IN THE BEGINNING

Warning - Finding your deepest roots can be most dangerous!
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IN THE BEGINNING...
Erde Year 1421

The Nutcracker

“Madam Chair, the Nutcracker has provided us with interesting results. Interesting
enough for me to ask you to provide funding for an upgrade.”

“How interesting, Professor, and how much funding?” Angela Vittoria asked, with a
slight curve playing on her lips.

“Very interesting, ma’am. Interesting enough to convince my staff that we have found
that elusive sixth basic force that completes our Standard Model of particle physics.”

“Then why do you need more funding? Your research is now complete.”

“Research is never complete, ma’am,” Professor Hans Sophie returned a half-smile. “It
only raises new questions.”

Angela chuckled openly. “Hans, I’ve known you for twenty years. You always have just
one more question that can be solved in just ten years by spending a mere one trillion more
credits! Seriously, what are you up to? How much money do you want, and what will it buy
us?”

“It could buy us an unlimited power supply by mining the vacuum energy of empty
space. No more fuel required, ever! Think how much that will save, not just in the cost of the
fuel, but in the collecting, refining, transport, storage, everything!” Hans was allowing
himself to show a bit more passion in his pleading now that Angela had relaxed the formality.

“Tell me the price!”

“If we double the power of the Nutcracker, that should be enough to calculate the
underlying constants. After that, it’s just engineering.”

“Double the power? The Nutcracker is already capable of pushing gold nuclei to so
close the speed of light that the difference doesn’t matter! You can’t get them to go twice as
fast!”

“No, Angela; but in these circumstances it’s not the additional speed we need, but the
additional relativistic mass that we crank into the particles. Additional mass travelling at that
speed means more centrifugal force to constrain, which means stronger electromagnets to
bend their paths.” He shrugged. “Basic physics. That’s why the Nutcracker is built around an
asteroid five hundred kilopaces in diameter. We need a circuit that big to keep the paths
confined, even with the biggest magnets ever built.”

“Tell me the price!” Angela repeated.

“We expect that about two hundred billion credits should be enough,” he muttered.



Angela gaped.

“Spread over eight years,” Hans added, trying to make it sound more reasonable.

Angela finally found her voice. “And what do you expect to be able to investigate after
all that expense? You’ve already told me you have the sixth force pinned down. Just keep
running the equipment you’ve already got, and use brute statistics to narrow down the
answers.”

“We have that sixth force, Angela; but we need higher energies to force unification.
Only then will we see the phase change that will give us the full picture.”

“And what will that phase change be?”

“We will see something that has not existed since the Universe was one tenth to the
power minus 44 seconds old. That’s roughly the time it takes light to travel one billionth of
one trillionth of the diameter of a proton. The energy density of the Universe at that time
simply defies any attempt at calculation.”



Chapter One

Erde Year 1429 (8 years later)

This ship operated on the same principles that the more conventional interstellar ships
had used for two hundred years, since the first voyage of the Argo from Erde back to Earth,
the home of the Creators. It twisted a bubble of space-time and then shoved the contents of
that bubble through a finite distance along the time-space vector of that twist. It took
prodigious amounts of energy to twist space-time like this, and that energy was released
when the twist collapsed, mostly as gamma radiation that could fry anything nearby. So it
could only be done in deep space, well away from any life.

Originally this had been uniaxial, permitting travel through time but not space. The
refinements provided by Karl Marie in Mars colony had generalised these to make the
equations invariant under rotation. This allowed subjectively instantaneous travel through
space as well. Since those days the technology had improved steadily, but the underlying
theory was the same. Just as the Archimedes Principle still applied to naval architecture.

But the difference was in scale. The early ships had been capable of hops of perhaps a
thousand light-years, although they rarely did more than a hundred. As more colonies were
established in an ever-expanding sphere around Erde, a nominal capacity of several thousand
lightyears had become standard. Three scientific exploration vessels intended for exploring
neigbouring galaxies had been designed for slides of up to eight million lightyears, but they
were exceptional. The sliders on those ships were enormously powerful and made the rest of
the ship seem almost deformed in its proportions. Those ships looked like sliders with twist
lasers, fuel tanks and living quarters bolted into the spaces between.

Now this! The new ship, named ‘First Glimpse’, was capable of half a billion lightyears
in one slide if carrying minimum mass. Even so, it would need multiple slides to complete
the mission set for it. And to be blunt, Karen Magda thought it was probably the ugliest thing
she had ever seen.

She took her eyes away from the ship she was to command.

“Those fuel tanks are huge,” she said, almost in protest.

“You already know why they have to be,” Marie Olga answered her. Marie was the
head of the design and construction team. The two women had become close over the
duration of the project. Karen was an Engineer herself, as well as providing valuable practical
advice on what would work on a slideship and what would be impractical. “Modern ships
have no problem finding comets for re-fuelling around any star. But that’s in a mature
universe. Will the universe only a couple of billion years old have had time to create Oort
Clouds? You might have to make multiple slides on what you can take with you.”

Karen nodded. Marie continued.

“They say the past is a different country. That’ll be literally true on this mission.” She
paused. “And even if there are comets around to mine, you’ll have to find them first. On
temporal slides this big, the chances are that you might need to find galaxies first, and then
space-slide over to them before you go looking in detail. There’s a real risk that after a big



temporal slide you might need another big spatial slide to get near a galaxy, and another
smaller slide to get to a Cloud. And if there’s no Clouds in the young universe, you’ll have to
have enough in reserve to make a big temporal slide to a later eon and repeat the search. All
on one load of fuel.”

Karen nodded again. “Even so, this ship and this mission will be a prudent supplement
to augmenting the Nutcracker. And that’s the way science should be done, anyway,” she
continued. “Experiments are fine, but there’s nothing better than direct observation. Why
create enormously high energies in the Nutcracker because you that’s what the early
universe was like, when you can go look at the real thing?”

“But don’t worry,” Marie changed pace quickly. “While you’re off exploring, the
theoreticians out at the Nutcracker will still be banging nuclei together, seeing what comes
out and doing their maths; hopefully you can provide a more complete picture than just one
set of data would give.”



Chapter Two

Mission Day 723

Karen had resented the sheer tedium of dragging the First Glimpse out into the Cloud.
Every slideship started this way, being built in orbit around a home world and being loaded
by an incoming ship with barely enough fuel to limp out under thruster to the Cloud to take
on a full load of fuel herself. But that first trip was how green young officers were trained in
the peculiarities of their ship. The time of experienced officers like herself was much too
valuable to be wasted with such trivialities.

But she had to concede that this ship was unlike any other she had been aboard. In that
sense, she and her senior officers were just as green as any of the pups coming out of their
theory courses for their first real responsibilities.

Thankfully this ship still held to the same basic protocols, but it certainly behaved
much more sluggishly. The designers had assumed that virtually all movement by this ship
would be sliding rather than under thrust. Therefore the mass of the grotesquely oversized
fuel tanks had been compensated for by undersized thrusters to reduce not only the ships total
dead mass, but also the stresses induced by thrust and in consequence the mass of structural
supports for those tanks.

