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MONDAY 14th November

The dull and damp November morning seemed to perfectly match the equally grey, nondescript building as I crossed the road to enter it for the first time. However, the dullness of the weather and the building did not douse the excitement I was feeling inside to find out about this new job. I had been up, dressed, and breakfasted so early that, although they had told me that this would not be a '9 to 5' job, I only managed a token few minutes later than the traditional 9 o'clock start to the working day.

It had been just two weeks previously that the head-hunters had visited me at my Oxford home, and talked to me for the first time. They had invited me to be on the GCHQ payroll until the end of my sabbatical year, another 10 months, to give them unspecified advice on unspecified subjects, whilst still leaving me plenty of time to write the two academic history books that I had planned for the year. (GCHQ, for readers who may not be familiar with the acronym, is the British intelligence and surveillance organisation, which covertly monitors communications around the world for security purposes. The organisation is famously housed in a massively impressive purpose-built doughnut-shaped building, though my new job, I had been told, was located in this unimpressive and anonymous annexe nearby!) 

As I was a modern historian specialising in ethnic groups and national boundaries, and had interviewed many players and journalists from the Middle East, their request had not been all that surprising, but the speed with which the arrangement had been concluded was rather startling. The idea, though, was very welcome to me. I had taken the sabbatical because I had grown rather weary of the undergraduate work, and although researching and authoring books was very satisfying, the intrigue and involvement with a completely new, non-academic set of colleagues promised to be very refreshing. Indeed, they had made it quite clear that I could still spend most of my time on the books, so what did I have to lose? A sinecure on top of a sabbatical - the additional salary could probably help support me away from undergraduates for another year or so after that.

The annexe was a single storey building, set a couple of roads away from the main GCHQ complex - an unimposing, fairly modern concrete building, with no logo or nameplate indicating what was inside. I could see one or two security staff inside the main door, searching people, in similar style to airport security. I entered and handed the appointment letter that I had been sent, to the first security officer. He glanced at it, and then politely explained, "OK Professor Tremaine, we have to check your bag and your pockets on the way in, and then I'll show you to the security chief, who will want to see you before you do anything else." My brown, worn leather bag was one of the old-fashioned Gladstone sort, with a wide bottom and pleated side, a nod back to the identity and comfort zone of the academics of my father's day. Indeed the bag had belonged to my father. The security officer lifted out the three books, which I had brought with me, flicked through the pages of each slowly and checked the spine for any concealed mischief, before replacing the books in my bag. Meanwhile, I emptied my pockets into the tray in front of me. I felt a tinge of vulnerability and resentment, like I always felt at airports, as my personal belongings were rifled through. Keys, money and our bags - these things give us our own security, if not identity, I mused. And how easily and quickly we have been persuaded to repress our objections to being searched, as a necessity, in this modern era. At least he had not asked me to remove my belt.

There were three other people ahead of me receiving similar treatment - the first a young woman, confident-looking, with natural dark loose-curling hair, and two rather geeky-looking young men behind her. "And what have you got for us today Miss Gosmore?" the security officer was cheerfully bantering to the young woman as she emptied the considerable contents of her rather hippie-looking bag into a tray with a noisy flourish. She grinned at him, challenging but friendly, as he went through the motions of sifting through the contents. 

"Do you want to know what those are for Fred?" she asked loudly as he pushed aside a few loose tampons. The act was clearly aimed more at embarrassing the geeks behind her than the security officer, who was obviously used to her manner. 

"OK Miss, I think that's all in order, you can go through now, have a good day," he replied, clearly content to terminate the interaction. She turned slightly to see if she had achieved the desired result of embarrassing the geeks, and shot a glance at me, the slight movement in her eyebrows betraying that she did not recognise me. Then a fraction of a second later the confident and mischievous expression returned. She turned back and strutted on down the corridor. A couple of minutes later, I too was past the handheld metal detector, and escorted to the office of the man whom, I assumed, was the security chief. 

He welcomed me in, checked my letter, sat me down and started to talk. He had obviously given this induction talk very many times before, emphasising the nature of work at GCHQ, the necessity and obligation of security, and the actual details of that security - he managed to make the lecture last 47 minutes by my watch. (I still wear an analogue watch, another nod to the old academic comfort zone.) Although he was clearly reeling all the information off largely by rote, I could tell that here was an intelligent man, looking me over and watching my reactions as he spoke. He asked me almost no questions; presumably, they already knew everything they wanted to know about me, before bringing me here. The monologue was boring, but it only managed to increase my curiosity and intrigue about why I was here. After signing the documents of the official secrets act, I was given an identity badge to wear, and a phone number for security that I could ring in case of problems. Then I was escorted down the corridor, which seemed to be lined with offices on one side, and with Laboratories or workshops on the other side, to the office of the person who was in charge of the project, to which I had been assigned. 

I knocked on the door and entered, walking into a comfortably furnished, but not extravagant office, to be greeted by a man who epitomised middle management, in a dull suit with white shirt and tie. He was overweight, not extremely so, but enough to make his shirt look ill-fitting, and his suit look uncomfortable. His middle-aged face was chubby and etched with stress, and his hair was receding, not yet enough to make him look distinguished, but enough to make him look untidy. "Welcome to GCHQ, Professor Tremaine - can I call you George?" (Back in my old academic comfort zone, people had called each other by their surnames, but those days are sadly gone...) "I'm Phil Bowen, supervisor of this project, BH9"

"Hi Phil, it's good to be here," I replied automatically, shaking his hand, "and I'm intrigued to know why GCHQ needs a modern historian - my guess is you want advice on middle-eastern groups?"

