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Dedication

To Bob Shaw




Epigraph

Is it not possible  I often wonder  that these things we have felt with great intensity have an experience independent of our minds; are in fact still in existence? And if so, will it not be possible, in time, that some device will be invented by which we can tap them?instead of remembering here a scene and there a sound, I shall fit a plug into the wall; and listen in to the past

 Virginia Woolf (1882-1941)
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ONE
THE GOLDFISH BOWL

Weknow how cruel the truth often is, and we wonder whether delusion is not more consoling.

 Henri Poincar (18541912)




Prologue

Bobby could see the Earth, complete and serene, within its cage of silver light.

Fingers of green and blue pushed into the new deserts of Asia and the North American Midwest. Artificial reefs glimmered in the Caribbean, pale blue against the deeper ocean. Great wispy machines laboured over the poles to repair the atmosphere. The air was clear as glass, for now mankind drew its energy from the core of Earth itself.

And Bobby knew that if he chose, with a mere effort of will, he could look back into time.

He could watch cities bloom on Earth's patient surface, to dwindle and vanish like rusty dew. He could see species shrivel and devolve like leaves curling into their buds. He could watch the slow dance of the continents as Earth gathered its primordial heat back into its iron heart. The present was a glimmering, expanding bubble of life and awareness, with the past locked within, trapped unmoving like an insect in amber.

For a long time, on this rich, growing Earth, embedded in knowledge, an enhanced humankind had been at peace: a peace unimaginable when he was born.

And all of this had derived from the ambition of one man  a venal, flawed man, a man who had never even understood where his dreams would lead.

How remarkable, he thought.

Bobby looked into his past, and into his heart.



CHAPTER 1
The Casimir Engine

A little after dawn, Vitaly Keldysh climbed stiffly into his car, engaged the SmartDrive, and let the car sweep him away from the run-down hotel.

The streets of Leninsk were empty, the road surface cracked, many windows boarded up. He remembered how this place had been at its peak, in the 1970s perhaps: a bustling science city with a population of tens of thousands, with schools, cinemas, a swimming pool, a sports stadium, cafes, restaurants and hotels, even its own TV station.

Still, as he passed the main gateway to the north of the city, there was the old blue sign with its white pointing arrow: TO BAIKONUR, still proclaiming that ancient deceptive name. And still, here at the empty heart of Asia, Russian engineers built spaceships and fired them into the sky.

But, he reflected sadly, not for much longer.

The sun rose at last, and banished the stars: all but one, he saw, the brightest of all. It moved with a leisurely but unnatural speed across the southern sky. It was the ruin of the International Space Station: never completed, abandoned in 2010 after the crash of an ageing Space Shuttle. But still the Station drifted around the Earth, an unwelcome guest at a party long over.

The landscape beyond the city was barren. He passed a camel standing patiently at the side of the road, a wizened woman beside it dressed in rags. It was a scene he might have encountered any time in the last thousand years, he thought, as if all the great changes, political and technical and social, that had swept across this land had been for nothing. Which was, perhaps, the reality.

But in the gathering sunlight of this spring dawn, the steppe was green and littered with bright yellow flowers. He wound down his window and tried to detect the meadow fragrance he remembered so well; but his nose, ruined by a lifetime of tobacco, let him down. He felt a stab of sadness, as he always did at this time of year. The grass and flowers would soon be gone: the steppe spring was brief, as tragically brief as life itself.

He reached the range.

It was a place of steel towers pointing to the sky, of enormous concrete mounds. The cosmodrome  far vaster than its western competitors  covered thousands of square kilometres of this empty land. Much of it was abandoned now, of course, and the great gantries were rusting slowly in the dry air, or else had been pulled down for scrap  with or without the consent of the authorities.

But this morning there was much activity around one pad. He could see technicians in their protective suits and orange hats scurrying around the great gantry, like faithful at the feet of some immense god.

A voice floated across the steppe from a speaker tower. Gotovnosty dyesyat minut. Ten minutes and counting.

The walk from the car to the viewing stand, short as it was, tired him greatly. He tried to ignore the hammering of his recalcitrant heart, the prickling of sweat over his neck and brow, his gasping breathlessness, the stiff pain that plagued his arm and neck.

As he took his place those already here greeted him. There were the corpulent, complacent men and women who, in this new Russia, moved seamlessly between legitimate authority and murky underworld; and there were young technicians, like all of the new generations rat-faced with the hunger that had plagued his country since the fall of the Soviet Union.

He accepted their greetings, but was happy to sink into isolated anonymity. The men and women of this hard future cared nothing for him and his memories of a better past.

And nor did they care much for what was about to happen here. All their gossip was of events far away: of Hiram Patterson and his wormholes, his promise to make the Earth itself as transparent as glass.

It was very obvious to Vitaly that he was the oldest person here. The last survivor of the old days, perhaps. That thought gave him a certain sour pleasure.

It was, in fact, almost exactly seventy years since the launch of the first Molniya  lightning  in 1965. It might have been seventy days, so vivid were the events in Vitaly's mind, when the young army of scientists, rocket engineers, technicians, labourers, cooks, carpenters and masons had come to this unpromising steppe and  living in huts and tents, alternately baking and freezing, armed with little but their dedication and Korolev's genius  had built and launched mankind's first spaceships.

The design of the Molniya satellites had been utterly ingenious. Korolev's great boosters were incapable of launching a satellite to geosynchronous orbit, that high radius where the station would hover above a fixed point on Earth's surface. So Korolev launched his satellites on elliptical eight-hour trajectories. With such orbits, carefully chosen, three Molniyas could provide coverage for most of the Soviet Union. For decades the USSR, and later Russia, had maintained constellations of Molniyas in their eccentric orbits, providing the great, sprawling country with essential social and economic unity.

Vitaly regarded the Molniya comsats as Korolev's greatest achievement, outshining even the Designer's accomplishments in launching robots and humans into space, touching Mars and Venus, even  so nearly  beating the Americans to the Moon.