This meant that maximum acceleration, even under a mere five percent of tank
capacity, was only four paces. With full tanks that maximum acceleration would drop down
to a half pace to ensure the tanks were not torn off by the inertia of the fuel contained in
them. Any re-orientation such as rotation had to be done so delicately that the movement was
barely detectable. She had anticipated it would take several days to dock with a Cloud comet
to refuel. In short, this ship would never again drop into the inner reaches of any planetary
system.

But those days of tedium had certainly driven home to the crew how this ship had to be
handled. It had also alerted them to the need to be acutely aware of the need to keep a sharp
lookout for any unexpected interceptions by comets out here. For the fully-laden ship to side-
step one kilopace to avoid collision would require 63 seconds at full thrust. Add to that
another minute to allow for detection and plotting its course, and assuming a closing velocity
out here to be ten kilopaces per second, that meant the comet would need to be detected over
a thousand kilopaces away. Not easy to spot a tiny black object at that range in the dark of
space ten light-hours out from the sun, and with a surface so soft and porous that radar was
virtually useless.

The thermal sensors had done their job; however faint the sunlight was out here, the
black surface of the comet was still warmer than the background of empty space. The tiny
cometary fragment they were now approaching was only five hundred paces in diameter but
had been first detected at a range of 2000 kilopaces. Of course, the ship had been travelling
much to fast to simply stop. To search for fuel at creeping pace would take centuries, so the
strategy was to fly through the empty spaces of the Cloud at reasonable speed, searching on
the way. When a suitable fragment was detected, they would decelerate and chart an
interception course.

Her implant chimed on the command channel. “Captain, you asked to be contacted



when we were two hours from interception.” That was Rolf, the ship’s Chief Engineer.

“Thank you, Rolf. Check with the Flight Deck that there are no nasties sneaking up on
us, and dock if clear.”

“Yes, ma’am.” The contact dropped out.

That was the most vulnerable time of all. Tied up to the side of a comet, unable to see
half of the sky. Of course, the risk of another fragment coming from the blind side at exactly
the time you were unable to move was remote, but as an Engineer herself, Karen knew that a
failure only has to happen once to kill you.

She clicked up the channel to Professor Bruno Helga.

“Yes Captain?”

“It looks like we’ll be docking with a comet in a few hours. Please advise your staff,
and tell them to prepare for a bit of bumping and vibration if they have any sensitive
equipment.”

“Yes, Captain. Thank you. But we’ve all been prepared since you advised that we were
on intercept course.”

“Wise.” Karen responded and closed down the channel before a retort that bubbled up
inside her. “It’s good to know that you’re ready for anything, without the need to be
forewarned,” she muttered to herself. How heartily did she resent Professor Bruno’s
condescending attitude!

The channel pinged open again.

“You would do well to remember that I’'m in charge of this mission, Captain. You're
just the bus driver. So don’t close down a channel on me unless I indicate that I have no more
to say.”

“Yes, Professor. I’ve now noted that I don’t need to advise you of every pothole along
the road but I  need to wait in respectful silence for your orders. I’ll try to observe that
tedious courtesy in the future. But right now I need to issue orders to my crew, so...” She
shut down the channel and then blocked him for three hours. ‘Pompous arsehole!’

She clicked across to the Command channel. “Bridge and Engineering, all control is to
be transferred to engineering for docking.”

“Yes, ma’am,” Marie replied from the bridge. “Control transferred to Engineering.”

“Engineering has control,” Rolf acknowledged as required by procedures.

“Ma’am, Professor Bruno says he has lost contact with you.” That was Harald, her First
Officer.

“Tell him I’m too busy driving the bus. He’ll know what I mean. If it’s anything
important he can talk to you. If it’s not important enough to talk to you, then tell him not to
distract me during a delicate manoeuvre.”

“Yes, ma’am And I’ll do it very politely.” Karen could almost see Harald’s smile as he
clicked off. Harald had also been rubbed the wrong way by the Professor’s arrogance. He
would enjoy passing on that message.

The docking was just being completed when the block on Karen’s channel to Professor
Bruno expired and advised her that there were five messages pending. Karen listened to
them, as she was required to do under Standing orders. All of them demanded, in one way or
another, that Karen show ‘proper respect’. None of them required specific action as a matter
of high priority, so she wiped them from the queue.



Another ping from the Professor came in. “Oh, we are just securing our bind to the
comet, Professor. I can’t leave the bridge, but feel free to come up if it’s important.”

“I demand that you present yourself in my office as soon as your duties on the bridge
allow it.”

“That urgent, eh? Why waste time? Come up here and talk to me now.”

“Alright, then, I’ll talk to you now! Don’t you block my channel to you again!
Never! I am in command of this mission, and you will be available to my calls. Do
you understand that?”

“Thank you for being so candid, Professor. Could you please put that onto the ship’s
log as an Expedition Standing Order? Or would you prefer it to be minuted in our next
Command Group meeting?”

“Just do it!”

“Sorry, Professor, but something has come up that needs my full attention.” She clicked
off and blocked the channel for another two hours. ‘That should tell him something.” Karen
thought to herself.



Chapter Three

Mission Day 732 (9 days later)

At last the storage tanks were full and the processing of the volatiles was well under
way. Mission Standing Orders required that no slide away from home could be initiated
unless the processed fuel tanks already contained at least 50% of their full load in slide
configuration. This was to ensure that an unfortunate breakdown in the refining plant did not
leave the ship stranded in a time or space out of reach of home. The Command Group
meeting had completed the formal consideration of the situation and approved the first slide,
which would take the ship out of the Milky Way spatially and 100 million years back.

“Is there any further business?” Bruno looked around the table.

“Yes, Professor.” Karen waited a moment to be acknowledged. “A few days ago you
spoke to me privately, to the effect that [ am duty-bound to obey your orders on this mission.
This surprised me, because I don’t know of any time when I haven’t obeyed your lawful
direction. But to clear up any possible confusion, I would welcome your advice on any time |
have failed to be properly subordinate, and I will correct that fault.”

“I appreciate your subordination, Captain. In that conversation I was referring to your
tendency to ignore what I say to you. As Mission Commander, I require you to do as you are
told.”

“My apologies, Professor, but I took some of your comments as no more than friendly
conversation, in which you were listing more intuitive alternatives for the purpose of me
explaining to you why they would be considered suboptimal by an expert in the field.” Karen
heard a low hum around the table. Everyone had understood what she had meant.
“Henceforth, I will take all your suggestions seriously and formally log them as such. Be
assured that I will adhere scrupulously to the Standing Orders, which make it clear that [ have
responsibility for the safety and proper operation of the ship so as to achieve the operational
tasks you set me.”

“Drop this passive-aggressive resentment, Captain!” Bruno shouted as he rose to his
feet. “This is a scientific mission, not some comic-book adventure for the super-heroine to
show her genius! You job is to get the stars of this mission and their equipment to the
right time and place. You are support staff, nothing more!”

“No, Professor; my job is to get the real stars, which means your staff and their
equipment, to the right time and place . Let me do my job, so your people can do theirs.
Not every decision on board should be seen as an opportunity for you to demonstrate your
mastery of every circumstance.”

