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Underlying unity isn’t a dream; it’s reality.

The appearance of separation is, though, a dream, and it’s turning into a nightmare.

The Story of Gaia is dedicated to everyone who is waking up to re-member we’re inseparable.



THE STORY OF
GAIA
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“Jude Currivan is that rarest and most original of evolutionary pioneers—one that fuses together profound mystical revelation and passion with grounded, wide-ranging, precise scientific knowledge. In her latest brilliant and galvanizing masterpiece, The Story of Gaia, she guides us into the depths of the divine intelligence that has shaped the life and evolution of our Earth. Read it as I have done with awe and gratitude again and again, and share it with everyone you know.”

ANDREW HARVEY, COAUTHOR OF
RADICAL REGENERATION 
AND AUTHOR OF THE HOPE 
AND TURN ME TO GOLD

“Weaving an impressive array of sciences, from cosmology to the latest biology of trees, Currivan creates a compelling new history of the Earth as a single conscious entity whose components result from a grand, holistic design. Ultimately, this highly original story of our home planet signals a new way of being for its human inhabitants—a welcome and necessary message of hope in these challenging times.

LYNNE MCTAGGART, AUTHOR OF THE FIELD 
AND THE POWER OF EIGHT

“Jude Currivan’s encyclopedic knowledge of modern quantum-informed science shimmers with her vast, integrated knowledge. Gaia truly comes to life through her masterpiece. Highly recommended!”

EBEN ALEXANDER, M.D., NEUROSURGEON AND AUTHOR OF PROOF OF HEAVEN

“The Story of Gaia is an amazing book. It tells who we are—for the future of humanity on the planet and for the future of the planet in the Universe. Perhaps the greatest story ever told—now told with the authority of cutting-edge science.”

ERVIN LASZLO, PH.D., WHOLE SYSTEMS THEORIST, PHILOSOPHER, AUTHOR, AND FOUNDER OF THE CLUB OF BUDAPEST

“A fascinating new perspective on our cosmic and human evolution.”

RIANE EISLER, AUTHOR OF THE CHALICE AND THE BLADE AND COAUTHOR OF NURTURING OUR HUMANITY

“A breathtaking journey into the ever-increasing intelligence, ingenuity, and creative wisdom of our Universe and the consciousness-actualizing ways in which this becomes manifest and expressed through Gaia and her children and our creative relationships. I highly recommend this masterpiece for discovering the principles, processes, and cosmological architecture that makes life possible and able to thrive.”

ANNELOES SMITSMAN, PH.D., LLM, FUTURIST, SYSTEMS SCIENTIST, AND COAUTHOR OF THE FUTURE HUMANS TRILOGY

“With this book, Currivan takes her place as a leader in a direction that will be necessary if we are to survive the challenges our species faces on our precious planet.”

LARRY DOSSEY, M.D., AUTHOR OF ONE MIND AND SPACE, TIME, AND MEDICINE

“Currivan evokes a deeply empathic sense that all that led to and now exists as life on Earth is intrinsically the result of the universally unifying and cohering presence of love. Ultimately, The Story of Gaia is a vast love story that reminds us that we, too, are an inevitable manifestation of this same eternal presence; it should be a foundational educational text for all students everywhere.

MARSHALL LEFFERTS, AUTHOR OF COSMOMETRY

“Jude Currivan has written a masterly interdisciplinary odyssey based on a wider range of scientific principles consistent with the emerging consensus on the centrality of mind and consciousness. Within an overarching evolutionary framework, she draws on her extensive and detailed knowledge of cosmology, geology, physics, ecology, biology, and the wisdom traditions to weave a highly accessible narrative about our ‘sentient, dynamic, and co-evolutionary gaiasphere.’”

DAVID LORIMER, PGCE, FRSA, PROGRAM DIRECTOR OF SCIENTIFIC AND MEDICAL NETWORK AND EDITOR OF PARADIGM 
EXPLORER

“Very rarely a book comes along that profoundly transforms the way we look at the world and our place in it. The Story of Gaia does so and takes us on a journey to truly know ourselves as Gaians.”

DIANE MARIE WILLIAMS, 
FOUNDER OF THE SOURCE OF SYNERGY FOUNDATION

“With its copious and expertly elaborated combinations of scientific, cultural, and consciousness data, the book provides a powerful contribution and, in fact, salvational view of both our current location and our most ambitious and evolutionary potential.”

KURT JOHNSON, PH.D., COAUTHOR OF THE COMING 
INTERSPIRITUAL AGE, FINE LINES, AND NABOKOV’S BLUES

“The Story of Gaia provides irrefutable evidence of our deep relationship with each other, the Earth, and the Cosmos. This book is indeed a beautiful expression from Gaia herself—through Jude Currivan, her creation—as she seeks to bring us human children back to our senses.”

PETER MERRY, PH.D., COFOUNDER OF UBIQUITY UNIVERSITY

“The Story of Gaia roots us solidly as Gaian creatures who are coming to understand our spiraling cosmic and earthly journey. With this self-knowledge we cannot help but do better by Gaia and thus for ourselves. The future we dream of is ours to co-create!”

ELISABET SAHTOURIS, PH.D., 
AUTHOR OF EARTHDANCE  
AND GAIA’S DANCE AND COAUTHOR OF A WALK THROUGH TIME

“The Story of Gaia is an eloquent affirmation of our need to change our modern perception of being human. Our ancestors knew that we were a part of—not apart from—our living planet, as do Indigenous people today. This marvelous book tells that story and inspires us to change.”

JOHN PERKINS, AUTHOR, 
ACTIVIST, AND COFOUNDER OF THE PACHAMAMA ALLIANCE

“The Story of Gaia lays out the scientific fundamentals of our wholeness in a deeply grounded and beautifully told exposé of our inherent unity. It moves from our Universe’s point of origin through every cosmological step to the present, revealing a holarchic complexity that is the scaffolding of our wholeness and laying the groundwork for unity-based decision-making and action-taking.”

JONI CARLEY, D.MIN., 
UNITED NATIONS ECOSOC 
CONSULTANT AND AUTHOR OF THE ALCHEMY 
OF POWER

“Jude Currivan eloquently describes the known science about the history and development of the Universe and our place in it for the layperson. A must-read for the curious explorer wanting to see the big picture view of how humanity arrived where we are today and, vitally, our co-creative potential for conscious evolution.”

HELANÉ WAHBEH, ND, 
MCR, DIRECTOR OF RESEARCH AT THE INSTITUTE OF NOETIC SCIENCES AND AUTHOR OF
THE SCIENCE OF CHANNELING

“Jude Currivan eloquently brings together extensive scientific knowledge, evolutionary biology, cosmic insight, and embodied wisdom with brilliant attunements and insights before each chapter, leading the reader on a unified path toward greater wholeness. This book will wake the innate genius within us as the ‘microcosmic co-creators’ that we are. It’s a labor of love that will change the world.”