But now, perhaps, the need for those marvellous birds was dying at last.

The great launch tower rolled back, and the last power umbilicals fell away, writhing slowly like fat black snakes. The slim form of the booster itself was revealed, a needle shape with the baroque fluting typical of Korolev's antique, marvellous, utterly reliable designs. Although the sun was now high in the sky, the rocket was bathed in brilliant artificial light, wreathed in vapour breathed by the mass of cryogenic fuels in its tanks.

Tri. Dva. Odin. Zashiganiye!

Ignition



As Kate Manzoni approached the OurWorld campus, she wondered if she had contrived to be a little more than fashionably just-late-enough for this spectacular event, so brightly was the Washington State sky painted by Hiram Patterson's light show.

Small planes criss-crossed the sky, maintaining a layer of (no doubt environmentally friendly) dust on which the lasers painted virtual images of a turning Earth. Every few seconds the globe turned transparent, to reveal the familiar OurWorld corporate logo embedded in its core. It was all utterly tacky, of course, and it only served to obscure the real beauty of the tall, clear night sky.

She opaqued the car's roof, and found after-images drifting across her vision.

A drone hovered outside the car. It was another Earth globe, slowly spinning, and when it spoke its voice was smooth, utterly synthetic, devoid of emotion. This way, Ms Manzoni.

Just a moment. She whispered, Search Engine. Mirror.

An image of herself crystallized in the middle of her field of vision, disconcertingly overlaying the spinning drone. She checked her dress front and back, turned on the programmable tattoos that adorned her shoulders, and tucked stray wisps of hair back where they should be. The self-image, synthesized from feeds from the car's cameras and relayed to her retinal implants, was a little grainy and prone to break up into blocky pixels if she moved too quickly, but that was a limitation of her old-fashioned sense organ implant technology she was prepared to accept. Better she suffer a little fuzziness than let some cack-handed CNS-augment surgeon open up her skull.

When she was ready she dismissed the image and clambered out of the car, as gracefully as she could manage in her ludicrously tight and impractical dress.

OurWorld's campus turned out to be a carpet of neat grass quadrangles separating three-storey office buildings, fat, top-heavy boxes of blue glass held up by skinny little beams of reinforced concrete. It was ugly and quaint, 1990s corporate chic. The bottom storey of each building was an open car lot, in one of which her car had parked itself.

She joined a river of people that flowed into the campus cafeteria, drones bobbing over their heads.

The cafeteria was a showpiece, a spectacular multilevel glass cylinder built around a chunk of bona fide graffiti-laden Berlin Wall. There was, bizarrely, a stream running right through the middle of the hall, with little stone bridges spanning it. Tonight perhaps a thousand guests milled across the glassy floor, groups of them coalescing and dispersing, a cloud of conversation bubbling around them.

Heads turned towards her, some in recognition, and some  male and female alike  with frankly lustful calculation.

She picked out face after face, repeated shocks of recognition startling her. There were presidents, dictators, royalty, powers in industry and finance, and the usual scattering of celebrities from movies and music and the other arts. She didn't spot President Juarez herself, but several of her cabinet were here. Hiram had gathered quite a crowd for his latest spectacle, she conceded.

Of course she knew she wasn't here herself solely for her glittering journalistic talent or conversational skills, but for her own combination of beauty and the minor celebrity that had followed her exposure of the Wormwood discovery. But that was an angle she'd been happy to exploit herself ever since her big break.

Drones floated overhead bearing canapes and drinks. She accepted a cocktail. Some of the drones carried images from one or other of Hiram's channels. The images were mostly ignored in the excitement, even the most spectacular  here was one, for example, bearing the image of a space rocket on the point of being launched, evidently from some dusty steppe in Asia  but she couldn't deny that the cumulative effect of all this technology was impressive, as if reinforcing Hiram's famous boast that OurWorld's mission was to inform a planet.

She gravitated towards one of the larger knots of people nearby, trying to see who, or what, was the centre of attention. She made out a slim young man with dark hair, a walrus moustache and round glasses, wearing a rather absurd pantomime-soldier uniform of bright lime green with scarlet piping. He seemed to be holding a brass musical instrument, perhaps a euphonium. She recognized him, of course, and as soon as she did so she lost interest. Just a virtual. She began to survey the crowd around him, observing their child-like fascination with this simulacrum of a long-dead, saintly celebrity.

One older man was regarding her a little too closely. His eyes were odd, an unnaturally pale grey. She wondered if he had possession of the new breed of retinal implants which were rumoured  by operating at millimetre wavelengths, at which textiles were transparent, and with a little subtle image enhancement  to enable the wearer to see through clothes. He took a tentative step towards her, and orthotic aids, his invisible walking machine, whirred stiffly.

Kate turned away.

He's only a virtual, I'm afraid. Our young sergeant over there, that is. Like his three companions, who are likewise scattered around the room. Even my father's grasp doesn't yet extend to resurrecting the dead. But of course you knew that.

The voice in her ear had made her jump. She turned, and found herself looking into the face of a young man: perhaps twenty-five, jet-black hair, a proud Roman nose, a chin with a cleft to die for. His mixed ancestry told in the pale brown of his skin, the heavy black brows over startling, cloudy blue eyes. But his gaze roamed, restlessly, even in these first few seconds of meeting her, as if he had trouble maintaining eye contact.

He said, You're staring at me.

She came out fighting. Well, you startled me. Anyhow I know who you are. This was Bobby Patterson, Hiram's only son and heir  and a notorious sexual predator. She wondered how many other unaccompanied women this man had targeted tonight.

And I know you, Ms Manzoni. Or can I call you Kate?

You may as well. I call your father Hiram, as everyone does, though I've never met him.

Do you want to? I could arrange it.

I'm sure you could.

He studied her a little more closely now, evidently enjoying the gentle verbal duel. You know, I could have guessed you were a journalist  a writer, anyhow. The way you were watching the people reacting to the virtual, rather than the virtual itselfI saw your pieces on the Wormwood, of course. You made quite a splash.