Bruno glowered at this upstart engineer who seemed determined to undermine his
authority. “End of meeting.” He spat out.

The others around the table stood, glad that this unseemly quarrel was over. Angela
Anna, the leading spectroscopist, casually made her way over to Karen.

“Don’t you think it’s time you grew up?” she challenged. “Bruno is in charge. If you
don’t like the Mission Commander’s style, then you shouldn’t be on this mission. However
did a sensitive flower like you cope as a junior officer, when your Captain told you how to do
your job?” she turned and floated for the door without waiting for a response.
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The first slide was huge, but otherwise routine. It landed them notionally 100 million
years into the past and a million lightyears north of the galactic plane. The astronomical
telescopes aboard would spend the next thousand hours photographing the entire disk in
detail, and taking spectra of anything that caught their eye. The plan was to use this as
preliminary data, to be analysed during the later stages of the mission. Anything that was
found to merit a closer look would be investigated on the return voyage. This also allowed
time for the remainder of volatiles mined from the comet to be processed into fuel and excess
mass jettisoned.

“Professor, I report that detailed inspection has revealed no problems with any of the ship’s
systems, and our tanks of processed fuel are full. We are ready to slide whenever you give the
order.” Karen had made a point of being entirely proper when speaking to Bruno since that
Command Group meeting. She suspected that he was recording every interaction between
them, to be used in evidence later. She had also noticed that he was very restrained in his
words with her, offering no extraneous comments and prefacing almost every question to her
with a brief comment to explain the reason for the question. This gave her reason to believe
that he suspected that she was also making detailed records for the same purpose.

‘No harm in that,” she thought to herself. ‘It achieves what I want; none of his meddling
in how I run my ship.’

Bruno took a moment to answer. “Thank you, Captain. I’ll speak to my section heads to
make sure they have no need to delay, and I’ll get back to you as soon as I can.”

Karen waited a moment in case more was to follow, then clicked the channel over to
standby mode. Then she turned back to the display on her cabin screen. A polar view of the
Milky Way from one million light-years was a glorious sight when taken through an
astronomical telescope of such prodigious light-gathering power as the equipment they were
carrying. She was sure she would never tire of it.

Her implant flagged an incoming from Bruno, and she accepted.

“Captain, we have no need to stay in this time any longer. Please slide back as far as
you consider safe at your earliest convenience.”

“Certainly, Professor. Would you be happy for my navigator to check with your people
for an estimate of our velocity relative to the Milky Way? I’d like to stay this distance out if
possible, to minimise the risk of the slide putting us into a region of higher density.”

“I’11 instruct Angela to provide every assistance to all of your officers, Captain.”

“Thank you, Professor. If it’s safe to do so and if you agree, I’ll schedule the slide for
10:00 hours tomorrow.”

“All of my staff tell me they are ready to slide at any time. Thank you, Captain.” Bruno
cut the connection.

‘A rather brittle conversation’, Karen thought to herself. ‘Mutual respect is what |
wanted, and he’s giving it now. I think he has learned his lesson.” She clicked over to Simone,
her Navigator.

“Simone, talk to Angela in Spectroscopy to get that data you wanted on proper motion.
The Professor has agreed.”

“Already got it. I mentioned it to Angela over a mug of tash yesterday that we still
carried our relative velocity over, regardless of the slide. She sent through data on a few
dozen widely-spaced stars this morning. Lateral motions are uncertain because we can’t
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parallax them, but Doppler shift shows all radial velocities are negligible.”

“So you get on well with Angela?”

“Yes, ma’am. Generous nature, but she can cut the legs out from under anyone she
thinks is too self-important. She’s pleasant enough if you stay informal and friendly with
her.”

Karen thought back to those parting words after the Command Group meeting.
‘Perhaps I’m not entirely blameless myself, when it comes to Bruno’s arrogance. But I’1l still
record all our discussions.’



12

Chapter Four

Mission Day 734 (2 days later)

The slide had been for the full rated capacity for the mass on board, just over 120
million years. Measurements confirmed that the ship’s velocity relative to the centre of the
Milky Way was negligible.

There was some minor excitement among the astronomers. The bar at the centre of the
Milky Way was slightly less substantial than in later times, and this was prompting debate
about the more obscure details of the Density Wave model. The routine photography of the
whole galaxy continued, augmented by more detailed images of the smaller satellite galaxies.
Although not conclusive, preliminary measurements suggested that the Magellanic Clouds
were moving too fast to be true satellites of the Milky Way. Data to be taken later in the
mission would confirm this.

Less dramatic but more significant were the measurements of Cosmic Background
Radiation. The peak wavelength was 1% shorter than in modern times. Yet another
confirmation of the estimated age of the universe as just under 14 billion years.

“We’re not that far back,” Matteo Janneke said casually. “Even as we speak, there are
early mammals on Earth. So I didn’t expect anything surprising.”

“100 million years, and you’re confident you understand it.” Rolf shook his head.
“Some would say that’s just arrogance. I’'m never confident about anything until I’ve seen it.”

“That’s because you’re dealing with machines made by fallible humans. I’'m dealing
with the Cosmos, and that’s perfect.” Matteo smiled. “Do you know the difference between a
Scientist and an Engineer?”

“Of course I do,” Rolf snapped back. “A scientist thinks he knows everything, an
Engineer hopes he knows enough.”

“No; a Scientist will tell you how something works, an Engineer will tell you why it
won’t.” Matteo drained the last of his tash and put the mug in the ‘used’ rack. “You bunch of
pessimists!” he added playfully. Then he grew serious. “Just make sure you stay that way; it
keeps us all safe.”

Rolf finished his mug and racked it. “You only hope we’re pessimists. I think we’re
realists. Anyway, I’ll see you around. I’ve got a slider to polish, or it might explode.”

Matteo watched Rolf turn and kick for the door like he was born for zero-g. He enjoyed
chatting with Rolf during breaks. Everyone in the Science team had a reasonable grasp of
Physics, at least in theory, but Rolf understood with his gut such details as observational error
margins, statistical spread and quantum uncertainty. These details were smoothed over in
short courses for other disciplines, but engineers had to know by instinct that ‘the envelope’
was not a precise geometrical surface. It was fuzzy, and its tendency to sometimes throw an
extreme response had to be treated with respect. Or people die.

He wished Professor Bruno could understand this. Bruno had made his name in
studying Planetary Formation, when everything was on a scale that evened out quantum
fluctuations and everything could be treated as according to ‘normal’ rules of physics and
chemistry. Random events, in his thinking, was whether or not planetesimals collided, and if
they did with what energies and angles. The process continues. But for the crew of this
slideship, a random event was more like a game of dice. If the wrong number was thrown, the
game ended without anyone even knowing it had happened.
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Bruno should respect the caution of those facing potentially deadly results every time
they pushed a red button, and the procedures built to create a hedge around that caution.
Instead, he wrapped himself in the arrogance of a theoretician. He forgets that real science is
empirical, and not an exercise in pure reason.
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Chapter Five

Mission Day 1965 (1231 days later)

Rolf was pleased with how well the machinery was tolerating these huge slides. It took
an enormous concentration of energy to move a ship of this bulk through up to half a billion
years in one slide, but after forty such huge slides to get back to epoch 3 billion, there was
still no evidence of any overstress in any component. The science programme had been
designed to linger for thirty days or more at each slide, to take a full suite of measurements of
the universe at each epoch and in particular the evolution of the Milky way and other nearby
galaxies. This gave him ample time to run meticulous checks on every component in his care.