"Actually, it's more than that, George," he said, gesturing me to sit. "Yes, the Middle East Intelligence Group here will certainly value your input, and that's what outside people will assume, so essentially that will be your cover story - not that you are allowed to say anything about it of course. But it will all become clearer as we explain the details of the project to you." He proceeded to tell me that although there were a number of projects in this building, the personnel of each were not allowed to discuss their work with the teams on other projects. Each team had a code name rather than a description, and our particular project was simply called BH9. Apparently, there were only three other people on this project apart from him and myself. For the first time, I began to have doubts - it sounded very insular, with minimal colleagues to relate to - but this would not be an easy place to back out of. I carried on listening, and he unexpectedly startled me by saying that this project was literally at the highest priority of top secret, both because of the potential capabilities which had been discovered, and because the ownership of those capabilities in the 'wrong hands' would have massive implications. I was getting uncomfortable now because, although I am familiar with weaponry, having talked at length to so many participants in the Middle East conflicts, I have never wanted, or even considered, taking any responsibility myself, for owning, or using a weapon. He had gestured the quote marks around the 'wrong hands', and smiled, indicating that he perhaps understood the shades of grey in trying to define the good and bad, - it wasn't just simply them and us. I caught myself stroking the tweed on my jacket cuff - it was something I noticed that I did when I got nervous. 

I asked him if his background was military.

"No, not at all, " he laughed, "I am an Ethicist by trade. I did undergraduate Politics, Philosophy and Ethics at Kings College London, and then did an MA in Ethics. The big issues, back then, were thought to be in medicine and genetics, but I ended up here managing projects. Actually, mostly what I do is listen hard to the technical people and ask lots of questions, so that I can report upstairs," (he gestured again) "to the people who interface to the politicians and military. They are generally not technical, or at least not technically adept in the wide range of things that they are presented with here." He cocked his head slightly to one side thoughtfully. "Actually, this is the first project I have been on which kind of needs some serious ethical input. I guess that's why they put me on it, rather than one of the other managers. But.... I must say..." He tailed off as a slightly troubled expression darkened his face. "Anyway," he took a deep breath, "I look after another couple of projects, both of them not in this building, so you'll only see me in on occasional days. As a matter of fact, after today I shall be out the next two days, back on Thursday." 

"What are your other projects then?" I asked, testing the response.

"Can't tell you. We just can't talk about them at all. You'll get used to it." He raised both hands in an empty gesture and smiled, clearly not minding my probing of etiquette. "So it will be much better if I get in Alex to explain to you the details of this project. He's a physicist, very gifted, I would say, and actually very easy to get along with." He stood. "I'll show you your office as well." We walked out of his office and a few paces down the corridor to a door on the other side marked BH9/b. He touched his finger briefly to a fingerprint reader which flashed green, and opened the door. "Alex, sorry to disturb you, could you come and explain the state of play to our new team member, Professor Tremaine, please. But give us a couple of minutes first - I just want to show him his office." I glanced into the lab over Phil Bowen's shoulder and saw the woman whom I had seen earlier at the main door, sitting at a workbench, focussed on keying fluently into a computer with three large screens facing her. She did not look up.

My office turned out to be next door to Phil Bowen's, the label on the door again cryptically stating BH9/c, rather than my name. It was very comfortable compared with the offices in academia - a lovely large desk and sumptuous chair, and state-of-the-art PC with a large screen. The top drawer already contained all the pens and pencils and assorted extras that make office life so much easier - stapler, hole-punch etc. I sat in the swivel chair for a moment, breathing in the comparative luxury, the emptiness of the bookshelves unnerving me slightly. This could be home, I felt, as I took out of my bag the three books which I had brought in with me, and placed them on a bookshelf. I closed the bag and left it by the side of the desk. I gathered up a blank notepad, decided to use my own favourite old pen, which was always in the breast pocket of my tweed jacket, and walked back into Phil Bowen's office. I was feeling more comfortable now. My office next door would make a great hideaway for me to author those two academic books I had in mind, even if the 'project' turned out to be a pain.

There was now coffee on the small table in Phil Bowen's office, and he gestured to me to help myself. A few moments later Alex entered. Phil introduced him to me as Alex Zakarian, though I could detect no trace of a foreign accent as he welcomed me and started talking. He was tall, dark and striking with a very convincing and reassuring air. Apparently, he had formerly been a professor of physics, researching into exotic matter, they didn't say where. He had approached GCHQ himself, when, eighteen months ago, he had realised that his theories were leading to places he felt dangerous to publicise in the open environment of academia. He had been rapidly brought onboard with his co-workers Betty, a mathematician, and Mike, an engineer. Since then they had been gradually designing, building and modifying the equipment to test and apply the theories, and had just recently managed to have some verifiable success. 

"I'm still looking for ways to explain the basis in non-technical terms, so please forgive me if I get too simple or too complicated," started Alex. "There is still a lot of room for conjecture in quantum and particle physics, and many of us play around with 'what-if' particles, using the maths of the theory - exotic relatives of pions, muons, neutrinos etc. You've probably heard of tachyons for example. They have, or would have, a very interesting property of negative mass, which essentially means that they would always travel faster than light. The theory is fine, but the existence of a tachyon has never been demonstrated, and most physicists believe they could not exist, or if they do, that they would not interact with ordinary matter at all. So, as far as we are concerned, they might as well not exist. But then again, the theory around the tachyon is mathematically consistent, and obeys all the physical laws.

"So, particles have several properties - mass, spin, charge and so on - that's how types of particles differ from each other. Anyway, I became fascinated by the possible existence of a particle related to ..., well I won't be too specific for obvious security reasons. This particular exotic particle could theoretically be produced as a result of the disintegration of a parent particle, and it would, surprisingly, have an electrical charge of 'i' - that's the square root of minus one. Now, I need to go off the track a bit here - I don't know whether you remember 'i' from your maths at school? I think they drop it into A-levels as a teaser?" I shook my head - I had certainly never got as far as A-level maths at school, my head was already seduced by historical stories at that time.

"It's easiest to think of it as the square root of minus one. Of course, when you multiply two positive numbers together, you get a positive number, and if you multiply two negative numbers together, you also get a positive number, so that means multiplying an ordinary number by itself, you could never get a negative answer. So how can you get a negative number as the square answer? - that's where 'i' comes in. It's sometimes called an imaginary number, though that doesn't sound very helpful, but it does give rise to the whole set of what are called complex numbers. It just really gives us an extra dimension of numbers, at right angles to the ordinary positive/negative number set. And, this is no hypothetical curiosity, it is extremely useful in different guises all through mathematics and theoretical physics. 