Not as much as the real thing will when it hits the Pacific on May 27, 2534 AD.

He smiled, and his teeth were like rows of pearls. You intrigue me, Kate Manzoni, he said. You're accessing the Search Engine right now, aren't you? You're asking it about me.

No. She was annoyed by the suggestion. I'm a journalist. I don't need a memory crutch.

I do, evidently. I remembered your face, your story, but not your name. Are you offended?

She bristled. Why should I be? As a matter of fact 

As a matter of fact, I smell a little sexual chemistry in the air. Am I right?

There was a heavy arm around her shoulder, a powerful scent of cheap cologne. It was Hiram Patterson himself: one of the most famous people on the planet.

Bobby grinned and, gently, pushed his father's arm away. Dad, you're embarrassing me again.

Oh, bugger that. Life's too short, isn't it? Hiram's accent bore strong traces of his origins, the long, nasal vowels of Norfolk, England. He was very like his son, but darker, bald with a fringe of wiry black hair around his head; his eyes were intense blue over that prominent family nose, and he grinned easily, showing teeth stained by nicotine. He looked energetic, younger than his late sixties. Ms Manzoni, I'm a great admirer of your work. And may I say you look terrific.

Which is why I'm here, no doubt.

He laughed, pleased. Well, that too. But I did want to be sure there was one intelligent person in among the air-head politicos and pretty-pretties who crowd out these events. Somebody who would be able to record this moment of history.

I'm flattered.

No, you're not, Hiram said bluntly. You're being ironic. You've heard the buzz about what I'm going to say tonight. You probably even generated some of it yourself. You think I'm a megalomaniac nutcase 

I don't think I'd say that. What I see is a man with a new gadget. Hiram, do you really believe a gadget can change the world?

But gadgets do, you know! Once it was the wheel, agriculture, iron-making  inventions that took thousands of years to spread around the planet. But now it takes a generation or less. Think about the car, the television. When I was a kid computers were giant walkin wardrobes served by a priesthood with punch cards. Now we all spend half our lives plugged into SoftScreens. And my gadget is going to top them allWell. You'll have to decide for yourself. He studied Kate. Enjoy tonight. If this young waster hasn't invited you already, come to dinner, and we'll show you more, as much as you want to see. I mean it. Talk to one of the drones. Now, do excuse me Hiram squeezed her shoulders briefly, then began to make his way through the crowd, smiling and waving and glad-handing as he went.

Kate took a deep breath. I feel as if a bomb just went off.

Bobby laughed. He does have that effect. By the way 

What?

I was going to ask you anyhow before the old fool jumped in. Come have dinner. And maybe we can have a little fun, get to know each other better

As his patter continued, she tuned him out and focused on what she knew about Hiram Patterson and OurWorld.

Hiram Patterson  born Hirdamani Patel  had dragged himself out of impoverished origins in the fen country of eastern England, a land which had now disappeared beneath the encroaching North Sea. He had made his first fortune by using Japanese cloning technologies to manufacture ingredients for traditional medicines once made from the bodies of tigers  whiskers, paws, claws, even bones  and exporting them to Chinese communities around the world. That had gained him notoriety: brickbats for using advanced technology to serve such primitive needs, praise for reducing the pressure on the remaining populations of tigers in India, China, Russia, and Indonesia. (Not that there were any tigers left now anyhow.)

After that Hiram had diversified. He had developed the world's first successful SoftScreen, a flexible image system based on polymer pixels capable of emitting multicoloured light. With the success of the SoftScreen Hiram began to grow seriously rich. Soon his corporation, OurWorld, had become a powerhouse in advanced technologies, broadcasting, news, sport and entertainment.

But Britain was declining. As part of unified Europe  deprived of tools of macroeconomic policy like control of exchange and interest rates, and yet unsheltered by the imperfectly integrated greater economy  the British government was unable to arrest a sharp economic collapse. At last, in 2010, social unrest and climate collapse forced Britain out of the European Union, and the United Kingdom fell apart, Scotland going its own separate way. Through all this Hiram had struggled to maintain OurWorld's fortunes.

Then, in 2019, England, with Wales, ceded Northern Ireland to Eire, packed off the Royals to Australia  where they were still welcome  and had become the fifty-second state of the United States of America. With the benefit of labour mobility, inter-regional financial transfers and other protective features of the truly unified American economy, England thrived.

But it had to thrive without Hiram.

As a US citizen Hiram had quickly taken the opportunity to relocate to the outskirts of Seattle, Washington, and had delighted in establishing a new corporate headquarters here, at what used to be the Microsoft campus. Hiram liked to boast that he would become the Bill Gates of the twenty-first century. And indeed his corporate and personal power had, in the richer soil of the American economy, grown exponentially.

Still, Kate knew, he was only one of a number of powerful players in a crowded and competitive market. She was here tonight because  so went the buzz, and as he had just hinted  Hiram was to reveal something new, something that would change all that.

Bobby Patterson, by contrast, had grown up enveloped by Hiram's power.

Educated at Eton, Cambridge and Harvard, he had taken various positions within his father's companies, and enjoyed the spectacular life of an international playboy and the world's most eligible bachelor. As far as Kate knew he had never once demonstrated any spark of initiative of his own, nor any desire to escape his father's embrace  better yet, to supplant him.

Kate gazed at his perfect face. This is a bird who is happy with his gilded cage, she thought. A spoilt rich kid.

But she felt herself flush under his gaze, and despised her biology.

She hadn't spoken for some seconds; Bobby was still waiting for her to respond to his dinner invitation.

I'll think about it, Bobby.

He seemed puzzled  as if he'd never received such a hesitant response before. Is there a problem? If you want I can 

Ladies and gentlemen.

Every head turned; Kate was relieved.

Hiram had mounted a stage at one end of the cafeteria. Behind him, a giant SoftScreen showed a blown-up image of his head and shoulders. He was smiling over them all, like some beneficent god, and drones drifted around his head bearing jewel-like images of the multiple OurWorld channels. May I say, first of all, thank you all for coming to witness this moment of history, and for your patience. Now the show is about to begin.