“What I’'m not so pleased about is external radiation,” he advised Karen.

“What about it? Bruno tells me it’s exactly as predicted.”

“That’s what worries me. When this ship was designed, everyone concentrated on the
power of the sliders and the capacity of the fuel tanks, to make sure we could go back far
enough without needing to refuel in a universe too young to have comets. In everything else,
the motto was ‘best current practice’. I’'m starting to realise that ‘best current practice’ is
based on the unstated assumption that space itself won’t be much different.”

“It 1sn’t, Rolf,” Karen was starting to lose patience. “It twists the same as in our era, or
you wouldn’t be able to slide accurately. If the elasticity of space-time was different by even
a couple of parts in a million, we wouldn’t be able to get the twist resonance needed to
trigger the slide.”

“It’s not the elasticity of space that worries me, Captain, but the temperature. The
microwave background wavelength in this epoch is peaking at 0.23 millipace, and the energy
flux is twenty five times higher than in our home epoch. That’s much more incoming heat
than the refrigeration design of the external tanks assumed. Also, we won’t have the heat sink
outside to push all our own waste heat into. At present it’s not a problem. Our system is
designed to mine comets that might be as warm as 150 Abs, then input the energy to break
the material down into hydrogen and other elements, and cool the product down to below 30
Abs. But it means that if we go to an earlier epoch the equipment will have to work that much
harder.”

“Shit! I never thought of that, either.” Karen mulled for a moment. “We’re at roughly 3
billion epoch right now. If we slide another half-billion, that will mean the energy flux will be
higher again. How much can your machinery tolerate?”

“I’ve done the sums, Captain. For an extended time, we can probably manage ambient
conditions at epoch one billion. We could even manage a quick dip back to epoch half-billion
if we stay only a few hours, maybe a day. We can rely on the thermal inertia of the fuel itself
to buy us that much time, or even vent some if we have to. Then some quick slides to get to
epoch 1.5 billion, where we can slowly ease our fuel temperature back to normal.”

Karen nodded slowly. “Thanks for letting me know, Rolf. I’ll have to tell Bruno, and he
can re-design the mission to fit in with those constraints. How many more slides can we do
with the fuel on hand?”

“That depends on how big each slide is, Captain. If we work on quarter-billion year
slides to get out and cool as quickly as possible, we can manage twenty, starting now. But
don’t forget to allow for spatial slides to get to a refuelling stop. The astronomers tell me that
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they can detect dust clouds around some stars even now at epoch three billion, so there
should be some comets at this age.”

Bruno listened in silence as Karen gave him a full report on the problems identified by
Rolf. Since that first run-in at the start of the mission he had made a point of allowing her to
speak until exhausted, rather than risk another allegation of being dismissive of her role. He
had also resolved to congratulate her and her officers at every opportunity. There will be time
when we get back to lodge complaints.

“That was very sharp of Rolf to anticipate that. So let me put this in my own words,
and tell me if I understand correctly. There are unforeseen problems with the cooling
systems, but these should not present a serious threat to the mission unless we try to go
earlier than epoch one billion.” He looked for a response.

“Correct.”

“Are any other problems expected? For example, at epoch one billion I expect the
background radiation wavelength to be less than a tenth of a millipace. That’s well below
normal infrared, and nowhere near ionising radiation. So I wouldn’t expect any medical
consequences. Can you foresee any other possibilities? For example, I expect that the hull
would reach blackbody radiation equilibrium rather quickly, but that would be in the order of
perhaps 30 degrees Abs. That would seem to agree with Rolf’s comments about the critical
temperature of the hydrogen in the fuel tanks.”

“I’ve spoken to the ship’s doctor. She doesn’t expect any medical problems.”

“Thank you, Captain. I’ll talk to my staft, but I don’t think we’ll have any problems.
The mission profile was to get to epoch half-billion, comfortably after the time of Re-
ionisation, and then send back a series of probes. So I don’t think we need to change too
much. We just won’t be able to stay as long as we had hoped.”

“I would prefer not to go back to epoch half-billion, just in case of equipment failure
that might need time to repair. We’ll only have a day at most to repair any failures. If your
people could re-arrange their programming for epoch one billion, that would be safer.”

“I would prefer to survive too, or our information won’t get back home,” then Bruno
smiled softly and lowered his eyes as he realised that those words could be taken as sarcastic
rather than ironic. “I’ll see what my people can manage.”
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Chapter Six
The Nutcracker

Erde Year 1430 (1 years after First Glimpse launch)

Hans Sophie pushed down his frustration. If only we could put some more grunt into
the machine! But it had been made clear to him that another major upgrade was not going to
be funded. Instead he had asked his engineers to tweak the existing system as much as
possible. The energy now available was just on the lower threshold of what would provide
the results he needed. Given the statistical nature of particle research, even a few percent
extra could bring in an order of magnitude more data. That’s what he needed to sort the
significant observations from the random noise.

His engineers had responded cautiously but effectively. The giant magnets had been
ever-so-carefully calibrated and balanced to minimise third order effects and then new
transformers fitted to provide higher voltage to them, again finely balanced. This would push
the cryo systems hard, but so long as the pulses of excess power were brief enough the
thermal inertia of the equipment would prevent overheating in the milliseconds of peak
current and it would cool between pulses.

The ultra-high energy data was slowly accumulating. That sixth force that had first
been detected fourteen years ago was now reasonably well understood, at least in broad
scope. It affected all particles with mass; not only those of ‘normal’ matter, but also masons,
those particles which until recently had been known only as ‘dark matter’.

At ultra-high energies and extremely short distances this was an attractive force that
operated at an incredibly high strength, greater even than gluons which pulled quarks
together to form hadrons. But the range was dependent upon temperature; the lower the
energy of the particle, the weaker the attractive force and the faster it dropped with distance.
There was still not enough data to put numbers on it with any degree of confidence, but
tentatively it looked like an inverse tenth power might be worth giving the theoreticians
something to work on. That would suggest that at the smallest possible distances space might
have eleven dimensions.

But apart from the scribblings of theoreticians, what does the phrase ‘smallest possible
distance’ mean? Is the Planck Length a physical reality, or does it merely reflect the limits of
our current theory? If the energy of a particle was high enough for its notional wavelength to
be a fraction of the Planck Length, what would this mean in the physical world? Oh, if only
we could put a bit more grunt into the Nutcracker!
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Chapter Seven

Mission Day 1468 (3 days later)

“I’m sure you’ll be pleased, Captain, to hear that my staff will be able to delete the plan
for the ship to slide to the half-billion epoch. I know I’d rather not risk everything if there’s
no need to do so.” Bruno smiled his most charming smile. It almost worked.