"So I spent a lot of effort looking at ways to generate this particular particle, because I was desperate to experimentally find out which way it travelled when you put it in an electric field. You see, if a particle has a positive charge, then it will be attracted toward the negative end of the electric field, whereas if the particle has a negative charge, then it will be attracted toward the positive end of the electric field. But if it's charge was i, where would it go? - Certainly not towards the positive or negative ends of the electric field. I assumed it would probably go sideways or up. But then, the problem is that if the electric field is simply left to right, then the remaining directions - up, down and sideways are all equivalent - so how would that particle choose a particular direction to go in? That’s the sort of question that motivates a physicist, or gives him or her sleepless nights, if you like. Anyway, to cut a very long story short, we did finally manage to generate these particles, thanks to a lot of expensive equipment and Mike's labouring. But disappointingly, every time I tried the electric field experiment on the particles, to see which way they would move, they seemed to be too unstable and we couldn't observe them.

"By then, we had Betty on board - she is a remarkable mathematician and very capable with computer code, and had soon got to grips with the theoretical equations and was exploring them with simulations of the particle. We were all getting very frustrated with, what appeared to be, the instability of the particles - the particles seemed to be easily observable when they were prepared, but as soon as I switched on an electric field, they were gone. We had improved several of the generating steps, and the corralling of the particles - we now hold them in an extremely cold state as a BEC condensate - but I was, frankly, running out of ideas. The other strange issue was that normally, when some particle is unstable and so decays, it always leaves some traces behind - a pair of lesser particles, or radiation - but in our case, we were able to detect absolutely nothing at all. I was actually beginning to write-up the research into a paper thinking we had pushed it as far as we could. Then Betty was one day trying to combine the theoretical equations into another set of vector-space-time relativity equations - quantum equations don't easily mix with relativity equations - when she suddenly let out a sort of squeal of delight, I looked round, I remember it so well, her eyes were absolutely lit up and her mouth was open." 

I noticed Bowen tense a bit and shift in his seat.

"Betty looked over and said to me 'You know Alex, I don't think the particles are unstable, I think that when you switch on the electric field they do move, but in the time dimension. They are pushed into the future or the past, depending on whether their charge is plus i or minus i! And that's why we no longer detect them!' It was one of those legendary eureka moments for us; I'll never forget the feeling. It immediately sounded right as she said it, and I rushed over to her screen to see the nature of the equations she had linked, and, sure enough, that’s what they were implying - that the particle would move in time."

I was now sitting bolt upright in my seat - Alex's statement had galvanised my attention, and a shiver ran up my spine.

"The next couple of days were frantic," he carried on. "We had no way of proving that this was happening to the particles, until we could control the period of time-shift - how far into the future they would be pushed. Betty could calculate the exact electric field strengths required from the equations to give us a shift of hours or days, which we needed for testing. But those calculated results were way out of line with the comparatively large, gross, field we had been using, which was probably sending the particles thousands of years into the future. So we had to wait until Mike could devise a more subtle, highly-calibrated, electric field generator." 

"Hang on a moment," I proffered, "isn't it a big deal that the particles would be emerging in the future - aren't they going to be creating havoc there?"

"Not really," laughed Alex - he had his reassuring smile. "There are cosmic rays bombarding the upper atmosphere all the time, creating small numbers of all sorts of particles, including ours, shunted god knows where, so you could say it's a natural phenomenon. And with the relatively small number of particles we are using, there is so little energy involved that they could all land and decay inside your brain and you would probably not notice anything."

"Ah, I see..." I nodded.

"So anyway, meanwhile, we had realised that the process of moving the particles in time, because of the nature of the dimensional change, it is not exactly pushing the particles there, rather, it is reallocating their position, not only in time, but the equations allowed for reallocation in space as well." 

"Hang on, I don't get that either," I protested.

"Well, if you were to push a particle along on the table," he demonstrated with his finger and a pencil. "That is, push it through space, it would occupy successive different positions as time progresses. But you can't push a particle through time, as time progresses, it doesn’t really make any sense. What the push would actually be doing is reallocating its position in the timeline, according to the strength of the push, rather than pushing it there through the intermediate instants of time. Or, looking at it another way, imagine if I could send this pencil ahead one hour in time, you would expect it to disappear and then reappear in an hour's time. You wouldn't expect it to be there, in every instant, until the hour was up, whilst it was travelling to that one hour ahead time, - that would just be what the pencil is doing anyway, in normal conditions. So, the acceleration in time, bumps it to another moment in time. Does that help?"

"Yes, that kind of makes sense," I concurred.

"So, I had already discussed with Betty that we should keep the work to ourselves for the moment. Indeed I had started to realise that, although back then, we had very limited capability, the on-going developments that we could imagine from this work, could result in a very dangerous device. So, after thinking it through, I decided to approach GCHQ as soon as we had real proof. That came about a week later. We attempted to push a set of particles one hour into the future, and we sat down with a cup of coffee watching the detectors on the computer screen and waiting. But as the one hour mark came and passed, nothing happened - I was gutted. But then, at about 85 minutes, the screens lit up, and there they were, the particles had been detected - that was an emotional roller-coaster hour and a half that I will never forget. It turned out that Betty had omitted a square-root of 2, when she translated the coordinates to the calibration, one of the very rare occasions I have known her to make a mistake. So, the calibration was out - hence 85 minutes instead of an hour. If you ever want to wind Betty up, which is a hard thing to do, just mention 'root 2'. Actually, don't, - she'll kill me if she knows I told you. And... thinking back on it, I am not sure she did make a mistake, she might have very well known exactly when the result was due, and was just winding me up. Betty is great fun, but you can't always tell when she is pranking - she has a very good poker-face."

Again, I noticed Bowen shuffle in his seat uneasily.

"Sorry if I am going on about the development in so much detail - the truth is I don't usually get any opportunity to talk about it, so it's a bit of a release for me... We are certainly looking forward to having someone else in the office whom we can actually talk to, and bounce ideas off." 

"And it's good for George here too," added Bowen, "otherwise, as an intelligent man, he will be consumed with curiosity. It's good for all the team to know the whole story."

"So," Alex continued, "GCHQ moved very quickly getting us all down here. They even created a cover story for us - that we were being employed by a company making security equipment a few miles away from here, so we are still able to visit old colleagues at the university, or have them stay down here, we just tell them the work is mundane but well-paid. The equipment I had back at the university was appropriated quickly on the pretence that it was being bought by another physics department, and GCHQ has not hesitated in paying for any further equipment we needed. We have a pretty open brief in exploring the science behind this, although GCHQ is primarily interested in its possible use in intelligence gathering."