JULIE KRULL, PH.D.,
PRESIDENT AND FOUNDER OF GOOD OF THE WHOLE, 
INC., AUTHOR, AND HOST OF THE DR. 
JULIE SHOW

“The beauty of The Story of Gaia highlights the interdependent nature of all things in a web of wholeness. Jude Currivan writes with a deeply held gratitude, wonderment, reverence—and love—for all that came before, all that is, and all that will be, revealing, as she conveys so brilliantly well, that the Universe, too, has a soul.”

ROBERT ATKINSON, PH.D.,
DEVELOPMENTAL PSYCHOLOGIST, AUTHOR OF THE 
STORY OF OUR TIME, 
AND COEDITOR OF OUR MOMENT OF 
CHOICE

“The Story of Gaia lays out the pathway for humanity’s reconnection with our Earth as mother, as Gaia, showing us how aligning with Earth opens up deeper understanding of both unity and diversity.”

JIM GARRISON, PH.D., 
COFOUNDER AND PRESIDENT OF UBIQUITY 
UNIVERSITY

“A brilliantly epic journey of universal breadth and Earth-based wisdom. A book for the ages. I highly recommend it as a foundational resource to discover our shared destiny.”

ADAM C. HALL, AUTHOR OF DIVINE GENIUS, THE EARTHKEEPER,
 AND THE LITTLE BOOK OF GENIUS

“The Story of Gaia is our story. Jude Currivan has crafted a captivating narrative that uses cutting-edge modern scientific insights along with ancient wisdom to re-enchant us with the ground of our being: Gaia as a living planet manifesting within consciousness.”

DANIEL CHRISTIAN WAHL, 
AUTHOR OF DESIGNING REGENERATIVE 
CULTURES

“In The Story of Gaia, Jude Currivan shares with us her aim to serve the voice and wisdom of Gaia. We are invited to recognize with open hearts our citizenship as Gaians.”

PAUL J. MILLS, DIRECTOR 
OF THE CENTER OF EXCELLENCE FOR 
RESEARCH AND TRAINING IN INTEGRATIVE 
HEALTH AT USCD

“An eloquent and scientific rendering of how planet Earth, our home and the crucible of our human existence, was created and evolved throughout the history of the Universe. Breathtaking in the scope of research and implications for a new understanding of Gaia as a living being, this book unveils the mystery and majesty of our cosmic home in a way that is worthy of Gaia herself.”

EMANUEL KUNTZELMAN, SOCIAL 
ENTREPRENEUR, COFOUNDER OF GREENHEART INTERNATIONAL, 
COFOUNDER AND PRESIDENT OF FUNDACIÓN POR EL FUTURO, 
AND FOUNDING CO-CREATOR OF THE GLOBAL PURPOSE 
MOVEMENT

“Jude’s voice and Gaia’s story mesmerized me as it weaved in and out of this universal web of emergent meaning and purpose—an alluring, deeply compelling, and inspirational call to re-member our true nature.”

STEVE FARRELL, WORLDWIDE 
COORDINATING DIRECTOR AND COFOUNDER OF HUMANITY’S TEAM

“An evolutionary way-shower, Currivan is embodying the true art of the shaman, who is a storyteller and creative artist par excellence. Through Gaia’s story, she is helping us to re-create our world as well as ourselves. For this, we should be forever grateful.”

PAUL LEVY, AUTHOR OF
WETIKO

“Jude Currivan has brought together knowledge across an amazing range of specialized subjects to form a coherent whole. This is a remarkable book!”

REV. DON MACGREGOR, PGCE, 
AUTHOR OF BLUE SKY GOD
 AND THE WISDOM SERIES

“Some books speak to you. This one sings. Currivan reminds us to honor and savor the deep heritage of Earth, appreciate its place in the greater universal scheme, and catch a glimpse of what is still seeking to evolve and unfold through our lives. This compelling and sparkling biography of Earth invites us to become Gaians—to carry the whole of planetary life within us as we in turn are carried and held within the wholeness of Gaia’s embrace.”

MICHAEL LINDFIELD, 
PRESIDENT, BOARD OF DIRECTORS AT MEDITATION MOUNT

“This book is essential for anyone wanting to deeply understand the miracle of life on Earth.”

REV. DEBORAH MOLDOW, FOUNDER OF THE GARDEN OF LIGHT AND DIRECTOR OF THE EVOLUTIONARY LEADERS CIRCLE
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INTRODUCTION

Big Breath

At the end of my previous book The Cosmic Hologram: In-formation at the Center of Creation, and having gathered evidence across all scales of existence and numerous and wide-ranging fields of research, I asserted that


	In-formation is reality

	It is bit

	Mind is matter

	Matter is mind

	And that mind and consciousness isn’t something we have; it’s literally what we and the whole world 
	are.




The reality of our Universe, its meaningfully in-formed and holographically manifest appearance of space-time and energy-matter, emerges from nonphysical realms of causation and intelligence. From the wisdom teachings of the Upanishads of ancient India to the pioneers of quantum physics and now to the latest available science, to paraphrase the eminent early twentieth-century philosopher Sir James Jeans, our Universe is being revealed to be a great and finite thought in the infinite and eternal mind of the Cosmos.

Amassing further evidence and continuing to explore our Universe as a great thought of cosmic mind, The Story of Gaia continues a journey of exploration and expands beyond where The Cosmic Hologram leaves off.

All thoughts, whether by a human being or an entire Universe, are innately meaningful. Whether in the universal languages of mathematics, physics, chemistry, and biology or in one of numerous human languages, our Universe, from its birth—not in the implicit chaos of a big bang, but in its first moment of an exquisitely fine-tuned and ordered Big Breath—to its eventual demise and throughout its evolutionary journey from simplicity to complexity, embodies innate intelligence and inherent meaning.

Human languages use alphabets currently ranging from twelve letters (the Rotokas language of Papua New Guinea) to a whopping seventy-four letters (the Khmer language of Cambodia) to combine in meaningful ways to express our human experiences. Our Universe uses the simplest alphabet possible, comprising only two letters, the zeros and ones of digitized information, from which to express its universally meaningful and in-formational reality. In doing so, it essentially informs its entire embodiment over 13.8 billion years and its unfolding stories of planets and plants and people.

Since writing The Cosmic Hologram, further cosmological validation for this radical view of reality has come with two breakthrough discoveries in 2017 and 2018.

In 2017, analysis of the cosmic microwave background, or CMB, the relic radiation from the early Universe that fills all of space, revealed a pattern of temperature variations characteristic of the cosmic hologram.1

For decades the quantum theoretical prediction of universal nonlocality, showing that our Universe exists and evolves as a unified entity, has been tested at progressively larger than quantum scales. Momentously, though, in 2018 such nonlocality was experimentally verified to the vast distance of 12.2 billion light-years away,2 showing that it is indeed a fundamental universal attribute.