The dandy-like virtual in the lime green soldier-suit materialized on the stage beside Hiram, his granny glasses glinting in the lights. He was joined by three others, in pink, blue and scarlet, each carrying a musical instrument  an oboe, a trumpet, a piccolo. There was scattered applause. The four took an easy bow, and stepped lightly to an area at the back of the stage where a drum kit and three electric guitars were waiting for them.

Hiram said easily, This imagery is being broadcast to us, here in Seattle, from a station near Brisbane, Australia  bounced off various comsats, with a time delay of a few seconds. I don't mind telling you these boys have made a mountain of money in the last couple of years  their new song Let Me Love You was number one around the world for four weeks over Christmas  and all the profit from that went to charity.

New song, Kate murmured cynically.

Bobby leaned closer. You don't like the V-Fabs?

Oh, come on, she said. The originals broke up sixty-five years ago. Two of them died before I was born. Their guitars and drums are so clunky and old-fashioned compared to the new airware bands, where the music emerges from the performers danceAnd anyhow all these new songs are just expert-system extrapolated garbage.

All part of our  what do you call it in your polemics?  our cultural decay, he said gently.

Hell, yes, she said, but before his easy grace she felt a little embarrassed by her sourness.

Hiram was still talking. not just a stunt. I was born in 1967, during the Summer of Love. Of course some say the Sixties were a cultural revolution that led nowhere. Perhaps that's true  directly. But it, and its music of love and hope, played a great part in shaping me, and others of my generation.

Bobby caught Kate's eye. He mimed vomiting with a splayed hand, and she had to cover her mouth to keep from laughing.

And at the height of that summer, on 25 June 1967, a global television show was mounted to demonstrate the power of the nascent communications network. Behind Hiram the V-Fab drummer counted out a beat, and the group started playing, a dirge-like parody of the Marseillaise that gave way to finely-sung three-part harmony. This was Britain's contribution, Hiram called over the music. A song about love, sung to two hundred million people around the world. That show was called Our World. Yes, that's right. That's where I got the name from. I know it's a little corny. But as soon as I saw the tapes of that event, at ten years old, I knew what I wanted to do with my life.

Corny, yes, thought Kate, but undeniably effective; the audience was gazing spellbound at Hiram's giant image as the music of a summer seven decades gone reverberated around the cafeteria.

And now, said Hiram with a showman's flourish, I believe I have achieved my life's goal. I'd suggest holding onto something  even someone else's hand

The floor turned transparent.



Suddenly suspended over empty space, Kate felt herself stagger, her eyes deceived despite the solidity of the floor beneath her feet. There was a gale of nervous laughter, a few screams, the gentle tinkle of dropped glass.

Kate was surprised to find she had grabbed onto Bobby's arm. She could feel a knot of muscle there. He had covered her hand with his, apparently without calculation.

She let her hand stay where it was. For now.

She seemed to be hovering over a starry sky, as if this cafeteria had been transported into space. But these stars, arrayed against a black sky, were gathered and harnessed into a cubical lattice, linked by a subtle tracery of multicoloured light. Looking into the lattice, the images receding with distance, Kate felt as if she was staring down an infinitely long tunnel.

With the music still playing around him  so artfully, subtly different from the original recording  Hiram said, You aren't looking up into the sky, into space. Instead you are looking down, into the deepest structure of matter.

This is a crystal of diamond. The white points you see are carbon atoms. The links are the valence forces that join them. I want to emphasize that what you are going to see, though enhanced, is not a simulation. With modern technology  scanning tunnelling microscopes, for instance  we can build up images of matter even at this most fundamental of levels. Everything you see is real. Now  come further.

Holographic images rose to fill the room, as if the cafeteria and all its occupants were sinking into the lattice, and shrinking the while. Carbon atoms swelled over Kate's head like pale grey balloons; there were tantalizing hints of structure in their interior. And all around her space sparkled. Points of light winked into existence, only to be snuffed out immediately. It was quite extraordinarily beautiful, like swimming through a firefly cloud.

You're looking at space, said Hiram. Empty space. This is the stuff that fills the universe. But now we are seeing space at a resolution far finer than the limits of the human eye, a level at which individual electrons are visible  and at this level, quantum effects become important. Empty space is actually full, full of fluctuating energy fields. And these fields manifest themselves as particles: photons, electron-positron pairs, quarksThey flash into a brief existence, bankrolled by borrowed mass-energy, then disappear as the law of conservation of energy reasserts itself. We humans see space and energy and matter from far above, like an astronaut flying over an ocean. We are too high to see the waves, the flecks of foam they carry. But they are there.

And we haven't reached the end of our journey yet. Hang onto your drinks, folks.

The scale exploded again. Kate found herself flying into the glassy onion-shell interior of one of the carbon atoms. There was a hard, shining lump at its very centre, a cluster of misshapen spheres. Was it the nucleus?  and were those inner spheres protons and neutrons?

As the nucleus flew at her she heard people cry out. Still clutching Bobby's arm, she tried not to flinch as she hurtled into one of the nucleons.

And then

There was no shape here. No form, no definite light, no colour beyond a blood-red crimson. And yet there was motion, a slow, insidious, endless writhing, punctuated by bubbles which rose and burst. It was like the slow boiling of some foul, thick liquid.

Hiram said, We've reached what the physicists call the Planck level. We are twenty order of magnitudes deeper than the virtual-particle level we saw earlier. And at this level, we can't even be sure about the structure of space itself: topology and geometry break down, and space and time become untangled.

At this most fundamental of levels, there was no sequence to time, no order to space. The unification of spacetime was ripped apart by the forces of quantum gravity, and space became a seething probabilistic froth, laced by wormholes.