"Actually," interjected Bowen, "the politicians 'upstairs' are the ones angling for that capability. More sensibly, the military's priority is that it doesn't fall into anyone else's hands, hence the very small team. Alex has told me many times that if we got more researchers in, we would be able to push the science ahead faster, but at present the imperative for secrecy trumps that."

"But we have been able to make progress," went on Alex, "We are able to generate batches of those particles, and super-cool them, in which state they are fairly stable and easy to manipulate. Actually, we prepare them as two clouds of particles, which we entangle - have you heard of quantum entanglement? It's standard physics these days - it just means that when something happens to one cloud, you can detect it with the other, even if the first cloud has been sent to a different place, or, as in this case, a different time, as well. So, the cloud of particles that we send, is not stable, out of the laboratory environment - it is impacted by what is present there. Specifically, the particles of the sent cloud are immediately impacted by those photons of light which hit them roughly parallel, and the cloud decoheres, the entanglement collapses. But we can read back the impacts of the photons from the entangled cloud, that remained in the lab, and we can use that data to reconstruct an image - at present a very grainy picture, of what was in front of the cloud, after it was projected somewhere else, and indeed sometime else. It's not really like a camera, as we have to process the data heavily to generate an image - about an hour on the GCHQ supercomputer. Betty is working on optimising the algorithm to make it quicker. Fortunately..."

"You mean," I interrupted, leaning forward in my seat as the enormity of the explanation began to hit home to me, "you can take a photo of any place, at any time, in the past or future?"

"Well, possibly," Alex tempered my naïve generalisation. "Right now we can only get a grainy black and white shot, a bit like the 1950s TV pictures, and we have only been trying it out in the lab on short time shifts. So for example, we have put a recognisable object - a pyramid shape or something, in the lab - then take it away, and try to get an image of when it was there. At the moment we are working on improving the resolution of the image - in fact, we are waiting on some major upgrades to the equipment, so we can use a larger particle cloud and more energy; hopefully, that will help." He paused and downed the last mouthfuls of his coffee, looking over at me for further reaction.

I managed a subdued "Wow," as thoughts flashed by me faster than I could formulate them into questions. It sounded like a historian's dream, but entrapped in a cage owned and secreted by the military.

It was Bowen, who then picked up the conversation. "So, at the moment, this project is not even nearly mature enough to be a strategic intelligence gathering device. But as it becomes so, the management here may be looking to you, as an expert in modern history and particularly the Middle East mess, for guidance and advice on surveillance targets, not only names and places, but the 'whens'. We don't know how long the development will take, and to be fair to Alex, indeed if it will be possible to gain good enough resolution for surveillance. But in the meantime, you can help bring some independence to the experiments, and suggest good scenarios for the first field trials - that is the experiments where they try viewing outside the lab. So far all the trials have been within the lab. Of course, meanwhile, you can progress the books you are writing - you'll probably have plenty of time for that, but it was thought better to have you on board before the project becomes mature." 

Now it was Bowen, who reached for his coffee and looked expectantly at me for a reaction.

For the first time I can remember in my life, I understood the meaning of the often-used phrase 'lost for words', as I struggled to harness some of the thoughts that were darting through my brain. "It's massively exciting," I started. "It's hard to believe - that is, I don’t mean I don’t believe what you're saying, it's just difficult to take in." They both laughed understandingly.

"Yes, I still have trouble getting my head around it," said Bowen smoothing his hair, "and I have trouble explaining it upstairs", that hand gesture again, "well, perhaps because they are not getting it from Alex directly, not being exposed to his credibility. I must say there is a lot of scepticism - probably as a defence against the problem of trying to take on the concept. They certainly want to give anything that's needed to nurture the project, indeed they couldn't say no to such a revolutionary proposal, but they are itching for a demonstration, a proof. And that's another of the reasons they want someone independently credible, like yourself George, brought in, to devise experiments. After all, a historian is the closest we can get to an expert in time, and they were particularly impressed by your theorising on cause and effect in that book you wrote about modern conflicts and politics - I can't remember the exact title, I admit I haven't read it myself," he laughed. "Are we painting an image of how we see you fitting in here?"

"Yes," gradually I was seeing it, "this is helping - I was feeling a bit like a fish out of water at first."

"Of course," he continued "you might find it very frustrating that you can't do the one thing that a 'Historian' would want to do," he emphasised the word strangely, " - get hard evidence from the past and write about it!"

We all laughed. There was some human bonding going on, we were warming to each other, despite the enormity and strangeness of the innovation we were discussing

"Who knows," added Alex, "in the fullness of time maybe the tool will be available to historians to play with too..."

"Not if the Ministry of Defence has anything to do with it," Bowen cut in rather too sharply, somewhat killing the good feeling that had been developing, and I saw again that tense shifting in his seat, and the cloud of stress that briefly passed across his face. "Anyway," he sighed, "I think we've covered all the basics now, George. I suggest you spend some time doing other things for a while - give it all time to sink in. Feel free to go for a walk, write your book or whatever, perhaps I could see you briefly before you go home this evening though?" 

"Sure," I nodded.

"Tell you what," suggested Alex, "come and have lunch with us in the lab later, you can meet Betty and we'll show you some of the equipment? About 12:30?"

"Sure," I nodded again. Actually, that did sound good. Alex had such an easy and reassuring manner, even though it was from his mouth that I was hearing all these strange unnerving statements. However, I felt a twang of apprehension about meeting Betty for real, after seeing her in action at the entrance earlier, and remembering what Alex had said about her wind-ups, and also noting Bowen's unease when she had been mentioned. 