In The Cosmic Hologram I show how cosmic mind, articulated as meaningful in-formation, holographically manifests the appearance of our Universe as energy-matter and space-time, and I’ve summarized this in “A New IN-SCIght of IN-formational SCIence,” which is included here as an appendix.

That book reveals the evidence that underlying the appearance of our Universe, in nonphysical realms of intelligent causation, reside the dynamic in-formational patterns of what are known as attractors that template and guide the manifested in-formed semblences of energy-matter. Over time—and embodying increasingly evolutionary complexity—the imbued appearance of atoms, molecules, prebiotic molecules, organisms, and ecosystems then progressively organized as nested, interdependent, resonant, and coherent systems.

The ancient Greeks, as did many traditional societies and Indigenous peoples today, viewed the Earth as a living being: a goddess and a mother. They called her Gaia. The Story of Gaia extends the definition of what’s usually been called life. Inclusive of organic entities, it expands the meaning of “living” and being alive to the multidimensional consciousness and multiple agencies, entities, and sentience embodied in our planetary home and our entire Universe.

It shares scientific research and discoveries that further support The Cosmic Hologram’s perception of integral reality, validating the insights of perennial wisdom teachings and drawing on my own lifetime of inner and outer journeying, explorations, and encounters.

Stories take time to tell.

For a human being it can span from a few precious moments of an unforgettable experience to a complete lifetime. For a bristlecone pine, the longest living tree on Gaia, it can be up to five millennia. In 2020, bacteria were revived after hibernating in buried layers of mud on the floor of the Pacific Ocean for 100 million years.3 And Gaia’s personal story began some 4.5 billion years ago. (Commonly, “billion years ago” is abbreviated as Ga, for example 4.5 Ga, which we’ll use going forward.)

Our stories, though, don’t really begin with us. They go back to our parents and their parents. As far back as our personal, familial, and collective memories and discoveries allow. So, The Story of Gaia, and accordingly our story, begins not with her birth but that of our entire Universe.

13.8 billion years on from that genesis, in early 2020, I started—as a member of a species that’s one of Gaia’s youngest biological children— to share her story by writing this book. Just at that moment, perhaps the oldest and certainly the smallest of her organic offspring, a virus, evolving to a novel form, inserted itself in the collective body of humanity.

In the midst of its apparent and world-wide role as a bringer of disease, however, the COVID-19 coronavirus’s far greater purpose may be as a messenger from Gaia calling on us to change our ways; perhaps it is acting as an agent for the breakdown of our unsustainable behaviors and as a harbinger for the healing and restoration of our relationship with Gaia and the potential of our conscious evolution.

Before starting to tell Gaia’s story, I’d like to make three points. The first is that I aim to tell it in her voice. I feel that like my own Mum, Gaia doesn’t like to make a fuss and just gets on with loving life. So rather than expressing my continuing wonderment and awe of her (and my Mum) and our entire Universe, I’ve refrained (except for instances where I just couldn’t help myself) from using adjectives such as amazing, astounding, and marvelous. Instead, I hope to share the evidence in a way that speaks compellingly for itself.

Second, there’s one adjective that I do ban: random, with its connotations of being accidental and aimless. While many phenomena and their outcomes do manifest in ways that are statistically variable, they all express and embody meaningful in-formation. The evolution of biological life has also been plagued by the mistaken presumption of random mutations driving its processes. Instead, as we’ll see, this is now being turned on its head.

Third, I have a hope that by the end of Gaia’s story, if not at the beginning, readers may experience an enlivened relationship with her and indeed our entire Universe. At the beginning of each chapter is a short attunement or story from my travels. While based on my own experiences, these attunements are invitations to join me in re-membering and re-hearting that we’re all Gaians.



1

Origin

13.8 Ga

ATTUNEMENT

Closing my eyes and slowing my breath, I imagine the beginning of our Universe. It is black. Not the transparent black clarity of a night sky tinged by stars. Nor the blackness of squid ink, black yet with a hint of blue. But an utter and complete blackness. Not an empty void but replete with everything and the potentiality of what might come. Not a black hole, but the black whole.

It is minute; tiny almost beyond comprehension. Its wholeness at its first moment is as small compared to my body as I am to the vastness of what it has since grown into over its 13.8 billion-year-long evolutionary journey.

It is hot. One hundred trillion trillion times as hot as the interiors of its stellar progeny will be billions of years in its future.

It is simple; though only as simple as it can be to gift an eventual cornucopia of planets, plants, and people.

I am in wonder at the audacity of its visionary magnificence. How, how! could the infinite and eternal mind of the Cosmos dream the perfect intricacy of such a thought?

And why?

[image: image]

The big bang wasn’t big and it wasn’t a bang.

Instead of our Universe beginning in the implicit chaos of a “bang,” it was born in a miniscule and incredibly simple and ordered state.

Its laws of physics, the in-formational algorithms guiding its existence and evolution, were extremely fine-tuned, and the relationships between its fundamental physical attributes and the associated numerical constants they embed were exact to a meticulous degree. Had they differed from what they are by only a minute amount, our Universe would never have been able to even exist, let alone go on to evolve.

Its unified nature and the extreme order and simplicity of its birth had the inevitable consequence of a universal and one-way flow of time from its first moment until its last. The complementary and ongoing expansion of space and its holographic manifestation has, ever since, enabled more and more meaningful in-formation to be embodied within space-time, and it will continue to do so throughout its lifetime. As a finite thought of an infinite and eternal Cosmos and vitally imbued with meaning, the extreme fine-tuning of its laws of physics instills it with an innate evolutionary impulse and essential purpose: to evolve from its original simplicity to ever-greater complexity and individuated and relational levels of self-awareness.

In doing this, our Universe embodies two universal principles that continue to guide and be way-showers in its ongoing journey of exploration and discovery. Its first underlying rule is that—to paraphrase Einstein—the Universe is as simple as it can be but no simpler, to manifest its evolutionary impulse. The second is that within its overall conservation of energy-matter and their overall balance to zero, all subsystems use the minimum energy possible to manifest their existence and its evolutionary impulse.

So rather than a one-off and chaotic big bang, our Universe continues to sound the ongoing harmony in the Big Breath of its emergent potential.

Gaia’s story explores the discoveries and understanding, both leading-edge and ancient, that have progressively perceived how our Universe began and, from its earliest epoch, the long path that would eventually lead to our home world and the myriad abundance of the children she’s birthed, including ourselves.

One of our most venerable of wisdom traditions, the Chinese I Ching, tells that “In the beginning was the one, the one became two, the two became three—and from the three, ten thousand things were born.”