Yes, wormholes, Hiram said. What we're seeing here are the mouths of wormholes, spontaneously forming, threaded with electric fields. Space is what keeps everything from being in the same place. Right? But at this level space is grainy, and we can't trust it to do its job any more. And so a wormhole mouth can connect any point, in this small region of spacetime, to any other point  anywhere: downtown Seattle, or Brisbane, Australia, or a planet of Alpha Centauri. It's as if spacetime bridges are spontaneously popping into and out of existence. His huge face smiled down at them, reassuring. I don't understand this any more than you do, the image said. Trust me. My technical people will be on hand later to give you background briefings in as much depth as you can handle.

What's more important is what we intend to do with all this. Simply put, we are going to reach into this quantum foam and pluck out the wormhole we want: a wormhole connecting our laboratory, here in Seattle, with an identical facility in Brisbane, Australia. And when we have it stabilized, that wormhole will form a link down which we can send signals  beating light itself.

And this, ladies and gentlemen, is the basis of a new communications revolution. No more expensive satellites sandblasted by micrometeorites and orbit-decaying out of the sky; no more frustrating time delay; no more horrific charges  the world, our world, will be truly linked at last.

As the virtuals kept playing there was a hubbub of conversation, even heckling questions. Impossible! Wormholes are unstable. Everyone knows that. Infalling radiation makes wormholes collapse immediately. You can't possibly 

Hiram's giant face loomed over the seething quantum foam. He snapped his fingers. The quantum foam disappeared, to be replaced by a single artefact, hanging in the darkness below their feet.

There was a soft sigh.

Kate saw a gathering of glowing light points  atoms? The lights made up a geodesic sphere, closed over itself, slowly turning. And within, she saw, there was another sphere, turning in the opposite sense  and within that another sphere, and another, down to the limits of vision. It was like some piece of clockwork, an orrery of atoms. But the whole structure pulsed with a pale blue light, and she sensed a gathering of great energies.

It was, she admitted, truly beautiful.

Hiram said, This is called a Casimir engine. It is perhaps the most exquisitely constructed machine ever built by man, a machine over which we have laboured for years  and yet it is less than a few hundred atomic diameters wide.

You can see the shells are constructed of atoms  in fact carbon atoms; the structure is related to the natural stable structures called buckyballs, carbon-60. You make the shells by zapping graphite with laser beams. We've loaded the engine with electric charge using cages called Penning traps  electromagnetic fields. The structure is held together by powerful magnetic fields. The various shells are maintained, at their closest, just a few electrons diameters apart. And in those finest of gaps, a miracle happens

Kate, tiring of Hiram's wordy boasting, quickly consulted the Search Engine. She learned that the Casimir effect was related to the virtual particles she had seen sparkling into and out of existence. In the narrow gap between the atomic shells, because of resonance effects, only certain types of particles would be permitted to exist. And so those gaps were emptier than empty space, and therefore less energetic.

This negative-energy effect could give rise, among other things, to antigravity.

The structure's various levels were starting to spin more rapidly. Small clocks appeared around the engine's image, counting patiently down from ten to nine, eight, seven. The sense of energy gathering was palpable.

The concentration of energy in the Casimir gaps is increasing, Hiram said. We're going to inject Casimir-effect negative energy into the wormholes of the quantum foam. The antigravity effects will stabilize and enlarge the wormholes.

We calculate that the probability of finding a wormhole connecting Seattle to Brisbane, to acceptable accuracy, is one in ten million. So it will take us some ten million attempts to locate the wormhole we want. But this is atomic machinery and it works bloody fast; even a hundred million attempts should take less than a secondAnd the beauty of it is, down at the quantum level, links to any place we want already exist: all we have to do is find them.

The virtuals music was swelling to its concluding chorus. Kate stared as the Frankenstein machine beneath her feet spun madly, glowing palpably with energy.

And the clocks finished their count.

There was a dazzling flash. Some people cried out.

When Kate could see again, the atomic machine, still spinning, was no longer alone. A silvery bead, perfectly spherical, hovered alongside it. A wormhole mouth?

And the music had changed. The V-Fabs had reached the chant-like chorus of their song. But the music was distorted by a much coarser chanting that preceded the high-quality sound by a few seconds.

Aside from the music, the room was utterly silent.

Hiram gasped, as if he had been holding his breath. That's it, he said. The new signal you hear is the same performance, but now piped here through the wormhole  with no significant time delay. We did it. Tonight, for the first time in history, humanity is sending a signal through a stable wormhole 

Bobby leaned towards Kate and said wryly, The first time, apart from all the test runs.

Really?

Of course. You don't think he was going to leave this to chance, did you? My father is a showman. But you can't begrudge the man his moment of glory.

The giant display showed Hiram was grinning. Ladies and gentlemen  never forget what you've seen tonight. This is the start of the true communications revolution.

The applause started slowly, scattered, but rapidly rising to a thunderous climax.

Kate found it impossible not to join in. I wonder where this will lead, she thought. Surely the possibilities of this new technology  based, after all, on the manipulation of space and time themselves  would not prove limited to simple data transfer. She sensed that nothing would be the same, ever again.

Kate's eye was caught by a splinter of light, dazzling, somewhere over her head. One of the drones was carrying an image of the rocket ship she'd noticed before. It was climbing into its patch of blue-grey central Asian sky, utterly silently. It looked strangely old-fashioned, an image drifting up from the past rather than the future.

Nobody else was watching it, and it held little interest for her. She turned away.



Green-red flame billowed into curving channels of steel and concrete. The light pulsed across the steppe towards Vitaly. It was bright, dazzlingly so, and it banished the dim floods that still lit up the booster stack, even the brilliance of the steppe sun. And, before the ship had left the ground, the roar reached him, a thunder that shook his chest.

Ignoring the mounting pain in his arm and shoulder, the numbness of his hands and feet, Vitaly stood, opened his cracked lips and added his voice to that divine bellow. He always had been a sentimental old fool at such moments.

But there was much agitation around him. The people here, the rat-hungry, ill-trained technicians and the fat, corrupt managers alike, were turning away from the launch. They were huddling around radio sets and palmtop televisions, jewel-like SoftScreens showing baffling images from America. Vitaly did not know the details, and did not care to know; but it was clear enough that Hiram Patterson had succeeded in his promise, or threat.