Anyway, I needed some time to myself, so went back into my new office and sat down in the well-padded desk chair, and leaned back to think. Yesterday I had been a regular academic Historian, entrenched in my boring comfort zone, my only excitement the occasional meeting with journalists back from dangerous trips in the middle east, or leaders of militia or political groups from there, (which reminded me I had an appointment with Al Faqhhidi on Thursday in London). Today I was sworn to secrecy in the most unlikely, and fantastic, of emerging espionage techniques. Was I betraying my independence as a historian if I also advised on espionage? How had I got into this without thinking about the ramifications? - well, obviously because they couldn't explain it to me beforehand. Did I owe it to my country? - No, I don't have those kinds of feelings - I wondered if Alex is patriotic? - Difficult to imagine - but he did approach GCHQ of his own accord. Perhaps he just wanted someone else to take the responsibility? Then I remembered that Bowen had said there was scepticism amongst the management, and they wanted someone independent to look at the experiments. In fact, maybe it was all a huge pretence by Alex and Betty - but Alex seemed so genuine. I logged on the computer on my desk and googled 'physicist Alex Zakarian' - sure enough, there were references to his previous academic work: "In this talk I explore the physical meaning of the statement 'probability amplitudes are complex' by comparing ordinary complex-vector-space quantum theory with the real-vector-space theory having the same basic structure. Specifically, I discuss whether multipartite states are locally accessible, and whether entanglement is 'monogamous'?" I had no idea what it meant, but it was undoubtedly impressive. There was still an hour to go before lunch so I decided to read one of the books I had brought in - I think Bowen had been right, I needed to take my mind off the project for a while.

	[image: ]
	 	[image: ]


[image: ]

​​​Chapter 2

​There is no word or action but has its echo in Eternity. 
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​​​Pythagoras

––––––––
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I found it hard to concentrate on reading - the strangeness of the whole situation had been distracting me. When it got to lunch-time, I put down the book, crossed the corridor to Alex's lab, and doubtfully tested my finger on the fingerprint reader on their door lock. It worked, flashing green, so I entered. The woman, whom I now knew must be Betty, was sitting at one of the desks, but there was no sign of Alex.

"Ah, the History-man," she greeted me. "So what does history tell us about those who climb down from their ivory towers to mix it with the technocrats? Do they thrive?" It was a challenging opening line, but delivered with an inviting smile. 

"Well," I began, "history would probably hesitate to generalise that far, but I assure you there is more ivory here than where I came from. These offices are a step up for me." 

She laughed, "But I think the ivory tower refers more to the disconnect from practicalities, than to the sumptuousness of the offices?"

"Actually," I countered, "I think it comes originally from the Song of Solomon in the Bible, which is quite a steamy love poem - Solomon says 'Your neck is like an ivory tower'. But you are, of course, right about the modern usage, which starts, as I remember, in the 19th Century, when a French literary critic uses 'la tour d'ivoire' to compare the socially disengaged De Vigny, with Victor Hugo."

"Excellent," she laughed again appreciatively, though I realised it had been a factual, rather than witty, repartee, on my part - I was always slow with the wit.

There was a pause, during which she kept looking at me. "So," I asked, in an attempt to further the conversation, "what have you been working on this morning?"

"Oh, I wrote a letter to my mother."

I assumed that was a joke, so made a small chuckle.

"No, really," she said. "You see we have basically exhausted what we can do with the current equipment - we are waiting on some serious upgrades, and we are mostly prepared for those too, so just at the moment I have plenty of free time. I wrote to my mother, and then read a lot of computer-generated random sentences." 

"Random sentences?" I queried, not understanding.

"Yes, just what you imagine - grammatically correct, varying structures, but the nouns, verbs, adjectives etc., are randomly supplied by the computer. Our minds are capable of constructing a consistent scenario to encompass almost any random sentence. It only takes a few seconds, without effort, for that scenario to form. And iteratively working through lots of sentences feels like a very healthy creative brain exercise. In fact, some of the sentences need only a little work to become elements of poetry, listen! She looked back to her computer screen...How doth the lone heart stagger, calling on candidates from the wound warehouse to fill its aching void.  Mmm... I guess it still needs a bit of sculpting." 

It all sounded plausible... but rather unlikely. I was lost for a reply.

Fortunately, at that moment the inner door opened and Alex appeared. "Hi George, ah... so you've met Betty then?"

"Sort of," I replied, feeling deprived of a proper introduction.

"Well, this is Betty Gosmore, mathematician extraordinaire, and general life and soul of the party. George Tremaine, Professor of modern history, and new member of the team." She offered her hand from her reclined position - it was warm and firm. 

She whispered, "I guess you've had a boring morning with Mr Security and Mr Ethicist?"

"Well, anything but boring, actually, a bit overwhelming," I countered.

"Ah, they explained the i-vector then?" guessed Betty

"I got the layman's introduction from Alex," I confirmed.

"We've got a few sandwiches here George, we tend to bring them in for lunch and eat 'al desko', as it's a bit of a hassle going out and in again through security," explained Alex. "Pastrami or Chicken salad?" 

"I should go for the pastrami, they tend to overdo the mayonnaise on the salad," advised Betty, still in her reclined position feeding herself the remains of a sandwich.

Normally I would have opted for the chicken salad, but it seemed like a good strategic move not to reject Betty's advice. She leaned further back and switched on a Lavazza coffee machine that was behind her. 

"There is a communal coffee machine down the end of the corridor," Alex explained, "but it's a bit dire because, apart from the very average coffee, we're not allowed to discuss anything about the project in an open area, or indeed anything personal about ourselves, so it gets a bit awkward when others are around."

"I asked one of those tense lads from BF5 what his favourite colour is, and he took me seriously," laughed Betty. "He said he liked yellow and orange and asked me what my favourite was. I said I preferred radiation from other parts of the electromagnetic spectrum, especially hard X-rays." We all laughed.

"So, do you guys live locally?" I asked.

"Ooh, we can't tell you that," stonewalled Betty.

"Give him a break," countered Alex. "Forgive Betty, she was once Hedda Gabler in a production, and never managed to get out of character afterwards."

Betty's eyes widened. "That's not completely true, Alex, I did play Hedda, but her character is not really consistent - Ibsen wrote fun stories, but his character construction was very arbitrary, he certainly didn't understand women. Anyway, my interpretation of Hedda was somewhere between psychopath and obsessive, that's nothing like me. If I rattle people's cages it's just to loosen them up, it's well-intentioned, people are so hung-up and tense most of the time."