From the potency of its unified oneness, our Universe realizes itself through its universal informational “alphabet” of just two letters: zeros and ones. This simplest of differentiation then combines, imbuing innate meaning into all the diverse expressions of the relational twonesses of energy-matter and space-time.

Its primary two-fold relationships then further resolve into a multitude of three-fold relationships at all levels of existence.

For example, the two-dimensional holographic boundary of what we call space, through the flow of time, projects the innate and evolving intelligence of the entire Universe into its appearance of three orthogonal dimensions. Our x/y/z experience of left/right, up/down, and forward/backward is woven into its semblance, rather than being merely a construct of our awareness.

Within the intrinsic properties of energy-matter, three-fold combinations of quarks make up the protons and neutrons of atomic nuclei; the familial groupings of protons, neutrons, and electrons form into stable and electrically neutral atoms and the ubiquity of positively, negatively, and neutrally electrically charged particles and energy fields are subsumed within an overall and exactly neutral Universe.

From its beginning, our Universe has evolved from this foundational simplicity to the complexity of the I Ching’s “ten thousand things and more.” From the genesis of its first moment, it was poised and expectant with all the potency of its evolutionary diversity.

Another wisdom tradition, that of the ancient Greeks, intuitively perceived the fundamental nature of number, geometry as number in space, and music as number in time, all underpinning their cosmology to form a four-fold quadrivium of knowledge. We’ll see how the harmonic and resonant relationships and universal patterns of these teachings are now being newly appreciated as playing all-pervasive roles in the story of Gaia and her Universe.

As a creative and finite emanation of an infinite and eternal Cosmos, its manifestation through its continuing Big Breath also reflects the ancient Vedic perspective of the Breath of Brahman. The Upanishads, a series of discourses in ancient India between seers known as rishis and their students, sets out an integral philosophy of the unified nature of reality and all-pervasiveness of consciousness. Their Ishavasya wisdom teachings seek to guide the understanding of both the unmanifest causative realms of existence with the manifest world that the Breath of Brahman exhales, and which represents the ultimate unity behind and transcendence of all names and forms.

The profound insights of these ancient scholars are being re-appreciated by ever more discoveries of leading-edge science. Even more vitally so, the living lore of Indigenous peoples who have never forgotten the innate web of life that encompasses the whole Cosmos is now being honored as offering experiential guidance to heal our collectively dis-membered relationship with Gaia.

With the wisdom and presence of these fellow travelers accompanying us, let us now begin to share the 13.8 billion-year-journey of Gaia’s story.

The earliest period of the miniscule seedpoint of our Universe, called the Planck epoch, is named after physicist Max Planck and refers to its minute yet finite beginning. Since time began to flow and space to expand from this first moment of the Big Breath, the Planck scale is where the infinity of cosmic mind expresses itself as the finite reality of our Universe.

The Planck scale is where the meaningful in-formation that makes up the appearance of space-time and energy-matter is in-formed. A universal constant together with fundamental gauges of these four (space-time and energy-matter) and a fifth (temperature) measures the emergence of reality at this scale.

The cosmic hologram views the manifested Universe as being instigated from and pixelated at the Planck level of space and time. So, there’s literally no smaller or earlier era to investigate; it just doesn’t exist as physicalized reality.

 

Reality Emerging at the Planck Scale of Existence

The reality of the appearance of our Universe emerges at the Planck scale of existence and is fundamentally embodied in five phenomena: energy, matter, space, time, and temperature.

Relating the energy of a photon of light to its frequency, a universal constant, also named after Planck, depicts the essential vibrational nature of energy and matter. Often referred to as the quantum of electromagnetic action, the Planck constant shows the fundamental role of light. The constant also mediates foundational relationships, such as between energy and time and between momentum and position, and is key to the framework of quantum mechanics, which describes how energy and matter behave.

During its initial era, while our Universe was almost inconceivably dense and hot, it was also in a radically coherent state. Through the extreme precision that in-forms universal forces and the relationships between the five emergent phenomena of energy, matter, space, time, and temperature, and woven together by the speed of light, essential measures—again named after Planck—emerge that underpin its entire realization.

These five gauges relate to each other regardless of the units they’re measured in: whether in our human scales of measure or those of a self-aware and scientifically curious species in a galaxy far, far away and a long, long time ago.

For example, the Planck time of approximately 10−44 seconds is the time it takes light to travel the Planck length of around 10−35 meters. So, the speed of light in a vacuum is at a rate of one Planck length per one Planck time.

It’s at the Planck scale triangular area, each side comprising a Planck length, that the holographic boundary of our Universe pixelates the digitized in-formation of its reality. And as space expands and time flows, the cosmic hologram thus embeds and projects ever more and innately meaningful in-formation as its emergent appearance.

The Planck epoch is our current understanding of our unfolding Universe from its first moment of one Planck time, with a diameter of one Planck length, and at a Planck temperature of one—which in our measure is a torrid 1032 degrees Kelvin.

As space expands and time flows, our contained Universe embodies ever greater in-tropy 
in a cycle where correspondingly its temperature falls. At the end of its 
lifecycle, its in-tropy is at a maximum and its temperature at a minimum. Given the third law prohibits reaching an absolute zero temperature for a finite system, which our Universe and its lifecycle are, it will likely end close to—but not reach—that ultimate threshold.

 

While incredibly hot, in the immediate aftermath of the first Planck moment of time, during its first trillionth of a second, our Universe was already beginning a series of extraordinarily precise and ordered stages by which it would devolve from an initial unitary state into two and then three forces and their interrelationships, the real-ativity of the reality they would maintain for the remaining duration of its life-story. 

We know these three as electromagnetism, the strong nuclear force that holds the nuclei of atoms together and the weak nuclear force that guides the radioactive decay of unstable atoms, and the energy-releasing fusion of hydrogen to helium.

All three forces precisely instruct our Universe how to behave. Not only existing before subatomic particles began to form, but literally ushering them into prescribed existence. Indeed, in terms of the weak force, one of its key roles—initiating the thermonuclear processes fueling the radiance of stars—would only be utilized hundreds of millions of years into the future when the first stellar generations came into being.

While commonly considered a fourth force, gravity is better understood more 
in terms of its being a consequence of how energy-matter and space-time in-formationally interact; a view that “A New IN-SCIght of IN-formational SCIence” (see appendix) points to.

While it would also be around 380,000 years before space expanded and cooled sufficiently to enable the free flow of light and thus its transparency, the early Universe was likely replete with the existence of primordial electromagnetic fields.

The apparently separate nature and varied phenomena of electric and magnetic forces came to be understood in the late nineteenth century to actually be complementary expressions of a combined electromagnetism. Their fundamental economy is an example of how our Universe is always frugally elegant in its underlying simplicity yet magnificently generous in its diverse manifestations.