Even as it lifted from the ground, his beautiful bird, this last Molniya, was already obsolete.

Vitaly stood straight, determined to watch it as long as he could, until that point of light at the tip of the great smoke pillar melted into space.

But now the pain in his arm and chest reached a climax, as if some bony hand was clutching there. He gasped. Still he tried to stay on his feet. But now there was a new light, rising all around him, even brighter than the rocket light that bathed the Kazakhstan steppe; and he could stand no longer.





CHAPTER 2
The Mind'sEye

As Kate was driven into the grounds, it struck her as a typical Seattle setting: green hills that lapped right down to the ocean, framed under a grey, lowering autumn sky.

But Hiram's mansion  a giant geodesic dome, all windows  looked as if it had just landed on the hillside, one of the ugliest, most gaudy buildings Kate had ever seen.

On arrival she handed her coat to a drone. Her identity was scanned  not just a reading of her implants but also, probably, pattern-matching to identify her face, even a non-intrusive DNA sequencing, all done in seconds. Then she was ushered inside by Hiram's robot servants.

Hiram was working. She wasn't surprised. The six months since the launch of his wormhole DataPipe technology had been his busiest, and OurWorld's most successful, ever, according to the analysts. But he'd be back in time for dinner, said the drone.

So she was taken to Bobby.



The room was large, the temperature neutral, the walls as smooth and featureless as an eggshell. The light was low, the sound anechoic, deadened. The only furniture was a number of reclined black-leather couches. Beside each of the couches was a small table with a water spigot and a stand for intravenous feeds.

And here was Bobby Patterson, presumably one of the richest, most powerful young men on the planet, lying alone on a couch in the dark, eyes open but unfocused, limbs limp. There was a metal band around his temples.

She sat on a couch beside Bobby and studied him. She could see he was breathing, slowly, and the intravenous feed he'd fitted to a socket in his arm was gently supplying his neglected body.

He was dressed in loose black shirt and shorts. His body, revealed where the loose clothing lay against his skin, was a slab of muscle. But that didn't tell much about his lifestyle; such body sculpting could now be achieved easily through hormone treatments and electrical stimulation. He could even do that while he was lying here, she thought, like a coma victim lying in a hospital bed.

There was a trace of drool at the corner of his parted lips. She wiped the drool away with a forefinger, and gently pushed the mouth closed.

Thank you.

She turned, startled. Bobby  another Bobby, identically dressed to the first  was standing beside her, grinning. Irritated, she threw a punch at his stomach. Her fist, of course, passed straight through him. He didn't flinch.

You can see me, then, he said.

I see you.

You have retinal and cochlear implants. Yes? This room is designed to produce virtuals compatible with all recent generations of CNS-augment technology. Of course, to me you're sitting on the back of a mean-looking phytosaur.

A what?

A Triassic crocodile. Which is beginning to notice you're there. Welcome, Ms Manzoni.

Kate.

Yes. I'm glad you took up my, our, dinner invitation. Although I didn't expect it would take you six months to respond.

She shrugged. Hiram Gets Even Richer really isn't much of a story.

Umm. Which implies you've now heard something new. Of course he was right; Kate said nothing. Or, he went on, perhaps you finally succumbed to my charming smile.

Perhaps I would if your mouth wasn't laced with drool.

Bobby looked down at his own unconscious form. Vanity? We should care how we look even when we're exploring a virtual world? He frowned. Of course, if you're right, it's something for my marketing people to think about.

Your marketing people?

Sure. He picked up a metal headband from a couch near him; a virtual copy of the object separated from the real thing, which remained on the couch. This is the Mind'sEye. OurWorld's newest VR technology. Do you want to try it?

Not really.

He studied her. You're hardly a VR virgin, Kate. Your sensory implants 

 are pretty much the minimum required to get around in the modern world. Have you ever tried getting through SeaTac Airport without VR capabilities?

He laughed. Actually I'm generally escorted through. I suppose you think it's all part of a giant corporate conspiracy.

Of course it is. The technological invasion of our homes and cars and workplaces long ago reached saturation point. Now they are coming for our bodies.

How angry you are. He held up the headband. It was an oddly recursive moment, she thought absently, a virtual copy of Bobby holding a virtual copy of a virtual generator. But this is different. Try it. Take a trip with me.

She hesitated  but then, feeling she was being churlish, she agreed; she was a guest here after all. But she turned down his offer of an intravenous feed. We'll just take a look around and come back out before our bodies fall apart. Agreed?

Agreed, he said. Pick a couch. Just fit the headset over your temples, like this. Carefully he raised the virtual set over his head. His face, intent, was undeniably beautiful, she thought; he looked like Christ with the crown of thorns.

She lay down on a couch nearby and lifted a Mind'sEye headband onto her own head. It had warmth and elasticity, and when she pulled it down past her hair it seemed to nestle into place.

Her scalp, under the band, prickled. Ouch.

Bobby was sitting on his couch. Infusers. Don't worry about it. Most of the input is via transcranial magnetic stimulation. When we've rebooted you won't feel a thing As he settled she could see his two bodies, of flesh and pixels, briefly overlaid.

The room went dark. For a heartbeat, two, she could see, hear nothing. Her sense of her body faded away, as if her brain were being scooped out of her skull.

With an intangible thud she felt herself fall once more into her body. But now she was standing.

In some kind of mud.

Light and heat burst over her, blue, green, brown. She was on a river bank, up to her ankles in thick black gumbo.



The sky was a washed-out blue. She was at the edge of a forest, a lush riot of ferns, pines and giant conifers, whose thick dark foliage blocked out much of the light. The heat and humidity were stifling; she could feel sweat soak through her shirt and trousers, plastering her fringe to her forehead. The nearby river was broad, languid, brown with mud.