This insight certainly broke the ice, and helped me warm to Betty - it was a pleasant surprise to find that the scientists I would be mixing with were enthusiastic and knowledgeable about the humanities, just as were my more usual peers back at the university. We chatted for a long time, through two rounds of excellent coffee, and then they showed me the rest of the lab. The area we had been lunching in was essentially their office, with computers and an equipment control screen. A door at the back opened into an area containing several racks and cabinets of equipment humming gently, and a table on which stood some simple geometrical shapes painted in black - the pot of paint and brush still sitting on the floor - these were the objects they had been trying to visualise, against the white wall, in the experiments. A further door at the back of this area led into another space housing more equipment - I could recognise pumps and refrigeration, but most of it was beyond my familiarity, and Alex did not seem to think it appropriate to go into too much detail.

There were some grainy prints pinned up on their office wall, which were the celebrated images of the geometric shapes, as had been described to me. I gathered from Alex that they were waiting on major equipment upgrades at the moment, due in a couple of days, that would enable working with much larger clouds of particles, and higher energies, which they anticipated would lead to much better resolution images.

*              *              *
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I popped in to see Bowen later in the afternoon, before I left, as he had requested. He just wanted to re-iterate the importance of me not talking to anyone about the project - fair enough, I was not used to this secrecy stuff. He made it clear that he wanted me to come up with proposals for experiments, as the project progressed, to independently verify the capabilities of the equipment. At this stage that meant giving blind coordinates to Alex and Betty - scenes that they did not know - and staying with them until the print came through to check that there was no 'cheating'. He also reminded me that I could call security on my phone anytime I felt concerned, or was approached unusually, and that I should notify security of all my travelling plans. This I had forgotten, so I popped into the security office on the way out, and told them I would be travelling home to Oxford each weekend, and that I was going down to London on Thursday to meet with a Lebanese journalist, Al Faqhhidi. This latter name raised some interest, and I was asked the purpose of the meeting, and whether I had met him before. I guessed they were going to do some background checks on him after I left the office. 

No problem, I meet these characters all the time, that's my job, to understand the changing political scene in the middle east. At least that was my job; I had a new one as well now, maybe advising on temporal espionage. So on the half-hour walk back to the accommodation that had been provided for me, I set to thinking about just that. What surveillance would help resolve the conflicts in the middle east, or perhaps I should say 'would further British interests in the region'? And would those interests be different from resolving the conflict? Knowing what one party in the conflict intended to do, seemed of little value - any attempt to thwart one faction just made another stronger - it was such an interconnected mess. I hadn't found any clear ideas by the time I arrived home.

*              *              *
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The next couple of days were fairly uneventful, I went into the office, worked hard on the modern history book. It was going well, I had written about three quarters of the material, though I would still need to go back over it improving the text when it was finished. However, I was reasonably confident, now, that I could finish that one, and write the other book I had in mind, within my sabbatical, if I kept at it. 

I made a point of popping in to see Alex and Betty each day - they were busy, and getting excited about the impending delivery of their new equipment, which actually arrived on the Wednesday afternoon. I gave them a hand carrying some boxes in from the front door and watched as some heavier items were trollied in. Security had obviously decided that it was pointless scanning the equipment with their metal detector, since it was mostly metal-cased, so one of their number stationed himself in Alex's office to witness the unpacking. An urgent phone call summoned Mike, an electrical engineer. He was the one other person who had been poached from Alex's university, and was in on the secrets of BH9. He was an older man, probably in his early sixties, with thick grey hair, and he carried with him an impressive array of tools in a large black case. He also enthusiastically revealed some electronic interfaces that he had been making. I didn't get to speak much with him, because there was fervour among all three of them to get the equipment unpacked, installed, connected and calibrated, which I gathered was going to take a few days. He did tell me though that he had spent most of his working life putting together physics equipment, and that he worked in a general GCHQ workshop, when he wasn’t needed in Alex's lab. Alex and Betty's elation reminded me of children unwrapping presents on Christmas day. I left them to it.

*              *              *
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THURSDAY 17th November

The next morning I caught the 8:47 to Paddington to meet up with Al Faqhhidi. I decided to spend the train journey thinking again about the possibilities of intervening in the Middle East conflict using espionage or surveillance. In just a few days I had begun to see my old role of historian, simply documenting what had happened, as rather passive, perhaps even cowardly - I didn't personally even travel much to the troubled parts. Al Faqhhidi and his reporter peers were the brave ones, going into dangerous areas to appraise the conditions, and trying to talk to militia leaders, some of whom were barely civilised, or had strong beliefs, far removed from the accord that we usually rely on for our comfort and safety when meeting others. But then again, it was their region. They spoke the language, understood the customs, and presumably cared passionately about the devastation being wrought throughout the region - displaced citizens, in refugee camps, or trying to migrate out of the area altogether, once-vibrant cities reduced to piles of rubble, no longer able to house, or support the refugees, even if they wanted to return. But try as I might, I could think of no way in which espionage or surveillance could help the situation. Rather the problem seemed to be with the mindsets of the protagonists, each side oppressing the other in alternate countries, and the oppressors supporting those insurgents who aligned with them in other countries where they were oppressed. The conflict rendered perpetual by ethnic and religious indoctrination of the children.

My mind drifted back to essay titles I had set, when undergraduates had occasionally, and valiantly, attempted to identify a simplistic potential solution to the troubles. Often politically-incorrect in at least one of its two senses, most often both. 

But here was not an answer that I was compelled to find - I had never suggested that I could advise on surveillance. History, my expertise, is the recording and interpretation of events; it does not pretend to identify intervention strategies.

I decided that if, and when, I was asked for advice about Middle Eastern targets for surveillance, I would just have to level with GCHQ, and tell them I could not think of any way in which it would help. If they then no longer wanted to pay for my services, then so be it. I had a little trepidation that my knowledge about their secret new technique might complicate my being able to leave their employ, but it did not worry me enough to stop me sleeping for the rest of the journey.

*              *              *
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The meeting with Al Faqhhidi gave me no new insights. I left with a list of which areas the regimes had gained and lost, which insurgent groups had split, or fallen out with other groups. I did gain a little more understanding of why the external powers disagreed over which insurgent groups they regarded as terrorists and thus bombing targets, and which insurgents they thought were moderate and legitimate, and should be given arms. But it all seemed depressingly intractable.