This is wonderfully displayed by electromagnetic fields, which combine electric and magnetic fields acting in reciprocal ways: a changing electric field creates a magnetic field and a changing magnetic field creates an electric field.

As explored in The Cosmic Hologram, electromagnetic fields and their radiation of photons across a wide spectrum of wavelengths, including the beauty of visible light, are a perfect mechanism for the in-formed holographic realization of our Universe. Light mediates the complementarity of energy (E) and matter (as its mass m) as shown in Einstein’s famous equation E=mc2, where c is the constant velocity of light in a vacuum. Light also intercedes in the relationship between space and time, as being the universal speed limit and interweaving the relativity of space and time into the invariant fabric of space-time.

The critical role of the cosmic web of electromagnetic fields spanning the entirety of space-time also dynamically marshals energy-matter into holographically and geometrically fractal patterns at all scales of existence, shepherding and shaping structures and relationships throughout Gaia’s universal story. The unique and extraordinary attributes of electromagnetism facilitated the rapid in-forming of vast galactic clusters in the early era of our Universe,1 later nurtured the fertility of interstellar birthing fields, then helped terraform Gaia and eventually aided the midwifing and care of her organic children.

The exact equivalence of the individual positive and negative electric charges embodied by protons and electrons, the mutually equal attraction of opposite charges and repulsion of like charges, and their arbitrations with light is again as simple as could be to fulfil its myriad roles. The relationships, interactions, and flows of such charges, through protons, electrons, and ions (positively or negatively charged atoms where one or more electrons have been stripped out or added) are optimal carriers of in-formation at all scales and across universal phenomena.

In complementary ways, magnetic fields and lines of force, also at all scales and across vastly different levels of field strengths, are extremely effective means of memorizing and storing in-formation.

In its primordial epoch, though, not only were visible energy and matter coming into being, so were so-named dark energy and dark matter. While their universal effects are being progressively discovered and understood, their fundamental natures remain mysterious.

The likeliest explanation of dark energy, which comprises around 68 percent of the entire energy-matter of our Universe, however, is that it is an innate tension in the fabric of space itself. Acting as an expansionary counterpoint to gravitational contraction, as space expanded from the first moment of the Big Breath, dark energy, with its universal uniformity and constant energy density, seems to have acted as a cosmological constant driving its enlargement. Without its presence, space itself would have remained at its initial miniscule scale, and our Universe would not have even been able to begin to live out its and Gaia’s story.

Dark matter is so-named due to its noninteractions, not only with electromagnetic fields but also with visible energy-matter through the strong or weak nuclear forces, only interacting through gravitational attraction. Forming around 27 percent of the total energy-matter in our Universe, it basically acts as a scaffold: gravitationally underpinning and corralling visible and large-scale structures. Without its steadying presence and support from the very beginning, while hundreds of millions of years later stars likely might have formed, their gravitational pulls would have been wholly insufficient to enable galaxies to do so and, eventually, planetary systems to evolve.

Together dark energy and dark matter account for some 95 percent of all the energy-matter of our Universe; the visible energy and matter that makes up everything from atoms to galaxies, including Gaia and us, only comprises 5 percent of the total. Yet all are necessary components that enable our Universe both to exist and evolve and, indeed, to drive its evolutionary impulse.

From when our Universe was a mere fraction of a second old to around three minutes in age (less time than it takes to lightly boil an egg) as space continued to expand and its density and temperature continued to fall, an intricate series of energetic interactions and their phased thresholds progressed.

Between a trillionth to a millionth of a second from its birth, in the extremely hot conditions, before space cooled sufficiently to enable matter to condense into protons and neutrons, their constituent triplets of quark components, or partons, were able to form. Bound in confined quantum states by gluons, carriers of the strong nuclear force, they filled all of space and—acting like a perfectly flowing liquid with virtually no drag—pulsed with eddies of relational geometric patterns: circles, ellipses, and even triangles.2

During the same time frame, electrons were forming, and by around a millionth of a second the quark-gluon vortices stabilized to form protons and neutrons. Exactly the same amounts of positively electrically charged protons and negatively charged electrons came into existence at this point. Doing so ensured that the entire Universe was electrically neutral from its first moments and that with the universal conservation of energy-matter, it would remain so throughout its lifetime.

The two most fundamental attributes of all expressions of energy and matter are that they’re inherently vibrational and quantized. The former means that they embody different frequencies and wavelengths (the inverse of their frequencies), regardless of whether they’re realized as moving waves or as standing wave particles. The latter ensures that their vibrations are expressed as specific “notes” rather than as a continuous spectrum. Both attributes and their myriad relationships are vital for the story of Gaia and her Universe to unfold through the playing out of the literal music of creation: resonating, harmonizing, and continually improvising their potential.

With the components of atoms now emerging, why then, in addition, did our Universe need neutrinos, its lightest and most elusive of fundamental particles?

The answer, it seems, is that around a millionth of a second after the first moment of the Big Breath, one of two key roles of neutrinos determined a further outcome upon which rested the entire future existence of our Universe.

It may answer one of the most fundamental questions of cosmology: why is there any matter at all in our Universe? For during these earliest moments when matter began to come into existence, it did so in symmetrical pairs of matter particles and their antimatter, antiparticle equivalents. With the same mass, they have opposite charges and very quickly annihilate each other, disappearing in a flash of photons of light. For any matter to have continued to exist, and so for Gaia’s story to even begin, somehow an excess of particles over antiparticles equivalent to one in ten billion photons occurred—but how?

While quarks and antiquarks do behave slightly differently from each other, the effect is far too small to account for the surplus matter. A much larger variation between neutrinos and antineutrinos, though, may hold the answer and help explain why our Universe has needed neutrinos for it to exist and evolve.3

With the fundamentals of matter established, as space continued to expand and its temperature to fall, an intricate series of energetic interactions and their phased thresholds continued to unfold. Between them—stable protons, unstable neutrons and electrons—mediated by photons of light, processed an initial 50/50 numerical split between protons and neutrons to an 88/12 balance.

With conditions still hot and dense enough to drive the requisite reaction, almost all the remaining neutrons combined in pairs and then come together with two protons to comprise helium-4, a stable form of helium. While it seems a simple procedure, for it to work requires extreme fine-tuning in terms of energetic resonances and timings; a very difficult yet crucial process that would not occur again until the formation of the first stars, hundreds of millions of years into the future.

Without this initial stabilization of virtually all neutrons within helium nuclei, however, no further evolution beyond helium to heavier elements would have been possible. This is because without neutrons being present, charged protons in atomic nuclei would electrically repel each other and the nucleus would break apart. The presence of neutrons and the attractive strong nuclear force between themselves and protons being over one hundred times stronger than the repelling electromagnetic force at this miniscule scale is needed to bind nuclei together.