She climbed a little deeper into the forest, seeking firmer ground. The vegetation was very thick; leaves and shoots slapped at her face and arms. There were insects everywhere, including giant blue dragonflies, and the jungle was alive with noise: chirping, growling, cawing.

The sense of reality was startling, the authenticity far beyond any VR she'd experienced before.

Impressive, isn't it? Bobby was standing beside her. He was wearing khaki shorts and shirt and a broad hat, safari style; there was an old-fashioned-looking rifle slung from his shoulder.

Where are we? I mean 

When are we? This is Arizona: the Late Triassic, some two hundred million years ago. More like Africa, yes? This period gave us the Painted Desert strata. We have giant horsetails, ferns, cycads, club mossesBut this is a drab world in some ways. The evolution of the flowers is still far in the future. Makes you think, doesn't it?

She propped her foot on a log and tried to scrape the gumbo off her legs with her hands. The heat was deeply uncomfortable, and her growing thirst was sharp. Her bare arm was covered by a myriad sweat globules which glimmered authentically, so hot they felt as if they were about to boil.

Bobby pointed upwards. Look.

It was a bird, flapping inelegantly between the branches of a treeNo, it was too big and ungainly for a bird. Besides, it lacked feathers. Perhaps it was some kind of flying reptile. It moved with a purple, leathery rustle, and Kate shuddered.

Admit it, he said. You're impressed.

She moved her arms and legs around, bent this way and that. My body sense is strong. I can feel my limbs, sense up and down if I tilt. But I assume I'm still lying in my couch, drooling like you were.

Yes. The proprioception features of the Mind'sEye are very striking. You aren't even sweating. Well, probably not; sometimes there's a little leakage. This is fourth-generation VR technology, counting forward from crude Glasses-and-Gloves, then sense organ implants  like yours  and cortical implants, which allowed a direct interface between external systems and the human central nervous system 

Barbaric, she snapped.

Perhaps, he said gently. Which brings me to the Mind'sEye. The headbands produce magnetic fields which can stimulate precise areas of the brain. All without the need for physical intervention.

But it isn't just the redundancy of implants that's exciting, he said smoothly. It's the precision and scope of the simulation we can achieve. Right now, for example, a fish-eye map of the scene is being painted directly onto your visual cortex. We stimulate the amygdala and the insula in the temporal lobe to give you a sense of smell. That's essential for the authenticity of the experience. Scents seem to go straight to the brain's limbic system, the seat of the emotions. That's why scents are always so evocative, you know? We even deliver mild jolts of pain by lighting up the anterior cingulate cortex  the centre, not of pain itself, but of the conscious awareness of pain. Actually we do a lot of work with the limbic system, to ensure everything you see packs an emotional punch.

Then there's proprioception, body sense, which is very complex, involving sensory inputs from the skin, muscles and tendons, visual and motion information from the brain, balance data from the inner ear. It took a lot of brain mapping to get that right. But now we can make you fall, fly, turn somersaults, all without leaving your couchAnd we can make you see wonders, like this.

You know this stuff well. You're proud of it, aren't you?

Of course I am. It's my development. He blinked, and she became aware that it was the first time he'd looked directly at her for some minutes; even here in this mocked-up Triassic jungle, he made her feel vaguely uneasy  even though she was, on some level, undoubtedly attracted to him.

Bobby  in what sense is this yours? Did you initiate it? Did you fund it?

I'm my father's son. It's his corporation I'm working within. But I oversee the Mind'sEye research. I field-test the products.

Field-test? You mean you come down here and play hunt-the-dinosaur?

I wouldn't call it playing, he said mildly. Let me show you. He stood, briskly, and pushed on deeper into the jungle.

She struggled to follow. She had no machete, and the branches and thorns were soon cutting through her thin clothes and into her flesh. It stung, but not too much  of course not. It wasn't real, just some damn adventure game. She plunged after Bobby, fuming inwardly about decadent technology and excess wealth.

They reached the edge of a clearing, an area of fallen, charred trees within which small green shoots were struggling to emerge. Perhaps this had been cleared by lightning.

Bobby held out an arm, keeping her back at the edge of the forest. Look.

An animal was grubbing with snout and paws among the dead, charred wood fragments. It must have been two metres long, with a wolf-like head and protruding canine teeth. Despite its lupine appearance, it was grunting like a pig.

A cynodont, whispered Bobby. A protomammal.

Our ancestor?

No. The true mammals have already branched off. The cynodonts are an evolutionary dead endShit.

Now there was a loud crashing from the undergrowth on the far side of the clearing. It was a Jurassic Park dinosaur, at least two metres tall; it came bounding out of the forest on massive hind legs, huge jaws agape, scales glittering.

The cynodont seemed to freeze, eyes fixed on the predator.

The dino leapt on the back of the cynodont, which was flattened under the weight of its assailant. The two of them rolled, crushing the young trees growing here, the cynodont squealing.

She shrank back into the jungle, clutching Bobby's arm. She felt the shaking of the ground, the power of the encounter. Impressive, she conceded.

The carnosaur finished up on top. Holding down its prey with the weight of its body it bent to the protomammal's neck and, with a single snap, bit through it. The cynodont was still struggling, but white bones showed in its ripped-open neck, and blood gushed. And when the carnosaur burst the stomach of its prey, there was a stink of rotten meat that almost made Kate retch

Almost, but not quite. Of course not. Just as, if she looked closely, there was a smooth fakeness to the spurting blood of the protomammal, a glistening brightness to the dino's scales. Every VR was like this: gaudy but limited, even the stench and noise modelled for user comfort, all of it as harmless  and therefore as meaningless  as a theme park ride.

I think that's a dilophosaur, murmured Bobby. Fantastic. That's why I love this period. It's a kind of junction of life. Everything overlaps here, the old with the new, our ancestors and the first dinosaurs

Yes, said Kate, recovering. But it isn't real.

He tapped his skull. It's like all fiction. You have to suspend your disbelief.

But it's just some magnetic field tickling my lower brain. This isn't even the genuine Triassic, for God's sake, just some academic's bad guesswork  with a little colour thrown in for the virtual tourist.