*              *              *
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FRIDAY 18th November

The next day I went into the office early intending to spend a full day writing up my notes from the meeting, before the weekend. First, I looked in on Alex and Betty who were still very enthusiastic and apparently making good progress with the new equipment. I had just sat down to start writing when Bowen came and told me I had been asked to attend a meeting with their other Middle East intelligence staff to inform them on what I had learned from Al Faqhhidi. This I was very happy to do, as it made me feel that I was at least doing something legitimate to earn my salary. Bowen, himself, drove me over to the main complex, and helped me find the room, reminding me that I must not indicate anything about the details of the particular project that I was now personally involved in. There were six others in the meeting, one of whom I remembered from a conference a few years earlier, and several were familiar with my own work. I briefed them as requested and there then ensued a long discussion about the general Middle East situation. It was a rare pleasure to be able to discuss freely with other experts in the field, and we agreed that it would be useful to get together again on a monthly basis to keep each other up to date. I actually picked up quite a few facts, angles and ideas that I knew would be useful to my own authoring. And one of the other attendees, who clearly also had some academic background, actually offered to proofread my book when I had finished the writing, an offer which I gratefully accepted. 

*              *              *
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I got back to the office after lunch and finally set to work on the keyboard, feeling quite fulfilled - it had been an eventful week. I had found both a comfort zone of like-minded individuals, with whom I could talk modern Middle Eastern history, and a couple of delightfully interesting scientists, with whom I would be collaborating on a project which was, more than novel, bordering on fantastic. I left the office very happy. 

On the hour and a half drive home to Oxford, I pondered again, whether I should perhaps be commuting daily to GCHQ in Cheltenham, rather than staying in digs there. I had considered it when the arrangements were first being made, but it had seemed an attractive idea to have an excuse to be away from Marianne for a while. Since our youngest son had gone away to university, we had found ourselves back as a couple, but no longer a young couple with sparks flying, and with not a lot of common interests to bind us. Before we had had children, she had been a bright young researcher in bio-technology, but as she rightly reminded me now, biological sciences had moved on massively since then, there was no chance of her getting a job in that now, and no, it wasn't just a case of reading-up the advances. She was going to find a calling in something else, she said, she just hadn't been able to find it yet. I felt some remorse that I had been able to maintain a career through our child-raising years, whilst she had lost hers. It wasn't that we argued, just that we didn't have a lot to say to each other. With a touch of guilt I also realised that the attraction I had toward the company of Alex and Betty was stronger than the attraction pulling me home to Oxford.

*              *              *
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MONDAY 21st November

Monday morning was cold but sunny. I arrived bundled up in a coat and scarf which made the security process at the front door all the more tedious as I pulled off layers for them to check. I got into the office and hung up my coat and scarf. Betty burst into my office beaming. 

"Come, see what we have got, George, " she entreated, linking her arm through mine and pulling me along and into their office. Her arm was warm and insistent, and I felt the contact bringing a smile to my face. Alex looked very tired, he and Betty had been working many hours through the weekend, I was told, but Betty's enthusiasm masked her own tiredness. 

"We have a massive improvement in resolution," she waved a couple of sheets of printed paper in front of my face. The first was the same subject composition as last week's - an array of geometrical objects, but now starkly clear against the white background. The second was of Betty herself, next to the objects, giving a V-sign, sticking out her tongue and holding a newspaper. The clarity was remarkable, though not sufficient to read other than the headlines on the newspaper. But the prints also exhibited a dramatic quality because of the strange, almost silvery tone of their greyscale. There is always something special about black and white prints in these days of a surfeit of colour, something wondrous about seeing early Victorian photos, rare views of times long past. But these prints had something else - a kind of weirdness in the texture, which is alien to the photography with which we are familiar. I found myself shaking my head with amazement, and looking at all the different parts of the print. Alex explained that the strange texture arises because the image is not focussed through a lens, as is everything we normally look at, including with our own eyes. Instead, the image is synthesised on the computer, by extrapolating from the entire data set, recording how photons of light have impacted on each particle, and all its neighbouring particles in the cloud, that was projected in order to record the image. As the number of particles in the cloud is increased, the time taken to do this massive computation rises exponentially; apparently, these prints had taken about 4 hours each on the GCHQ supercomputer during Sunday.

"So we have been a bit restrained," continued Alex, "not constrained, but restrained, holding back, on the density of the cloud, the number of particles - because otherwise the prints would be taking all day on the super-computer, and there are limits to what we can reasonably ask for from the IT department."

"So how much better do you think you can get the resolution?" I asked.

"Well, we don't really know at the moment," put in Betty. "On the one hand, we can use more particles, but there must be some upper limit when they start crowding out and disturbing each other, so messing up the picture. Also the algorithm can be tweaked to take account of more and more neighbouring particles, but again there will be a limit we reach which gives no significant improvement."

"Or we can expand the size of the cloud so that we can get more particles into the image without them being so close that they interfere, though we can't do that with this version of the equipment unfortunately," added Alex.

"But I have a lot more optimisation work to do on the computer code as well," went on Betty, "so that then we can take finer pictures without over-staying our welcome on the GCHQ supercomputer."

We all laughed at the quirky metaphor Betty had come out with. 

"Yes, we need to do a lot more experimentation before we know the limits, and the best use of this new equipment, but I think we've got a good working medium with these two prints," mused Alex, raking through his hair wearily. 

"Yes, this is a stunning leap forward," I was stating the obvious, but it needed to be said. "Have you told Bowen yet?" I realised I had used his surname in the old academic way, but hoped it hadn't sounded disrespectful.

"No, I don't think he's in yet," said Alex. "Actually, he was saying last week, he wanted you to choose an external target - somewhere to image - a sort of independent verification?"

"Yes, he wants me to give you the coordinates of somewhere you don't know, and don't research about, just to be sure you're not faking it!" Again, I hoped I had not offended.

"The bastard," quipped Betty.

Alex laughed. "We can do that, but you know what, I'm going home to bed for a few hours while it computes - I was here half the night, not to mention Friday and Saturday nights. Have you already got some coordinates in mind?"

I thought quickly. "Yes, OK, give me a minute." I went back to my office and pulled up google maps on the screen. Embarrassingly, it took me another 20 minutes to find what I was looking for, and note down the coordinates.