“That changes how we intend to gather data from the half-billion epoch, and earlier
epochs. You know that we carry five probes with us. Each is programmable, and capable of
two slides of up to half a billion years each. Because they’re robotic they’re much smaller
than this ship, and require much less fuel to perform as required. Each was originally
designed to make a slide backwards of up to a half-billion years and then slide forward to
allow us to collect the data gathered.

“We have decided that we will gather sufficient data if we send the first back the full
half-billion years, takes a full suite of measurements, and then slide back to us. The second
probe will slide back the same to its full range, take measurements, and then slide back again
to epoch one hundred million years. This should catch the first stars, and perhaps the
beginning of galaxies.

“The third will slide from epoch half-billion to epoch ten million. We don’t expect any
stars at this time, but we might catch a few. More importantly, we will be looking for
anisotropies in the background radiation.

“The fourth will slide back to epoch 200,000 years, as close as we can estimate it. This
will be in the period of helium recombination, and perhaps we will catch some initial
hydrogen recoupling as well.

“The fifth will slide back to epoch 50,000 years. This will be very approximate,
because our estimate of our epoch at around one billion years will be an estimate with
probably that margin for error; but it’s worth a try. One consideration is that this epoch
50,000 environment is expected to be hot enough to ionise all normal matter, including the
probe itself. We will try to protect it by wrapping it in insulation and hope that although the
temperature is high, the energy density and therefore the rate of heat transfer into the probe is
so slow that the probe can survive long enough to take its measurements. Also, we will cut
short its loiter time to the bare minimum, just enough to take a light curve relating
wavelength and intensity. At worst, we lose one probe.

“All probes will return by sliding forward to our present epoch, again as close as we
can estimate it; setting the exact power in the return slides will need to estimate the remaining
masses of the probes at each slide, but we have onboard thrust gauges and inertial references
to be able to estimate these values to one part in a million. So our error over a billion years
should be less than a thousand years. Each probe is able to keep transmitting a homing signal
for over a thousand years, so we can do a slide forward and then sweep up any that return
later than our current epoch.” He had made a point of addressing the Captain directly for this
monologue. Now he looked along the table to the other officers, and then back to the Captain.
“Are there any questions or comments?”

“Yes, Professor,” Karen spoke first. “Will these probes be able to perform three slides,
as envisaged? They were only designed for a half-billion years per slide, and only two slides.
It’s the energy of the twist component that is critical here, and three twists will consume a lot
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more fuel than two.”

“I’ve spoken to your Engineer Rolf about that,” Bruno confessed. Karen already knew
about this, Rolf having told her when first approached, but she wanted this on record as
Bruno’s idea if something went wrong. “The slide equipment is limited to at most a half-
billion years for a probe at full mass, and the fuel carried is just over double the amount
required. But after the first twist-and-slide, the mass will be considerably less, and again after
the second slide. I’ll leave Rolf to explain the details.” He gestured to Rolf, who stood to
address the table.

“Ma’am, the amount of fuel required for each twist is 125 jugs, and doesn’t change. To
slide half-a-billion years at full mass would require 350 jugs. That’s a total of 475 jugs per
twist-and-slide, and the probes come with a full tank capacity of a thousand jugs for a bit of a
margin.

“But that’s only designer’s shorthand, not an accurate picture of what happens. The first
slide occurs after the twist fuel has been consumed, giving a slightly smaller mass that has to
slide. Later slides need even less fuel to slide less mass. But the probe that is going back to
the very earliest times, the return slide will be almost twice the time originally designed.
Once we work through this in detail to determine how much is needed for each individual
slide as the fuel mass decreases, we calculate that we need to start with an additional 500
jugs.

“Also, that last slide, even though with less mass, will be through almost twice the
time. It works out at just over 50% above the slider’s rated design, but I’ve checked that the
equipment has enough reserve to do it. It might not be able to do it again, but it won’t have
to.

“So we need to either find another 500 jugs of fuel storage, or reduce the dry mass of
the probe, or both.

“Bruno tells me he can remove some instrumentation that isn’t needed for epoch
20,000. I can also save some mass and space be removing the thrusters and their fuel. That
will allow more space for a slightly larger fuel tank and allow us to substitute fuel mass for
discarded instrumentation mass. I think it can be done. Barely.”

“If you remove the thrusters, how will we launch the probe?”

“I’ll sling it to the side of the ship, spin up the ship ever so slightly, and let momentum
launch it for us. Once it’s far enough away for our exhaust to not damage it, the ship pulls
away rather than the probe. I’'m only talking about a tenth of a pace centrifugal acceleration
at the outer hull, for only an hour or so. Hardly noticeable nearer the ship’s axis.”

Karen gave the appearance of thinking about this. “Professor, no doubt Rolf has
explained all the details to you. Are you fully supportive of this scheme? It seems a bit
improvised to me.” That should give her plenty of wriggle-room if anything goes wrong.

“Absolutely, Captain. I urge you to allow it.”

“Very well. Rolf, make sure you clear everything, every detail, with the Professor
before doing anything. You are under his authority in that regard. Then just tell me what the
Professor requires from the ship.”

“Yes ma’am.”
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Chapter Eight

Mission Day 1542 (74 days later)

Removing the thrusters from the probes meant that they needed to be a long way away
from the ship to ensure the probe twist wouldn’t harm the ship. That could be solved by
moving the ship, not the probe, but that would consume a huge amount of fuel just pushed
out the back as reaction mass. Bruno had agreed with Rolf’s suggestion that this unexpected
demand for reaction mass justified a twist and slide back into the Milky Way before they
went any further back than epoch 3 billion. There might not be a chance to refuel in the
younger universe. That had taken forty days to slide over, find a star mature enough to have
an Oort Cloud, find a comet, mine it, and then process the material to get rid of excess
weight. Time well worth it, to have full tanks again.

There was also the consideration that the probes had to be launched separately if they
couldn’t accelerate away from each other’s flash. Karen accepted 1% of the maximum
emergency dose would be a good criterion for the ship’s safety. For a flash the strength of
that put out by a probe, she calculated that 100 million kilopaces would be a safe distance.

That would mean more than 7 days under the maximum available acceleration of half a
pace, now that the ship was fully-fuelled. It also meant a lot of time to launch all five probes,
because each new launch would need the ship to accelerate away or otherwise the probes
would just drift along in formation with them. But most critically, it would take much more
reaction mass than originally estimated.

“So I don’t like it,” Karen declared to the meeting. “Gutting the thrusters out of the
probes is fine. They’re your probes to do with as you like, Professor. But as Captain, I’'m not
prepared to subject this ship to the danger and the waste of both time and reaction mass to
make it work.”

“I have an idea about that, ma’am,” Rolf volunteered.

Karen looked towards Rolf. Rolf had already told her privately about this proposal
before providing Bruno with his answer, in case Karen wanted to over-rule him. But she
didn’t want Bruno to know that.