He was smiling at her. You're always so angry. Your point is?

She stared at his empty blue eyes. Up to now he had set the agenda. If you want to get any further, she told herself, if you want to get any closer to what you came for, you'll have to challenge him. Bobby, right now you're lying in a darkened room. None of this counts.

You sound as if you're sorry for me. He seemed curious.

Your whole life seems to be like this. For all your talk of VR projects and corporate responsibilities, you don't have any real control over anything, do you? The world you live in is as unreal as any virtual simulation. Think about it: you were actually alone, before I showed up.

He pondered that. Perhaps. But you did show up. He shouldered his rifle. Come on. Time for dinner with dad. He cocked an eyebrow. Maybe you'll stick around even when you've got whatever it is you want out of us.

Bobby 

But he had already lifted his hands to his headband.



Dinner was difficult.

The three of them sat beneath the domed apex of Hiram's mansion. Stars and a gaunt crescent Moon showed between gaps in the racing clouds. The sky could not have been more spectacular  but it struck her that thanks to Hiram's wormhole DataPipes, the sky was soon going to get a lot more dull, as the last of the low-orbit comsats were allowed to fall back into the atmosphere.

The food was finely prepared, as she'd expected, and served by silent drone robots. But the courses were fairly plain seafood dishes of the type she could have enjoyed in any of a dozen restaurants in Seattle, the wine a straightforward Californian Chardonnay. There wasn't a trace here of Hiram's own complex origins, no originality or expression of personality of any kind.

And meanwhile, Hiram's focus on her was intense and unrelenting. He peppered her with questions and supplementaries about her background, her family, her career; over and again she found herself saying more than she should.

His hostility, under a veneer of politeness, was unmistakable. He knows what I'm up to, she realized.

Bobby sat quietly, eating little. Though his disconcerting habit of avoiding eye contact lingered, he seemed more aware of her than before. She sensed attraction  that wasn't so difficult to read  but also a certain fascination. Maybe she'd somehow punctured that complacent, slick hide of his, as she'd hoped to. Or, more likely, she conceded, he was simply puzzled by his own reactions to her.

Or maybe this was all just fantasy on her part, and she ought to keep from meddling in other people's heads, a habit she so strongly condemned in others.

I don't get it, Hiram was saying now. How can it have taken until 2033 to find the Wormwood, an object four hundred kilometres across? I know it's out beyond Uranus, but still 

It's extremely dark and slow moving, said Kate. It is apparently a comet, but much bigger than any comet previously known. We don't know where it came from; perhaps there is a cloud of such objects out there, somewhere beyond Neptune.

And nobody was especially looking that way anyhow. Even Spaceguard concentrates on near-Earth space, the objects which are likely to hit us in the near future. The Wormwood was found by a network of sky-gazing amateurs.

Umm, said Hiram. And now it's on its way here.

Yes. In five hundred years.

Bobby waved a strong, manicured hand. But that's so far ahead. There must be contingency plans.

What contingency plans? Bobby, the Wormwood is a giant. We don't know any way to push the damn thing away, even in principle. And when that rock falls, there will be nowhere to hide.

We don't know any way? Bobby said dryly.

I mean the astronomers 

The way you were talking I'd almost imagined you discovered it yourself. He was needling her, responding to her earlier probing. It's so easy to mix up one's own achievement with that of the people one relies on, isn't it?

Hiram was cackling. I can tell you kids are getting on just fine. If you care enough to argueAnd you, of course, Ms Manzoni, think the people have a right to know that the world is going to end in five hundred years?

Don't you?

Bobby said, And you've no concern for the consequences  the suicides, the leap in abortion rates, the abandonment of environment conservation projects?

I brought the bad news, she said tensely. I didn't bring the Wormwood. Look, if we aren't informed, we can't act, for better or ill; we can't take responsibility for ourselves  in whatever time we have left. Not that our options are promising. Probably the best we can do is send a handful of people off to somewhere safer, the Moon or Mars or an asteroid. Even that isn't guaranteed to save the species, unless we can establish a breeding population. And, she said heavily, those who do escape will no doubt be those who govern us, and their offspring, unless we shake off our electronic anaesthesia.

Hiram pushed his chair back and roared with laughter. Electronic anaesthesia. How true that is. As long as I'm selling the anaesthetics, of course. He looked at her directly. I like you, Ms Manzoni.

Liar. Thank you 

Why are you here?

There was a long silence. You invited me.

Six months and seven days ago. Why now? Are you working for my rivals?

No. She bristled at that. I'm a freelance.

He nodded. Nevertheless there is something you want here. A story, of course. The Wormwood is already receding into your past, and you need fresh triumphs, a new scoop. That's what people like you live on. Don't you, Ms Manzoni? But what can it be? Nothing personal, surely. There is little about me that is not in the public record.

She said carefully, Oh, I daresay there are a few items. She took a breath. The truth is I heard you have a new project. A new wormhole application, far beyond the simple DataPipes which 

You came here grubbing for facts, said Hiram.

Come on, Hiram. The whole world is getting wired up with your wormholes. If I could scoop the rest 

But you know nothing.

She bridled. I'll show you what I know. You were born Hirdamani Patel. Before you were born your father's family were forced to flee Uganda. Ethnic cleansing, right?

Hiram glared. This is public knowledge. In Uganda my father was a bank manager. In Norfolk he drove buses, as nobody would recognize his qualifications 

You weren't happy in England, Kate bulldozed on. You found yourself unable to overcome barriers of race and class. So you left for America. You dumped your given name, adopted an anglicized version. You have become known as something of a role model for Asians in America. And yet you cut yourself off from your ethnic origins. Each of your wives has been a WASP.

Bobby looked startled. Wives? Dad 

Family is everything to you, Kate said evenly, compelling their attention. You're trying to establish a dynasty, it seems, through Bobby here. Perhaps it's because you abandoned your own family, your own father, back in England.

Ah. Hiram clapped his hands, forcing
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