All protons that exist today were created in these earliest moments of our Universe and are its most long-lived and stable expressions of matter. A neutron, though, unless held within the confines of a nucleus, after an average of only around fifteen minutes decays into a proton, an electron, and a particle called an antineutrino. So, without the creation of a sufficient proportion of helium-4 in this primordial era, there would have been insufficient neutrons to help construct the panoply of additional chemical elements that would, billions of years later, be necessary to form the body of Gaia and all her children.

The resultant mix of now stable matter was 75 percent protons, forming hydrogen nuclei, and 25 percent helium-4 nuclei; the reservoir of neutrons was then held safe in preparation for its eventual elemental construction role in the interiors of stars.

This precise balance would be vital for much later evolution. The formation 
of helium from hydrogen in stars forms a necessary bridge to the creation of 
heavier elements. But such is the problematic nature of the hydrogen-helium 
conversion that with less primordial helium accompanying hydrogen in the initial 
makeup of future stars, insufficient helium would have been able to be produced 
in their interiors to facilitate the continuation of elemental alchemy that eventually led to Gaia’s complexity.

By now and with the mix of primordial hydrogen and helium being at its optimal balance for future evolution to continue, the Universe was nearly four minutes old. Space, though, had become too diffuse and cool for any further reactions that would need to occur for the production of heavier elements, especially the crucial process when three helium-4 atoms fuse into carbon-12, the eventual elemental foundation for organic entities. The conditions for this next great step in the universal journey of life would only be first possible far into the future, in the extreme cauldrons of the interiors of stars, themselves still yet to evolve.

While the earliest epochs of the Universe were opaque to light, momentously, they were transparent to sound. The Upanishads of ancient Indian Vedic philosophy also includes the fundamental concept of a primordial AUM, a musical chord of three notes, as being the sound and impulse of the Brahmanic breath of creation. Recent discoveries have established that the “sound” of acoustic waves did indeed sing our Universe into being. The waves of an ululating AUM interacted to compose the initial clustered harmonics of matter that would eventually form into stars and galaxies.

As we’ll see time and time again through Gaia’s story, the scale and energies involved enabling such clustering to both exist and endure were wonderfully exact. Had they been less powerful, the ripples of the primeval AUM would have been insufficient to enable the seeding of future large-scale structures; had they been more powerful, the associated turbulence would have prevented such seeds from evolving at all.

The musical conductors of the universal sound that guided the waves of incipient creation were neutrinos, playing the second of their key roles in the early Universe.4 Despite interacting with other matter so weakly that around one hundred trillion of them flow virtually unhindered through every cubic meter of Gaia’s planetary body every second, for the initial undulations of the universal AUM to begin to sound the way they did depended enormously on the behavior of these tiniest of elementary particles. Despite their individually minute mass, the vast abundance and enormous speed of neutrinos—compared to heavier and slower matter—combined to enable the composition of a cosmic symphony formed of the material “notes” that, echoing through space and time, would become the earliest stars and galaxies.

The echoes of these notes are now observed in the CMB, the cosmic microwave 
background of the relic radiation that fills all of space, as tiny temperature 
fluctuations of less than one millionth of a degree. Their tiny demisemihemidemisemiquaver-scale variations in the notes of the emerging symphony of the Universe were the perfect timbre to then enable gravitational attraction to overcome the ongoing expansion of space and so prepared the way for the formation of large-scale structures.

Nearly fourteen billion years later, their imprint, together with that of primordial magnetic fields, as we’ll see, reveals a pattern of millions of galaxies aligning along filaments surrounding vast empty voids, and whose distribution is a continuing echo of the AUM of creation.5

After some 380,000 years from the first moment of the ongoing Big Breath, space had expanded and cooled to a temperature at which atomic nuclei and electrons could combine into neutral atoms, releasing energy in the form of light as they did so. As the AUM of our Universe faded to the silence of its completion, space became transparent and, as other ancient traditions have maintained, then there was light. At that time, with a temperature still in excess of 3,000 degrees Kelvin, the whole of space would have shone with an eerie orange glow. The CMB that we can observe today is that relic radiation shifted and stretched into invisible microwave wavelengths by the ongoing expansion of space and still filling its entirety.

With space continuing to expand, after a further three million years or so, the light gradually dimmed as it shifted to nonvisible wavelengths, and the Universe darkened into an inky blackness.

Within this womb-like so-named Dark Age, slowly but surely gravity was asserting its hold, until from their initial seeding and after several hundred million years of their gestation, the earliest stars and primordial galaxies began to condense and slowly whirl into existence.

In addition to their perception of the originating AUM as the creative impulse of the world, the Vedic sages had already asserted in their archaic literature that universal mind and consciousness are primary to and all-pervasive as the intrinsic nature of reality.

From the unfolding of the first few minutes of space-time, the Universe had already embodied the simplicity of its fundamental principles and relationships through which its innate intelligence would exist and evolve as a unified and nonlocally connected entity. It was the Greek sages, though, who, from around 2,500 years ago, first articulated how the Cosmos manifests the evolutionary complexity of the world from such universal and initiating simplicity. A compendium of four subjects (number, geometry, music, and cosmology), known by early medieval times as the quadrivium, embodied their understanding of the attributes and interrelatedness of number: geometry as number in space, music as number in time, and a cosmology made resonantly manifest by the “music of the spheres.”

Continuing to share Gaia’s story, we’ll see that such perceptions were profound insights into the fundamental nature of reality rather than being inventions of human minds.

The numbers zero and one, which make up the digitized bits of zeros and ones of universal information, form the Universe’s two-letter alphabet and are literally the simplest differentiation of unity into its initial appearance of duality. From the vast combinations and accumulations enabled by the elegance of such a digitized alphabet, meaningful in-formation is composed and manifests as the entire reality of our Universe.

Beyond zero and one, the unfolding array of numbers and their myriad relationships at all scales of existence is inherent to our Universe’s reality.

At the simplest of levels, the subdivision of a straight line, or musical string, into two unequal parts and where the ratio of the smaller length to the larger is the same as the ratio of the larger length to the whole, gives rise to an extraordinary relationship called the golden mean or phi.

Phi can also be arrived at by a simple progression and then ratios of whole numbers beginning with the 0 and 1 that are the essential fount of reality and sequencing: 0, 1, 1, 2, 3, 5, 8, 13, 21, 34, and so on, where the next number is the addition of the two before. When each number is then divided by the one preceding it, phi progressively emerges as the sequence continues to ever larger numbers and the ratios between them trend to phi as a universal constant. At eight decimal places, it equates to 1.61803398, but there appears to be no end nor repetition in the numerical sequence after the decimal point. Instead, phi delves its relationship into the deepest foundations of reality.

Also found in circumstances and structures that embody an evolutionary impulse, such as the double-helix of the DNA genetic code where the breadth and length of each full spiral are in a 21:34 relationship, phi is a wonderful example of how the harmonic relationships that pervade our Universe are inherently relational and essentially geometric.

