployed in the comprehensive response that a bright naked-eye nova always produced. Within weeks, the outburst had been characterized, its light curve mapped, its spectrum dissected, its distance estimated. The nova was explained, in the technical sense that astrophysicists mean when they say a phenomenon has been explained: the mechanism was understood, the relevant physics was known, the event fit into the existing framework of stellar evolution.

What struck me, reading the observations decades later, was not the explosion itself but the period before it. The system had been oscillating, in the specific way that cataclysmic variable systems oscillate, on a period of approximately five hours, for as long as anyone had been observing it. The white dwarf's accretion, the slow accumulation of the companion's hydrogen on the white dwarf's surface, had been periodic. The system had been, in a very real physical sense, breathing in, on a timescale of hundreds of thousands of years, before the explosion that was its breath out.

I do not want to push the metaphor too far, because the physical reality is considerably more complex and less poetic than any biological analogy can capture. But I also do not want to dismiss it too quickly, because the pattern it points toward, the pattern of systematic rhythmic change in stellar systems across timescales that range from milliseconds to geological ages, is a pattern that deserves more attention than it typically receives in the standard account of how stars live and die.

This book is about that pattern. It is about the rhythms of stars, from the millisecond pulses of neutron stars to the billion-year cycles of stellar populations. It is about what those rhythms tell us about the physics of stellar objects, about the timescales of cosmic processes, and about the specific way that the universe organizes its energy across time. It is also, at its most speculative, about whether the framework of chronobiology, the science of biological rhythms, offers a useful lens for understanding rhythmic processes that have nothing biologically to do with life but that share with biological rhythms the fundamental property of being organized in time rather than simply in space.

Nova Cygni 1975 is still there, in the sense that the binary system that produced the nova is still there, still orbiting, still slowly accumulating hydrogen, still ticking toward the next outburst. It will be back, on the specific timescale that its physics determines. The universe is patient in a way that is difficult for creatures with lifespans of decades to fully appreciate.

We have been watching the sky with instruments for about a hundred years. The universe has been going on for 13.8 billion. The rhythms we have detected are the rhythms that our instruments and our timescales can access. The rhythms we have not detected are, by definition, invisible to us. The history of science suggests that the invisible rhythms are typically more numerous and more interesting than the visible ones, and that the act of making them visible is the act that most substantially changes our understanding of the thing we thought we already understood.

This book is an invitation to listen for some of the rhythms that we may not have been listening for carefully enough.

The temporal perspective on the universe is not new to philosophy, but it has been slow to become central to astrophysics in the way that it has become central to biology. Darwin's great insight was that living things could only be understood historically, as the products of a temporal process of variation and selection that had been operating for billions of years. The organisms we see today are not simply objects with properties; they are temporal processes with histories, and understanding those histories is essential to understanding what the organisms are.

The same historical perspective is being applied, gradually and incompletely, to astrophysics. The recognition that the universe has a history, that its current state is the product of 13.8 billion years of evolution from the Big Bang, is the foundation of modern cosmology. The recognition that individual stellar objects have histories, that their current properties are the products of specific evolutionary trajectories through the space of possible stellar states, is the foundation of stellar evolution theory.

Stellar chronobiology extends this historical perspective to the temporal structure of stellar objects: not just where they are in their evolutionary trajectory, but how they are organized in time at every scale from milliseconds to billions of years. It is the attempt to understand the full temporal complexity of stellar objects, from the fastest rhythms to the slowest, and to integrate that temporal complexity into a coherent picture of what stellar objects are.

The universe has been timing itself since the first stars ignited. We are only beginning to listen.

 


CHAPTER I

What Is Stellar Chronobiology?

The word chronobiology was coined in the 1960s, and the field it named had been developing since the late nineteenth century through the work of researchers who noticed that living systems did not simply respond to their environment but anticipated it. Plants turned toward the light before the light arrived. Animals began preparing for winter before the temperature dropped. Human body temperature, hormone levels, and cognitive performance followed daily cycles that persisted even in the complete absence of external time cues.

The field that emerged from these observations produced some of the most important scientific discoveries of the twentieth century. The identification of the molecular clock mechanism, the specific set of gene expression feedback loops that drives the circadian clock in animals, plants, and fungi, earned Jeffrey Hall, Michael Rosbash, and Michael Young the Nobel Prize in Physiology or Medicine in 2017. The understanding that biological time is not simply a passive response to environmental time but an active, internally generated, evolutionarily conserved feature of living systems transformed medicine, psychology, ecology, and our understanding of what life is.

Stellar chronobiology is not a recognized subdiscipline of astrophysics. I am not proposing it as a field with established methods and a peer-reviewed body of literature. I am proposing it as a framework, a way of asking questions about stellar objects that the standard framework of stellar physics does not naturally generate, because stellar physics is organized around the question of what is happening in stars rather than the question of






