“If we programme all the probes to twist simultaneously, and they are far enough apart
that each is outside the light-cone of the others, they can’t fry each other.” Rolf warmed to
his subject. “Allowing for a millisecond error in timing, that will require them to be placed at
least 300 kilopaces apart. If we release them at a velocity of one pace per second, relative to
the ship, and at 72 degrees separation in direction, then they will have that separation by the
time the ship 1s 100 million kilopaces clear. If our launch vectors are a bit off and we get two
probes that are only 60 degrees apart at one paced per second, then in seven days that will
give them more than 600 thousand kilopaces separation. That’s 2 light-milliseconds, and I’'m
sure we can manage to co-ordinate them to better than a millisecond accuracy. Each will be
gone before the flash from the others reaches them.

“Are you confident of that, Rolf? How much distance can the ship make in that time?
How does it compare to our exposure protocols?”

“Each flash would be about 1% of maximum emergency dose. Five of them would be
5% of maximum emergency dose.”

“Everyone knows that in an emergency, you take whatever dose you have to. That
doesn’t mean it’s safe.”
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“Those charts are based on long-term survival,” Rolf replied.

Karen paused a moment before she conceded. “OK, so that sounds like a plan.” She
looked to Bruno. “Are you happy with that? Can you programme all five probes without the
later ones having data from the earlier ones?”

“Yes, ma’am. Not a problem.”

“When will you be ready?”

“My people can modify the probes and their programming in a few days. We’ll need
more than that to finish our observations in this epoch, anyway. How long will it take Rolf to
build and install the launchers?”

“The launchers I have in mind are not much more than a hydraulic ram, with a guide to
make it push straight and an anchor plate built into the loading bay to provide enough
reaction against the thrust generated.” Rolf shrugged. “A few days.”

“Then it looks like you’re in control of the timetable, Professor. I’ll get Rolf to start on
that launcher as soon as he can, and the rest is on your command. Anything else?”

“There could be a problem for the probe going back to Epoch 50,000. The ambient
temperature back then was high enough to ionise everything. We need it to twist out before it
melts.”

“So that one can come home immediately. That means it should re-appear close to its
departure flash, given that velocity is conserved subjective time. How hot will the next
hottest be?”

“Epoch 200,000 will still be hot,” Bruno broke in. He wanted everyone to know that
this was his experiment. He resented how Karen and Rolf were assuming control. “It’s the
start of the recombination era.”

“But the density should be low enough that the mass of the probe will give it some
thermal inertia,” Rolf jumped in immediately. Bloody theoreticians need to be reminded of
practicalities or they’d ruin everything! “But even so, I still recommend that it return as soon
as possible, subjective time. The Professor would best know how much time will be needed
to complete the observations. I recommend that we launch those two in opposite directions to
give them the widest possible separation.”

“I think that spread of return dates will happen anyway,” Bruno was not going to back
away from asserting his pre-eminence. “The actual return time from our frame of reference
will depend on the precise length of each slide, and that will depend on the exact ratio of
mass and slide energy. If our estimates are out by only one part in a million, then a billion
years back and then a billion years forward gives a possible error of two thousand years.”

“The Professor is right, of course. They will probably re-appear hundreds of years
apart. It’s just that we Engineers like to play it safe rather than relying on the roll of the dice.”

Karen tapped at her calculator. “If two probes are travelling apart at 2 paces per second,
as suggested, and a re-appearance separation of a million kilopaces is sufficient to be safe
against flash, then a time drift of twenty years over two billion would be ample.” She looked
up. “I think we can assume we will get at least that much approximation error, Rolf.”

“Yes, ma’am.”

There wasn’t a person in the room who didn’t notice as Bruno subconsciously sat taller
and puffed his chest out in triumph. A small price to pay, Karen thought to herself as she
stood to close the meeting. Then informally, “Thank you for your co-operation, Professor. We
seem to be working well together once we cleared up a minor misunderstanding.”

“Indeed, Captain, and I thank you for the practical advice your crew have provided.
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Rolf’s warning about heat is just one of several times your people have been most helpful.”

“Tell me, Bruno,” Karen shifted to first-name instead of title, not least to see if it drew
any response, “What will happen to that fifth probe if it slides past epoch zero?”

Bruno smiled widely. “Is there a time before time, you mean? The eternal question!”
He shrugged. “I don’t know. If one theory is right, there is no ‘initial instant’, but time curves
in to blend with the space dimensions. Like the tip of a rounded cone. Will the probe be
pushed off the end of the cone? Or will it be pushed through the rounded bit and slightly up
the opposite side? If so, where in space will it end up? Perhaps the opposite edge of the
Cosmos, beyond our cosmic light-cone so we will never know?”” He shrugged again. “There
are always more questions than there are answers.”
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Chapter Nine

Mission Day 1680 (212 days later)

Now they were at epoch one billion. The end of sliding backwards.

Rolf had refined his launcher plan. He tied them to the equatorial belt that formed a
main structural frame of the ship, and set the ship slowly spinning. The ship, with a radius of
122 paces and spinning slowly at 13 minutes per revolution, mean that these probes were
moving at a tangential velocity of 1 metre per second. The centrifugal force involved was less
than one percent of a metre per second; barely noticeable, except that ‘down’ was faintly
perceived as being towards a side wall. A few items in the ship had to be secured against this
acceleration, but there had been plenty of time for that. Every one hundred and fifty six
seconds another probe was released and drifted away at the required velocity.

This procedure had been worked out in detail and rehearsed several times in the last
few days. Within a minute the ship was pulling away at one half-pace acceleration, slower
than originally expected because of the additional fuel mass on board. This meant that the
ship would need to maintain acceleration for 175 hours to achieve the required minimum
clearance from probe flash at the ship’s reduced acceleration. The probes were programmed
to twist one hour after that.

All sensitive equipment had to be withdrawn into the hull of the ship when this close to
anything doing a twist, to ensure nothing was damaged by the flash. To be sure that no
problems could prevent this vital step, Rolf had already configured the ship for this event.

“All probes away, Captain!” Rolf called as the last probe was freed. “Secure all
equipment for acceleration!” Now it was a matter of getting far enough away for the flashes
to be harmless.

“Probe flashes detected ma’am,” Rolf reported.

Karen ordered the acceleration to cease and the ship to be brought around. The big
radio dish was be deployed. The subjective duration of each probe’s mission was known,
which made it reasonably simple to calculate how far away from the launch point they would
re-appear. What was not known was how much time error there would be in their
reappearance slide; if they mistimed the return slide by a thousand years, a real possibility,
that would mean they would travel a distance of thirty million kilopaces while waiting for the
ship to locate them. This had been a large part of the reasoning in giving them such slow
launch velocities.

The equipment sending out those homing signals was meant to last a thousand years,
and that meant that the power of the signal would be very weak. The best thing the ship could
do would be to get back to the launch point, come to a dead stop, and listen in each launch
direction.

This probe had been picked up almost 40 million kilopaces from the launch point, at
the limit of the main receiver’s range for such a weak signal. The main fuel tank was empty
and the beacon was only a few years short of exhausted. The elapsed time counter showed
1,253 years. No wonder the beacon was on its last puff!
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This was the probe that had been sent back to Epoch 200,000 and the condition of the
surrounding insulation suggested that the environment had been even hotter or denser than
expected. The small port that allowed the transmitter aerial to protrude after the return twist
had streaks of material that showed the outer surface had started to melt. If the port had not
been programmed to pop open immediately after the return twist it probably would have
cooled and frozen solid.