The Greek geometers, who perceived universal meaning in such idealized relationships, viewed geometry as inherently sacred. Only in recent years and with technologies that enable analyses of vast amounts of data has a deeper realization that, indeed, self-similar geometric patterns, fractally fragmented, however, rather than “idealized,” underpin the appearance of complex systems. Vital insights reveal, too, that they do so throughout both the natural world at all scales of existence and in collective human behaviors.

While mathematically there are a vast number of possible geometries, the geometry of Euclid and the theorem attributed to Pythagoras, as we were taught in school, depends on a very specific instance of an exact flatness of space on which the geometry is measured. The result that the square of the hypotenuse of a right-angled triangle is equal to the sum of the squares of the other two sides may seem trivial when drawn on a piece of paper in a school room. However, its profound significance is revealed when restated in terms of the relationships between energy, matter, space, and time. Then, Einstein’s famous equation E=mc2, equating energy and matter conjoined through the speed of light, naturally emerges, showing that the very structure of our Universe reflects and requires the underlying geometry of the whole of space to be exactly flat.6 And in 2013, after a survey lasting five years, the WMAP space probe measured and confirmed the extraordinarily and uniquely special flat geometry of space at a cosmological scale.

The ancient Greeks’ understanding of music, harmony, and early notions of vibration, wavelength, and frequency also presaged the breakthroughs of the quantum discoveries of the twentieth century. As we now know, all forms of energy-matter are vibrational and quantized, rather like specific notes of music.

The universality of harmony and harmonic resonances, whereby systems reverberate through numerous mechanical, gravitational, electromagnetic, and acoustic relationships, are found at all scales, as we’ll see as we continue Gaia’s story. These are crucial to the evolution of simplicity to complexity because the resonant relationships that are in-formed can significantly magnify the efficiencies and coherence of their associated in-formational processes and flows.

From the fundamental attributes of number, geometry, and harmony, the ancient Greeks developed an underlying and overarching cosmology, seeking to describe an ordered Cosmos. As others had before them, notably the early Chinese philosophers and the Vedic scholars of ancient India, they did indeed perceive its wholeness, but it’s been over two millennia of discoveries, aided enormously by technology, that’s brought us to our current state of understanding.

Only in the last century with the advent of quantum and relativity theories, and over recent years with the ability to explore ever smaller and larger scales of our Universe, have these fractal geometrically relational and harmonic patterns, expressed throughout its manifest appearance, been able to be discovered.

While showing a Universe that exists and evolves as a nonlocally unified entity, instead of refuting these ancient insights, leading-edge science is validating them.

The overwhelming evidence of its innate intelligence reveals a Universe that essentially exists to evolve from simplicity to ever-greater complexity and an evolutionary journey on universal and individuated levels of sentience. And it’s this inherent evolutionary impulse that we will, again and again, discover throughout Gaia’s story.

The conclusion based on all the evidence arrayed throughout The Cosmic Hologram and now throughout The Story of Gaia is that mind and consciousness aren’t something that humans and other animals have but what we and the whole world literally are. And that the appearance of our Universe arises from cosmic mind and consciousness expressed and embodied in meaningful relationships at all scales of existence—an ongoing story told in a universal language of digitized in-formation.

From its very first moment, our Universe has embodied, as an expression of cosmic mind, not only intelligence and meaning but purpose: an innate evolutionary impulse that has continued for 13.8 billion years, and which is poised in every moment to continue its emergence into the future.

As individuated self-aware expressions of its continuing flow, human beings—personally and collectively—are its microcosmic co-creators. From the earliest memories of our species, there’s evidence that we perceived realities beyond the physical world. Spiritual and wisdom teachings of numerous traditions maintain that our existence on the physical plane of life is part of a vibrational spectrum of multidimensional consciousness extending far beyond the limitations of energy-matter and space-time; that experiential understanding is now being borne out by scientific discoveries.

Many traditions recognize the concept of a soul as expressing the consciousness of such individuated selfhood. The Story of Gaia expands such a concept to the macrocosmic scale of our entire Universe as a Univer-soul (which will be written as “Universoul”). And when we come to the time, we tell the story of Gaia herself; instead of describing her planetary family as a Solar System, they’ll be acknowledged as a mesocosmic 
scale Soular System, which will be written as “Soular.”

Similarly, ancient and indigenous perceptions have commonly perceived Gaia’s Sun, Moon, and planetary siblings comprising the Soular System as archetypes or deities and named them accordingly. I’ll also honor these traditions by naming our Sun as the Roman deity Sol and our Moon as the Roman deity Luna.
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ATTUNEMENT

While my body sits quietly and with closed eyes, my mind is free to access a heightened state of awareness.

I enter the darkness of space before stars. It is only fifteen million years after the first moment of the Big Breath and space itself is still as warm as a bath of water.

As I internalize its embodiment, I sense slow and small cohesions of matter, too numerous to count and clustering like clutches of incubating stellar eggs in the warming comfort of cosmic nests; the same temperature that, one day far into the future, Gaia’s birds will generate to nurture and eventually hatch their own offspring.

The Universoul, though, while resolute, is, I feel, unhurried in its preparation for the next stage of its evolutionary journey.

I perceive its profound sense of purpose, not only flowing through my perception, but seeming to carry my own intimations of meaning, as if I’m floating, a tiny wave on the surface of its vast ocean.

I rest, at peace, content to flow with the slow pace of its readying and with a deep and grateful acknowledgement and recognition of its perfect timing.

[image: image]

Stars are the simplest and most effective way of facilitating and seeding an evolving Universe, and they themselves evolve—both throughout their own lifetimes and over successive generations.

In the womb-like long night of the early Universe, and over hundreds of millions of years, primeval hydrogen and helium, traced with small amounts of lithium and even tinier amounts of beryllium, continued to cluster under the attractive influence of gravity. Within their gaseous contractions, small differences of mass resulted in different rates of infall. Converting part of their energy into rotation, they began to spin, becoming ever denser and hotter eddies as they slowly coalesced into still-dark protostars, nestling within the surrounding void.

As their inexorable gravitational attraction reached thresholds of density and temperature, they lit up from within. Ignited by the nuclear fusion of their hydrogen fuel and aided by the presence of primordial helium, they became cauldrons for the alchemical transformations into their heavier, more complex and varied elemental offspring.

Memories of these earliest cohorts of stars, dating from around 300 million years after the start of our Universe,1 only endure as subtle ancestral echoes through their progeny of later stellar generations.