I went back into Alex and Betty's office. Betty turned from her computer screen. "Alex has gone home," she said. "He was dead on his feet. We are going to meet up this evening, though, for a celebration on getting such brilliant pictures - it would be great if you can make it too?"

"Oh, sure, I'd like that. So we're not going to do the coordinates, then?" I asked, embarrassed to hear a little disappointment colouring my voice.

"Yes we are, we don't need Alex here, I'll program the shoot - the particle cloud preparation is almost ready, where do you want to target?"

I read from the piece of paper in my hand "52.05242 degrees North, 2.71666 degrees West."

"Ooh, I'm impressed, we'll make a scientist out of you yet," she beamed. "I was expecting you to say something like half way up the A927, 100 yards past the petrol station!"

We laughed.

"So it's not too far is it?" asked Betty. "We don't know how good our spatial calibration is yet, at long distances. If we are, say, 0.01% out at 1000 kilometres, that would be 100 metres off target."

"No, it's only 40 or 50 kilometres away."

"Great, and how high is it, what height above sea level," asked Betty.

"Oh, sorry, I hadn't thought of that, I'll just go and check." I felt stupid, and Betty chuckled as I went out the door again. It took me another 10 minutes to find the information. I returned to their lab again. Betty was sitting facing the door and cocked her head, raising an eyebrow as I re-entered. "61 metres above sea level," I played along as if the conversation had been continuous. 

"Good," Betty continued. "I set up this input procedure to the equipment a couple of weeks ago. We had to get a Geographer in, actually a Geodesist, and not tell him why we were asking all the questions - there are all sorts of issues like 'does sea level mean low tide or high tide?' and we have to take into account the curvature of the earth, and the slightly flattened spherical shape of the planet. Then, if we are dealing with a time in the past, we would have to take into account continental drift and so on, and no doubt there are other things we haven't thought of yet which will bite us in the ass when we do the experiments. So give me the coordinates again."

"52.05242 degrees North, 2.71666 degrees West." She started keying into the computer. But then I suddenly realised I had compromised the blind nature of the experiment by leaving the room. She could have memorised the coordinates, looked on google maps and copied a picture.

"And the height above sea level?" she asked. She looked round when I didn't answer. "What's the matter, George, what is that look on your face?"

I dejectedly explained my failure to secure the blind nature of the experiment.

"Oh for goodness' sake George, do you seriously think I go around memorising blocks of what, 14 digits, so I can cheat on something I don't need to cheat on. All right then, let's start again, go and find another target."

"No, no, I trust you, let's carry on," I protested.

"Right. Height?" she demanded shortly.

"61 metres."

"OK, I'll add two metres to give an eye height view. Now, I don't know what this place or thing is, do you want us to back away a metre or two, and in which direction do you want us to look?

"Back off two metres south, and look north," I answered as concisely and efficiently as I could.

"OK. And I'll program zero time shift, as it's bound to be daytime there now, if it's only 50 kilometres away," she added, pressing a few more keys. "Right, I'm sorry I barked at you George, I know you're only trying to get it right." She smiled disarmingly. "Do you want to press the 'GO' button?" She rose from the chair in front of the computer screen and gestured for me to sit there. "So, next door," she nodded toward the inner room where the equipment was installed, "the two entangled clouds of particles have already been prepared, and chilled to ultra-cold temperature. I can see from the control console over on this side, that they are ready to be activated."

As I sat down, I could see, on the screen, the window where all the coordinate parameters had been entered. Her mention of zero time-shift had reminded me again of the extraordinary nature of this equipment, although we were not using a time-shift on this occasion. I scanned through the computer window with interest. Bottom right of the window was a button outlined in green, and labelled 'Activate'. "This one?" I double-checked, looking up at her. She nodded. I centred the mouse on the button, took a deep breath and clicked. I was half-expecting something dramatic to happen, some decisive sound from the equipment next-door maybe, though I had no idea what. The button greyed out, and for a couple of seconds nothing obvious happened, then a whole stream of statistical data spewed up onto the screen. Betty looked over my shoulder.

"Hmm...," Betty sounded concerned. "Can I have the chair again, please?" She sat and scrolled the data up and down, studying it in silence.

"Did it not work?" I asked quietly at length.

"Well," she tipped the chair back, "we seem to have mostly a 'white-out'. This is the first time we have tried out in the open air. The lighting in the room next door, where we did all the previous tests, is comparatively mild compared to sunlight, so... If it were a camera, we would shorten the exposure... Here... well, we need to reduce the energy of the particle cloud even further - chill them down a bit more. So I'll have to run it again..." She leaned over to another screen, and keyed into it for a few seconds. "It will take about 30 minutes to generate a new batch of particles, and chill them down far enough." She sighed. "Actually, it's a good job you asked to look north, otherwise we might be looking directly toward the sun - I hadn't thought of that." She made a note on the pad beside her. "Tell you what, why don’t you grab a book and read it in here, then you can keep an eye on me to make sure I don’t research the coordinates to cheat! But honestly, George, if I'd wanted to cheat I would have written computer code that looked up the coordinates that were keyed in, and found a photo to match automatically - it wouldn't be too difficult. As a controlled blind experiment, this is far from watertight. Just so you understand?"

She was right, of course. I had not fully thought through the necessary steps for a blind controlled trial, to give proper independent verification of the process, for the management of the organisation. But this was a start anyway - I was more than eager to see the result for myself, and it was clearly throwing up some glitches that Alex and Betty hadn't worked through yet, so it wasn't wasting their time. Still, I felt a bit inadequate.

"You've got that look on your face again Georgie," she said mockingly, but affectionately, putting a hand on my shoulder. "Go and get that book." It had been a very long time since anyone had called me Georgie.

It didn't take long to get a book, as there were only three on my bookshelf, and I was back in her office. Not long enough to cheat, I mused, then felt a pang of guilt for even thinking that, after all the hours of work they had put in over the weekend. She had actually spent the few moments putting the coffee machine on, and sorting out some mugs. 

I tried to settle down to the book, but found it hard to concentrate. Not so much because of the excitement around the experiment, I realised, but because Betty was in the same room
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