Bruno was pleased to get it back, but the dry tank told him that this probe had used all
available fuel and still not been able to slide the full return journey. He held little hope that
the Epoch 50,000 probe would still be transmitting. It looked like he should have stripped out
just one or two more jugs’ mass of equipment to extend the slide range, but he had been too
greedy for data.

The ship was now chasing after another probe. The signal strength indicated it would
take about six days to accelerate towards it and decelerate to match vectors. This ship was
designed to slide through time, not accelerate through space!

“Captain, are you free for a chat?”

That was Bruno speaking over her personal channel. Unlike him to be so casual!

“Of course, Professor. My cabin or yours?”

“I’ll be there in a minute if that suits you.”

“Sure.”

She gestured towards a seat as he entered. “Tash?”

“No, thanks. I thought you might like to know some preliminary data from the probes,
in case it affects your command decisions.”

“Thank you, Professor. What should I know?”

“First, that the evidence suggests the epoch 200,000 probe actually went to Epoch
160,000 or thereabouts. Of course, these are only estimates based on wavelength and
intensity data; there’s no chronometer in space. But the data on the mass and fuel used in the
slides doesn’t match this. Even allowing for inaccuracies, it still should have arrived no
earlier than Epoch 190,000.”

“That’s interesting, but I fail to see how it might affect the ship.”

“It might not,” Bruno admitted. “But this suggests that the rate of expansion in the early
eras might not have been as modelled in our theories. Remember, we have only had CMB in
various wavelengths up until now, and that was an opaque curtain to anything before
Recombination.”

“I still don’t see the problem.”

“It means that the Big Bang probably happened at least thirty thousand years more
recently that our current theories. The only theoretical alternative to the consensus is that the
earliest eras experienced a much more rapid initial expansion If that alternative is accurate,
the epoch 50,000 probe would have really been sent back to Epoch 10,000 or even earlier.
Possibly even before the Bang, whatever that might mean. But at Epoch 10,000, the
temperature and energy density of the universe would have been enough to vaporise the
probe within seconds.”

“I still don’t see how it affects the ship, Professor.”

“Not directly, ma’am, but it could save the time and danger of looking for something
that no longer exists.”

Karen suddenly realised that Bruno had just needed someone to talk to. Losing the
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probe that had promised him a glance into Epoch 50,000, virtually the earliest feasible
opportunity for direct observation and measurement, must have been a bitter blow. In a
moment she dropped her resentment against him, finally seeing that his arrogance was driven
not by an inflated ego but by desperation for approval. Now he was making a generous
gesture towards her, seeking to soften her disapproval.

“Ah! T see, Professor. Thank you for the courtesy. But we have a few more weeks
chasing down the probes that have already appeared, and then we’ll slide back a thousand
years. Maybe two or three times, perhaps a dozen times. As far back as Rolf says the ship can
take the heat. This expedition has taken too much time, money and expertise not to wring as
much data out of it as we can. Let’s see what we find.”

“Thank you, Captain. I was hoping you would say that, because I felt I had no right to
ask it of you or your crew, in light of the dangers involved for such a slim chance of success.”
Bruno was genuinely, sincerely grateful.

“Once we do that, our first slide will back to the Milky Way, to be within reach of a
refuelling stop. After that it will be one temporal slide after another to get back to the
‘modern’ era, give or take a few hundred million years. Then a few groping steps through the
more densely-packed spiral arms to find a pattern of stars that look like the locality of Erde.
Once we get the location right, we can take some astrometric readings to work out the exact
date. Then Rolf will know how large a temporal slide will be required to return to just after
departure. We know we didn’t get back before then, which means that if we try to do that we
will fail.” She paused, looking to Bruno. “Unless your people need to do some more
observations on the way back. We’re in no rush, to quote Captain Werner of legend.”

“Thank you, Captain. I’ll ask my people what they want to look at, and at what epoch.
Thank you again.” Bruno stood and headed for the cabin door.
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Chapter Ten

The Nutcracker

Erde Year 1432 (2 years after makeshift upgrades)

At last there was enough data in to give the theoreticians a reality check on their
calculations. It turned the accepted model of the first few nanoseconds of the universe on its
head.

That sixth force turned out to be an inverse-tenth power, as originally suspected. At first
sight this would mean a singularity at extreme states, something that theoreticians hated with
a passion and experimentalists simply refused to consider possible. But deeper consideration
revealed a slightly different paradigm. Hans Sophie was trying to explain it to Angela
Vittoria, still the Chair of the Council, who had paid an official visit to the facility.

“Imagine a cylinder standing on one end,” he started.

“Yes, Hans, I can imagine that,” Angela snapped.

“Now imagine looking at that from directly above, and the diameter of the cylinder
being incredibly small. In theory, that cylinder would still be standing on one end; but even
the slightest disturbance will cause it to topple.”

“Yes, I can see what you mean, Hans.”

“But if that cylinder is the only thing in its universe, there would be nothing to disturb
it. In theory, it would remain quasi-stable forever.”

“Which means that there would be no time, either, Hans, if there is only the cylinder
and it does nothing. How could time be measured? Stop talking rubbish.”

“Exactly, madam Chair! And more than that, there would be only one dimension in that
universe, the dimension defined by the cylinder. For there to be time, and for there to be more
than that one dimension, something is needed to disturb it! But once that cylinder is
disturbed, it can fall in any direction. In our example that means north or south, east or west;
but in the real Cosmos, there is also up and down.”

“Why only three dimensions, if this is your example?”

“Gravity, ma’am. In a two-dimensional universe, gravity would be inverse of radius,
which means that even the smallest particle would have an infinite escape velocity. So a two-
dimensional universe starting very small would collapse back into itself almost immediately.
And if four dimensions, gravity would be inverse-cube. Then orbital velocity at any given
radius would be equal to escape velocity at that radius, so everything would fly apart, never
to form aggregates of matter; or spiral inward to collapse. No orbit would be stable.”

Angela frowned, but took Hans at his word rather than doing the maths to check. “You
still haven’t said how this sixth force has any significance.”

“It’s this sixth force, operating at incredible intensity over incredibly small distances,
that holds the cylinder together.”

“Why a cylinder? Why not an infinitesimally small point?”’

“Because we believe that there was one dimension in this original universe where this
force had no effect,” Hans smiled triumphantly. “Just like gravity is inverse-square in a
universe with three spatial dimensions . So this inverse-tenth force
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operated in a pre-universe with eleven quasi-spatial dimensions and one quasi-time
dimension. That’s not to say there was a time dimension in the pre-universe, but there was a
dimension in which this force didn’t operate. Which is why I’ve presented it as a cylinder
rather than a point.”

“And you’re implying that the Big Bang was this twelve-dimensional cylinder
collapsing into our space-time? What made it collapse?”

“We don’t know that, ma’am. We only know events we have witnessed, or can infer
from what we have witnessed. But it’s like watching a wall; we know someone must have
built it, but staring at the wall won’t tell us who.”