Otherwise, there’s very little direct evidence of their ancient existence, with the earliest identified so far coming from several overlapping bubbles of ionized hydrogen gas halos around such stars, which are dated to around 400 million years after the earliest began to shine their light.2

Indirect evidence, though, strongly suggests that the abundant availability of their initial hydrogen-helium composition, in the then extant density and warmth of space, meant that most if not all were huge. Hundreds of times bigger and more massive than Sol, Gaia’s sun, they also blazed through their inner fuel, living very short but exuberant lives only lasting mere millions of years, and likely did so in large and closely related stellar communities.

Their initial hydrogen-helium balance was also vital not only for their own lifecycles but for the later evolution of our Universe’s complexity. The evolutionary processes that would usher in the abundance of all ninety-four naturally occurring elements would require multiple generations and different types of stars to be born, shine bright, and die. The creation, though, of some of the heaviest elements would require even greater energies, needing powerful stellar collisions for their genesis.

But these stars, the first to light up the darkness of space, paved the Universoul’s way forward by their lives’ service of synthesizing from hydrogen and helium all of the first twenty-six of the elements of the periodic table, including—crucially, for the eventual evolution of organic lifeforms—carbon, nitrogen, and oxygen.

The heaviest of this first tranche of elements is iron, and up until its synthesis, each progressive step of nuclear fusion generates excess energy and so fuels the next stage. Beyond iron, however, the processes for the creation of heavier elements absorb energy, and so even more powerful forces are needed to fuse into being the remainder of our Universe’s naturally occurring elements—every one of which has a role to play in Gaia’s story.

Perhaps the most extraordinary and vital series of nuclear reactions to take place within these and future generations of stars is the triplealpha process that transmutes helium to carbon.

The first step in the process is fairly straightforward, with two helium-4 nuclei (comprised of two alpha particles, each combining a proton and a neutron) fusing to form a beryllium-8 nucleus. However, the beryllium is extremely unstable and within a ten thousand trillionth of a second decays into smaller nuclei. That is, unless in that tiny window of opportunity a third alpha particle is at hand to fuse with the beryllium and create an energetically excited and resonant state of carbon-12. This itself is unstable; out of every 2,421 times or so that the process gets this far, the carbon decays back into three alpha particles 2,420 times. Yet, for the remaining one time, the excited energy is released in the form of photons of light and the carbon calms down into its stable form.

The probability of helium being able to transform to carbon would thus be exceedingly low, were it not for a further remarkably resonant relationship. A beryllium-8 nucleus has virtually the same energy as two alpha particles. In the second step of the process, the beryllium-8 nucleus plus a third alpha particle have almost precisely the energy of the excited resonant state of carbon-12. This innate resonance dramatically increases the chances that the necessary third alpha particle will be captured to enable the process to continue and that, even with further odds of almost 2,500:1, stable carbon-12 is able to be produced.

Without the key energetic resonances involved, the three-stage set of reactions would be extremely unlikely and the universal prevalence of carbon, the basis for all known organic life to come, billions of years later, would never have occurred. For carbon, as we’ll see later, offers by far the most varied and effective bonding with the other elemental components of organic life-forms, and no other element comes close to being able to facilitate such emergence.

The availability of sufficient helium-4, as a basis for the triple-alpha alchemy, is also key. Even with the necessary particle resonances, the process is still relatively inefficient. So, augmenting the amount fused from hydrogen in these stellar interiors, the quantity of primordial helium created along with hydrogen in the earliest moments of the Big Breath was likely vital to ensure a sufficient supply of its enabling alpha particles to prevent a logjam in the carbon creating process.

Without carbon, the next heavier elements, nitrogen and oxygen, which are also vital to organic life and indeed all subsequent weightier elements, would have been unable to be formed. Gaia’s story would have ended before it had hardly begun.

The immense sizes of this first generation of stars were also wonderfully propitious in the two ways in which they ended their lives, which were both extraordinarily helpful for universal evolution to continue. For, rather than fade away into burnt-out embers, when their nuclear fuel was spent, these huge stars were large enough to either explode or gravitationally collapse into black holes.

Such stars embodying between 130 and 250 times the mass of Sol would have exploded as supernovae, and in an especially effective way. Triggered by nuclear particles reacting with high energy gamma ray photons, the internal pressure within their cores would have briefly decreased, causing a partial gravitational collapse and then a runaway thermonuclear explosion, so powerful that almost all the star’s mass would have exploded into the surrounding space.

With virtually no stellar residue remaining, the shock waves of these enormous explosions seeded the interstellar medium, spreading elemental nutrients in an incredibly efficient manner. These partially made up the earliest phases of interstellar dust clouds. The remainder were subsumed in later generations of stars, aiding the ongoing processes leading to still heavier elements, which, through their own demise, would themselves further enrich such clouds. Eventually after several generations of stars and some further eight billion years into the future, the clouds would offer the perfect birthing medium from which planetary systems, such as Gaia’s, were able to be nurtured into existence.

The largest of the earliest generation of stars, between 250 and up to around 1,000 times more massive than Sol, would end their lives, though, in a different but equally significant way. These stars, following the brief decrease in internal pressure also experienced by their less massive brethren, rebounded in partial explosions that also released some of their elemental nutrients into space before the remaining stellar husks, still gigantic, then collapsed completely to form black holes.

Given the proximity of these first black holes to each other, and their being much larger than those that later and less massive stars could form at the end of their lives, the scene was set for another huge step forward in Gaia’s story. Their closeness and mutual gravitational attractions would probably have caused them to undergo a series of immensely powerful energetic mergers becoming ever larger in the process. They would also have actively fed on the profusion of interstellar gas and dust exploded into space by the smaller brethren of their stellar communities. Eventually, they would grow to become supermassive black holes, ranging from hundreds of thousands to millions of times the mass of Sol.

Spinning stars evolved into spinning black holes that further evolved into such gargantuan black holes that also rotated. Resting on their substrata of dark matter, as they fed voraciously on the infalling gas and dust of the accretion disks around them, the stars emitted incredibly bright light. From those far distant times, these so-named quasars are still observable in the deepest reaches of space, many billions of light-years from Gaia.

By the time our Universe was a billion years old, quasars had begun to settle down. Their nearby space became progressively devoid of material, whose conversion of up to a colossal third of their masses into energy had been used in powering their immense brightness. Instead, they became the central structures in the further evolution of galaxies. As they continued to spin, they accumulated and drew in the remaining material around themselves. They first developed a spherical halo, where the next generation of stars would be formed, and then a flattened disk of trailing spiral arms of gas and dust, where later stars would be born. These emerging spiral galaxies, the great majority of those that formed throughout our Universe and including Gaia’s own Milky Way galaxy, were undertaking the next steps of their and her story.

Central galactic black holes essentially co-evolve with their star populations. Their supermassive size has been found to correlate with the stellar masses of their entire galaxy. The outward gas pulses of jets and winds from an accreting central black hole can both trigger and suppress star formation, with the feedback causing the growth and size of the central black hole and its surrounding stellar population to track each other.3
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