“Well, what could have disturbed it?”” Angela demanded.

“We don’t know. Everything in the model is quasi-stable, but even the slightest
disturbance could have knocked it over. Yet, with nothing outside and only energy inside...”
he shrugged as his sentence trailed off. “That sixth force acts only over very small distances,
but it also confines all energy and quasi-matter into even smaller distances.”

Angela had heard enough. She stood. “So, Hans; let me congratulate you on making the
most expensive as well as the most useless discovery in the history of Physics. If you ever
think of making an application for more funding to research it further, the price tag will need
to be a lot less than what we spent on this Nutcracker.”
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Chapter Eleven

Mission Day 2487 — Erde year 1432

It had been a long and boring trip home for the crew of the First Glimpse, even as the
astronomers and cosmologists buzzed with excitement. There was some satisfaction in
knowing that they had done their job, and this expedition would be remembered as one which
had advanced the understanding of the early universe, but in everyday terms it was two and a
half thousand Erdan days, or more than four Erdan years, out of their lives and onto their
C.V. summaries.

The First Glimpse was parked in a precisely defined orbit in the Cloud rather than
going through the tedium of climbing down into the inner system under the weak acceleration
it could manage. It was too specialised for any routine purpose such as hauling between
nearby star systems, but more expeditions to the remote past might yet be planned, or even to
remote galaxies if such expense could be justified. Leaving it parked would cost no more
than scrapping it.

Everyone had been transferred to non-twist ships for the ride down to Erde. Bruno
Helga and his science team had been among the first, since they were useless when it came to
mothballing the First Glimpse. By the time he was on solid ground his papers had already
been written, beamed to ground and published. Everything was set for his lecture tour.

He checked his implant for messages. Of course, close friends and current working
colleagues were listed for immediate attention and gave chimes in real time, but others were
stacked as messages to be seen to a leisure. He scanned down the list.

Ah! There was Hans Sophie, the high-energy physicist! Bruno had read a summary of
Hans’ findings while on the long drop down from the Cloud. Not really cosmology, which
was Bruno’s own field, but interesting.

“Professor! I read your discoveries with great interest. I think we might have some
scope for discussions. I’'m placing you on my ‘immediate attention’ list, if you would care to
respond when convenient.”

“Thank you for meeting me at short notice, Professor...”

“My name is Bruno; if [ may call you ‘Hans’.”

“Thank you, Bruno. I don’t know if you are aware of my recent work at the
Nutcracker...”

“Yes, I read your article on the way down from the Cloud. A stunning breakthrough.
Have the theoreticians managed to integrate it into the other five forces?”

“That’s one of the problems, Bruno. We couldn’t achieve high enough energies to
distinguish between the main contending theories. I don’t know if it matters all that much,
because the energies involved are way above anything that can happen naturally, even if two
cosmic ray particles collided head-on. We haven’t seen those energies since the Big Bang
itself.”

“So your aim to harness the vacuum energy of space still isn’t feasible?”

“Sadly, not yet. But that’s not why I asked to meet you. What piqued my interest was
your paper that mentioned the loss of your fifth probe. You didn’t dwell on it, but it sparked
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my imagination.”

“The epoch 50,000 probe? Yes, it would have been good to read the data that would
have collected. I have to thank Captain Karen, who even took the ship back into a high-
temperature epoch for half an hour, just to search for the homing signal. She relied on the
thermal inertia of the ship to survive that attempt.”

Hans gathered himself together. “Bruno, our theoreticians have managed to define a
few properties of the sixth force. One is that it operates at the inverse tenth power, with
eleven dimensions wrapped so tightly that the entire universe was compressed into a diameter
of around one thousandth of the Plack Length. But there was also a twelfth dimension that
the force didn’t effect. So the universe was unconstrained in that dimension.”

“So the entire Cosmos would have been an ultra-thin string?”

“Very much like that,” Hans agreed, “but not as described by any of the possible String
Theories that have been proposed. We’re talking about the whole Cosmos here, not
elementary particles within the cosmos.”

“I get the difference, Hans. So where does this lead?”

“So long as the universe was limited to such a small size, the sixth force was powerful
enough to prevent any expansion. There could have been no Big Bang. I saw the need for
some disturbance that would momentarily push some parts of the universe outside this
‘radius of stability’. That would cause the whole cylinder to collapse. But I was wrong.”

“Surely some quantum fluctuation would do that eventually, Hans. No matter how
unlikely that a particle could tunnel outside the radius, eventually it would happen.”

“Yes, and no doubt it did happen from time to time, if ‘time’ had any meaning. But
those particles would either fall back into the cylinder, or perhaps bleed away like Hawking
radiation. What was needed was a sizeable macro-disturbance. Not just enough to cause a
finely-balanced cylinder to topple, but enough to split it open so wide that a considerable
amount of mass-energy could escape, enough to tear the cylinder down the seams, so to
speak.”

Bruno frowned. “That sort of thing simply doesn’t happen.”

“Ah! But it does! Have you ever split wood down the grain?”

“Of course! I confess that I don’t mind a barbeque occasionally.”

“Then you know that a one-dimensional edge will split timber into two; a T-shaped
edge, if anyone were that impatient, would be a two-dimensional wedge that would split the
timber into three. The same principle applies here. If anyone were to try to force a three-
dimensional object down the narrowing throat of the early universe, just before Cosmic
Inflation, eventually it would get to the point when the universe was too narrow for it to fit.
That would split the cylinder into four dimensions. Three of space and one of time.”

Bruno was struck dumb for a moment. He soon recovered. “But we didn’t send our
probe that far back! We were aiming at epoch 50,000, when the universe was already huge
after Cosmic Inflation.”

“That’s what you thought you were doing, Bruno. Let me explain further. Our
calculations show that the energy locked away in this sixth force was stupendously greater
than previously assumed in the Big Bang. That means that Inflation was much more vigorous
that our current theories believe.

“In fact, the universe shortly after the Big Split would have been much larger and much
more energetic than previously imagined for the same stage after the Big Bang. One thousand
years after the Big Split would have looked very much like what the Big Bang model predicts
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for epoch 70,000. And that explains why your epoch 200,000 probe was fried as though it
had been to epoch 160,000 under the Big Bang model. You were actually 60,000 years closer
to the Big Split than you realised. Conditions in epoch 140,000 under the Big Split model
would have been similar to Big Bang 160,000. The whole Inflation light cone had been
compressed longitudinally.”

“That’s still not possible,” Bruno interjected. “We considered the possibility that our
fifth probe might overshoot. If that happened, we expected it would just continue past the
rounded bottom of the universe’s light cone, as predicted by quantum mechanics. A single
point in space-time is impossible, so our probe would ride through it like a marble in a bowl.”

“That would be true under the Big Bang model. But under the Big Split model, there
was no curve at the bottom of the universe, nor a sharp point. There was the mouth of the
cylinder, and the probe would have been driven into it like a three-dimensional wedge. It split
the cylinder open, and thus began the universe.” Hans paused for a moment. “That’s right,
Bruno; you created the universe as we know it today.”



